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Abstract: Scarring is a dire consequence of acne vulgaris. Particularly, atrophic acne scarring is highly prevalent among young adults,
and its physical and psychological effects can persist throughout their lives if left untreated. This literature review will analyze various
non-energy-based approaches to treating atrophic acne scarring, emphasizing recent advances within the last 5 to 10 years. To
accomplish this, we performed a PubMed search for various acne scar treatments such as chemical peels, dermabrasion, micro-
dermabrasion, subcision, microneedling, punch techniques, dermal fillers, and thread lifting. Our findings and analysis show that there
is no panacean solution to treating atrophic acne scars, which explains the evolving trend towards developing unique combinatorial
treatments. Although a fair comparison of each treatment approach is difficult to achieve due to the studies’ varying sample sizes,
strength of evidence, treatment execution, etc, there still remains a level of consensus on what treatments are well suited for particular
scar types.
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Introduction
Acne vulgaris is a prevalent dermatological condition that afflicts a vast majority of adolescents.1 It pathogenesis begins
with follicular hyperkeratinization and androgen-mediated overproduction of sebum in the pilosebaceous unit (PSU).2

The presence of excess sebum contributes to the proliferation of Propionibacterium acnes in the PSU, triggering a potent
inflammatory response that can potentially lead to scarring.2 The probability of scarring is highly influenced by the
intensity and duration of the inflammatory response and an unbalanced ratio of matrix metalloproteinases (MMPs) to
tissue inhibitors of MMPs (TIMPs) during the extracellular matrix remodeling (ECM) process.3 Specifically, an increased
ratio of TIMPs to MMPs weakens collagen synthesis during the healing process and leads to the development of atrophic
scars, while the opposite leads to the formation of hypertrophic or keloid scars.3

Overall, studies estimate that >80% of acne scars are atrophic (Table 1). Within this category, ice pick scars are the
predominant clinical manifestation of atrophic scarring (~60%), followed by boxcar scars (~25%), and rolling scars (~15%).4

Of all the different types of atrophic acne scars, ice pick scars are known to be the most challenging to treat. Ice pick scars
are vertical, “V-shaped”, <2 mm depressions in the skin that can penetrate through the entire thickness of the dermis.4 Boxcar
scars are round depressions in the skin with vertical walls and a flat base, with a wider diameter of 1 to 4 mm and a depth of 0.1
to 0.5 mm.4 Rolling scars have the largest diameter (4 to 6 mm) but are more shallow. Their unique undulating, sloped
appearance on the skin is caused by tethering from the dermis to the subcutaneous layer (Figure 1).4

Because each atrophic acne scar type has its own unique characteristics, achieving optimal outcomes requires both
appropriate treatment selection and proper execution. These treatments can be generally categorized as energy-based or non-
energy-based. Energy-based approaches consist broadly of laser therapy and radiofrequency, whereas non-energy-based
approaches consist of a series of chemical- and surgical-based treatments. In this review, we will specifically discuss non-
energy based treatment modalities such as chemical peels, dermabrasion, microdermabrasion, subcision, microneedling,
punch techniques, fillers, and thread lifting, with particular emphasis on noteworthy advances within the last decade.
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Chemical Peels
Chemical peels are a popular technique utilized by aestheticians and medical professionals for skin rejuvenation. These
peels consist of acids that cause controlled injury to the epidermal or dermal layers of the skin, promoting exfoliation and
neocollagenesis during the ECM remodeling process.5 Chemical peels come in different grades (Table 2), and depending
on their strength, can be used to improve a variety of skin disorders, such as photoaging, dyschromia, precancerous
lesions, acne vulgaris, and acne scarring.6

Superficial peels are used to promote destruction of the outermost layer of skin, causing necrosis through the entire
epidermal layer to the dermal-epidermal junction.7 These peels have potent keratolytic properties that reduce corneocyte
adhesion, promote epidermolysis and squamation, and induce neocollagenesis.7 Some of the most common superficial
peels include those listed in Table 2. Studies show that sequential application of these peeling agents can improve the
appearance of superficial acne scars and treat dyspigmentation, especially at higher concentrations and frequency of
treatment.3,7–12 Application of superficial combination peels, such as salicylic-mandelic acid peels (SMPs) and retinoic

Table 1 Atrophic Acne Scar Subtypes

Scar Type Morphology

Ice Pick Diameter: <2 mm
Depth: Lower dermis/subcutis

Visual: V-shaped, pitted appearance

Boxcar Diameter: 1–4 mm

Depth: Upper dermis (shallow) or lower dermis (deep)

Visual: Round or geometric appearance with vertical walls and flat base

Rolling Diameter: ≥4 mm
Depth: Upper dermis

Visual: Slopy, undulating appearance caused by fibrotic tether of dermis to subcutaneous layer

Notes: Adapted from J Am Acad Dermatol, 45(1), Jacob CI, Dover JS, Kaminer MS. Acne scarring: A classification system and review of
treatment options. 109–117, copyright 2001, with permission from Elsevier.4

A B C

Figure 1 Visual representation of atrophic acne scar subtypes.
Notes: (A) Ice pick scars are narrow atrophic scars that can extend into the reticular dermis and, in some cases, down to the hypodermis. (B) Boxcar scars are oval- or
rectangular-shaped depressions with vertical walls and a flat base. Shallow boxcar scars can extend into the papillary dermis but more severe boxcar scars can penetrate
through the reticular dermis. (C) Rolling scars are the widest but shallowest scar type, rarely reaching down to the reticular dermis. They have a wavy or slope-like
appearance on the skin. Created with Biorender.com.
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acid-glycolic acid (RAGA) peels, have shown to be even more effective for treating acne scars when compared to
chemical peels used as monotherapies.13,14 Combining Jessner’s peel or glycolic acid with 35% TCA can further enhance
penetration to treat more severe acne scars, effectively serving as an enhanced medium-depth peel.15,16

Due to their limited depth of penetration, superficial and medium-depth peels have largely been limited to mild
atrophic scarring or acne-related hyperpigmentation.17 Treatment for deeper atrophic scarring, notably ice pick scars,
requires stronger peels, such as TCA (>50%), that can penetrate to the mid-reticular dermis.7 When applied to the skin,
a characteristic white frost appears, which indicates the onset of protein precipitation and coagulative necrosis. In the
several days following treatment, the necrotic layers of the skin are shed and the treated area is re-epithelialized by the
surrounding healthy skin.18 In recent years, a new application technique, termed the chemical reconstruction of skin
scarring (CROSS), has been used to focally apply controlled amounts of deep peeling agents to individual scars,
reducing the risk of scarring and dyspigmentation associated with full-face application.19

In the CROSS method, sharp applicator tools, such as toothpicks or needles, are used to apply the chemical to the
base of the scar while sparing the surrounding healthy skin.19 Currently, TCA is the most popular chemical peel for
treating atrophic acne scars using this technique.20 Published data have shown that the degree of acne scar correction is
positively correlated with the concentration of TCA applied.21 However, multiple independent studies overall have
demonstrated that a broad range of concentrations of TCA can significantly improve the appearance of acne scars,
including relatively lower percentages such as 50%, with fewer complications.19–21

Currently, the most common adverse reaction associated with TCA is post-inflammatory hyperpigmentation (PIH).22

Risk of PIH increases with darker skin types (Fitzpatrick skin types IV–VI), strength of peel (> 50%), and lack of
compliance with aftercare instructions (avoiding sun exposure, applying sunscreen, etc).23 Most studies, however, have
shown that PIH is temporary and even preventable by pretreatment and posttreatment with topical hydroquinone.24

Hypopigmentation, erythema, pain, and irritation are also common complications that can occur immediately following
treatment but are also either transient or shown to continually resolve on their own.25 Pretreatment and posttreatment
with topical tretinoin for two weeks is recommended to exfoliate the skin and promote faster re-epithelialization to
enhance not only the depth of the deep peeling agent but also the speed of recovery.7,26

Of greater concern, however, is the repeated finding that TCA can worsen scars if not applied properly to the skin.27

More recent studies suggest that this could be possibly due to TCA being accidentally applied to adjacent healthy skin,
even when using precise applicators.24,27 Additional studies need to be conducted to determine what the causes are of
such complications.

Phenol is another deep chemical peel that has recently come into favor for CROSS treatment.21 Currently, it is
considered the deepest yet riskiest peel on the market.7 Full-face application of this peel can lead to systemic toxicity,
cardiac arrhythmias, kidney and liver damage, scarring, and permanent dyspigmentation.7,19 However, these complica-
tions have yet to be reported when using the CROSS technique. Interestingly, Dalpizzol et al demonstrated that 88%
phenol could be a viable alternative to TCA.27 In their comparative study, phenol was found to be as efficacious as TCA
in reducing the appearance of acne scars. Additionally, phenol did not cause widening of scars, as observed for several

Table 2 Categorical Overview of Chemical Peels

Type Depth of Penetration Common Examples

Superficial Stratum corneum to stratum basale/upper
papillary dermis

Glycolic acid, salicylic acid, lactic acid, retinoic acid, mandelic acid, pyruvic acid,
Jessner’s peel, <35% TCA

Medium Papillary dermis/upper reticular dermis 35–50% TCA,
Glycolic acid + 35% TCA

Jessner’s peel + 35% TCA

Deep Upper reticular dermis/mid-reticular dermis >50% TCA, 50–88% phenol, phenol-croton oil peels

Notes: Adapted from O’Connor AA, Lowe PM, Shumack S, Lim AC. Chemical peels: A review of current practice. Australas J Dermatol. 2018;59(3):171–181, © 2017 The
Australasian College of Dermatologists.7
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patients treated with TCA in this study.27 Future studies should determine if these adverse outcomes can really be
attributed to differences in chemical peel composition or to differences in precision of application.

Chemical peeling is a safe and economical treatment approach, whose efficacy for acne scar revision is dependent on
the depth of the peel used and the frequency of application. Nevertheless, more studies are needed for the CROSS
technique. While studies on the efficacy of TCA CROSS on deep atrophic acne scarring are abundant, there is a lack of
published work on CROSS application of different concentrations or formulations of phenol, including well-known
phenol-croton oil peels such as the Baker-Gordon peel and Hetter peels.7

Dermabrasion
Dermabrasion is a surgical skin-resurfacing procedure that mechanically ablates the outer layers of skin through the use of
a motorized wire brush or diamond fraise.17 Over time, re-epithelialization and repigmentation initiated by spared adnexal
structures as well as dermal neocollagenesis produce a smoother complexion.28 Because dermabrasion was originally
designed to induce controlled injury to the skin but not surpass the level of the reticular dermis, it is particularly effective
for superficial rolling and boxcar scars but provides minimal clinical improvement for deep ice pick scars.29,30

Noticeable correction of acne scars can be achieved through a single session of dermabrasion.17 However, dermabra-
sion requires either local or general anesthesia to alleviate intraoperative pain.28 In addition, this approach is highly
operator-dependent and abrasion of the skin must be carefully limited to the reticular dermis or otherwise risk causing
additional scarring.30 Fortunately, the shift from using aluminum oxide or sodium bicarbonate crystals as abrasive
material on the handpiece to the diamond fraise and wire brush has enabled finer control of this technique.3

Nevertheless, there have been numerous reports of complications associated with dermabrasion, notably persistent
postoperative pain, erythema, and permanent dyschromia.17 Additionally, Rubenstein et al reported keloid scarring in six
patients who had recently used oral isotretinoin prior to undergoing dermabrasion in their study.31 Interestingly, however, in
another study, seven patients who underwent dermabrasion while taking oral isotretinoin did not present hypertrophic scarring
at 6- and 12-month follow-up evaluations.32 Therefore, whether recent use of oral isotretinoin is a contraindication for
dermabrasion is unclear but still remains an important consideration upon review of the patient’s medication history.

Dermabrasion is still regarded as a simple and effective technique for acne scar treatment. However, given the many
disadvantages of dermabrasion which are often not redeemable by their therapeutic capacity for more severe cases of
acne scarring, dermabrasion has gradually been replaced with other treatment modalities. These include chemical peels
and lasers, both of which have similar, if not greater, resurfacing capacity but less extensive recovery.17

Microdermabrasion
Microdermabrasion is a simple outpatient procedure that exfoliates the skin by brushing aluminum oxide crystals across
the epidermis.33 The rapid passage of these fine particles across the skin effectively removes the stratum corneum and can
reach as far down as the papillary dermis with higher speeds.34 The rejuvenating effect of microdermabrasion can be
likened to that of very light chemical peels due to their non-invasive and mild destruction of the skin. This method was
designed as a more conservative and less invasive alternative to regular dermabrasion, which causes significantly greater
damage to the skin with a large rotating wire brush and thus entails more risks and complications.35

Marini and Lo Brutto first introduced microdermabrasion in 1985, and the first microdermabrasion machine was
approved in 1994.33 Although microdermabrasion has gained popularity in beauty salons, medical spas, and medical
offices, its efficacy for acne scarring is not well supported. An early study on microdermabrasion treatment for acne,
traumatic, surgical, and burn scars had “good to excellent” results for all 41 cases, although acne scars required more
sessions to achieve such results compared to the other scar types.36 Conversely, another more standardized split-face
study comparing the efficacy of a 20% glycolic acid peel and microdermabrasion showed no significant difference
between the two treatment modalities and no significant improvement overall from baseline measurements based on
physician evaluation.37 Moreover, patient self-assessment scores showed that they preferred glycolic acid peels over
microdermabrasion, although the latter presented less discomfort during the procedure.37

Histological studies show that macroscopic changes in the epidermis and dermis are dependent on the intensity of
microdermabrasion. Microdermabrasion performed with more aggressive settings to penetrate the papillary dermis
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produced greater change in epidermal thickness, higher increase in collagen production, more obvious change in elastin
production, and overall better clinical improvement, although this was not observed in every case.38

Microdermabrasion is a relatively safe procedure that has little downtime and only mild intraoperative discomfort
when performed more aggressively.39 Evidence for its effectiveness, however, is still sparse, and this can be reasonably
attributed to its limited ablative capacity that cannot remodel scars located deeper in the dermis.

Subcision
Subcutaneous incisionless surgery, also known as subcision, was invented by Orentreich and Orentreich in 1995.40 They
described this procedure as a manual technique in which a hypodermic needle is inserted underneath the skin and
maneuvered in a fan-like motion. This motion detaches the fibrotic strands that tether the scar to the subcutis, effectively
liberating the dell from the underlying tissue. The resulting blood clot formation in between the subcised layers promotes
new tissue formation, also known as fibrosis, which produces a noticeable lifting of the regenerated skin tissue.40

Alam et al were the first amongmany other clinicians in the past two decades to demonstrate the efficacy of subcision using
objective physician assessment and subjective patient self-assessment measures.41 Subcision, overall, has consistently shown
to improve primarily rolling scars in the majority of patients, with some studies reporting a 100% success rate using
standardized acne scar scoring assessment scales, such as the Goodman and Baron Qualitative grading system.42

On the other hand, subcision alone has proven to be ineffective for boxcar scars and almost entirely ineffective for ice
pick scars due to the absence of tethered scarring that is characteristic of rolling scars.41,43,44 Some studies have reported
a “partial leveling” of boxcar and ice pick scars utilizing subcision, but these studies combined subcision with other non-
energy-based treatment modalities.44–47

Indeed, combinatorial therapy involving subcision and other well-known acne scar treatments has gained tremendous
momentum to provide a synergistic improvement to acne scars. One reason for this shift is the repeated observation that
the effects of subcision are time-sensitive. After acne scars are successfully subcised, there is a considerable chance that
tethering of the dermis to the subcutaneous layer could reoccur and diminish results.47

In one early interesting split-face study, the authors inserted absorbable surgical sutures underneath subcised acne
scars to further promote neocollagenesis but with no significant additional improvement.48 In another study, combining
subcision with other manual methods, notably facial suctioning, was shown to improve patient outcomes after
subcision.47 The author noted that suctioning everyday for two weeks following subcision was more effective than
suctioning every other day, although the former reportedly had higher rates of ecchymosis and other complications.47

Subcision has also been combined with other commonly used scar treatment devices, such as microneedling dermarollers
and cryorollers.49 In a split-face randomized controlled trial (RCT), patients and physicians reported that the side treated with
subcision followed by cryorolling improved significantly more than the side treated with subcision followed by
dermarolling.49 The authors note in their discussion that their results were comparable to those of patients treated with
fractional CO2 or erbium:YAG (er:YAG) lasers, which are known to carry higher risk for epidermal damage and PIH.50

In more recent studies, applying 50% TCA after subcision also produced favorable outcomes for patients.51,52 In other
studies, combining subcision either with microneedling, platelet-rich plasma (PRP), or both synergistically reduced the
appearance of acne scars.44,46,53 Interestingly, PRP not only enhanced the results of manual scar revision techniques but
also seemed to reduce complication rates.53

Not surprisingly, the majority of studies revolving around subcision done in isolation or in combination with other
therapies have noted considerable risks, such as hematoma formation, ecchymosis, erythema, and hyperpigmentation.54

Due to the nature of the procedure and the surgical tools involved, subcision always runs the risk of damaging
neurovascular structures that can cause the aforementioned side effects.45 Taylor et al, for instance, recently developed
a novel surgical instrument consisting of a long metal rod with a “W-shaped” blunt end.55 The sharp notches at the tip are
effective at capturing the fibrotic tethers in rolling scars and severing them as the rod is advanced through the subdermal
plane.55,56 While this improves the overall efficacy of subcision and limits the need for multiple sessions, risk of damage
to deep facial structures is higher.55 As such, there has been an increased popularity of injecting tumescent anesthesia in
the treatment area, known as hydrodissection, to lift dermal structures from the underlying tissue to add to the safety
profile of subcision.54
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Additionally, many authors over the years have shifted away from using the sharp 1.5-inch Nokor needle or hollow-
bore needles to safer alternatives, notably blunt cannulas42,45,57 and surgical wires,58 all of which provide the same or
even better patient outcomes. In one very innovative study, Nilforoushzadeh et al used a 300-micron laser fiber to
perform energy- and wire-based subcision, noting 100% improvement according to clinical photographic data
evaluation.59 The authors noted that inflammation and postoperative erythema were less severe than what is usually
observed with cannula-based subcision and lasers.59

Subcision has also been known to cause hypertrophic scarring if done too superficially due to the formation of
a subepidermal hematoma.47 Therefore, it has been warned that subcision must be done precisely in the dermal-subcutis
junction to prevent hypertrophic scarring from occurring.47

Overall, subcision is an effective surgical procedure that can be easily performed in an outpatient setting. Proper
execution requires meticulous handling of instruments and thorough understanding of facial anatomy to maximize
clinical and safety outcomes for patients. Subcision can be combined with a myriad of other treatment modalities and
remains an excellent option for patients afflicted with rolling scars or boxcar scars.

Microneedling
Percutaneous collagen induction (PCI) therapy, also known more commonly as microneedling, is another non-energy-
based treatment that is widely used to treat not only facial scars, such as acne scars, but also fine lines, wrinkles, rhytids,
melasma, and other age-related dermatological conditions.60,61 Microneedling entails creating hundreds of pin-sized
holes in the skin to stimulate rejuvenation of healthy skin.62 This technique was first developed in the early 21st century
and many histometric studies since have reported increased epidermal thickness, upregulated elastin fiber and collagen
lattice formation, and release of various regenerative growth factors in days and weeks following treatment.60,63–65 Due
to the relative simplicity, low downtime, and minor complication rates of PCI, microneedling has been touted as
a practical and efficacious modality of treatment for acne scarring.

Microneedling is most often performed with a standard medical dermaroller.66,67 The dermaroller consists of a rolling
barrel with studded needles that is applied to the patient’s skin until pinpoint bleeding is observed.66 Other devices, such
as the dermastamp, a similar device that features a handpiece attached to a needle-studded block, has been used in
outpatient settings.68 Much more recently, automated microneedling stamp devices, such as the Dermapen, have come
into favor for their increased safety and efficiency.69–71

As a monotherapy, microneedling has been shown to be most effective with rolling scars followed by boxcar scars
and then ice pick scars.61,70,72,73 Although most studies show very minimal improvement in ice pick scars, a study by
Gupta et al achieved mildly significant improvement in ice pick scars.74 The authors suggested that using a dermaroller
with 2.0-mm needles could be responsible for these results because of the depth of ice pick scars, which would otherwise
be harder to replicate with the more commonly used 1.5-mm needles.73

On the other hand, one interesting study demonstrated that 0.1% topical tazarotene therapy provided equal clinical
benefit to microneedling.75 One possible explanation for this is that tazarotene, a retinoid, has been shown to increase
epidermal thickness,76 similar to microneedling.60 More studies will need to be conducted to better understand if
tazarotene, a simple at-home therapy, can be a suitable replacement for microneedling.

Because microneedling is an effective transdermal delivery adjunct, microneedling has been studied most commonly
in combination with PRP therapy. Numerous RCTs, however, have reported mixed results regarding this combination
therapy, with some reporting a significant increase in efficacy with the addition of PRP77,78 and more recent studies
reporting no significant difference at all.64,74,79 It is important to note that all these studies have some variation in the
frequency, application, and duration of combined therapy.

Other alternatives to PRP have also been explored over the years. Using topical insulin was shown to be more
effective than PRP when combined with microneedling, with boxcar scars showing a significantly better response to the
former.80 Amniotic fluid topical application also improved patient outcomes according to objective physician measures
and histometric analysis noting an increase in epidermal thickness and neocollagenesis.81 Finally, various studies have
shown that combining microneedling with chemical peels, including TCA and glycolic acid, have improved patient
outcomes,64,72,82 while one study noted that Jessner’s solution did not enhance the effects of microneedling.70 More
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specifically, El-Domyati et al noted that increased epidermal thickness was especially apparent for skin treated with TCA
and microneedling while PRP seemed to better augment collagen and elastin production.64

In all these studies, erythema, edema, and pain are the most commonly reported side effects of microneedling,
although they normally resolve on their own.83 PIH was also not a point of concern, as it had a very low occurrence rate
and persisted temporarily.84,85 Interestingly, hypertrophic scarring in the same needle distribution of microneedling
devices used, resembling a “tram-trek” pattern, was noted by several authors over bony facial features (temples,
forehead, etc).86,87 Extra caution is highly recommended over these treatment areas.

Microneedling has demonstrated the greatest success with rolling scars and boxcar scars but little improvement for ice
pick scars. It has the ability to promote transdermal delivery of topical agents, which further adds to its versatility, and
thus plays a significant role in combinatorial therapies.

Punch Techniques
Punch surgical techniques for acne scarring entails the use of a circular blade that is inserted through the skin and down
to the subcutaneous tissue.4 The column of tissue can either be completely removed through punch excision, replaced
with a skin graft through punch grafting, or elevated by lifting the tissue to the level of the surrounding healthy skin
through punch elevation.4 Because punch excision approaches penetrate down to the subcutaneous fat, they are
particularly useful for deep ice pick and boxcar scars, which are more resistant to alternative treatment methods, such
as microneedling and subcision.73

Punch Excision
Punch excision is the simplest approach out of all punch techniques. Ice pick scars can be identified and subsequently
removed with a punch biopsy tool whose diameter encompasses the entirety of the scar.88 The resulting 2 to 3-mm hole is
then closed with sutures.88 For scars that are greater than 3 to 3.5 mm in diameter, elliptical closure or punch elevation, as
described below, should be performed to prevent facial contour abnormalities.4 Although many scars can be excised at
the same time, it is recommended that excisions be performed at least 4 to 5 mm apart to prevent excess skin tension
following suture repair of all the punch sites.89 Any residual scars that need to be excised can then be done several weeks
later after the previous sites have healed.4 Furthermore, it has been shown that residual scarring or textural irregularities
can be further diminished with fractional laser resurfacing.90

Punch Grafting
While punch excision is an effective technique for treating ice pick scars, residual linear scars, although less noticeable than
the original acne scars, are left behind at the punch sites.16 Punch grafting addresses this limitation with the added step of
taking graft tissue, most commonly from the postauricular skin, and inserting it snugly into the punch site.91 Care must be
taken to ensure that the proper graft size is obtained prior to insertion and the proper elevation after. Studies report that graft
depression can occur, resulting in an uneven skin topography that can be correctable through dermal fillers, such as collagen,
or skin resurfacing techniques, such as CO2 laser or dermabrasion, 4 to 6 weeks after punch excision is performed.91,92

Punch Elevation
Lastly, punch elevation is another punch technique that elevates the cylinder of tissue rather than completely excising it.
Because of this, there is no concern for skin textural irregularities as seen with punch grafting.93 This technique provides the
best results for boxcar scars due to their flat base, which can become flush with the surrounding skin upon elevation.94 One
disadvantage is that scars can retract and impede healing around the margins of the punched tissue and leave a noticeable ring
scar.73 Uneven skin topography can also result if not elevated optimally but can be corrected with laser resurfacing
techniques.90,92

Punch techniques are particularly advantageous for deep ice pick and boxcar scars that are resistant to other treatment
approaches and thus serve as a last resort. There are not many recent advances in this field, aside from the laser
technologies that serve as adjuvant therapies.
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Dermal Fillers
Dermal fillers are another popular mainstay option for patients with atrophic acne scars. The breadth of dermal filler
types and brands is vast but easily distinguishable by their durability. They can be broadly categorized as short-lasting
(temporary), semi-permanent, or long-lasting (permanent) (Table 3).95 While many filler brands have demonstrated
highly efficacious results, patients’ varying preferences or qualms regarding permanence, adverse effects, mechanism of
action, and economic value are important factors to consider when deciding which filler to administer.

Short-Lasting Fillers
The varying durability of fillers can be attributed to their biodegradability.96 Hyaluronic acid (HA), for instance, is known
to be a highly biodegradable substance that is naturally broken down by hyaluronidase in the body.97 Contemporary
technological advances have stabilized HA through cross-linking, extending its clinical longevity to upwards of 6 to 18
months.98,99 The distinguishing characteristic of HA is that its effects are both immediate and gradual. Its hydrophilic
properties enable immediate tissue volumization via water retention in the dermis upon injection.100 In the months to
follow, fibroblast activation by HA leads to increased collagen production, promoting additional soft-tissue
augmentation.95,100 HA can be further categorized as either monophasic (uniform mix of low-molecular-weight and high-
molecular-weight HA) or biphasic (cross-linked HA in non-crosslinked HA suspension).101 In one study, microdose
injections of biphasic HA in patients who had residual ice pick scarring even after 2 to 5 rounds of fractional laser
resurfacing yielded high patient satisfaction scores.102 Similarly, injection of monophasic HA with a pneumatic injector
in two patients led to 1 full-grade improvement in each patient.103 Interestingly, while biphasic fillers have shown to be
more resistant to hyaluronidase degradation, monophasic fillers have a greater volumizing effect.104

Another short-lasting filler is exogenous collagen fillers. Collagen fillers can be derived from porcine or bovine
sources and are injected directly in the deep dermal plane to restore volume loss caused by facial acne scarring.105

A major disadvantage with collagen fillers is their allergenic potential, which must be tested for every patient several
weeks prior to injection.106 In a pilot study, bovine-sourced collagen was injected superficially in 18 patients, ages
ranging 12 to 37 years old.107 Gradual cumulative improvement was noted across 6 sessions of injections, with the
exception of ice pick scars. Shortly after, a more durable glutaraldehyde-linked collagen filler was developed and
demonstrated not only better correction of facial acne scarring but also no allergenic reaction at the injection sites,
unlike the previous version of bovine-sourced collagen.108 In a much more recent study, administration of porcine-
derived collagen in one patient led to substantial correction of severe facial acne scarring with no adverse reactions.109

Semipermanent Fillers
Poly-L-lactic acid (PLLA) is another popular class of fillers that boasts a semipermanent biostimulatory effect.110 PLLA
exerts its action by directly stimulating fibroblasts to synthesize collagen in the dermis.111 Unlike HA, results are not
immediate and require several weeks to months for optimal collagen production and ECM remodeling.110 Results are
reported to last around 24 months; however, a case report has shown that correction of rolling acne scars with PLLA can
be maintained for up to 4 years.112 More importantly, PLLA has proven to be a more efficacious alternative to bovine
collagen at 2-, 4-, and 6-month follow-ups, with greater patient satisfaction and no need for allergenic testing.113 As

Table 3 Categorical Overview of Dermal Fillers

Type Estimated Longevity Common Examples

Short-Lasting (Temporary) 6–18 months Hyaluronic acid (HA)
Bovine/Porcine-sourced collagen

Semipermanent 20–24 months Poly-L-lactic acid (PLLA)
Calcium hydroxylapatite (CaHA)

Long-Lasting (Permanent) >5 years Polymethylmethacrylate (PMMA)

Notes: Adapted with permission from Dove Medical Press. Wollina U, Goldman A. Fillers for the improvement in acne scars.
Clinical, Cosmetic and Investigational Dermatology. 2015;8:493–499.122
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expected, however, PLLA yields very minimal correction for ice pick scars, as often seen with other acne scar treatment
modalities.114 In addition, PLLA also runs the risk of bruising, erythema, pain, and nodule formation, especially if
administered in the wrong dermal plane.101,115

Calcium hydroxylapatite (CaHA) is another semipermanent biostimulatory filler that similarly stimulates collagen
production and fibrous tissue formation.116 Similar to PMMA fillers, CaHA fillers consist of microspheres, which are
suspended in a carboxymethyl cellulose gel.117 Upon injection, the gel carrier is rapidly degraded, and the remaining
microspheres are able to provide instant volume replacement.118 More significantly, long-term volume restoration is
achieved through fibroblast activation, which upregulates collagen production for up to 24 months or longer.119 In one
study, nine out of ten acne scar patients were injected with 0.1 to 0.3 mL of CaHA filler and displayed >50%
improvement in their rolling scars at a 12-month follow-up evaluation. As observed with other fillers, ice pick scars
displayed no improvement.117 Although only minor transient erythema and extrusions were reported in this study,
transient bruising, ecchymosis, hematoma, and few reports of nodule formation have been noted in several studies.120

Permanent Fillers
In efforts to improve the outcome, safety, and longevity of collagen fillers, polymethylmethacrylate (PMMA) fillers were
developed. Polymethylmethacrylate is a nonbiodegradable, synthetic polymer that was originally designed for dental and
ophthalmic implants but was later adapted for soft-tissue augmentation.96 A histological study on the first commercially
available PMMA filler, consisting of PMMA combined with Tween 80 medium, demonstrated fibrous capsule formation
surrounding the microspheres along with neocollagenesis, resulting in substantial soft-tissue augmentation.121 Although
results were substantial, the presence of nonuniform microsphere size and texture as well as unfiltered microscopic
sediments in this PMMA filler led to a 2.5% rate of granuloma formation.96 Since then, more stringent purification steps,
including ultrasonic bathing and wet sieving, have been incorporated to improve the uniformity of PMMA microspheres,
resulting in better clinical outcomes for acne scar patients.122 The most commonly used PMMA filler today consists of
20% (v/v) PMMA suspended in bovine-sourced collagen and lidocaine. In the most recent clinical trial testing the
efficacy of this PMMA filler for acne scarring, it was noted that 67 out of 97 patients had significant correction.123 In
another independent study, the same filler had a 90% patient satisfaction.114 Both studies reported transient bruising,
ecchymosis, erythema, and pain on the injection site.114 Surprisingly, granuloma formation was not reported in either
study at 12-month and 7-month follow-ups, respectively. However, longer-term follow-up is necessary to better assess
the safety profile of this PMMA filler, since granulomas are known to have a delayed occurrence.96

Fillers provide immediate and gradual correction of acne scars, particularly rolling scars. PMMA and collagen fillers have
had a longer history of development, which has led to more published data regarding its efficacy for acne scar revision.
However, there is still a dearth of studies evaluating the efficacy of more contemporary biostimulatory fillers for acne scars.

Thread Lifting
Thread lifting is a simple non-surgical facelift procedure in which a long barbed suture is inserted through the face and into the
subcutaneous layer. Implantation of the suture suspends the underlying tissue, which not only mechanically lifts the skin but
also triggers collagen synthesis through fibroblast activation. Originally, this was achieved with nonabsorbable threads, whose
resistance to biodegradation and high tensile strength provide long-term cosmetic improvement. Despite their high duration of
clinical efficacy, however, nonabsorbable threads have largely been replaced by less permanent absorbable threads, which
yield shorter-term correction but offer greater biocompatibility and lower risk of infection.

Currently, there is only one study discussing the application of thread lifting for acne scar treatment. In this study,
Donnarumma et al performed a thread lift procedure using an absorbable polydioxanone (PDO) barbed suture on five
patients with predominantly boxcar scars, reporting an improvement score of 2 (“Very improved patient”) for 2 patients
and a score of 3 (“Improved patient”) for 3 patients. Additionally, the authors observed via reflectance confocal
microscopy the appearance of a more regular, fibrillar network of dermal fibers at 6 months following treatment. No
adverse events were reported in the study.124

Further studies are needed to evaluate the effectiveness of thread lifting for acne scar treatment. Specifically, there
should be further analysis of how acne scars respond to different types of threads available and varying surgical
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techniques. Despite the absence of complications in the study described above, the sample size is small. Known risks of
thread lifting include bruising, bleeding, infection, skin dimpling, salivary and parotid gland injury, which calls for
greater emphasis on the surgical experience and expertise of the physician.

Discussion
Acne scarring is a sequela of acne vulgaris and carries a heavy psychological burden for individuals suffering from this
condition. To this day, treating acne scars still poses a significant challenge to physicians because of both its widespread
prevalence and the absence of an all-encompassing clinical solution. Discovering treatment modalities that are both efficacious
and highly customizable to the patient’s needs remains an important development in the field of cosmetic dermatology.

A closer analysis of available treatment modalities reveals that scar type is one of the most important factors for
dermatologists to consider when assessing patient candidacy for various treatments (Table 4). This is because the depth
and mechanism of controlled injury induced by each treatment modality must correlate with the depth and histological
characteristics unique to each scar type.

For rolling scars, published data have shown that chemical peels, microneedling, and fillers can lead to a noticeable
reduction in their appearance. However, they do not address the underlying cause of the atrophic appearance of rolling
scars, which is the presence of fibrotic tethers that attach the dermis to the subcutaneous layer. Subcision is the only
approach that yields the mechanical force necessary to break the tethers and significantly raise the scar closer to the level
of the surrounding tissue. Combining subcision with the aforementioned treatments can further optimize the effect of
subcision and obviate the need for multiple subcision treatments.

Conversely, boxcar scars and ice pick scars are less responsive to subcision because they both lack tethering at the
dermal-subcutaneous junction. While they still undergo moderate correction from neocollagenesis induced by mechanical
abrasion of the dermis, other less invasive and more economical alternatives can provide similar, if not greater, clinical
benefit. Shallow boxcar scars, for instance, can benefit from superficial chemical peeling, microdermabrasion, and
microneedling, which target the epidermis and upper papillary dermis. Ice pick scars are particularly more difficult to
treat, and a review of the literature shows that the most consistent and successful clinical outcomes are achieved with
multiple sessions of TCA or phenol CROSS. Furthermore, more severe cases of deep boxcar and ice pick scarring that
reach the deep reticular dermis or subcutaneous layer, require more invasive approaches, such as punch techniques,
which replace the atrophic scar with a much less noticeable linear scar.

Of all the treatment modalities reviewed, thread lifting lacks the most evidence regarding its clinical efficacy in the
context of acne scarring. Nevertheless, the one report124 that exists describing its application for acne scar correction provides
a renewed perspective on the use of absorbable sutures. As discussed earlier, Balighi et al attempted to enhance the effect of
subcision by using absorbable cat gut sutures as subdermal implants under subcised scars.48 While this study reported no
added benefit with this additional step, contrasting results between these two studies highlight that this could be due to
differences in suture biomaterial and design, surgical technique, and combinatorial treatment approaches. Greater evidence
supporting the clinical feasibility of suture implants could potentially expand the armamentarium of acne scar treatments.

Clinical success with the treatments discussed requires extensive knowledge of facial skin anatomy, experience, and
meticulous technical execution by the surgeon. For instance, invasive procedures, such as subcision, filler injections and

Table 4 Clinical Efficacy of Acne Scar Treatments per Atrophic Scar Subtype

Scar Type C/P DA MDA SUB MN P/E Filler TL

Ice Pick +++ + + + + + + *

Deep Boxcar ++ + + ++ + +++ ++ *

Shallow Boxcar ++ ++ ++ ++ ++ - ++ *

Rolling ++ + + +++ ++ - +++ *

Notes: +++, Good; ++, Moderate; +, Poor; -, Not recommended; *, Lack of evidence.
Abbreviations: C/P, chemical peel; DA, dermabrasion; MDA, microdermabrasion; SUB, subcision; MN, microneedling; P/E, punch excision; TL, thread lifting.
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thread lifting, are prone to complications if not done in the proper dermal plane, whereas simple field treatment with
superficial chemical peels requires a much less complicated approach. Furthermore, patients’ genetics, age, and
Fitzpatrick skin type, all of which affect the skin’s ability to respond favorably to controlled injury and produce collagen,
can heavily influence treatment outcomes.125 Therefore, “test” treatments on scars should be performed when feasible to
assess efficacy and safety prior to full implementation.

Other factors to consider when optimizing treatment plans fall outside clinical consideration. Patient expectations,
downtime, and cost can be influential in clinical decision-making when it comes to acne scar treatment. For instance,
patients with rolling scars that desire instantaneous results may decide to pursue HA fillers but will have to repeat
treatments every 1 to 1.5 years to maintain correction. On the other hand, patients with ice pick scars can decide to
undergo multiple rounds of slow chemical-based correction or undergo invasive punch excisions to remove scars
instantly while still running the risk of slight skin textural differences.

It is important to note that the papers discussed in this review are highly variable in terms of clinical methodology,
expertise, physician and patient assessment, strength of evidence, grading scales, sample size, follow-up intervals,
and more. Therefore, it is impossible to compare studies in a completely objective manner given that these studies
employ their own approach to scientific inquiry. Nevertheless, a thorough review of studies in the past few decades
still sheds light on comparative treatments with various efficacies for acne scarring and recent advances in the field.

Conclusion
The continual strive for improving existing non-energy-based acne scar treatments has been evident in the past few
decades and still remains a goal in clinical and cosmetic dermatology. As seen across countless studies discussed in this
review, there is no universal remedy for acne scarring because every patient’s acne scar profile is unique and requires
a tailored treatment approach. The studies nevertheless shed light on the strengths and weaknesses of each approach done
alone or in strategic combination with each other. Although the authors differ in their scientific execution and
interpretation, a review of the existing literature provides a broad yet flexible clinical framework for dermatologists
seeking to participate in and advance the field of acne scar revision.

Disclosure
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