Microneedling-Assisted Delivery of Topical Adapalene vs
Trichloroacetic Acid for the Treatment of Atrophic Postacne
Scars: Randomized Controlled Clinical Trial

ESRAA BENDARY, MBBCH; HEBA SELIM, MD; RANA EHAB, MD; and EMAN SALAH, MD
Dr. Bendary is with the Faculty of Medicine, Mansura University, Mansoura, Eqypt, and with the Department of Dermatology, Venereology and Andrology, Faculty of Medicine, Zagazig University,
Zagazig, Egypt. Drs. Selim, Ehab, and Salah are with the Department of Dermatology, Venereology and Andrology, Zagazig University, Zagazig, Egypt.

J(lin Aesthet Dermatol. 2026;19(10):64—69.

BACKGROUND: Atrophic postacne scarring is a common sequela in many patients with acne vulgaris. Microneedling, either as monotherapy or
as microneedling-assisted delivery of different topicals, has been growing in use. OBJECTIVE: To evaluate and compare the efficacy and safety
of microneedling-assisted delivery of topical adapalene vs trichloroacetic acid (TCA) for atrophic postacne scars. METHODS: This randomized
controlled clinical trial included 60 patients with atrophic postacne scars divided into 3 equal groups: Group A, in which patients were treated with
microneedling-assisted delivery of TCA 15%; Group B, in which patients were treated with microneedling-assisted delivery of adapalene cream,
0.1%; and finally, Group C, patients who received microneedling monotherapy. RESULTS: Group A had significantly superior results than Group
B (P=0.006) and Group C (P<0.001). Significant difference was found between Groups B and C (P=0.032). LIMITATIONS: This study had a small
sample size and short-term follow-up. CONCLUSION: Microneedling-assisted delivery of either TCA, 15%, or topical adapalene, 0.1%, is more
effective than microneedling alone. Furthermore, microneedling-assisted delivery of TCA, 15%, is superior to microneedling-assisted delivery

of adapalene cream, 0.1%, for treating atrophic postacne scars, with greater clinical efficacy and patient satisfaction. However, microneedling-
assisted delivery of topical adapalene provides a safer yet slower alternative. KEYWORDS: atrophic postacne scars, microneedling, dermapen,

adapalene, TCA

ostacne scarring tendency is attributed to an abnormal wound-

healing process in response to cutaneous inflammation.

Eventually, this ends in a mismatch between collagen production
and matrix degradation.’ This can lead to either excess collagen
synthesis, causing hypertrophic scarring or keloids in some patients, or
reduced collagen formation, resulting in atrophic postacne scars in a
majority of cases (80%—90%).? Furthermore, postacne atrophic scars are
classified into icepick (60%—70%), boxcar (15%—20%), and rolling scars
(15%-25%).}

The therapeutic options for atrophic postacne scars involve both
surgical (eg, scar subcision) and nonsurgical approaches (eg, chemical
peeling, injectable fillers, energy-based devices, and microneedling).*
Percutaneous collagen induction or microneedling monotherapy uses
small needles to create micropunctures or microchannels in the atrophic
scars, resulting in growth factor stimulation and increased production of
dermal collagen and elastin.> Moreover, microneedling can assist in the
delivery of various topical preparations through the microchannels to
maximize the therapeutic outcomes.®

Trichloroacetic acid (TCA) has been frequently used as a chemical
peel in various strengths and with different application techniques
to help patients with atrophic postacne scarring.” On the other hand,
topical retinoids, including adapalene cream (0.1% and 0.3%), have

been used in clinical practice as a patient-applied treatment for atrophic
postacne scars based on the ability to stimulate cutaneous fibroblasts and
procollagen synthesis.®

Although several agents have been combined with microneedling
to enhance the treatment of atrophic acne scars, evidence directly
comparing different adjunctive therapies remains limited. TCA and
adapalene represent 2 mechanistically distinct yet clinically accessible
treatment options. TCA enhances scar remodeling by inducing controlled
chemical injury and subsequent collagen neogenesis, whereas adapalene
promotes collagen synthesis and epidermal remodeling through retinoid-
mediated mechanisms with a favorable safety profile. Given these
complementary but different mechanisms of action and the lack of direct
comparative evidence, evaluating microneedling combined with TCA,
15%, vs microneedling combined with adapalene is clinically important
to determine which approach provides superior efficacy, safety, and
patient satisfaction.™

This study aimed to evaluate and compare the efficacy and safety
of microneedling-assisted delivery of topical adapalene vs TCA as
a therapeutic option for atrophic postacne scars. To the best of our
knowledge, microneedling-assisted delivery of topical adapalene is a
novel combination that warrants exploration.
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METHODS

This randomized controlled clinical trial was
approved by the Institutional Review Board at
the Faculty of Medicine of Zagazig University.
The study included 60 patients with atrophic
postacne scars who were recruited from an
outpatient dermatology clinic. All patients
provided written informed consent and photo
consent prior to enrollment. Patients were
excluded from the study if they had active acne
vulgaris, received any scar treatment during the
past 6 months, had Fitzpatrick skin phototypes
Vor VI, had any active facial skin infections or a
history of recurrent herpes simplex on the face,
had a history of keloid tendency, and had any
systemic disease that could impair healing.

Included patients were examined to collect
the following data: Fitzpatrick skin phototype,
atrophic postacne scar subtype (ie, icepick,
boxcar, rolling, or mixed), and scarring severity
as measured by both the Global Acne Scar
Grading System (GSGS)"" and ECCA (Echelle
d'Evaluation Clinique des Cicatrices d’Acné)
grading scale.” All participants were randomly
assigned to 1 of 3 groups using a simple
randomization method: Group A, 20 patients
who received microneedling-assisted delivery
of TCA, 15%; Group B, 20 patients who received
microneedling-assisted delivery of adapalene
cream, 0.1%; and Group C, 20 patients who
received only microneedling monotherapy. The
study protocol encompassed up to 6 treatment
sessions with a 2-week interval between the
sessions.

Preprocedure. A topical anesthetic cream
(lidocaine/prilocaine mixture) was applied to
both sides of the face for 30 minutes before the
procedure. The anesthetic cream was wiped off
with sterile alcohol swabs.

Procedure. Microneedling was performed
with an electronic dermapen machine using
the high-speed mode with a needle length
adjustment from 1.5 mm to 2 mm in depth. The
facial skin was stretched, and microneedling
was carried out in vertical, horizontal, and
diagonal directions perpendicular to the
stretching force until the end-point of pinpoint
bleeding. Following microneedling, Group A was
treated with 1 or more passes of TCA-soaked
gauze with the goal of a uniform white frost
appearance. Group B received an application of
adapalene cream to the skin immediately after
microneedling. Group C only received saline
after the microneedling procedure.

Postprocedure. Patients were instructed
not to wash their faces for 2 hours after each
session. They were also advised to apply
a topical cream containing a low-potency
corticosteroid/antibiotic mixture, practice strict
sun protection, and avoid cosmetics or makeup
for 3 days after the session.

Clinical assessment. Digital photographs
were taken using a Samsung A52s smartphone.
For each patient, images were captured for
both the left and right sides of the face at
enrollment as baseline, before every treatment
session, and finally at the end of the 3-month
follow-up period.

The GSGS, ECCA grading scale, and quartile
grading scale (QGS; excellent >75%, very good
50-74%, good 25—49%, and poor <25%) were
used by 3 blinded independent dermatologists
to evaluate the degree of improvement. All
adverse effects, including erythema, edema,
and postinflammatory hyperpigmentation,
were reported.

Pain assessment. At the end of the
study, patients were asked to score their pain
according to the visual analogue scale (VAS)®
as follows: no pain (VAS 0), mild pain (VAS
1-3), moderate pain (VAS 4-6), and severe
pain (VAS 7-10).

Patient satisfaction. Patients were asked
to rate their improvement at the end of the
study as “very satisfied,” “satisfied,” “slightly
satisfied,” or “unsatisfied.”

Statistical analysis. SPSS version 25.0
was used to analyze the data. Fisher exact
test, independent t test, independent * test,
analysis of variance F test, Mann-Whitney
U test, Kruskal-Wallis test, and Friedman
test were used to analyze the results. The
significance criterion was set at 5%, and P
values were deemed statistically significant if
they were <0.05.

RESULTS

The study included 26 men and 34 women
with atrophic postacne facial scars. No
statistically significant differences were
detected among the study groups regarding
age, sex, family history of postacne scarring,
disease duration, skin phototypes, or scar
subtypes as summarized in Table 1. A positive
family history of acne scarring was reported
in 30.0% of Group A, 25.0% of Group B, and
35.0% of Group C, with no significant difference
between the groups (P=0.766). Similarly,
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Fitzpatrick skin phototype distribution was
comparable across the groups (P=0.926), with
phototype IIl being the most common in all
groups (65.0%, 70.0%, and 65.0% in Groups A,
B, and C, respectively) followed by phototype
IV (20.0% in each group) and phototype I
(15.0%, 10.0%, and 15.0%, respectively;
Table 1).

Regarding GSGS, before treatment, there
were no significant differences in scar severity
among the 3 groups (P=0.573). At the end of
the study, Group A had significantly superior
results than both Group B (P1=0.006) and
Group C (P2<0.001). In addition, Group B had
significantly superior results than Group C
(P3=0.032; Table 2).

Regarding QGS, there was a significant
difference in the degree of improvement
across the groups (P<0.001). Pairwise
comparisons revealed that Group A and Group
B had significantly superior outcomes than
Group C (P2<0.001, P3<0.001, respectively).
Furthermore, Group B had significantly superior
results compared to Group C (P<0.001;

Table 2).

Regarding the ECCA score, there were no
significant differences among the 3 groups
(P=0.237) at baseline. However, by the end of
the treatment period, a significant difference
was observed. Group A and Group B showed
significant reductions in ECCA (P<0.001
for Group A and P=0.004 for Group B),
whereas Group C had nonsignificant changes.
Postintervention, Group A had lower ECCA
scores than Group B (P1=0.001) and Group C
(P2<0.001); Group B had lower scores than
Group C (P3=0.046; Table 3).

Post-treatment erythema and edema, which
subsided within 2 to 3 days postprocedure,
were reported in 10% of patients across all
groups, without significant differences among
the 3 groups (Table 4). Furthermore, there was
a significant difference in patient satisfaction
levels (P<0.001), with the highest rates in
Group A, followed by Group B and Group C
(Table 5).

Regarding pain levels among the treatment
groups, a significant difference was observed
(P=0.011). Groups A and B had a higher
percentage of patients experiencing mild pain
(45% and 50%, respectively), whereas 5%
reported moderate pain in Group A. In contrast,
Group Creported a higher percentage of
patients with no pain (90%).
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TABLE 1. Demographic data of studied groups

GROUP A (n=20) GROUP B (n=20) GROUP C (n=20)
TEST PVALUE

NAME OF PARAMETER
o [ % [ N [ % [ N | %
Male 7 35 n 55 8 40
X*=1.765 0.414
Female 13 65 9 45 12 60
Mean=£SD 29.15+9.04 27.20+6.64 28.10+4.93
Median 27.0 255 285 H=0.573 0.751
Range 18.0-44.0 19.0-43.0 21.0-36.0
Mean=SD 6.75+3.88 7.50£3.71 6.90+3.74
Median 6.0 6.50 6.50 F=0.221 0.802
Range 2.0-15.0 2.0-15.0 2.0-15.0
Positive 6 30 5 25 7 35
; ¥=0.533 0.766
Negative 14 70 15 75 13 65
Typell 3 15.0 2 10.0 3 15.0
Typelll 13 65.0 14 70.0 13 65.0 ¥°=0.892 0.926
Type IV 4 20.0 4 20.0 4 20.0
Rolling 6 30 6 30 8 40
Boxcar 8 40 7 35 6 30 X*=0.791 0.940
Icepick 6 30 7 35 6 30
Yes 15 75 19 95 16 80
X=3.211 0.308
No 5 25 1 5 4 20

P=0.05 is statistically nonsignificant

H: Kruskal-Wallis test, F: One-way analysis of variance test

DISCUSSION

In atrophic postacne scars, merging different
therapeutic techniques can provide a synergistic
effect and optimize outcomes.™ This study
revealed that microneedling-assisted delivery
of TCA showed the greatest efficacy results
among the study groups. Similar to our results,
Solanki et al™ investigated microneedling with
TCA, 15%, and observed an early reduction in
rolling and boxcar scars compared to icepick
scars. Additionally, researchers in Egypt
reported significant improvement when
combining microneedling and TCA for atrophic
postacne scars, but this was at a higher TCA
concentration of 30%.' In another multimodal
approach of subcision, microneedling, and TCA,
15%, studied by Garg and Baveja," all patients
achieved at least a 1-grade improvement in scar
severity after 6 treatment sessions.

El-Domyati et al®® reported that combining
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microneedling with TCA, 15%, was more
effective than combining microneedling with
platelet-rich plasma. Their clinical results were
additionally confirmed at the histopathologic
level by increased epidermal thickness,

better collagen organization, and a marked
reduction in abnormal elastic fibers. These
results highlight the therapeutic benefits of
combination approaches and provide additional
support for our findings.

Patients in Group B showed a significant
improvement in scar severity, although to a
lesser extent than those in Group A. This reflects
the limited collagen remodeling capability
of topical adapalene compared to TCA or the
need for higher concentrations of adapalene to
achieve similar results to TCA.

In a retrospective study, Chandrashekar
et al” evaluated the efficacy of a topical
combination of 0.025% retinoic acid and 12%

glycolic acid for treating both acne scars and
postinflammatory hyperpigmentation. Most
patients showed improvement in scar grades.
These findings highlight the potential of
topical retinoid-based therapies in enhanced
scar remodeling. Accordingly, microneedling-
assisted delivery of a topical retinoid such
as adapalene, as evaluated in our study, is
intended to offer superior outcomes by using
the complementary effects of both treatments.
In a similar context, Loss et al" investigated
the use of topical adapalene gel, 0.3%, for
atrophic acne scars. Most patients achieved
noticeable improvements in scar grades and
skin texture. To the best of our knowledge, this
is the first study to investigate microneedling-
assisted delivery of topical adapalene. In the
present study, microneedling monotherapy
did not demonstrate a statistically significant
improvement in acne scar severity, as assessed



by either the ECCA grading scale or the GSGS.
In contrast, the addition of TCA or adapalene to
microneedling resulted in significantly greater
clinical improvement, highlighting the benefit
of combination therapy over microneedling
alone.

In Group C, microneedling monotherapy
showed limited improvement compared to
Groups A and B. However, these results confirm
the therapeutic role of microneedling alone,
which can be explained by the mechanism
of controlled micro-injuries promoting
neocollagenesis.?’

In agreement with patient satisfaction
rates in our study, Ashraf et al'é assessed the
relationship between therapeutic response
and patient satisfaction after treatment with
microneedling alone vs its combination with
TCA, finding significantly higher satisfaction in
the combination group.

The reported adverse effects in our study
were generally acceptable and transient.
These results align with those of Ashraf et
al, " who also reported transient erythema
and mild hyperpigmentation as the most
common adverse effect in patients treated
with microneedling-assisted delivery of TCA,
further supporting the safety of this combined
approach.

This study also found that pain was mild
and transient, with greater discomfort
reported in the combination groups compared
to microneedling alone. These findings are
consistent with those of El-Domyati et al,*
who also reported minimal discomfort with
microneedling, describing the procedure
as tolerable with only slight burning and
tightness that resolved within 24 to 48 hours.
Both studies confirm that microneedling, even
when combined with agents such as TCA or
adapalene, remains a safe and comfortable
option for patients.

Future perspectives. Numerous studies
are currently investigating the development
of microneedle-loaded patches and their
possible applications in humans. Hirobe
et al” performed a clinical study using a
retinoic acid-loaded microneedle patch for
patients with seborrheic keratosis or senile
lentigo, demonstrating promising results.
Recently, Li et al* developed Dendrobium
polysaccharide-based microneedles, loaded
with Celosia cristata flavonoids and adapalene
nanoparticles for patients with acne vulgaris,

B
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FIGURE 1. 28-year-old female patient with atrophic acne scars treated with microneedling and trichloroacetic acid.
(A) Photograph taken at baseline shows moderate rolling scars; (B) Photograph of the same patient showing moderate
improvement after 3 months of follow up

yielding encouraging outcomes. This method of
patient-friendly, home-use, sustained delivery
of active therapeutics, including adapalene,

via a small, microneedle-loaded patch could

be the future for many patients suffering from
postacne scarring.

CONCLUSION

Microneedling-assisted delivery of either
TCA, 15%, or adapalene, 0.1%, showed
satisfactory results and improvement
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in atrophic postacne scars. However,
microneedling-assisted delivery of TCA

was more effective. It is possible that
microneedling-assisted delivery of higher
adapalene concentrations or an adapalene-
loaded sustained-release microneedle patch
could provide superior therapeutic outcomes,
which warrants study. This highlights the
primary role of combination therapies in
maximizing scar remodeling and patients’
satisfaction.
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TABLE 2. Comparison between the 3 studied groups regarding Global Acne Scar Grading System and quartile grading scale

GRADE OF ACNE GROUP A (n=20) GROUP B (n=20) GROUP C (n=20) st DVALLE PVALUE FOR
scaRsevemy [ W | % | W | % | W | % | EACH 2 GROUPS
Macular 2 10 0 0 2 10
Mild 7 35 9 45 9 45 MC P1=0307
Mod X'=4.940 05 P2=0.640
e : = 6 0 ° » ' P3=0.743
Severe 2 10 5 25 4 20

Macular 9 45 2 10 2 10

Mild 10 50 1 55 10 50 MC AU

Mod 6 30 ) X=13.048° 0.026° P2=0.016
oderate 1 5 5 5 . P3=0.912

Severe 0 0 1 5 3 15

Macular 19 95 10 50 2 10

Mild 1 5 7 35 10 50 MC £1=0.006

Mod 0 0 3 10 6 30 x2=30.984° <0.007° P2<0.001°
Gl : P3=0.032

Severe 0 0 1 5 2 10

No
Minimal
Moderate
Marked

2 P<0.001 was considered high-significant and P<0.05 was significant.
MC: Monte Carlo; Fr: Friedman’s test; P1: Group A vs Group B; P2: Group A vs Group C; P3: Group B vs Group C; QGS: quartile grading scale

P1=0.024*
P2<0.001°
P3<0.001°

X’=56.088" <0.001

EACH 2 GROUPS

Mean=SD

70.5+22.83 84.55+28.55 78.3+20.47 P1=0.108

Median 70.0 785 71.5 H=2.880 0.237 P2=0.265

Range 40-110 42-125 50-120 P3=0.583
AMftertreatment

Mean+SD 44.6+17.99 64.5+17.76 78.3£20.47 P1=0.001°

Median 45.0 60.0 715 H=22.038 <0.001° P2<0.001°

Range 20-80 40-105 50-120 P3=0.046°

<0.001* 0.004* 1.0

2 P<0.001 was considered high-significant and P<0.05 was significant.
H: Kruskal-Wallis test; P1: Group A vs Group B; P2: Group A vs Group C; P3: Group B vs Group C; Z: Wilcoxon signed-rank test
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