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Combined Fractional Treatment of Acne Scars Involving Non-ablative
1.550-nm Erbium-glass Laser and Micro-needling Radiofrequency:
A 16-week Prospective, Randomized Split-face Study
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An optimized therapeutic regimen involving a non-
ablative fractionated laser or radiofrequency therapy
for acne scars has not yet been established. To eva-
luate whether the combination of a non-ablative frac-
tional laser (NAF) and fractional micro-needling ra-
diofrequency (FMR) has clinical advantages for the
treatment of atrophic acne scars compared with NAF
alone, a 16-week prospective, randomized split-face
study was performed. Each facial side of a patient
was treated with 3 sessions of either NAF with FMR
or NAF alone, with a 4-week interval between each
session. Although both sides demonstrated significant
decreases in the échelle d'évaluation clinique des ci-
catrices d'acné (ECCA) score, the facial side treated
using the combination regimen demonstrated greater
improvement in ECCA score regarding degree and on-
set time than the NAF-treated side. Histopathological
and immunohistochemical results confirmed the clini-
cal findings. This study demonstrated that a combina-
tion regimen invelving NAF and FMR could be a viable
option with satisfactory efficacy.
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Fucial atrophic acne scarring, a permanent scquelac
of acne vulgaris, may be a socially disabling and
psychologically devastating disease (1, 2). Among a
multitude of treatment options, recent application of
various devices based on ‘fractional photothermolysis
(FP) technology” has brought remarkable advances and
broadened therapeutic options (3, 4). However. there
are still no puidelines regarding the selection of fractio-
nal devices from the perspective of maximum efficacy
and minimal downtime. Although ablative FP may be
more efficacious 1 fewer treatments, patients tend to
experience more downtime and a higher risk of various
side effects including pain, pigmentation, scarring, and
prolonged healing, especially in patients with darker
skin (5, 6).
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In that sense, non-ablative [ractional lasers (NAF) or
radiofrequency (RF) devices have been actively applied
to minimize treatment-related adverse effects (7). NAF
such as a 1,550-nm erbium-glass fractional laser has been
proven to deliver effective improvements to scarred skin
with low complication rates (8. 9). It results in shorter
downtime than ablative lasers, and re-epithelialization is
complete within one day (8), Fractional micro-needling
radiofrequency (FMR) delivers bipolar RF directly to the
dermis using an array of microneedles (10). FMR has
been recently reported Lo improve skin laxity, wrinkles,
and acne scarring (11. 12). Given its association with
epidermal preservation and a rapid recovery time, 11 has
become popular recently.

Despite the advantages of non-ablative [ractional
devices, previous studies have rarely evaluated whether
combination treatments invalving these devices have
advantageous effects from the perspective of efflicacy and
potential side effects for the treatment of acne scarring. In
this study, we aimed to evaluate whether the sequential
application of NAF and FMR has a synergistic effect on
the efficacy and safety of atrophic acne scar treatments,
as compared with conventional NAF alone during 3
consecutive sessions through a prospective, randomized
split-face comparison study.

METHODS

Study design and subjects

This study was conducted based on a 16-week, prospeciive, ran-
domnzed sphit-face protocol that compared elmieal and histologr-
cial aspects between twao facial sides either receiving sequential
application of NAF and FMR or NAF alone for atrophic acne
sear. It was camed oul m accordance wath the Declaration of
Helsinki and approved by the Tnstitutional Review Board. Infor-
med consents were acquired from all subjects prior 1o enrollment.
Treatments of ench side were scheduled to receive 3 conseeutive
scssions atd=-week intervals, with a follow-up visit 8 wecks atler
the final third treatment. Tweniy-eight Korean subjects (15 men
and 13 women, aged 21-38 years, 15 Fitzpatrick skin type 111
and 13 type [V) wath atrophie andfor hypertrophie acne scars
were enrolled. Participants whose échelle d'evaluation clinique
des cicatrices dacné (ECCA) score was higher than 50 were
eligible tor melusion {13 ). A sunple random allocation sequence
was created using computer-based random number generators Lo
assign the treatment modality of each side, Randomization codes
were secured ina safe until all dan analyses were finished. Two
dermatologists cvaluating the sear improvement were bhnded
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tor the assignment. Patients were excluded from the study if
they had active acne under treatment. or if they had received
any other treatiments for acne scars for 3 months prior to the
first treatment. None of the patients underwent other treatments
meluding chemical, mechanical or laser resurfacing during the
study period. At patients” each visil, photographic assessments
by dermatologists, and patients’ subjective assessments were
performed. Skin biopsies were also conducted at both baseline
and post-treatment evaluation.

Plevices and freatirent protocels

According to the randomly assigned allocation, onc hall of the
face was treated with both FMR device (Secret™, Hlooda, Suworn,
Republic of Korea) and | 550 nm erbium-glass fractional laser
(Fraxel SR 1500, Reliant Technologies Ine, Mountain View, CA,
LISA ) and the other halfwas treated with 1,550 nm erbium-glass
fractional laser only. As microneedling can induce minor hieeding
which can unpede the subsequent procedure, the erbium-glass
fractional laser was performed firstly i the combination treat-
ment. Prior to the treatment, patient’s entire face was completely
cleansed with o skin cleanser, and then an anesthetic ointment
contaimng 4% hdocaine was applied to the face for 30 min. The
treatment sctings were as tollows: 1.5- to 2.5-mm microncedle
penetrating depth, 20 to 30 intensity, and 50- to 100-ms duration
with 2-3 passes in FMR device and 25 1o 35 Jem?® at level 6 with
4 passes i 1550 nm erbium-glass fractional laser.

Clinicad outcome assessment

Standardized digital photograph was taken al every visil using
same camera settings (EOQS 600D, Canon, Tokyo, Japan) and
tangential lighting at fixed positions. Efficacy of sear improve-
ment was asscssed by investigator’s global assessment (1GA) and
ECCA scores, [GA was evaluated using a S-point scale associated
with the degree of improvement (grade (0 =no improvement,
1=1-25% mmprovement, 2=26-50% improvement, 3=51-73%
improvement, 4=76-100% impravement). Morcover, acne scar
was categorized and evaluated by specific subtypes (icepick,
boxcar, and rolling scar). Two dermatologists who were not in-
volved m treatments rated the IGA and ECCA scores based on the
photographs taken at baseline and every follow-up visit. Patients’
subjective assessments of satisfaction score and mean duration of
downume were also surveyed. The subjective satisfaction score
was evaluated using a S-point scale (0~ no improvement, 1 —shght
improverment, 2= moderate improvement, 3 = good improvement,
4= excellent mmprovement ). Subjects also recorded the durations
ol post-treatment changes includimg erythema, edema. and dry-
ness. The related side effects and changes (hyperpigmentation
or hypopigmentation, acne eruption, secondary scarring, and
infection) were documented during treatment sessions in detail.
The overall dugation of subjective downtune was also recorded
from each patient.

Histopatholagy and immunolhistochemsiry

Skin biopsies were performed from atrophic scars on the cheeks
with & 2-mum punch from 6 patients, Tissues acquired at typieal
atrophic scar lesions of the cheek areas at the baseline and final
visit were stained with both Hematoxylin & eosin (H&F), and
Masson’s trichrome (MT). To investigate molecular ehanges after
treatments; the samples were processed tor immunohistochemi-
cal (IHC) stammng for collagen-1, collagen-3, and transforming
growth factor (TGEH (Abcam, Cambridge, UK). The relative
mtensity ol stmming of samples was assessed by an 1mmage ana-
lysis program (Letea QWin version 3.5:1, Lewca Microsysiems,
Wetzlar, Germany)
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Fig. 1. Mean ECCA score changing pattern of each side evaluated
from baseline to the final cbservation after 3" treatment session.
"p-c 005 compared with bassling, fp = 0,05 comparad between two sides,
BL: baseline, PT: post-treatment. ECCA: échelle d'évaluation clinique des
cleatrices d'acné; NAF: non-ablative fractional laser; FMR: fractional micro-
needling radiofreguency,

Statistical analvsis

The paired -test or Wilcoxon signed-rank test and the McNemar
test were used Lo compare the differences between before and alier
treatment and those between combination and NAT treatment sides
{SPSS version 19.0, SPSS Inc., Chicago, IL, USA) A p=value <
0.05 was considered as statistically sigmilicant.

RESULTS

Ol the 28 patients who were mitially enrolled, 26 (14 men
and 12 women, aged 21-38 years; 13 Fitzpatrick skin
type 11 and |3 tyvpe IV) patients completed the study;
two patients withdrew for personal reasons. No patient
withdrew secondary to treatment-related adverse events,
There was no significant difference in mean ECCA score
at baseline between one facial side and the other (Fig. 1).

Evaluation of scar improvement

While both sides demonstrated significant improvement
in ECCA score 8 weeks afier the third session of each
treatment. facial sides treated with the combination regi-
men demonstrated superior efhcaey regarding degree and
onsel time, as compared with the NAF side. Specifically,
the ECCA score was significantly decreased at the final
visit compared with baseline at both sides (combination:
131.9+:22.6 = 56.3+26.7, p=0.01; NAF: 128.7:24.6
~+ 82 5+ 24.7 p<=0.01), corresponding Lo a reduction of
57.3% and 38.9%, respecuvely (Fig. 1). The difference
between the two regimens was significant regarding
mean ECCA score at the final visit (p=<0.01), and dif-
ferences had been evident since 4 weeks after the first
treatment session. A meaningful reduction in the ECCA
score compared with baseline was achieved 4 weeks
after the first session in the combination regimen side
and 4 weeks after the second session in the NAF side.
The 1GA score results were consistent with the ECCA
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score results. Twenty of the 26 facial sides treated with
the combination regimen improved more than 2 grades on
the 1GA score, but only 11 of the NAF-treated sides did.
Distribution patterns for the two regimens were different
(p<0.05) (Fig. 2). Representative figures ol each [acial
side afier treatment are shown in Fig. 3 and Fig. 51,

Suhgroup analyses according to scar tvpe and baseline
yeverity

Then, subgroup analyses were performed using ECCA
scores. A reduction in ECCA score was analyzed accor-
ding 1o the type of atrophic acne scar. U-shaped atrophic
scars (boxcar scars) demonstrated significant reductions
on both sides. and the reductions became evident after
the first treatment. V-shaped atrophic scars (ice-pick
scars) achieved the smallest reduction on both sides, with
a significant reduction demonstrated aficr the sccond
treatment only on the side treated with the combination
regimen, M-shaped atrophic scars (rolling scars) achie-
ved a significant reduction after the first treatment on the
combined treatment side and after the second treatment
on the NAF side (Table I). In addition, the degree of
percent improvement on cach side was compared based
on the baseline scar severity levels, For both therapeutic
regimens, the degree of improvement was noticeable in
those with moderate to high baseline severity (ECCA =
130), as compared with those with mild baseline severity
(ECCA = 130). Furthermore, from a direct comparison
of both regimens, the combination regimen was superior
to the NAF regimen only in those patients with moderate
to high baseline severity (p=0,05) (Table II).

Patients 'subjective assessment of efficacy

Patient sell-assessments of the degree of improvement
paralleled the physicians’ evaluations. Patients’ mean
scores evaluated at the final visit were 3.0+ 0.8 on the
combination treatment side and 2.1+0.6 on the NAF
treatment side. The proportion of patients whose sub-
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Fig. 2. Evaluation of scar improvement based on investigator’'s

global assessment at the final visit. NAF: non-ablative fractional laser.
Cambination: MAF+micro-needling radiofrequency.

NAF

jective self-ratings indicated “excellent improvement’ or
‘good improvement” was 76.9% (20/26) on the combined
treatment side and 34.6% (9/26) on the NAF side (Fig. 4).

Adverse effecis

Various treatment-related side effects were thoroughly
compared between the two sides of each patient. For
treatment-related side effects including erythema, edema,
and dryness, there was no significant difference in the
severity or duration between the two sides. No diffe-
rence was observed in long-term side effects including
pigmentary changes. acne eruption, and secondary scar
formation. As for the patients’ subjective assessment
regarding the meaningful impact the treatment had on
their quality of life, the average duration ol downtime
was 2.6+ 1.1 days for the combination treatment side and
2.3+ 1.3 days for the NAF only side, which showed no
significant difference.

Histologic analysis

A comparative investigation of histological changes
induced by each treatment was performed. In H&E and
MT, beth treatment regimens demonsirated increased

Fig. 3. Clinical photographs revealed the improvement of acne scars by both therapeutic modalities. (A, B) combination regimen-treated slde
of the face. (C, D) non-ablative fractional laser {NAF)-treated slde of the faca, (A, C) Before treatmant. (8, D) Elght weeks after 3 sessiens of treatment.
Though some improvement was ohserved in NAF-treated side, a more prominent improvement in acne scars was noted on the combination regimen-

treated side of the face,
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Table I. ECCA after consecutive treatments for 2 major subtypes
of ECCA grading scale (V, U and M)

Traatment

regimen Basellne PT1 PT2 PT3

V type

Combination  27.147.4 26.417.1 22.518.1* 16.7+8.8*
MAF 28.317.7 27.5+6.4 28.4+7.7 17878

U type

Combination 43.1412.3 2B.5¢:10,1" 17.7:10.3* 10.8+10.2*
NAF 42,3+16.3  35.4+142* 26.2t94* 19.2-8.0%
M type

Combination  49.0:15.0 3B.5:14.5* 31.7:13.3% 220:1B.5%
NAF 4421147 42.3+11.8 34.6t12.4% 26.9:9.B*

*o< 005 between baseling and sach time palnt.

ECCA: dchelle d'évaluation dinlgue des cicatrices d'acnd, VW type: loa-pick scars,
U type: boxcar scars; M type: ralling scars; NAF: non-ablative fractional laser;
PT. post-treatrmant.

collagen fiber deposition at the final visit, as compared
with baseline, but denser dermal interstitial fiber accumu-
lation was induced on the side treated with the combined
regimen, THC staining for type Land I collagen further
supported the above-mentioned findings. The intensity
of TGF-fil staining was also increased after successive
treatments on both sides, but was much higher on the
combination side (Fig. 52').

DISCUSSION

Patients undergoing acne scar treaiment are usually
concerned with subsequent side effects or positreatment
recovery time as well as efficacy. In this context, non-
ablative fractionated devices based on laser or RF tech-
nology have opened new horizons from the perspective
of safety and minimal downtime. However, an optimized
therapeutic regimen has not vel been established. This
study demonstrated that the combination of NAF and
FMR has synergistic efficacies with no accumulated
downtime for acne scar treatment, suggesting that this
novel regimen may help overcome a major weakness of
non-ablative procedures involving their relatively limited
efficacy, as compared with ablative ones (5).

Qur combination regimen demonstrated greater effi-
cacy and faster onset of action in improving acne scars,
as compared with NAF alone based on both subjective
satisfaction and objective evaluations. Synergistic effects
were relatively more significant in moderale w severe
degrees ol acne scarring, as compared with mild degrees,
suggesting that this regimen could replace ablatve la-
sers for this indication, In addition, the co-application

Table I1. Degrees of improvement measured by mean percent change
inthe ECCA score in two groups designated by baseline scar severity

Mild grade
{Baseline ECCA <130)

Moderate to severe grade
[Baseline ECCA 2 130)

Combination side
NAF sida

EA5416.8 (%)%, = 40.2 4146 [%)*
5161 20.3 (S0)*, = 30.3412.0 (%)*

*p<0.05: companson between two diffarant grades recaiving identical ragimean
**o< 05 comparison between two different regimens from each disease
severity range

ECCA: achalle d'évaluabion climque des acatness d'acné

www. medicaljournals.se/acta
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Fig. 4. Evaluation of scarimprovement based on patients’ subjective
satisfaction at the final visit. NAF; non-ablative fractional |asar,

of other chemical or physical treatments including dot
peeling or subeision with this combination regimen may
be helpful for the treatment of V-shaped scars (14). As
for safety issues, the mcidence of commanly observed,
treatment-related side effects was not notahly increased,
as compared with NAF alone. FMR leads 1o only slight
changes m epidermal barrer funetions, resulting in
shorter downtime (13). Severe side cffects including
secondary scarring and pigmentary changes were not
observed in the current study. Furthermore, the mean
downtime was not different between the two sides,

An analysis of therapeutic mechanisms involving
these two devices would help elucidate these synergistic
effects. Each of them acts in a different way to improve
acne scars. The 1,550-nm erbium-doped [ractional laser
induces thermally coasulated microscopic columns of
dermal tissue in regularly spaced arravs over a frac-
tion of the skin surface, leading to the upregulation of
new collagen production with no ablative effect on the
epidermis (16). Leaving intact tissue bridges between
minute cores of coagulation necrosis witlun the dermis
results in faster healing, as healing originates not only
from the skin adnexa but also from these skin bridges.
However, it seems that many sessions of treatment must
be delivered to achieve a satisfactory level of clinical
improvement (5, 17).

However, FMR delivers bipolar RF directly to the
dermis with minimal epidermal damage owing to finely
designed microneedles. RF can induce electric current,
which results in dermal heating. While lasers generate heat
by delivering energy to chromophores through selective
photothermolysis, the heat produced by the RF device
originates from electron movement and conductivity of
the target tissue (18, 19). As RF 15 ongimally not ablative,
1t rarely results in a transient interruption of epidermal
mtegrity that is usually seen in ablative lasers (20, 21). In
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addition, microncedles have been reported to stimulate the
migration and proliferation of keratinocyies and fibroblasts
by inducing the release of several growth factors (22, 23),
With these completely different action mechanisms, FMR
seems Lo deliver high volumetric heating and deeper heat
diffusion for profound neoclastogenesis and neocollage-
nesis, consolidating the effects of dermal remodeling if
combining nicrothermal treatment zones with NAF (22,

Our histological analysis in support ol these mechanis-
tic insights demonstrated that the combination regimen
induces preater increases in the extent and thickness of
interstitial fibers throughout the whole dermis, as com-
pared with NAF alone, The expression levels of both
collagen fibers were also significantly higher on the com-
bination side. The greater expression of TGF-l would
be responsible for the accumulation and thickenmg of
interstitial fibers in the dermis. TGF-B1 plays important
roles in optimal wound healing during the early phase
of laser or RF treatment, leading to the stimulation of
fibroblasts in a dose-dependent manner (24, 25). These
findings strongly suggest that the superior reproduction
of dermal fibers at a histological level would explain the
clinical benefits of the combination regimen,

There were some limitations in this study. First, all en-
rolled patients had a similar ethnic background. Sccond,
additional studies would be needed to determine the most
cfficacious treatment parameters including energy level,
depth of needling, the number of passes or treatment
sessions, and interval between treatments, Finally, this
study did not measure the efficacy of FMR alone [or acne
scars, However, a previous study reported that NAF is
more effective for acne scars than FMR (15). Because
our present study showed that the combination of NAF
and FMR is superior to NAF alone, we can speculate that
the combined treatment would also be more effective
than FMR alone.

In conclusion, combined use o NAF and FMR demon-
strated definitive syneraistic cfTects compared with NAF
for acne scars, with reasonable safety profiles. Therefore,
a few sessions of this combination regimen could be a
viable option with satisfactory efficacy, especially for
Asian patients more frequently concerned with post-
treatment side cffects or downtime.

The anthars dectare no conflicts of interest,
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