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ABSTRACT

Introduction: Although non-ablative fractional
resurfacing is frequently used for atrophic acne
scars, few studies have examined clinical factors
affecting the effectiveness of non-ablative frac-
tional laser in individual atrophic acne scar
types (icepick, rolling, and boxcar scars).
Herein, we evaluated the clinical factors affect-
ing the effect of non-ablative fractional laser for
individual atrophic acne scar types using
objective assessment tools.
Methods: Thirty-one patients who had been
treated by 1550-nm erbium-doped fractional
laser for atrophic acne scars were retrospectively
reviewed. Icepick, rolling, and boxcar scars were
counted using photographs, and acne scar

reduction efficiency (ASRE%; the percentage
reduction of post-acne scar count from baseline
counts) was calculated.
Results: The median count of each scar type
was significantly reduced at the end of the final
session. Boxcar scars responded better (median
ASRE 59.2%) than rolling (ASRE 40.6%,
p = 0.017) and icepick scars (ASRE 19.1%,
p = 0.010). Concomitant isotretinoin use resul-
ted in a greater ASRE and a significantly greater
improvement in icepick scars. Patients aged
25 years or younger showed a higher ASRE, with
a greater improvement in boxcar scars.
Conclusion: 1550-nm fractional laser treat-
ment for atrophic acne scars was more effective
in patients who were younger and taking iso-
tretinoin concurrently.
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Key Summary Points

Why carry out this study?

Atrophic acne scars are the most common
type of acne scars and cause significant
physical and psychological distress.

1550-nm fractional laser is frequently used
for atrophic acne scars; however, few
studies have examined the clinical factors
affecting the efficacy of non-ablative
fractional laser in individual atrophic acne
scar types.

What was learned from the study?

We found that 1550-nm fractional laser
improved atrophic acne scars,
significantly so for boxcar and rolling
scars, using an objective evaluation tool.

The improvement was greater in patients
25 years or younger. Synergistic treatment
efficacy can be achieved by combining
fractional laser with isotretinoin in acne
scars, especially icepick scars.

INTRODUCTION

Atrophic acne scars are the most common type
of acne scars and cause significant physical and
psychological distress [1]. They usually develop
as a result of abnormal collagen formation and
degradation during wound healing after
inflammatory acne. The scarring mechanisms
include overexpression of transforming growth
factor-b1 (TGFb) and destruction of sebaceous
glands [2]. Atrophic acne scars can be classified
into icepick, rolling, and boxcar scars on the
basis of the depth and size of the destroyed area
[3]. Non-ablative fractional resurfacing is fre-
quently used for atrophic acne scars owing to its
efficacy and reduced side effects. However, few
studies have examined the clinical factors
affecting the efficacy of non-ablative fractional
laser in individual atrophic acne scar types.

Herein, we evaluated the clinical factors affect-
ing the effect of 1550-nm erbium-doped frac-
tional photothermolysis laser for the treatment
of individual atrophic acne scar types using
objective assessment tools.

METHODS

Patients

We conducted a retrospective analysis of
patients treated with 1550-nm erbium-doped
fractional photothermolysis lasers for atrophic
acne scars at SMG-SNU Boramae Medical Center
from 2010 to 2021. Patients were included if
they received at least one treatment session.
Patients did not have photographs taken before
and after each treatment session or who
received other types of laser or treatment on
affected skin areas were excluded. The study was
approved by the Institutional Review Board of
SMG-SNU Boramae Medical Center (No.
30-2022-42).

Fractional Laser Treatment

Patients treated with 1550-nm erbium-doped
fractional photothermolysis laser (Fraxel� Re:
store and Fraxel� Dual; Solta Medical Inc.,
Hayward, CA, USA) at 30 mJ, treatment level 8
and eight passes. The same physician performed
all treatments.

Clinical Assessment

Photographs taken before and after each treat-
ment session were assessed by a single derma-
tologist. To ensure consistency and avoid bias,
the physician rater was not the treating physi-
cian. Atrophic acne scars were classified into
icepick, rolling, and boxcar type, and each scar
type was counted. We used acne scar reduction
efficiency (ASRE%) for the objective assessment
of treatment efficacy. ASRE% was defined as the
percentage reduction of post-acne scar count
from baseline counts [4]. In addition, the
information associated with acne scars, includ-
ing sex, age, treatment sessions, concomitant
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medications, and adverse events, was collected
via electronic medical records.

Statistical Analysis

Statistical analysis was performed using SPSS
version 25.0 (IBM Co., Armonk, NY, USA). Data
were shown as median (interquartile range,
IQR), frequencies and proportions (%), as
appropriate. Qualitative or categorical variables
(proportions) were compared using chi-square
or Fisher’s exact test, whichever was applicable.
Quantitative variables were analyzed by using
the Mann–Whitney test. All statistical tests were
two-sided and performed at a significance level
of p\0.05.

RESULTS

Thirty-one patients were included (Table 1).
Eighteen (58.1%) were male and 13 (41.0%)

were female. The median age was 25 years (IQR
19–31 years) and the median number treatment
sessions was 2 (IQR 1–5). Sixteen (51.6%) used
concomitant isotretinoin, with the majority of
them taking isotretinoin 20 mg/day; three
received 10 mg/day, twelve 20 mg/day, and one
30 mg/day.

Boxcar scars were seen in 16 (51.6%), rolling
in 30 (96.8%), icepick in 20 (64.5%) patients.
The median scar count at baseline was 45 for
total scars, 8.5 for boxcar scars, 28 for rolling
scars, and 12 for icepick scars. Median count of
each scar type was significantly reduced at the
end of the final session. Boxcar scars responded
better (median ASRE 59.2%) than rolling (ASRE
40.6%, p = 0.017) and icepick scars (ASRE
19.1%, p = 0.010). Although rolling scars
responded better than icepick scars, the differ-
ence was not statistically significant (p = 0.172)
(Table 2, Fig. 1).

With respect to isotretinoin use, isotretinoin
users showed a greater ASRE, and the difference
was more noticeable in rolling and icepick scars
than in boxcar scars (isotretinoin use: total
median ASRE 45.0, boxcar 58.2, rolling 42.2,
icepick 36.8; isotretinoin non-use: total ASRE
26.0, boxcar 64.0, rolling 27.7, icepick 15.4).
There was a significant difference in icepick scar
improvement (p = 0.029) (Table 3, Fig. 2). There
was no significant difference in the median
number of treatments between isotretinoin user
group and non-user group (median number of
treatments was 2 for each group; p = 0.446).
Additionally, there was no significant difference
in the median ages of isotretinoin users and
non-users (median age [IQR] 24 [19.5–30.5] and
26 [19–41], respectively; p = 0.401).

With regards to age, patients aged 25 years or
younger showed a higher ASRE for each scar
type than those over 25 years (B 25 years: total
median ASRE 45.9, boxcar 71.0, rolling 46.0,
icepick 35.7; [ 25 years: total median ASRE
31.7, boxcar 44.4, rolling 35.1, icepick 16.7),
and the difference in boxcar scar improvement
was statistically significant (p = 0.023) (Table 3,
Fig. 2). There was no significant difference in
the median number of treatments and iso-
tretinoin user proportions between patients
aged 25 years or younger and those over
25 years (median number of treatments 2 and 3,

Table 1 Patient characteristics

Characteristics Number

Sex 31

Male 18 (58.1%)

Female 13 (42.0%)

Age (years) 25 (IQR 19–31)

B 25 16 (51.6%)

[ 25 15 (48.4%)

Number of treatments 2 (IQR 1–5)

1 9 (29.0%)

2 9 (29.0%)

3 5 (16.1%)

[ 4 8 (25.8%)

Use of isotretinoin

Isotretinoin use 16 (51.6%)

Isotretinoin non-use 15 (48.4%)

Values are presented as number (percentage) or median
(interquartile range, IQR)

Dermatol Ther (Heidelb) (2023) 13:609–616 611



respectively; p = 0.247. Isotretinoin user pro-
portions 56.3% and 46.7%, respectively;
p = 0.594).

The laser treatments were well tolerated. Side
effects were observed in 7 patients (22.5%) and
all were transient; pain was seen in two patients
(6.5%), crusting for 2 weeks in one (3.2%), ery-
thema for 2 weeks in one (3.2%), edema for
1 month in one (3.2%), erosion in one (3.2%),
and allergic contact dermatitis to topical anes-
thetic cream in one (3.2%).

DISCUSSION

Atrophic acne scars, the most common type of
acne scars, are subclassified into icepick, rolling,
and boxcar scars [5]. Icepick scars are usually
narrow (less than 2 mm), sharply delineated
tracts that can penetrate deep into the dermis or
even the subcutaneous tissue. They are usually
broader near the epithelial surface and narrow
as they go deeper. Rolling scars are shallower
and wider (4–5 mm), with an undulating
appearance in otherwise normal-looking skin.

Fig. 1 Clinical photographs of a 19-year-old male patient with acne scars before and after treatment with fractional laser
(left: before treatment, right: after three sessions of fractional laser treatment)

Table 2 Acne scar count and acne scar reduction efficiency by acne scar type

Acne scar type Patient number Initial scar count Final scar count Acne scar reduction efficiency

Total 31 45.0 (31.0–84.0) 28.0 (11.0–42.0) 35.1 (17.9–56.5)

Boxcar 16 (51.6%) 8.5 (5.0–12.0) 5.0 (2.3–6.0) 59.2 (42.4–92.8)

Rolling 30 (96.8%) 28.0 (14.5–65.8) 20.5 (5.5–43.0) 40.6 (15.6–52.6)

Icepick 20 (64.5%) 12.0 (7.5–15.5) 8.0 (5.5–11.0) 19.1 (12.2–41.7)

Values are presented as number (percentage) or median (interquartile range, IQR)
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Boxcar scars are wider at the base than icepick
scars but do not taper [6].

Non-ablative fractional lasers have been used
for all types of atrophic acne scars owing to
their efficiency and few side effects [3]. In the
present study, we observed significant decrease
in the median count of all types of atrophic
acne scars using 1550-nm erbium-doped frac-
tional laser. In particular, boxcar scars respon-
ded significantly better than rolling and icepick
scars, with the ASRE being 59.2% for boxcar
scars, 40.6% for rolling scars, and 19.1% for
icepick scars. The results of this study are con-
sistent with those of previous studies [4]. A
recent review found that for the 1550-nm frac-
tional laser, for every millijoule, the depth of
coagulation increased roughly by a factor of
10 lm (10 mJ/100–150 lm) [7]. Thus, 1550-nm
fractional laser could improve most superficial
and some deep atrophic scars. Boxcar scars are
amenable to fractional lasers, while most ice-
pick scars are deeper than the depth of frac-
tional lasers [4].

Also, we found that when combined with
isotretinoin, the overall scar improvement was
greater than laser treatment alone, and the dif-
ference was more noticeable in rolling and ice-
pick scars than in boxcar scars. There was a

significantly greater improvement in icepick
scars. It suggests that isotretinoin might assist in
improving the limited efficacy of non-ablative
fractional laser on icepick scars. Isotretinoin is a
very effective drug for the treatment of severe
acne since it affects the epidermis, sebaceous
gland, and collagen formation [8]. However,
several early reports suggested that recent use of
isotretinoin in combination with laser resur-
facing can, ironically, yield hypertrophic scar-
ring, due to isotretinoin’s effects including
impaired wound healing and inhibition of col-
lagenase production [9]. This has led to the
recommendation that laser resurfacing should
be delayed until at least 6 months after discon-
tinuing isotretinoin. However, this recommen-
dation is controversial, and recent studies on
the subject established that performing such
procedures is safe [10]. Leal [14] evaluated the
safety and the efficacy of non-ablative fractional
1550-nm erbium-doped fiber laser treatment
with 20 mg/day of isotretinoin for the treat-
ment of acne scars in 30 patients, compared
with 30 control patients who were treated with
laser only. No difference in adverse outcomes
including erythema, scarring, or hyperpigmen-
tation was noted between the groups. There was
no difference in treatment efficacy between the

Table 3 Acne scar reduction efficiency by use of isotretinoin and age

Use of isotretinoin Age (years)

Isotretinoin
use

Isotretinoin non-
use

p value £ 25 > 25 p value

Number of patients 16 (51.6%) 15 (48.4%) 16 (51.6%) 15 (48.4%)

Number of treatment 2 (2–5) 2 (1–3) 0.446 2 (1–4) 3 (2–5) 0.247

Final acne scar reduction

efficiency

45.0

(24.7–67.7)

26.0 (15.4–50.0) 0.083 45.9

(15.5–67.7)

31.7

(23.5–50.0)

0.260

Final boxcar scar reduction

efficiency

58.2

(43.8–100.0)

64.0 (25.0–78.3) 0.690 71.0

(54.2–100.0)

44.4

(0.0–60.0)

0.015*

Final rolling scar reduction

efficiency

42.2

(26.7–63.1)

27.7 (12.7–50.0) 0.076 46.0

(10.7–65.2)

35.1

(25.0–50.0)

0.186

Final icepick scar reduction

efficiency

36.8

(16.7–81.3)

15.4 (5.6–21.5) 0.029* 35.7

(5.6–75.7)

16.7

(15.4–23.1)

0.096

Values are presented as number (percentage) or median (interquartile range, IQR)
*p\ 0.05
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two groups. Yoon et al. [15] reported that the
combination of non-ablative fractional
1550-nm erbium-doped fiber laser with
10 mg/day of isotretinoin is a safe and effective
treatment for acne and acne scars. There was no
worsening of acne scars, or induction of
hypertrophic scars or keloids in the combina-
tion treatment group (35 patients) compared to
the laser treatment only group (18 patients).
The isotretinoin-administered group showed a
greater difference in the scores by global acne
scarring classification suggested by Goodman
and Baron [16] compared with the control
group, but there was no statistically significant
difference. Our findings not only support that
the concomitant use of non-ablative fractional
lasers and isotretinoin is safe but also demon-
strate that isotretinoin maximizes the treatment
efficacy of laser resurfacing for atrophic acne
scars.

Of note also, the improvement was greater in
patients 25 years or younger. The difference in
boxcar scar improvement was statistically sig-
nificant. This is assumed to be because the
shorter the scar duration, the better the laser

efficacy. The laser effect on dermal remodeling
was better in younger scars with some residual
inflammation, i.e., erythema, than in older
static scars where active inflammation was not
present any longer. In addition, it is assumed
that the younger the age, the better the collagen
remodeling ability. Collagen content in the skin
tends to increase until approximately the mid-
20s, followed by a progressive decline through
the decades [17]. Aging can slow down tissue
repair and cell regeneration, with a decrease in
collagen and elastin fiber production, and an
increase in cross-linked fibers. In aged skin, the
post-laser dermal remodeling may be altered,
and efficacy may decrease [18]. Our results
provide evidence for the need to treat acne scars
as early as possible.

There are some limitations in this study.
Firstly, it is limited by the small sample size and
the absence of a control group. Secondly,
because of the three-dimensional nature of acne
scars, it is challenging to accurately assess them
using clinical photographs. Additionally, there
is no objective instrument for evaluating the

Fig. 2 Comparison of acne scar reduction efficiency by use of isotretinoin and age (*p\ 0.05)
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outcome of the treatment. Further prospective
studies with a larger sample size are needed.

CONCLUSIONS

We found that non-ablative fractional laser
improved atrophic acne scars, markedly so for
boxcar and rolling scars, using an objective
evaluation tool. The improvement was greater
in patients 25 years or younger. Synergistic
treatment efficacy can be achieved by combin-
ing fractional laser with isotretinoin in acne
scars, especially icepick scars.
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