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Abstract

Background: The mechanism of action of fractional carbon dioxide (CO2) laser in the management of skin scar-
ring is stimulation of collagen and fibroblasts in the dermis, resulting in remodeling and shrinking of the skin.
Objective: The purpose of this research is to assess the safety and performance of a new CO2 laser scanner for
treatment of acne scars.
Methods: The study was carried out on 20 patients of both sexes, with a mean age of 25.7 – 6.7 years. To assess
the performance and safety of this new CO2 scanner, a preclinical histological evaluation was done. A clinical
evaluation of acne scars was performed using Goodman and Baron’s quantitative global acne scarring grading
system (GBQGASGS) and a crusting scale where crusting scores ranged from 1 = none to 4 = severe. Digital
photographs were taken to obtain esthetic results.
Results: GBQGASGS showed a significant improvement in patients’ scars and the treatment was well tolerated,
with no lasting side effects.
Conclusions: The new scanner seems to be an effective and safe device for skin scarring treatment, speeding up
the healing time of scars.

Keywords: skin remodelling, new CO2 scanner, acne scars, clinical efficacy

Introduction

For a long time, fully ablative laser treatments, espe-
cially those performed with the carbon dioxide (CO2)

laser, have been considered the gold standard for resurfacing
treatments due to strong skin remodeling. The CO2 laser has
been used successfully in the treatment of different types of
scars, improving texture, color, and contracture.1–5 Never-
theless, these invasive treatments resulted in adverse post-
treatment responses such as pigmentary changes, swelling,
erythema, blistering, crusting, and in some cases scarring.6,7

Fractional ablative lasers have the benefit of higher safety
profile than traditional ablative lasers8 with a reduction in

the onset of erythema and recovery times.9 These benefits
in combination with the associated reduction in scarring and
impaired pigmentation have contributed to the popularity
of fractional laser treatments.

Fractional ablative laser causes immediate ablation at
the epidermal/dermal level and within 48 h of treatment, the
ablation area is completely replaced by invaginating epi-
dermal cells. This microscopic ablative zone surrounds the
epidermal tissue, and microscopic epidermal necrotic debris
(MEND) can be observed in the stratum corneum. On the
7th day, MEND exfoliation is noticeable, and 1 month after
the treatment, MEND is substituted by the normal stratum
corneum.10
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Compared with traditional lasers, the fractional ablative
CO2 laser can effectively improve skin regeneration, with
shorter downtime and significantly fewer side effects. How-
ever, sometimes, in correlation with the quantity of energy
used, even the fractional laser treatment can induce hyper-
pigmentation (PIH); Esmat et al.11 reported the occurrence
of persistent pixel stamping marks (PPSM), which represent
miniature scarring at the sites of microscopic thermal zones,
such as complications following the treatment of scars using
high energy levels. These adverse post-treatment responses
are associated with acute inflammatory responses to skin
heat damage.

An increase in melanin synthesis may be due to an
increase in the amount of arachidonic acid metabolites
during the inflammatory process, which can stimulate mela-
nocytes, particularly if the energy is concentrated at the
level of the epidermis–dermis junction. Indeed, in PIH, anti-
inflammatory treatments such as corticosteroids are emplo-
yed to reduce postlaser inflammatory responses.12

Fractional ablative CO2 lasers have proven to be a pro-
spective therapy for improving burn scar function and
appearance,13–15 with a great number of studies reporting
amelioration in the properties of the burn scar after treat-
ment such as scar texture and color16,17 and greater freedom
of movement, especially around the joints.18–20 Skin pre-
treatment with an ablative fractional laser is an effective
method of enhancing topical drug absorption into the skin,
and as a result, laser-assisted fractional drug delivery has
become an established treatment modality.21,22

This technique is based on the fractional disruption of the
epidermis, thereby creating a series of microscopic holes in
the skin through which topical medication can be adminis-
tered, minimizing the risk of scarring.23

Fractional systems have been on the market for a long
time and there is proportionality between the energy supplied
and the depth reached, which are consolidated over time.

Deep scars require greater ablation and therefore also
greater energy. Indeed, the most severe scars require laser
action depths >1 mm and this can be achieved by increasing
the ablative power, which is related to the energy delivered
by the system.24–26

Since an increase in the depth of action is directly rela-
ted to the energy delivered, this consequently increases the
risk of inflammation. For this reason, it became necessary
to reduce the spot size of the DOT (columns of thermal
damage).

To achieve greater ablation depths and, at the same time,
reduce the amount of energy delivered to limit patient’s pain
and the risk of PIH onset, the optical mechanism of the DOT
scanner was improved by reducing spot diameters, leading
to the development of a new (SCAR3) scanner. The HiScan
DOT scanner is an established CO2 laser scanner (DEKA
M.E.L.A., Florence, Italy) that can be used in dermatology
and esthetic medicine for improvement and rejuvenation of
the skin and acne scars.27–31

The SCAR3 scanner can be connected to the CO2 family of
lasers (DEKA M.E.L.A.) and is used to emit an energy/DOT
of over 600 mJ. CO2 laser emission with SCAR3 is fraction-
ated, therefore it creates very thin and spaced columns of ther-
mal damage (DOT), which penetrate deep into the skin layer.

Due to its particular features, the fractional CO2 laser can
achieve many different effects, further enhancing its great

versatility. The shape and size of the scanner mode can be
adapted to treat difficult regions such as the skin of the eye-
lids and the periorbital area.32

Treatment with fractional CO2 causes a type of micro-
ablation of the epidermis that recovers in 24–48 h: epidermal
tissue recovery happens rapidly through migration of kera-
tinocytes and extrusion of damaged cells at the edges of the
ablative and thermal zones. This treatment is safe with no
serious side effects, with a reduction of downtime and an
increase in patient satisfaction.33

Tenna et al. described the use and advantages of CO2

laser emission in the induction of tissue shrinkage: complete
reepithelialization was observed.34

Despite leading to bleeding in patients, this new method
of fractional CO2 laser emission using the same energy/
DOT, in comparison with normal CO2 (and Er:Yag) ablative
lasers traditionally used in the resurfacing technique,30,35–38

instead of reducing its therapeutic efficacy, seems to increase
patient’s acne scar healing time.

Based on these, the aim of this study is to assess the safety
and performance of the new SCAR3 scanner (DEKA
M.E.L.A.) in the treatment of acne scars, comparing its
effectiveness on the acne scar healing rate with results from
literature using previous CO2 scanners by the same com-
pany (HiScan DOT) and using the same energy levels/
DOT.

FIG. 1. A schematic graphical representation of the ther-
mal lesion depth/width and ablation depth/width.

Table 1. Demographics

No. of patients 20
Female patients 8
Male patients 12
Average age, years (–SD) 25.70 (–6.75)
Fitzpatrick skin type II–IV

SD, standard deviation.
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Materials and Methods

Ex vivo preclinical test

For the purpose of assessing the performance and safety
of the SCAR3 scanner, a histological evaluation was done.
An ex vivo sheep inner thigh skin sample was chosen due to
its similarity with human skin tissue. Taking into consider-
ation the entire range of energy levels available on the de-
vice, the following working points were chosen and divided
in two groups (Groups 1 and 2) to better compare our data
with those present in the literature for HiScan DOT, which
are closest to the parameters used in Group 1 (Group1:
energy levels/DOT ranged between 0 and 50 mJ).

With Group 2 (Group 2: energy levels/DOT ranged
between 60 and 150 mJ), we investigated the effect of the
SCAR3 scanner on histological samples also using higher
energy levels than those presented in literature’s data. We
did not exceed 150 mJ/DOT due to lack of adequate skin
sample thickness.

After laser exposure, all samples were fixed in 10% neu-
tral buffered formalin, dehydrated through a crescent ethanol
series, incorporated into paraffin, sectioned in series (4–5 lm
thickness), stained with hematoxylin and eosin (H&E), and
finally examined under an optical microscope. We recorded
the morphological data of each pulse induced by both lasers
on the tissue.

The following measurements were taken for each energy
level/DOT (Fig. 1):

� Thermal lesion depth/width [lm]: depth/width at which
coagulative thermal damage is observed.
� Ablation depth/width [lm]: depth/width at which abla-

tion is observed.

Clinical evaluation

Patient selection. The clinical study included 20 pati-
ents of both sexes (8 females and 12 males), with an average
age of 25.70 – 6.75 (range 19–47 years) and Fitzpatrick skin
type II–IV, affected by acne scars (Table 1). These patients
were enrolled at the DermoLaser office in Verona, Italy.
Patients who have recently undergone an exfoliation treat-
ment or surgical treatments such as lifting and any patient
with past skin disorders, including keloids and/or Koebner’s
phenomenon, were excluded.

Study protocol. In this study, patients were treated with
the SCAR3 scanner (DEKA M.E.L.A.) with energy of 45–
50 mJ/DOT and DOT spacing of 500 lm.

Before treatment, patients were well informed about the
procedure and possible adverse effects, and an informed con-
sent statement was signed by each patient.

The patients were subjected to a single-pass device, pay-
ing attention to avoid overlapping. After treatment, the skin
was cooled with gauze soaked in cold water and an emol-
lient cream was applied. The possible use of antibiotic creams
or the oral administration of nonsteroidal anti-inflammatory
therapies was also considered to be appropriate. The clinical
examination of scars was carried out by using Goodman and
Baron’s quantitative global acne scarring grading system
(GBQGASGS).39

Each patient was asked to complete a daily diary for 14
days following the procedure: a crusting grading scale was
used in which crusting was graded, with scores ranging from
1 = none to 4 = severe.40 Digital photographs were taken
using a digital camera (Sony; Mod. DSCRX10M3, 14 M

FIG. 3. Energy levels/DOT, 10–50 mJ (Group 1); changes in ablative, thermal, and total micron depths in ex vivo sheep
skin after SCAR3 treatment (A–E scale bars 4 · ).

FIG. 2. Plot of the depth as energy increases: the thermal
lesion depth achieved with SCAR3 (continuous line); abla-
tion depth achieved with SCAR3 (dash–dot line); and abla-
tion depth reported in literature data40,45 with the HiScan
DOT scanner (dashed line). DOT; SCAR3.
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pixel) and Canfield Visia Facial Imaging System to obtain
esthetic results: all subjects were evaluated and photogra-
phed before treatment, immediately after treatment, and 3
months after the last treatment. Adverse effects were eval-
uated and recorded.

Statistical analysis. The thermal lesion width and abla-
tion width are shown as mean – standard deviation (SD),
while the trend lines of thermal lesion depth and ablation
depth were analyzed. Paired Student’s t-test was used to
compare the clinical outcomes before and after treatment.
The SPSS program, version 25.0 (IBM), was used for sta-
tistical analysis.

Preclinical Results with Histological Analysis

H&E-stained sections of sheep skin tissue subjected to
laser treatment with the CO2 fractional laser and scanning
system (SCAR3; DEKA M.E.L.A.) showed narrow columns
with increasing depth as the energy/DOT (mJ) increased;
double depths were observed in comparison with histolog-
ical studies by Bonan et al.33 (for HiScan DOT); micro-
ablation columns of damage and coagulated microcolumns
of collagen were observed from the epidermis into the
underlying papillary and reticular dermis to various depths
of the dermis. Higher energy settings caused deeper tissue
injury and increased penetration into the reticular dermis
(Fig. 2).

FIG. 5. Graphic representation of average crusting scores during the first 2 weeks postoperative, with the same energy/
DOT.

FIG. 4. Energy levels/DOT, 60–150 mJ (Group 2); changes in ablative, thermal, and total micron depths in ex vivo sheep
skin after SCAR3 treatment (A–E scale bars 4 · ).
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The mean (–SD) ablation width was 118.8 – 78.0 lm, while
the mean (–SD) thermal lesion width was 227.2 – 87.9 lm.

In conclusion, our histological findings (Figs. 3 and 4)
show that for HiScan DOT, ablative depths achieved with
the SCAR3 scanner using the same energy levels/DOT ap-
pear to be double in comparison with other similar histo-
logical findings published in literature.34,41

Assuming a linear trend of thermal lesion depth with
increasing energy, we can observe that for the same energy/
DOT, the SCAR3 scanner reaches greater depths compared
with an established CO2 scanner of the same system.

Clinical Results

We can observe that the treatment of skin scarring in
patients using SCAR3 showed good results, even if this
treatment showed more bleeding with the same energy/DOT
used, compared with other traditional scanners of the same
laser source.34,41–45 However, several studies show longer
healing times, as reported in the research by Gotkin and
Sarnoff40 for HiScan DOT, in which crusting scores re-
ported in the crusting scale decreased more progressively
than those observed after treatment with SCAR3 (Fig. 5) and
in which crust appearance resolved in about 9 days, unlike
that observed with the SCAR3 (crust appearance resolved in
5 days at the most, with the same energy/DOT used).

Patients’ photographic evaluation showed an improve-
ment of acne-scarred skin (Fig. 6). Significant improvement
in acne scars in accordance with GBQGASGS was obser-
ved 3 months after the last treatment session (Table 2).

The GBQGASGS scores decreased significantly ( p < 0.001)
from baseline (18.2 – 5.2) to 3-month follow-up (9.8 – 3.0)
after the last treatment (Table 3; Fig. 7).

Immediately after treatment with the SCAR3 scanner,
we observed mild erythema, which resolved within 48 h.
Patients’ compliance and comfort were positive also if tem-
porary bleeding was observed immediately after the treat-
ment. Even a faster and significant reduction in superficial
erythema was also observed (maximum up to 2 days) in
comparison with that in literature, which lasted up to
5 days37 with the same energy/DOT used. No long-lasting
side effects were observed.

Parameters of the two laser scanners (HiScan DOT and
SCAR3) are shown in Table 4.

Discussion

Manstein et al.,46 in 2004, first described the histological
lesion of fractional laser devices. Fractional photothermo-
lysis causes skin regeneration through creation of micro-
scopic thermal/ablative lesions in the underlying epidermis
or dermis.35,36 The use of ablative fractional photother-
molysis by CO2 laser causes the formation of microscopic
columns of thermal damage at the level of the epidermis/
dermis, inducing superficial epidermal abrasion and thermal
damage (both in ablation and in coagulation) down to the
skin layers that must be treated, causing significant collagen
stimulation.47,48

The CO2 laser with a fractional scanning system (such
as the SCAR3 scanner) produces microcolumns of thermal

Table 2. Goodman and Baron’s Quantitative Global Acne Scarring Grading System

Grade/type
Grade 1

(1–10 lesions)
Grade 2

(11–20 lesions)
Grade 3

(>20 lesions)

A. Milder scarring (1 point each)
Macular erythema or pigmentation 1 point 2 points 3 points
Mildly atrophic, dish like

B. Moderate scarring (2 points each)
Moderately atrophic, dish like 2 points 4 points 6 points
Punched out with shallow bases, small scars (<5 mm)
Shallow, but broad, atrophic areas

C. Severe scarring (3 points each)
Punched out with deep, but normal, bases, small scars (<5 mm) 3 points 6 points 9 points
Punched out with deep abnormal bases, small scars (<5 mm)
Linear or troughed dermal scarring
Deep, broad atrophic areas

D. Hyperplastic
Papular 2 points 4 points 6 points
Scars, keloidal/hypertrophic Area <5 cm2

6 points
Area 5–20 cm2

12 points
Area >20 cm2

18 points

FIG. 6. View of patient’s
forehead at baseline (A) and
3-month follow-up (B). An
improvement in acne scars is
observed.
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damage surrounded by healthy tissue, which are able to
create, through real microablation, vertical scaling of the
epidermis: the microthermal zones (MTZs) promote growth
factors and wound repair protein stimulation.49

MTZs, denominated as DOT in the laser system, have
characteristics of specific emission to guarantee maximum
effectiveness and minimal unwanted skin damage. The col-
umns must have a constant ablation diameter from the
impact with the skin surface to the layers below and the prop-
agation of thermal and coagulative damage, which sur-
rounds the area subjected to ablation at the level of the
dermis, must maintain a constant shape and diameter through-
out the depth of penetration to avoid the spread of uncon-
trolled heat in the surrounding tissue.

The skin around each column does not suffer the ther-
mal damage just mentioned (ablation and coagulation), but
only a biostimulation effect, and evaluation of the distance
between each single DOT is fundamental to achieving a
healing process that is fastest and with the best clinical
result. Collagen stimulation and cutaneous rejuvenation
effect depend on the depth of thermal damage at the level of
dermis that triggers the formation of new collagen and tissue
repair.50

Following resurfacing with the fractional CO2 laser, var-
ious factors, including tumor necrosis factor-a, heat shock
protein, transforming growth factor-b, and matrix metallo-
proteinase, from 2 days after treatment up to 3 months, lead
to collagen remodeling and scar healing.49–52

The clinical effects are significant both in the treatment of
aging skin of all degrees (according to Fitzpatrick classifi-
cation) and in pigmented lesions and acne scarring. The
treatment requires one or more sessions, which can also be
done without anesthesia or with the application of a topi-
cal anesthetic, in subjects with less evident skin aging. The
downtime is very minimal (a few days) and, according to
Geronemus,1 the side effects are significantly reduced as
well as significantly less severe than those caused from the
use of traditional ablative lasers.53

With the SCAR3 scanner, a faster and significant decrease in
superficial erythema has also been observed (maximum up to 2
days) in comparison with the HiScan DOT scanner treatment,
where erythema did not exceed 5 days in any patients.37

Healing of ablation zones and remaining thermal damage
around the ablation zones contributes to the formation of a
new and rearranged collagen pattern that is important in the
neocollagenesis process42; moreover, if this is also associ-
ated with the greater depth of action of the SCAR3 scanner
system (due to a small spot size) with a more pronounced
bleeding and crusting process than a traditional scanner, an
excellent result is certainly achieved.

The CO2 laser system, with the use of the new SCAR3
scanning system and conservative parameters, reaches the
deep layers of the dermis up to a depth of >1 mm. This
implies that the potential effect of this laser, at the chosen
parameters, covers all skin targets necessary to carry out
superficial or deep treatments in any dermatological problem.
Indeed, many scar areas are more than 1 mm thick and extend
more than several millimeters in depth. To effectively treat
these lesions, a laser ablation penetration depth greater than
1 mm is required, going as deep as possible to initiate the
healing cascade and achieve good results in scar remodeling.

Traditional treatments with the fractional CO2 laser,29,33,37,40

which we have broken down with regard to the energy pa-
rameter used, do not report post-treatment bleeding events;
bleeding of the treated areas accompanied by formation of
blood serum crusting is given even greater emphasis in the
cascade of events that normally result in stabilization of the
collagenesis–collagenolysis cycle, which lead to faster scar
healing.

It is known from literature that blood provides important
and essential growth factors for tissue regeneration. After tis-
sue injury, the resulting blood clot reestablishes hemostasis
and provides a transient extracellular matrix for migration
of cells. Platelets secrete many mediators for wound heal-
ing, but in the absence of bleeding, they do not exert these
actions.

FIG. 7. Histogram representation of the
GBQGASGS lesion grade, evaluated before
treatment and 3 months after the last treatment.
FU, follow up; GBQGASGS, Goodman and
Baron’s quantitative global acne scarring grading
system.

Table 3. Mean Score of Goodman and Baron’s Quantitative Global Acne Scarring Grading System

Evaluated Before Any Treatment and 3 Months After the Last Session

Before, mean – SD Three-month follow-up, mean – SD Significance

Mean score of GBQGASGS 18.2 – 5.2 9.8 – 3.0 p- < 0.001

FU, follow up; GBQGASGS, Goodman and Baron’s quantitative global acne scarring grading system.
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Particularly, transforming platelet-derived growth factor
and growth factor b1 probably stimulate fibroblast prolif-
eration in the tissue around the wound and migration of
integrin receptors into the wound space.54 Three to 5 days
after tissue injury, new capillaries visible as granulation
tissue serve as a matrix for blood vessel proliferation and
fibroblast migration.55

For this reason, the use of fractional ablative CO2 laser is
often combined with therapies that promote these growth
factors, such as platelet-rich plasma56 in reconstruction of
depressed scars, which produce excellent results.57

In this study, it was also observed that with the use of
the SCAR3 scanning system, patients have faster scar
healing in comparison with the HiScan DOT scanner as
it was possible to obtain an almost comparable effect in
terms of depth of action, while halving the energy emis-
sion values, and consequently the possible onset of
hyperpigmentation.

We can hypothesize that hyperpigmentation reduction is
related to the depth of action of the subject system, which,
by creating deeper holes in the epidermis, could further
disperse the amount of arachidonic acid released follow-
ing an inflammatory response,58 as already discussed in the
Introduction section. Further studies will be needed to val-
idate this hypothesis.

The SCAR3 scanner may also be used for tattoo removal
since its effectiveness has been observed when combined
with the fractional Q-switch laser.59

Conclusions

Our preclinical and clinical findings show that the SCAR3
scanning system produces excellent results in scar treat-
ment, using similar energy emission levels as those found in
literature and decreasing the spot size to achieve a double
depth effect. Although transient bleeding was observed, it
led to faster scar healing after treatment, compared with the
literature findings.

This new scanner system, in addition to reducing patient
downtime and related recovery times, more importantly,
improves treatment performance. This benefit is most
evident in patients with conditions that affect their quality
of life such as pervasive skin disease and morbid scar
complications.
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