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Abstract

Background: Fractional CO; laser plays an important role in scar management post split-thickness
skin graft by loosening the graft contracture and restoring the smoothness of the surface. However,
the optimal treatment protocol remains unknown. This study applied a dual-scan protocol to
achieve both releasing and ablation of contracted skin graft. We comprehensively describe this
treatment method and compare the efficacy and safety between this dual-scan method and the
conventional mono-scan mode.

Methods: A hypercontracted scar model after split-thickness skin grafting in red Duroc pigs was
established. All scars meeting the inclusion criteria were randomly divided into four groups:
high fluence-low density (HF-LD), low fluence-high density (LF-HD), combined group and control
group. The energy per unit area was similar in the HF-LD and LF-HD groups. Two laser interventions
were performed at a 6-week interval. The efficacy of the treatment was evaluated by objective
measures of scar area, release rate, elasticity, thickness and flatness, while the safety was evaluated
based on adverse reactions and melanin index. Collagen structure was observed histologically. The
animals were followed up for a maximum of 126 days after modeling.

Results: A total of 28 contracted scars were included, 7 in each group. At 18 weeks postoperatively,
the HF-LD and the combined groups showed significantly increased scar release rate (p=0.000)
and elasticity (p=0.036) and decreased type I/lll collagen ratio (p=0.002) compared with the
control and LF-HD groups. In terms of flatness, the combined group was significantly better than
the HF-LD group for elevations <1 mm (p=0.019). No significant skin side effects, pigmentation or
scar thickness changes were observed at 18 weeks.

Conclusions: Dual-scan protocol could achieve superficial ablation and deep release of contracted
split-thickness skin graft in a single treatment, with similar contraction release and texture improve-
ment compared to a single deep scan. Its main advantage is to restore a smoother scar appearance.
Adequate laser penetration was necessary for the release of contracted scars.
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Highlights

* This study provides a comprehensive dual-scan protocol for the treatment of scar contractures with a fractional CO; laser.
* Objective assessments were used to compare the differences in efficacy and safety between the dual-scan and single-scan

approaches.

* This dual-scan approach allows for 3D release and ablation of contractures in a single treatment.

* Adequate laser penetration has been validated as necessary to achieve scar release.

Background

Split-thickness skin graft is one of the most common recon-
struction techniques to repair large skin defects after burns
and trauma. Global data show that over 6 million patients
receive skin grafting every year [1]. Contracture scarring due
to graft contraction is one of the most common postsurgical
complications. Scar hyperplasia or contracture affects more
than 30% of patients, thereby affecting joint function [2,3].
Although skin graft contraction is a physiological response
to reduce the wound area, it creates tension across adja-
cent tissues, causing cosmetic and functional impairment and
affecting the quality of life of patients after skin grafting.
Physical therapy, represented by splinting and compression
therapy, plays a significant role among traditional treatment
measures; however, clinical evidence is limited. It has been
suggested that continuous mechanical force to counteract the
inward contraction of the skin grafts increases mechanical
loading of the extracellular matrix and stimulates activity
of myofibroblasts, limiting the effectiveness of external sup-
ports such as splints [4]. Physical therapy is only indicated
for immature scarring and has limited effect on developed
contractures [5,6]. Long-term brace wearing interferes with
the patient’s daily life and often results in low compliance.
Shumaker et al. first described the use of fractional CO,
laser in the treatment of contracture scars in 2012. A frac-
tional laser with parameters of 17.5-50 m] and 5-15%
coverage (Lumenis, Santa Clara, CA) was used to loosen
contracture scars in the joint area and an ~12° increase in
joint mobility was observed [7]. Since then, fractional CO,
laser has been used for functional and cosmetic improvement
of contracture scars and has become an essential comple-
ment to the traditional physical and surgical treatments [8,9].
However, the majority of the reported fractional laser appli-
cations in contracture scar treatments are case series [10,11].
Comparative studies between different protocols are lacking
and the optimal fractional laser treatment protocol remains
unknown. In a systematic review, Zuccaro et al. noted that
the treatment parameters of the laser applied in most of the
current studies depended on the clinical experience of the
operator and detailed protocol information was not provided
[12]. The available literature on fractional CO, treatment of
contracture scars suggests that, to avoid excessive thermal

damage, the density is correspondingly reduced as the laser
energy increases [7,11], resulting in two main modes: high flu-
ence-low density (HF-LD) and low fluence-high density (LF-
HD) modes. The HF-LD mode uses a high-energy fractional
laser to penetrate deep into the scar, with a lower coverage
(1-5%), to achieve full-thickness releasing and remodeling.
The LF-HD mode uses a low-energy fractional laser with
increased coverage (>5%) to achieve superficial tissue abla-
tion and improve the scar and surrounding tissue interface for
a smoother scar appearance.

The treatment modality of the laser directly affects its effi-
cacy. In skin graft contracture, both cosmetic and functional
defects are present. Contraction of the graft in the joint area
forms a contracture scar that affects joint function; contrac-
ture in the non-joint area causes a permanent reduction in
surface area, resulting in a wrinkled scar appearance [13].
In this study, we describe a dual-scan protocol in detail and
compare the effectiveness and safety between this dual-scan
method and mono-scan modes by creating a contracted scar
model on the back of red Duroc pigs.

Methods

Animal care and scar formation

All experimental operations were carried out and data were
collected following the standards of the Animal Ethics
Committee of the Shanghai Jiao Tong University School
of Medicine. Two 3-month-old female red Duroc pigs
(bodyweight 25-30 kg) were induced by general anesthesia
with Telazol (Zoetis, Florham Park, NJ) and maintained by
isoflurane. The skin was shaved on the back of the trunk and
washed and disinfected using 2% chlorhexidine and 75%
ethanol. Eight symmetrical 3 x 3 cm wounds were made with
a scalpel on each side of the spine, and the entire layer of
the skin was removed, reaching the superficial fascia and
without damaging the subcutaneous fatty tissue. The wound
edges were >3 cm apart. The removed skin was trimmed
into a 0.026-inch split-thickness skin graft with a dermatome
(Zimmer, Swindon, UK), and the graft was transplanted back
to the original wound without meshing (Figure 1). Steriled
gauze was soaked with 0.9% saline and the skin graft was
packed and fixed by sutures. A transparent patch (3 M
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Figure 1. Animal modeling process. 3 x 3 cm wounds were made on each side of the spine (a); a 0.026-inch split-thickness skin graft was harvested (b); wound
bed preparation (c); the graft transplanted back and fixed by sutures (d); scar appearance 6 weeks after modeling (e)

Figure 2. Randomization method. Scars that met the inclusion criteria were divided into six blocks based on the location. Black squares indicate grafts with <80%
survival rate that were excluded (a). Final allocation results (b). ‘H’ refers to the HF-LD group, ‘L’ refers to the LF-HD group, ‘C’ refers to the control group and

‘U’ refers to the combined group

Figure 3. Scar appearance immediately after laser intervention. LF-HD group (a); HF-LD group (b); combined group (c). HF-LD high fluence-low density, LF~-HD

low fluence-high density

Healthcare, St. Paul, MN) was applied to the pig’s back
to protect the wound. The surface dressing, compression
device and sutures were removed 10 days after grafting.
After suture removal, the animals were bathed once a week
with moisturizing soap to remove dead skin. The animals

were kept indoors and protected from sun exposure. Skin
grafts with survival rates >80% on day 10 were included
for further intervention to avoid the impact of different skin
graft survival rates on the scar contracture and final scar
appearance.
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Table 1. Time points for objective evaluations
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Laser intervention

The dual-scan protocol This treatment method consists of
dual-scan steps. (1) First pass: laser microbeam penetration
into the deep dermis (51-75% of the full-thickness), with 1-
5% coverage, is used for deep contracture release. (2) Second
pass: the laser beam penetrates to the epidermal junction
or superficial dermis (<25%), with 5-10% coverage, for
superficial scar ablation and resurfacing.

An ultrasound detector was used for scar thickness assess-
ment before treatment. In uneven scar appearance, multiple
points can be selected for scar thickness measurement, and
the average thickness of the multiple points is used for further
parameter selection.

We recommend compliance with the instructions provided
by the manufacturer for the depth of laser penetration. For
first-time used parameters, tissue biopsies can be used to
clarify the depth of penetration.

Cohort and intervention Two interventions were performed,
42 and 84 days after modeling, with a treatment interval
of 6 weeks. The skin was disinfected with 75% ethanol
before the intervention. Fractional CO, laser (Alma Lasers,
Caesarea, Israel) equipped with a Lite scan probe was used
to treat the contracted scar. Scars that met the inclusion
criteria were divided into six blocks (Figure 2a) based on
the scar location, and randomization was performed within
each block [14]. The random assignment of the intervention
groups was performed using a random number scale gener-
ated by SAS software (Statistical Analysis System 9.4), which
was created by researchers not involved in experimental
operations prior to the start of data collection. Scars were
randomized into four groups (Figure 2b) as follows. (1) HF-
LD group: a mono-scan protocol, where the laser was set to
an energy of 2800 mJ/pixel, a density 3 of 36 pixels/cm? and
a total energy per unit area of 100.8 J/cm?. (2) LF-HD group:
a mono-scan protocol, where the laser was set to an energy of
960 m]/pixel, a density 8 of 108 pixels/cm? and a total energy
per unit area of 103.6 J/cm?. (3) Combined group: a dual-
depth scan protocol, where a HF-LD scan was performed first
followed by an LF-HD scan; the total energy per unit area
was 204.4 J/cm?. (4) Control group: blank control, without
any laser intervention.

The total energy per unit area was similar in the HF-LD
and LF-HD groups (Figure 3). All of the treatment groups

were cooled down with ice packs for 30 min after laser
treatment, followed by aseptic dressings, and the dressings
were changed every 3 days until the wounds healed.

Penetration percentage and ablation coverage At postoper-
ative week 6, immediately after the laser intervention, three
randomly selected scars in the HF-LD and LF-HD groups
were subjected to tissue biopsy (6 mm). All biopsies collected
were positioned near but not on the scar edge to reduce
any influence on scar contraction. Tissues were embedded
in Optimal Cutting Temperature (OCT) resin, frozen,
cryosectioned and stained with hemoglobin and eosin (H&E).
Measurements of microthermal zones were performed using
Image J software following previous publications [15]. At
least 10 unique wells from each group were measured.
Penetration percentage and coverage were calculated as
follows: penetration percentage =laser ablation depth/scar
thickness x 100%; coverage = single-pixel ablation size x
number of pixels/area x 100%.

Outcome assessment
Data were collected at 6, 9, 12, 15 and 18 weeks postopera-

tively and follow-up continued until 18 weeks after modeling
(Table 1).

Primary indicator: scar release rate Digital photographs of
the scar were collected at follow-up (Canon 750D, Japan).
Image] software was used for the measurement of the scar
area. The scar area before the laser intervention and at
6 weeks post skin grafting was taken as S and the scar area
was evaluated at each follow-up as St The scar release rate
was calculated as follows: (St — Sg)/Sp x 100%.

Secondary indicators

Scar thickness  Scar thickness was detected by color Doppler
ultrasound detector (M7, MindRay Co., Shenzhen, China).

Scar elasticity ~ Scar elasticity was measured by a multi-probe
skin detector (Cutometer MPAS580, Germany) at a room
temperature of 20-22°C and relative humidity of 45-55%. A
4-mm-diameter suction probe was used with the time-strain
mode of continuous negative pressure (mode 1). The suction
force size was 500 mbar (50 kPa), the negative pressure lasted
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Table 2. Scar characteristics before intervention at 6 weeks after grafting

Variable HF-LD group LF-HD group Combined group Control group P value
Scar area (mm?) 678.56 £130.78 697.95 £170.05 691.86 £ 129.57 683.66 £ 134.15 0.995
Thickness (mm) 0.34 + 0.06 0.34 + 0.06 0.32 + 0.06 0.33 +0.06 0.892
Elasticity (Rz) 0.77 £0.17 0.80 +0.21 0.78 £ 0.12 0.79 £ 0.14 0.984
Melanin 869.43 £ 12.34 867.29 £10.89 864.57 £ 8.38 871.43 £12.93 0.702

HF-LD high fluence-low density, LF-HD low fluence-high density

Table 3. Average treatment parameters

Variables HF-LD group LF-HD group
Ablation depth (mm) 2.05 +£0.08 0.78 £+ 0.04
Penetration (%) 60.89 + 3.03 21.57 +£2.06
Spot diameter (um) 311.31 + 46.34 300.74 + 5.54
Coverage (%) 2.78 £ 0.84 7.67 +0.28

Data are presented as mean = standard deviation. HF-LD high fluence-
low density, LF-HD low fluence-high density

for 2 s, relaxation was 2 s, each site was tested for three cycles
and the total values were averaged.

Melanin index Melanin index was measured by colorimetry
(Dermacatch, Colorix, Neuchatel, Switzerland).

The scar flatness was defined as the volume of
protrusion above the skin surface and was measured using an
Antera3D camera (Miravex Limited, Ireland). The protrusion

Scar flatness

mode was selected with two different filters. The large filter
(<3 mm) was used to detect V[ isometric elevations thinner
than 3 mm; the small (<1 mm) filter was used to detect small
elevations V¢ thinner than 1 mm.

Side effects after laser treatment were
observed and recorded, including delayed healing, pigmenta-
tion changes, new scar formation, persistent erythema, etc.

Adverse reactions

Histological examination

At week 18, tissue biopsies (6 mm in diameter) were obtained
and H&E staining results were used to observe the general tis-
sue structure. Sirius red staining results were used to analyze
the collagen fiber type and structure. In the polarized light
field, orange-red fibers represented type I collagen and green
fibers represented type III collagen. Image Pro Plus software
was used for quantitative analysis of type I and III collagen,
and the type I to type III collagen ratio was calculated for
further analysis.

Statistical analysis

SPSS software, version 19 (IBM Company, Armonk, NY)
and R software (version 4.0.2; R Foundation for Statis-
tical Computing, Vienna, Austria) with nlme and Ismeans
packages were used for statistical analysis. Data were tested
for normality using the Shapiro-Wilk test and described by
mean =+ standard deviation. For data evaluated on multiple

Figure 4. H&E staining results for laser penetration (scale bar: 500 m). Biopsy
from LF-HD group (a); HF-LD group (b). HF-LD high fluence-low density, LF-
HD low fluence-high density, H&E hemoglobin and eosin

time points, mixed-effects models were used to exclude con-
founding factors of time and interaction. Tukey’s test was
used for the post hoc test between groups. One-way Anal-
ysis of Variance (ANOVA) was used to compare differences
among groups at the same time point. Detailed data and
statistics of the randomization result are available as online
supplementary material (Appendix A) P value <0.05 (two-
tailed) was considered statistically significant.

Results

Scar characteristics

In this study, a total of 32 grafts were modeled. At day 10
postoperatively, 28 grafts with a survival rate of >80% were
included, resulting in a modeling success rate of 87.5%. All
of the scars were randomly divided into four groups, seven in
each group. Before intervention (6 weeks after grafting) there
were no significant differences in the scar area, thickness,
elasticity and melanin index between the groups (p > 0.05)
(Table 2).

Penetration percentage and coverage

According to the histological examination, the laser pene-
trated 21.57% of the full thickness with a coverage of 7.67%
in the LF-HD group and 60.89% in the HF-LD group with
a coverage of 2.78% (Table 3 and Figure 4).

Scar appearance and contraction

At 18 weeks postoperatively, a smoother scar appearance
was observed in the combined group from a general view
(Figure 5). However, from the objective data, there was
no statistical difference in scar area between the four
groups (p=0.786). From week 12, the release rate was
significantly higher in the combined groups than in the
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Figure 5. General view of scar appearance. Control group (a); LF-HD group
(b); HF-LD group (c¢); combined group (d). HF-LD high fluence-low density,
LF-HD low fluence-high density

control group (Figure 6a,b). At week 18, the release rate
was 15.23 +7.81% in the HF-LD group and 16.37 £ 5.02%
in the combined group, significantly higher than those in
the LF-HD group (—0.72+6.46%) and the control group
(0.53£6.09%) (p=0.000).

Secondary indicators

Scar thickness

At 18 weeks of follow-up, there was no statistically significant
difference in scar thickness among the four groups (p = 0.104)
(Figure 6c).

Scar elasticity
Cutometer MPA 580, a skin elasticity detector, is based on the
principle of mechanical measurement and suction. Parameters
including Ry — Rg were measured. Among them, Ry (Ua/Uy)
refers to the total elastic-plasticity of the resilient part/the
total elastic-plasticity of the stretched part, reflecting the
total resilience of the scar skin, and is commonly used as
an evaluation index for skin elasticity. Values closer to 1
indicated better skin elasticity.

At 18 weeks, the Ry value was 0.83+0.17 in the HF-
LD group and 0.82 +0.16 in the combined group, which was
significantly higher than that in the control group 0.57+0.18

(p=0.036) (Figure 6d). There was no statistically significant
difference between the LF-HD group compared to the control
group (p=0.997).

Melanin index
At 18 weeks, melanin values were not statistically different
among the four groups (p = 0.475) (Figure 6e).

Scar flatness

At 18 weeks, the V1 value of the combined group was signif-
icantly lower than that of the control group for the large ele-
vations within the height of 3 mm (p = 0.013) (Figure 7a, b).
For small elevations thinner than 1 mm, the Vg value of the
combined group was significantly lower than that of the HF-
LD group (p=0.019) and the control group (p =0.025), but
there was no significant difference compared with the LF-HD
group (p=0.256) (Figure 7c, d).

Adverse reactions
No significant skin side effects were observed in each treat-
ment group.

Histological results

From the H&E staining results, collagen arrangement was
disordered in the control group. In contrast, the whole layer of
the scar in the HF-LD and combined groups showed a more
orderly and parallel arrangement of the collagen structure; the
restored dermal papillae were visible in the superficial layer of
the LF-HD group, but the deep layer still maintained a stale
and similar appearance to that of the control group (Figure 8).
From the results of Sirius red staining, the type I/IIl collagen
ratio was significantly lower in the HF-LD and combined
groups compared with the control group (p = 0.002); the LF-
HD group showed no significant difference compared with
the control group (p=0.979) (Figure 9).

Discussion

Due to the prevalence of postoperative skin graft contraction,
clinicians often avoid using split-thickness skin grafts in areas
with high cosmetic and functional requirements. The func-
tional and cosmetic differences can be improved by increasing
graft thickness; however, this is often accompanied by a
greater risk of donor area complications [16]. The reduction
of scar contraction and uneven scar appearance is crucial
for improving the patients’ quality of life. Fractional laser
is an effective contracture scar treatment [17]; the choice
of treatment parameters and protocol of fractional laser
determines its efficacy. To our knowledge, this is the first
published study comparing the effectiveness and safety of
mono-scan and dual-scan techniques of the fractional laser
in contracted scar treatment. Additionally, we compared the
effect of HF-LD and LF-HD modes in a mono-scan protocol
for contracture scar treatment at similar unit area energy.
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Figure 7. Assessment of surface flatness at week 18 (scale bar: 1 cm). Antera 3D image showing large elevations thinner than 3 mm (a); V| value in each group
(b); Antera 3D image for small elevations thinner than 1 mm (¢); Vs value in each group (d). *p < 0.05, **p < 0.01. HF-LD high fluence-low density, LF-HD low

fluence-high density

Most previous studies have standardized laser parameters
to a defined range of values without clearly relating them
to the thickness of the scar, which poses two difficulties:
(1) using the same laser parameter for scars of different
thicknesses and contracture extent limits the laser perfor-
mance and may lead to entirely different treatment outcomes
[18]; (2) different brands of commercial machines make
conversion and equivalence between parameters impossible,
reducing the generalizability of laser treatment protocols.
Anderson et al. published a consensus on laser treatment of
traumatic scars in 2014, suggesting that the laser penetration
proportional to scar thickness should be a more critically
standardized parameter [19].

The dual-scan protocol with fractional CO, laser has
been used in the treatment of hypertrophic scars, acne scars

and facial rejuvenation [20-23]. Hultman ez al. applied a
dual-depth scan technique in 147 cases of post-burn scars
and concluded that the texture, thickness and elasticity of
the scar were improved by remodeling and resurfacing at
different depths to achieve an improved overall appearance
of the scar [24]. However, past studies did not describe the
penetration depth of the dual-scan and lacked a comparison
of the dual-scan and mono-scan modes in terms of treatment
efficiency and safety. This research comprehensively describes
the treatment layer of the dual-scan protocol. In the deep
scan, the depth of laser penetration was 51-75%. In clinical
practice, some physicians believe that a laser penetration close
to the full-thickness could lead to better treatment results, but
due to a lack of comparative studies, no uniform conclusion
has been reached on the optimal laser penetration depth.
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Figure 8. The histological results of H&E staining (x40) at week 18 (scale bar: 500 um). Control group (a); LF-HD group (b); HF-LD group (¢); combined group (d).
HF-LD high fluence-low density, LF-HD low fluence-high density, H&E hemoglobin and eosin

Figure 9. Polarized microscopy images (scale bar: 50 um, x200). Collagen fibers are highly birefringent, with type | collagen fibers (Col1) appearing orange-red
and type lll collagen fibers (Col3) appearing green. Control group (a); LF-HD group (b); HF-LD group (c); combined group (d); ratio of Col1/Col3 (e). ***p < 0.001,
**p <0.01, *p < 0.05. HF-LD high fluence-low density, LF-HD low fluence-high density

The parameter settings for this study were referenced from
a retrospective study by Issler-Fisher et al. They compared
the treatment efficiency of different laser penetration and
concluded that a penetration of 51-75% achieved the max-
imum scar reduction [25]. In the superficial scan, we used
a depth of <25% full-thickness. This is because previous
studies of skin graft treatment reported the regeneration of
the dermal papillae as a characteristic change of superficial
fractional COj laser treatment to achieve surface smoothness
and improve skin texture [26]. Therefore, the depth of the
superficial scan was used to break through the epidermis into
the superficial dermis, and accordingly, the superficial cover-
age was adjusted to 5-10%. The treatment parameters used

in this study were 60.89% penetration in the deep scan with
2.78% coverage for achieving full dermal collagen release
and rearrangement, and 21.57% penetration in the superficial
scan with 7.67% coverage for resurfacing and smoothing
improvement, following the dual-scan protocol we proposed.

The release rate and elasticity of contracture scars at
18 weeks postoperation were significantly better in the HF-
LD and the combined groups than in the control and the LF-
HD groups, and no significant difference was seen between
the HF-LD and combined groups. This suggests that ade-
quate laser penetration depth is a decisive factor in achieving
contracture scar release and functional recovery, and that
increased coverage does not result in effective scar release
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when laser penetration is insufficient. The rationale for frac-
tional CO> laser release of scar contracture include (1) vapor-
ization to remove thickened and disordered abnormal col-
lagen, providing space for neocollagen [27]; (2) increasing
tissue elasticity and inducing fine collagen production, mainly
type III collagen [28]; (3) contributing to fibroblast apop-
tosis [29]; and (4) attenuating scar-related proinflammatory
cytokine secretion in tissues [15]. The laser in HF-LD and
combined groups can penetrate into the deeper half of scars,
vaporize and remodel the full thickness, which is necessary
for releasing contracture scars. The histological results also
supported this view. From the H&E staining results, finer,
ordered, parallel-aligned collagen structures were observed
in the whole layer of the scar in the HF-LD and combined
groups compared with the control group, while the collagen
arrangement in the deeper layers of the scar remained disor-
ganized in the LF-HD group.

Regarding scar flatness, at 18 weeks after surgery, for
significant elevation above the skin surface (up to 3 mm), the
HF-LD and combined groups were significantly better than
the LF-HD group. However, data on thickness of <1 mm
in height showed that the combined group was significantly
more effective than the HF-LD and control groups, and
there was no significant difference from the LF-HD group;
this suggests that adequate tissue penetration depth is more
critical for the improvement of large folds and that increased
coverage improves smoothness. The dual-scan mode of the
combined group showed advantages in flattening small ele-
vations on the scar surface. Higher densities have been sug-
gested for photoaging skin treatments to reduce wrinkles and
improve skin smoothness [30]. Datz et al. used a high-density
treatment mode to treat full-thickness skin grafts; scar and
surrounding tissue adaptation increased, and a flatter scar
appearance and uniform pigment distribution were observed
[31]. In this study, the combined group allowed for superficial
ablation and helped the fading of small elevation on the scar
surface.

Inflammatory hyperpigmentation and new scar formation
are considered the most common adverse effects of excessive
photothermal damage after fractional laser treatment [26,32].
In this study, no significant pigmentation changes or other
skin side effects were observed in the combined group during
the follow-up. From the objective data, the thickness of the
scar and the melanin index at 18 weeks after the procedure
were not significantly different between the study groups. A
total of two fractional laser interventions were performed in
this study, and a transient increase in thickness was found
in the HF-LD and combined groups 3 weeks after each
intervention without causing a significant difference.

Reviewing the literature, major side effects of dual-scan
protocol include post-treatment edema, erythema and short-
term inflammatory hyperpigmentation (<3 months) [33-35],
whereas no long-term or permanent side effects have been
reported. The study by Cameli et al. compared dual-scan and
mono-scan protocols in acne scar treatment and found better

treatment results without increasing skin side effects [36]. The
thermal effect of multiple passes with CO, laser was reported
by Fitzpatrick et al. [37]. Their work showed that residual
thermal necrosis remained well controlled for passes 1 to
3, which are commonly used clinically for skin resurfacing.
While each pulse interacts independently with the tissue, the
heated layer has time to cool. No significant thermal diffusion
occurs during the pulse due to the short pulse width. In this
study, two independent pulses were performed, with sufficient
cooling time between pulses. Cold packs immediately
after treatment also reduced residual thermal damage. The
penetration depth using the dual-scan protocol in this study
was <75% and nearly 90% of the epidermis was preserved
to allow for rapid tissue repair. These measures increased the
safety of the dual-scan treatment in this study. In clinical
application, the patient’s skin type, location of the scar,
maturity and sun exposure may affect the treatment outcome
[25]. Further prospective clinical trials with large samples
should be conducted for a more accurate safety assessment.

In general, our results showed that adequate tissue
penetration was necessary for the recovery of contracted
scars. Deep laser penetration loosens the contracture of full-
thickness scars, and it increases tissue elasticity and the
proportion of type III collagen in the scars, which mainly
serves to restore the function of contracture scars. The mono-
scan of LF-HD laser treatment did not show significant
advantages over the control group. The main advantages
of the combined group included the grinding of superficial
tissue, reducing the small protrusions and restoring the
flatness, which improved the cosmetic appearance.

This study used an excisional model instead of a burn
model in red Duroc pigs in order to avoid interference due to
differences in wound depth. The excisional model produced
a scar thinner than that in the burn model, but was reported
similar to that in humans [38-40]. Significant reduction of
the scar area begins to occur 4-9 weeks after skin grafting
of the porcine dorsum [41], and the time point of 42 days
postoperative for the initial laser intervention was chosen for
the early management of the contracture. Further clinical tri-
als are needed to determine whether fractional laser should be
used prophylactically at high-risk sites in clinical applications.

As a commonly used animal model for contracted skin
grafts, red Duroc pigs provide a reference for the parame-
ters of fractional CO; laser application in clinical practice.
One limitation of this study is the small number of animals
used. Although pigs of a similar age, sex and weight were
selected, and individual differences were compared before the
intervention and block randomization was used to avoid
the effect of scar location, individual differences could not
be completely excluded. More accurate parameter selection
should be made with the help of prospective clinical trials
with large samples. Laser penetration close to the full scar
thickness was thought to produce higher scar release rates
and further studies could explore the optimal depth of laser
penetration in contracture scar treatment.
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Conclusions

This study comprehensively describes a dual-scan protocol
for fractional CO, laser in a red Duroc pig dorsal skin
graft model and compares its effectiveness and safety with
conventional mono-scan protocol. The results show that the
dual-scan protocol could achieve superficial ablation and
deep release of contracted skin graft in a single treatment,
increasing scar release, elasticity and surface flatness. The
contracture release and texture improvement were similar
compared to the single deep scan, with the main advantage of
restoring a smoother scar appearance and improving cosmetic
outcome. Adequate laser penetration was necessary for the
release of contracted scars.
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Supplementary material is available at Burns & Trauma
Journal online.
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