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Background: Postcesarean scars are common and may cause persistent symptoms and dissatisfaction. Topical silicone gel is widely
used as first-line therapy, but its effects are mainly limited to surface hydration and barrier support. Fractional CO, laser, by contrast,
induces controlled dermal microinjury and collagen remodeling. Comparative evidence for postcesarean scars remains limited. This
study compared the effectiveness of fractional CO, laser versus topical silicone gel for improving scar quality, symptoms, and patient
satisfaction.

Methods: In this retrospective cohort study, 220 women with postcesarean scars were included (112 treated with fractional CO, laser
and 108 with topical silicone gel). Both groups received standard postoperative scar care according to routine clinical practice. The
primary outcome was scar quality at 6 months assessed by the Vancouver Scar Scale (VSS). Secondary outcomes included pain,
pruritus, tightness, satisfaction, and safety. Between-group differences were analyzed using unadjusted comparisons and analysis of
covariance adjusting for baseline VSS and time from surgery to treatment. Sensitivity analyses included additional covariate
adjustment and propensity score—adjusted models.

Results: At 6 months, the laser group was associated with better scar quality compared with the silicone group (VSS total 4.185 +
1.064 vs 4.619 + 1.085; unadjusted difference —0.435, P = 0.003). After adjustment, fractional CO, laser remained associated with
a lower VSS total score (adjusted mean difference —0.643; 95% CI —0.891 to —0.395; P < 0.001). Significant improvements were also
observed in vascularity, pigmentation, and height/thickness. Laser treatment further reduced pain, pruritus, and tightness, and produced
higher patient satisfaction (all P < 0.001). Adverse events were infrequent and comparable between groups.

Conclusion: Fractional CO, laser was associated with greater improvements in postcesarean scar quality and related symptoms at 6
months compared with topical silicone gel, with a comparable safety profile.
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Introduction

Cesarean delivery is one of the most commonly performed surgical procedures worldwide, accounting for 21.1% of all
live births between 2010 and 2018, a substantial increase from approximately 7% in 1990." In China, nearly one third of
births are now conducted by cesarean section.”® As cesarean rates continue to rise, the number of women living with
post-cesarean scars is increasing accordingly. Although advances in obstetric care have improved maternal and neonatal
safety, postoperative scarring remains almost universal and is often underaddressed. Beyond cosmetic concerns, cesarean
scars may cause symptoms such as pruritus, pain, and tightness, and can negatively affect body image, psychological
well-being, and overall satisfaction with childbirth.* Therefore, optimizing scar quality and symptom burden has become

an important yet insufficiently addressed clinical issue.
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Scar formation is a complex biological process involving inflammation, fibroblast activity, extracellular matrix
deposition, and tissue remodeling.”~’ Disruption of this process can lead to pathological scarring, including hypertrophic
scars and keloids, characterized by excessive collagen deposition and persistent inflammation.® Compared with scars at
other anatomical sites, cesarean scars are subject to unique biomechanical and hormonal influences, including sustained
tension in the lower abdomen and pregnancy-related endocrine changes, which may predispose to unfavorable outcomes
even after optimal wound closure.” Various interventions have been proposed for postoperative scar management, yet
high-quality evidence specific to cesarean scars remains limited.® Among conservative approaches, topical silicone gel is
widely recommended as a first-line therapy.®'' It primarily acts by improving hydration and barrier function and
modulating fibroblast activity.” Although generally safe and easy to use, its clinical benefits are often modest, particularly
in established scars, and adherence may be suboptimal in practice.'®™'" Consequently, there is growing interest in
alternative strategies that more directly target dermal remodeling.

Laser-based interventions have gained increasing attention for their ability to actively remodel scar tissue rather than
merely modifying surface characteristics. Among these, fractional carbon dioxide laser is one of the most extensively
studied modalities. By creating controlled microthermal injury within the dermis, it promotes collagen remodeling and
reorganization of the extracellular matrix.'* Clinically, this approach has been shown to improve scar texture, thickness,
pigmentation, and pliability across various scar types.'>*'* However, existing evidence is largely derived from hetero-
geneous populations, including acne, burn, and mixed surgical scars, with substantial variability in treatment protocols
and outcome measures.'>'” As a result, the applicability of these findings to postcesarean scars remains uncertain, given
the distinct biomechanical and hormonal characteristics of the postpartum setting. Furthermore, direct comparisons
between fractional CO, laser and standard first-line therapies such as silicone gel are limited, particularly in obstetric
populations. These gaps underscore the need for targeted comparative studies in this specific clinical context.

The present retrospective cohort study addresses this gap by comparing fractional CO, laser therapy with topical
silicone gel for the management of post-cesarean scars in a real-world clinical setting. We aimed to provide head-to-head
evidence on scar quality, symptom burden, and patient satisfaction using standardized assessment tools. We hypothesized
that fractional CO, laser would be associated with greater improvement in scar characteristics and patient-reported
outcomes compared with silicone gel. To our knowledge, this is among the first studies to directly compare these two
commonly used modalities in a homogeneous post-cesarean population. By generating comparative data within a single
analytical framework, this study seeks to inform clinical decision-making while providing a basis for future randomized

controlled trials.

Methods
Ethics Statement

This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board
of Fujian Maternity and Child Health Hospital (IRB approval No. 2022YJ112). As the study involved analysis of de-
identified clinical data collected during routine care, the requirement for written informed consent was waived by the
ethics committee. All patient information was anonymized prior to analysis, and data access was restricted to authorized

investigators only.

Study Design and Setting

This study was a single-center, observational comparative analysis conducted over a three-year period from January 2021
to December 2023 at the Fujian Maternity and Child Health Hospital. Women who had undergone cesarean section and
subsequently received either fractional carbon dioxide (CO,) laser therapy or topical silicone gel for postoperative scar
management were eligible for inclusion. The study was designed to compare real-world clinical outcomes of the two
interventions under routine practice conditions. Treatment allocation was determined by shared decision-making between
physicians and patients based on clinical characteristics, patient preference, and treatment availability. Given the non-

randomized nature of treatment allocation, potential confounding was addressed using multivariable adjustment and
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propensity score—based methods as prespecified analytical strategies. Both groups received standard postoperative scar
care in accordance with routine institutional practice, including basic topical management when appropriate.

Participants and Eligibility Criteria

Eligible participants were women aged 21 to 37 years who had undergone a lower-segment cesarean section and
presented with a visible postoperative scar that had reached the early remodeling phase at the time of intervention.
Scars were required to be fully epithelialized and free of wound dehiscence or active infection. Patients were included if
they had received either fractional CO, laser therapy or topical silicone gel as a primary scar management strategy and
had completed at least one follow-up evaluation at 3 months or later after initiation of treatment. Exclusion criteria were
a history of keloid diathesis or hypertrophic scarring unrelated to the cesarean incision, concurrent use of other scar-
modifying interventions such as intralesional corticosteroids or pressure therapy, presence of systemic connective tissue
disease, pregnancy at the time of treatment, and incomplete clinical records or unavailable outcome assessments.

Sample Size Estimation

The sample size was determined a priori based on the primary outcome of improvement in standardized scar assessment
scores. Assuming a two-group comparison of mean outcome change between the fractional CO, laser group and the
silicone gel group, the required sample size per group was calculated using the following formula for comparison of two
independent means:

26X (Zapy + Zp)°

o2

n

where n represents the required sample size per group, o is the estimated standard deviation of the primary outcome
measure, J is the minimum clinically meaningful difference between groups, Z,, corresponds to the standard normal
deviate for a two-sided significance level a, and Zg corresponds to the desired statistical power (1—-5). Based on prior
studies evaluating laser-based scar interventions, the standard deviation of change in scar scores was estimated at
approximately 2.5 units, and a between-group difference of 1.0 point in the 6-month VSS total score was considered
clinically meaningful based on its interpretability in reflecting noticeable changes in scar characteristics. With a two-
sided o of 0.05 (Z,> = 1.96) and a power of 80% (Zz = 0.84), the calculated minimum sample size was 98 participants per
group. Allowing for potential loss to follow-up and incomplete data, the target enrollment was increased by approxi-
mately 10%, yielding an overall sample size of approximately 220 patients.

Interventions

Patients in the fractional CO, laser group were treated using a fractional carbon dioxide laser system (eCO,, UltraPulse
Encore, Lumenis Ltd., Yokneam, Isracl; wavelength 10,600 nm). All procedures were performed by two attending
physicians trained in laser dermatologic procedures using a standardized institutional protocol. Before each session, the
scar was gently cleansed with sterile normal saline and dried. A topical anesthetic cream containing lidocaine 2.5% and
prilocaine 2.5% was applied in a uniform layer over the scar and covered with an occlusive dressing for 40 minutes, after
which the cream was completely removed and the area was re-cleansed with sterile saline. Laser treatment was delivered
in fractional mode using a combination of Deep FX and SCAAR FX modes, with the following fixed settings: Deep FX
(energy 50 mJ, frequency 300 Hz, density 5%) and SCAAR FX (energy 100 mJ, frequency 250 Hz, density 3%), and
single-pass coverage along the entire length of the scar. Pulses were placed with minimal overlap to ensure uniform
coverage while avoiding excessive thermal stacking. Immediately after treatment, the area was cooled using sterile
saline-soaked gauze for 10 minutes, followed by application of a topical anti-inflammatory ointment. Topical silicone gel
was used as part of routine postoperative scar care during the treatment period. Patients were instructed to cleanse the
treated area twice daily with mild soap and water beginning the next day, apply the emollient twice daily for 5 days, and
avoid intentional sun exposure; broad-spectrum sunscreen was recommended when the scar could be exposed. Each
patient received three sessions at 5-week intervals. Analgesics were not routinely prescribed; oral acetaminophen was
permitted as needed.
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Patients in the silicone gel group were treated with a single medical-grade topical silicone gel (Dermatix Ultra,
Menarini Group, Florence, Italy). Patients were instructed to apply the gel in a thin, uniform layer covering the entire scar
after gentle cleansing and complete drying of the skin. The gel was applied twice daily at fixed times (morning and
evening) for 12 consecutive weeks. Patients were instructed to allow the gel to dry for 5 minutes before dressing and to
avoid applying additional topical agents over the scar during the treatment period unless medically indicated. Routine
scar care, including gentle hygiene and photoprotection, was recommended. Throughout the intervention period, the use
of other scar-modifying therapies, including intralesional corticosteroids, pressure therapy, topical retinoids, silicone
sheets, microneedling, or other laser and energy-based procedures, was not permitted in either group.

Outcome Measures

The primary outcome was scar quality at 6 months after treatment initiation, assessed using the Vancouver Scar Scale
(VSS). The VSS comprises four domains: vascularity (score 0-3), pigmentation (score 0-2), pliability (score 0-5), and
height or thickness (score 0-3), with a total score ranging from 0 to 13, where lower scores indicate better scar quality.
The 6-month VSS assessment was defined as the clinical evaluation performed at the follow-up visit closest to 6 months
after initiation of fractional CO, laser therapy in the laser group or initiation of silicone gel application in the gel group,
with an allowable window of +2 weeks. The 6-month time point was selected to capture clinically relevant early
remodeling outcomes in scar healing.

Secondary outcomes were evaluated at the same 6-month follow-up. Scar-related pain, pruritus, and tightness were
quantified using a 10-cm visual analog scale (VAS), where 0 indicated absence of symptoms and 10 indicated the most
severe symptoms imaginable. Patient satisfaction with scar appearance was assessed using a 5-point Likert scale (1, very
dissatisfied; 2, dissatisfied; 3, neutral; 4, satisfied; 5, very satisfied). Safety outcomes were defined as treatment-emergent
adverse events documented in the medical records during the intervention period and follow-up, including persistent
erythema lasting longer than 14 days, blistering, infection requiring systemic or topical antibiotic therapy, delayed
epithelialization, and post-inflammatory hyperpigmentation.

To ensure reliability and minimize observer bias, outcome assessment was conducted in an assessor-blinded manner.
VSS scoring was independently performed by two clinicians who were not involved in treatment delivery and who were
blinded to treatment allocation. Prior to evaluation, all identifiers related to intervention type were removed from the
medical records and photographic materials, and images were anonymized and coded by an independent study
coordinator. When standardized clinical photographs were available, they were reviewed in a randomized order to
prevent recognition of treatment patterns. In cases of disagreement between assessors, the final VSS score was
determined by consensus following joint review, with both assessors remaining blinded to group assignment.

Data Collection

Clinical data were extracted from the institutional electronic medical record system using a prespecified data abstraction
form. The following variables were collected for each eligible patient: age at treatment initiation, body mass index,
parity, indication for cesarean section, date of surgery, interval (in weeks) between cesarean delivery and initiation of scar
treatment, baseline scar characteristics, treatment modality, and completion of the planned intervention. Outcome data at
the 6-month follow-up included VSS scores, VAS scores for pain, pruritus, and tightness, patient satisfaction ratings, and
documentation of adverse events. Data extraction was independently performed by two investigators who were blinded to
the study hypothesis. A random 10% sample of records was re-reviewed by a third investigator to assess data accuracy.
Any discrepancies were resolved by consensus after review of the source records. For patients with multiple follow-up
visits within the predefined 6-month window, the assessment closest to 6 months after treatment initiation was selected
for analysis. All data were de-identified prior to analysis, and the final dataset was stored on a secure, password-protected
server accessible only to study investigators.

Statistical Analysis
The statistical analysis plan was defined prior to data extraction and analysis, including specification of the primary
outcome, covariates, and modeling strategy, to minimize the risk of data-driven analyses. Continuous variables are
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presented as mean + standard deviation or median with interquartile range, as appropriate, and categorical variables as
counts and percentages. Distributional normality was assessed using the Shapiro—Wilk test. Baseline characteristics
between the fractional CO, laser group and the silicone gel group were compared using the independent samples ¢ test for
normally distributed continuous variables, the Mann—Whitney U-test for non-normally distributed variables, and the chi-
square test or Fisher’s exact test for categorical variables. The primary analysis was prespecified to test the same
parameter used for sample size determination, namely the between-group difference in mean 6-month VSS total score
(3). Accordingly, group comparisons were performed using a linear model with the 6-month VSS score as the dependent
variable and treatment group as the independent variable. To increase precision and control for potential confounding, an
analysis of covariance (ANCOVA) model was applied with adjustment for baseline VSS score and the interval between
cesarean delivery and initiation of scar treatment. The treatment effect was expressed as the adjusted mean difference in
6-month VSS score between groups () with the corresponding 95% confidence interval. Statistical significance was
assessed using a two-sided a level of 0.05, matching the a specified in the sample size calculation. Although the sample
size was calculated based on the expected between-group difference in change scores, the primary analysis was
conducted using an ANCOVA model with adjustment for baseline VSS, which is statistically equivalent and provides
greater precision for estimating the same treatment effect parameter. To minimize temporal variability in scar maturation,
the follow-up window was restricted to £2 weeks around the 6-month time point. Secondary outcomes, including VAS
scores for pain, pruritus, and tightness and patient satisfaction at 6 months, were analyzed using analogous linear
regression or ANCOVA models, with adjustment for baseline values when available, to provide effect estimates on the
same scale as the primary outcome. Safety outcomes were summarized descriptively, and between-group comparisons of
adverse event proportions were conducted using Fisher’s exact test. To further address potential selection bias due to non-
random treatment allocation, a propensity score was calculated using a logistic regression model including age, body
mass index, baseline VSS score, time from cesarean section to treatment initiation, and scar characteristics. The
propensity score was incorporated into the outcome model as an adjustment covariate. All statistical tests were two-
sided, and a P value of less than 0.05 was considered statistically significant. Statistical analyses were performed using
SPSS Statistics (version 26.0; IBM Corp., Armonk, NY, USA).

Results

Study Cohort and Baseline Characteristics

A total of 220 participants were included, comprising 112 in the fractional CO, laser group and 108 in the silicone gel
group (Figure 1). Baseline demographic and obstetric characteristics were largely comparable between groups, including
age (30.950 + 3.364 vs 31.070 + 3.905 years, P = 0.849) and body mass index (24.339 + 2.064 vs 23.759 + 1.704 kg/m?,
P =0.137). The interval from surgery to treatment initiation did not differ (10.861 +2.116 vs 11.111 + 1.938 weeks, P =
0.360), and follow-up timing around the prespecified 6-month target was similar (time in 6-month window, 1.366 + 8.468
vs —0.139 + 9.198 days, P = 0.209). Baseline scar severity showed a modest imbalance: the laser group had a higher VSS
total score at baseline than the silicone group (8.469 £ 0.986 vs 8.133 + 0.947, P = 0.010). Other baseline scar features,
symptom scores, comorbidities, and treatment-related variables were comparable (Table 1).

Primary Outcome: Scar Quality at 6 Months (VSS)

At 6 months, overall scar quality as assessed by the VSS total score favored fractional CO, laser (4.185 + 1.064) over
silicone gel (4.619 £ 1.085). The unadjusted between-group difference was —0.435 (P = 0.003). After prespecified
adjustment for baseline VSS and the interval from surgery to treatment, fractional CO, laser remained associated with
a lower VSS total score (adjusted mean difference, —0.643; 95% CI, —0.891 to —0.395; P < 0.001) (Table 2). The
magnitude and precision of adjusted effects across the VSS total and its domains are summarized in Figure 2. Domain-
specific analyses demonstrated consistent effects across vascularity (adjusted difference, —0.303; 95% CI, —0.416 to
—0.191; P <0.001), pigmentation (—0.121; 95% CI, —0.225 to —0.017; P = 0.023), and height/thickness (—0.228; 95% ClI,
—0.336 to —0.119; P < 0.001). The difference in pliability did not reach statistical significance (—0.105; 95% CI, —0.223
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Participants identified from institutional records
(January 2021-December 2023)

/\

Fractional CO2 Laser Group Silicone Gel Group
(n=112) (n =108)

! !

Completed intervention Completed intervention
(3 laser sessions) (12-week silicone gel)

e

Outcome Assessment at 6 months
(VSS, VAS, satisfaction; +2 weeks)

/\

Diagnostic / Efficacy Analysis Prognostic / Safety Analysis
(ANCOVA adjusted for baseline and timing)l[(Adverse events, subgroup analyses)

Figure | Study design and analytical workflow. Patients undergoing cesarean section between January 2021 and December 2023 who subsequently received postoperative
scar treatment were identified and included in the study. Participants were assigned to the fractional CO, laser group (n = 112) or the silicone gel group (n = 108) according
to routine clinical practice. Treatments were delivered as specified, and outcomes were assessed at 6 months after initiation (£2 weeks). Scar quality, symptoms, satisfaction,
and adverse events were analyzed within a unified comparative framework.

to 0.013; P = 0.082) (Table 2 and Figure 2). Representative clinical photographs demonstrating longitudinal changes in
scar appearance are shown in Figure 3.

Secondary Outcomes: Scar-Related Symptoms and Patient Satisfaction
At 6 months, symptom severity assessed by VAS consistently favored the laser group in adjusted analyses. Pain was
lower with laser than with silicone gel (1.290 £ 0.575 vs 1.592 + 0.581; adjusted difference, —0.303; 95% CI, —0.433 to

Table | Baseline Characteristics of Participants by Treatment Group

Variable Laser (n=112) | Silicone (n=108) | Test Statistic | P value
Age, years 30.950 + 3.364 | 31.070 + 3.905 t=—0.191 0.849
BMI, kg/m? 24.339 £ 2.064 | 23.759 + 1.704 t=1.492 0.137
Parity 22, n (%) 46 (41.1%) 39 (36.1%) 2=0.571 0.450
Smoking, n (%) 14 (12.5%) 6 (5.6%) 27’=3.208 0.073
Alcohol use, n (%) 10 (8.9%) 7 (6.5%) 2’=0.462 0.497
Elective cesarean, n (%) 80 (71.4%) 68 (63.0%) 2=1.790 0.181
Repeat cesarean, n (%) 29 (25.9%) 19 (17.6%) 7=2221 0.136
Gestational age at delivery, weeks 38438 + 0.598 | 38.549 + 0.480 t=—0.829 0.408
Postoperative wound complication, n (%) 6 (5.4%) 5 (4.6%) 2+=0.061 0.805
Acute postoperative infection, n (%) 3 (27%) I (0.9%) 74=0219 0.640
Interval from surgery to treatment, weeks 10.861 £ 2.116 I £ 1.938 t=—0.917 0.360
Baseline VSS total 8.469 £ 0.986 8.133 £ 0.947 t=2.582 0.010
Baseline VSS vascularity 2.070 + 0.364 1.971 £ 0.383 t=1.555 0.121
Baseline VSS pigmentation 1.915 £ 0.244 1.820 + 0.277 t=1.524 0.129
Baseline VSS pliability 2.280 + 0.322 2.231 £ 0.304 t=0.720 0.472
Baseline VSS height/thickness 2.044 + 0.314 2.111 +0.294 t=—0.991 0.323
Scar length, cm 10.369 £ 1.388 | 10.026 + 1.260 t=1.917 0.057
Scar width, mm 3.204 + 0.629 3.249 + 0.579 t=—0.553 0.581
Hypertrophic scar, n (%) 26 (23.2%) 17 (15.7%) 27+=1.953 0.162
(Continued)

6 https:

Clinical, Cosmetic and Investigational Dermatology 2026:19




Wang et al

Table | (Continued).

Variable Laser (n=112) | Silicone (n=108) | Test Statistic | P value
Erythema present, n (%) 40 (35.7%) 38 (35.2%) 2=0.007 0.935
Pain VAS (0-10) 2.549 £ 0.306 2.551 £ 0315 t=—0.025 0.980
Pruritus VAS (0-10) 2.719 £ 0.369 2.830 £ 0.389 t=—1.062 0.290
Tightness VAS (0-10) 2.993 £ 0.363 2.949 £ 0.372 t=0.418 0.676
Diabetes mellitus, n (%) 3 (27%) 3 (2.8%) 2+=0.136 0.964
Hypertension, n (%) 5 (4.5%) 5 (4.6%) 24=0.070 0.791
Thyroid disease, n (%) 3 (2.7%) 6 (5.6%) 2*=0.543 0.461
Keloid history, n (%) 3 (27%) 5 (4.6%) 2+=0.170 0.680
Breastfeeding at initiation, n (%) 62 (55.4%) 64 (59.3%) 74=0.342 0.559
Time in 6-month window (days from target) # | 1.366 + 8.468 —0.139 £ 9.198 t=1.261 0.209

Notes: Values are presented as mean * SD for continuous variables and as number (percentage) for categorical variables. Between-group
comparisons were performed using Welch’s t test for continuous variables and the )(2 test for categorical variables; Fisher’s exact test was
applied when expected cell counts were <5. No imputation was performed for baseline variables. Two-sided P values are reported, with
values rounded to three decimal places. # Time in 6-month window (days from target) represents the signed deviation from the 6-month
target follow-up date (actual minus target, days); negative values denote earlier follow-up and positive values denote later follow-up.
Abbreviations: BMI, body mass index; CS, cesarean section; VSS, Vancouver Scar Scale; VAS, visual analogue scale.

Table 2 Primary Outcome at 6 Months: Vancouver Scar Scale (VSS) and Component Scores

Outcome Laser Silicone Unadjusted A P Adjusted A 95% ClI P (Adjusted)
MeantSD MeantSD (Laser=Silicone) | (Unadjusted) | (ANCOVA)

VSS total (6 months) 4.185 + 1.064 | 4.619 +1.085 | —0.435 0.003 —0.643 (-0.891, —0.395) | <0.001

VSS vascularity (6 months) 1.112 £ 0482 | 1.357 £ 0410 | —0.245 <0.001 —0.303 (-0.416, —0.191) | <0.001

VSS pigmentation (6 months) 1.152 + 0.401 1213 £ 0433 | —0.061 0.283 —0.121 (-0.225, —0.017) | 0.023

VSS pliability (6 months) 1.348 + 0.465 | 1.397 £ 0.463 | —0.049 0.434 —0.105 (-0.223, 0.013) 0.082

VSS height/thickness (6 months) | 1.196 £ 0.425 | 1.365 + 0.458 | —0.169 0.005 —0.228 (-0.336, —0.119) | <0.001

Notes: Values are presented as mean + SD. The unadjusted between-group difference (Laser minus Silicone) was estimated using Welch’s t test. Adjusted effects were
estimated using analysis of covariance (ANCOVA) with treatment group as the main factor and baseline VSS and the interval between surgery and treatment initiation
(weeks) as covariates. Adjusted estimates are reported as mean differences with 95% confidence intervals (Cls). Two-sided P values are shown, rounded to three decimal
places.

Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval; VSS, Vancouver Scar Scale.

—0.172; P < 0.001). Similar patterns were observed for pruritus (1.327 £+ 0.636 vs 1.758 + 0.612; adjusted difference,
—0.386; 95% CI, —0.528 to —0.244; P < 0.001) and tightness (1.488 + 0.631 vs 1.951 + 0.663; adjusted difference,
—0.475; 95% CI, —0.630 to —0.320; P < 0.001) (Table 3). Patient-reported satisfaction differed markedly between groups
(overall y° = 55.522, P < 0.001). A greater proportion of participants reported being satisfied or very satisfied (Likert
4-5) in the laser group (30/112, 26.8%) than in the silicone group (3/108, 2.8%). Conversely, dissatisfied or very
dissatisfied ratings (Likert 1-2) were less frequent with laser (13/112, 11.6%) than with silicone (58/108, 53.7%)
(Table 4).

Safety Outcomes

Adverse events were infrequent and did not differ significantly between groups. Any adverse event occurred in 15/112
(13.4%) of participants in the laser group and 11/108 (10.2%) in the silicone group (P = 0.461). Persistent erythema
lasting >14 days was observed in 6/112 (5.4%) versus 6/108 (5.6%) (P = 0.861), and blistering occurred in 3/112 (2.7%)
versus 1/108 (0.9%) (P = 0.640). No infections requiring antibiotics were reported in the laser group, compared with 1/
108 (0.9%) in the silicone group (P = 0.985). Delayed epithelialization was rare (1/112 [0.9%] vs 2/108 [1.9%], P =
0.975), as was post-inflammatory hyperpigmentation (5/112 [4.5%] vs 3/108 [2.8%], P = 0.758). Overall, no safety signal
favoring either treatment was identified (Table 5). All adverse events were mild and self-limited, and no treatment

discontinuations due to adverse events were recorded.
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Figure 2 Adjusted treatment effects on scar quality at 6 months. Forest plot showing adjusted mean differences (Laser — Silicone) in the Vancouver Scar Scale (VSS) total
score and each VSS domain (vascularity, pigmentation, pliability, and height/thickness) at 6 months. Estimates were obtained from analysis of covariance (ANCOVA) with

treatment group as the main factor and baseline VSS and the interval from surgery to treatment as covariates. Points indicate adjusted mean differences and horizontal lines
denote 95% confidence intervals (Cls). The vertical line at O represents no between-group difference. Negative values indicate lower (better) scores in the laser group.

Silicone gel group

Baseline 6 months

Case 4

Fractional CO, laser group

Baseline 6 months

Case 1

Case 2

Case 3

Figure 3 Representative clinical photographs of postcesarean scars at baseline and at the 6-month follow-up in each treatment group.
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Table 3 Secondary Outcomes at 6 Months: Symptom Severity Assessed by VAS

Outcome Laser MeantSD | Silicone MeantSD | Adjusted A | 95% CI P value
Pain VAS (6 months) 1.290 £ 0.575 1.592 + 0.581 —0.303 (-0.433, —0.172) | <0.001
Pruritus VAS (6 months) 1.327 £ 0.636 1.758 + 0.612 —0.386 (—0.528, —0.244) | <0.001
Tightness VAS (6 months) | 1.488 + 0.631 1.951 + 0.663 —0.475 (—0.630, —0.320) | <0.001

Notes: Values are presented as mean * SD. Adjusted between-group differences (Laser minus Silicone) were estimated using ANCOVA with
treatment group as the main factor and the corresponding baseline symptom score and the interval between surgery and treatment initiation
(weeks) as covariates. Results are reported as adjusted mean differences with 95% Cls. Two-sided P values are rounded to three decimal

places.

Abbreviations: ANCOVA, analysis of covariance; Cl, confidence interval; VAS, visual analogue scale.

at 6 Months

Silicone (n=108)

Table 4 Patient-Reported Satisfaction

Category (Likert) | Laser (n=112)

I 0 (0.0%)

2 13 (11.6%)

3 69 (61.6%)

4 28 (25.0%)

5 2 (1.8%)

Overall 5 test 2*=55.522

5 (4.6%)
53 (49.1%)
47 (43.5%)
3 (2.8%)

0 (0.0%)
<0.001

Notes: Satisfaction was assessed on a five-point Likert scale and is pre-
sented as number (percentage) by category. Overall between-group differ-
ences were evaluated using the y* test. Two-sided P values are rounded to

three decimal places.

Table 5 Safety Outcomes and Adverse Events

Adverse Event

P value

Blistering

Any adverse event

Persistent erythema >14 days

Infection requiring antibiotics
Delayed epithelialization

Post-inflammatory hyperpigmentation

Laser, n (%) | Silicone, n (%) | Fisher’s
Exact test/y’ test
6 (5.4%) 6 (5.6%) 0.054
3 (2.7%) I (0.9%) 0.219
0 (0.0%) I (0.9%) 0.000
I (0.9%) 2 (1.9%) 0.001
5 (4.5%) 3 (2.8%) 0.095
15 (13.4%) Il (10.2%) 0.543

0.861
0.640
0.985
0.975
0.758
0.461

Notes: Adverse events are presented as number (percentage). Between-group comparisons were performed using Fisher’s exact test
owing to low event frequencies. Two-sided P values are rounded to three decimal places.
Abbreviation: AE, adverse event.

Sensitivity Analyses for the Primary Outcome
The treatment effect on VSS total at 6 months was robust across prespecified sensitivity analyses. The main ANCOVA
model yielded an adjusted difference of —0.643 (95% CI, —0.891 to —0.395; P < 0.001). Additional adjustment for age
and body mass index produced a similar estimate (—0.662; 95% CI, —0.911 to —0.413; P < 0.001). A propensity score—
adjusted model also supported the primary finding (—0.670; 95% CI, —0.922 to —0.418; P < 0.001) (Table 6). The
consistency of the estimated treatment effect across models is shown in Figure 4.

Table 6 Sensitivity Analyses for the Primary Outcome (VSS Total at 6 Months)

Model Adjustment Set Adjusted A (VSS Total) | 95% CI P value
Main ANCOVA Baseline VSS + interval (weeks) —0.643 (—0.891, —0.395) | <0.001
ANCOVA + age + BMI Baseline VSS + interval + age + BMI —0.662 (0911, —0.413) | <0.001
Propensity score—adjusted | PS covariate + baseline VSS + interval | —0.670 (—0.922, —0.418) | <0.001

Notes: Adjusted effects are reported as mean differences (Laser minus Silicone) with 95% Cls. The primary model used ANCOVA adjusting for baseline
VSS and the interval between surgery and treatment initiation (weeks). Additional models further adjusted for age and BMI. A propensity score (PS)—
adjusted model included the PS as a covariate; the PS was estimated from a logistic regression including age, BMI, baseline VSS, interval, and baseline scar
features. Two-sided P values are rounded to three decimal places.
Abbreviations: ANCOVA, analysis of covariance; BMI, body mass index; Cl, confidence interval; PS, propensity score; VSS, Vancouver Scar Scale.
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PS-adjusted | Py
-0.670 (-0.922, -0.418)

ANCOVA + age + BMI | Py
-0.662 (-0.911, -0.413)

Model

Main ANCOVA | Py
-0.643 (-0.891, -0.395)

T T T T
-0.8 -0.6 -0.4 -0.2 0.0
Adjusted Mean Difference (Laser — Silicone)
Figure 4 Robustness of the primary outcome across analytic models. Forest plot of adjusted mean differences (Laser — Silicone) in VSS total score at 6 months across
prespecified sensitivity analyses. The primary ANCOVA model adjusted for baseline VSS and the interval from surgery to treatment. Additional models further adjusted for
age and body mass index, and a propensity score—adjusted model incorporating baseline demographic and scar-related covariates. Points represent adjusted mean differences

and horizontal lines indicate 95% confidence intervals. The vertical line at 0 denotes no between-group difference. Consistent effect estimates across models demonstrate
the robustness of the primary finding.

Discussion

This study provides a direct comparison of fractional CO, laser therapy and topical silicone gel for the management of
post—cesarean section scars. The primary finding is that fractional CO, laser was associated with improved scar quality at
6 months, reflected by a lower VSS total score and consistent improvements in vascularity, pigmentation, and height/
thickness. While pliability showed a directionally favorable difference, it did not reach statistical significance. These
structural benefits were accompanied by significant reductions in symptom burden, including pain, pruritus, and
tightness, as well as markedly higher patient satisfaction, with no increase in adverse events. The robustness of the
findings was further confirmed by sensitivity analyses, including additional covariate adjustment and propensity score—
based modeling, which support the conclusion that the observed effects are unlikely to be explained by baseline
imbalances or selection bias.

These findings should be interpreted within the context of routine clinical practice, where different treatment
strategies are applied. Cesarean scars develop under unique mechanical and hormonal conditions that can promote
fibroblast activation and aberrant collagen deposition.'®'? Silicone gel, widely recommended as a first-line treatment,
primarily provides epidermal hydration and barrier effects, which may not be sufficient once dermal architecture is
disrupted.?® In contrast, fractional CO, laser induces controlled microablative injury, promoting collagen synthesis,
reorganizing extracellular matrix, and modulating vascularization and inflammation.®'"?!** The observed improvements
in both objective VSS outcomes and patient-reported symptoms reflect the clinical relevance of dermal remodeling and
offer a novel option for post-cesarean scar management. By targeting the underlying biology of scar formation, the study
introduces a mechanism-aligned approach to treatment, offering both structural and functional benefits.

This research helps advance the field in several ways. First, it provides comparative effectiveness data in a patient
population that has been largely overlooked in previous studies.”> 2> Much of the scar literature aggregates data from
different surgical sites or etiologies, making it difficult to draw conclusions specific to cesarean scars.”>** By focusing on
a homogeneous cohort and employing standardized, objective outcome measures, this study offers valuable insights into
the efficacy of fractional CO, laser in obstetric care. Second, the inclusion of both objective scar metrics and patient-
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centered outcomes responds to the growing emphasis on value-based care.?®*” The observed concordance between
improvements in scar appearance and reductions in symptoms suggests that dermal remodeling can have meaningful
functional benefits, particularly in the postpartum period when women experience both physical discomfort and
psychological distress related to body image.

There are several other ways to study the hypothesis explored in this research. A randomized controlled trial (RCT)
with concealed allocation would provide the highest level of evidence. However, RCTs in postpartum populations are
often difficult to conduct due to patient preferences, logistical constraints, and ethical concerns. Alternative designs such
as cluster randomization or stepped-wedge trials could offer a more pragmatic approach while maintaining scientific
rigor. Mechanistic studies using noninvasive imaging techniques, such as high-frequency ultrasound or optical coherence
tomography, could provide insight into the biological processes underlying scar remodeling following laser treatment.
Additionally, studies exploring combination therapies, such as laser with silicone gel or microneedling, could offer
valuable insights into the optimal sequencing of treatments for complex or high-risk scars.

The importance and potential applications of fractional CO, laser therapy extend beyond post-cesarean scar manage-
ment. In dermatology and plastic surgery, fractional CO, laser is already widely used for treating various types of scars,
including those resulting from trauma or surgery.'>**** The findings of this study reinforce the clinical efficacy of this
modality, particularly for scars that are mechanically stressed or hormonally influenced, as is the case with cesarean scars.
From a broader healthcare perspective, the ability to improve both the appearance of scars and the associated symptoms
without increasing adverse events offers a cost-effective solution for postpartum women, particularly in settings where
access to laser technology is available. The study also suggests that fractional CO, laser could be a valuable tool for scar
management in other surgical contexts, such as abdominal or bariatric surgery, where similar biomechanical forces are at
play.

Looking ahead, several research directions are worth pursuing. First, studies should evaluate the optimal timing of
fractional CO, laser treatment to determine whether early intervention during the remodeling phase produces greater
benefits or whether delayed treatment of established scars is equally effective. Second, optimizing dose-response
relationships, including laser energy settings, treatment frequency, and number of passes, is essential to achieving the
best outcomes with minimal side effects. Long-term follow-up is essential to assess the durability of the treatment effect
and identify any late complications or recurrences. Third, cost-effectiveness analyses comparing fractional CO, laser
therapy with other scar management options, such as silicone gel or microneedling, are needed to guide clinical decision-
making in resource-limited settings. Finally, personalized approaches to scar treatment, incorporating genetic predisposi-
tion, scar phenotype, and patient preferences, could improve outcomes by tailoring therapies to individual needs.

Despite the strengths of this study, several limitations must be considered. First, the retrospective and non-randomized
design introduces the potential for selection bias and precludes definitive causal inference. Although adjustment for
baseline characteristics and propensity score based methods were applied to reduce measured confounding, residual
confounding from unmeasured factors such as socioeconomic status, patient preferences, or variations in surgical
technique cannot be excluded. Second, although the analysis adjusted for baseline VSS, the laser group presented with
slightly higher baseline VSS scores, which may have influenced the magnitude of observed differences. While statistical
adjustment was performed, the possibility of residual imbalance remains, and randomized controlled trials with
concealed allocation would be required to fully address this issue. Third, this was a single center study, which may
limit the generalizability of the findings to other populations or clinical settings. Multicenter studies across diverse patient
populations and treatment environments are warranted to validate these results. Fourth, the follow up period was limited
to 6 months, which may not fully capture the long term durability of scar remodeling or potential delayed adverse effects.
Longer term studies are needed to better assess sustained treatment outcomes. Finally, although assessor blinding and
standardized outcome measures were implemented, patient reported outcomes may be influenced by expectation bias,
and subjective perceptions could affect satisfaction ratings.

In conclusion, this study suggests that fractional CO, laser therapy is associated with improved scar outcomes in
women with post-cesarean scars. These findings should be interpreted with caution given the retrospective, non-
randomized design and the potential for residual confounding. Therefore, the results are best considered hypothesis-
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generating and require confirmation in well-designed randomized controlled trials before informing clinical decision-
making.
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