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INTRODUCTION

Striae distensae (SD), commonly known as stretch marks, are a prevalent dermatological 
condition characterized by linear atrophic dermal lesions that result from skin.1 These marks 
can manifest as striae rubra, which are erythematous and slightly raised, or as striae alba, which 
are hypopigmented and atrophic, reflecting a more chronic stage of skin damage.2,3 SD are not 
only a cosmetic concern but also contribute to significant psychological distress, particularly 

 ABSTRACT
Objectives: Striae distensae, commonly known as stretch marks, are prevalent skin lesions that cause significant 
cosmetic and psychological distress. They manifest as striae rubra, which are erythematous, or striae alba, which 
are hypopigmented. Current treatments often yield limited results, prompting interest in advanced modalities, 
such as fractional carbon dioxide (CO2) laser therapy. This study aims to evaluate and compare the efficacy of 
fractional CO2 laser therapy in treating striae rubra and striae alba, hypothesizing that early intervention can 
significantly improve the appearance of these lesions.

Material and Methods: A  longitudinal comparative study was conducted with 60 participants (30 with striae 
rubra and 30 with striae alba) at a tertiary care center. Patients received three fractional CO2 laser sessions at 
4-week intervals. Primary outcomes were reductions in striae width and improvements in skin texture, assessed at 
baseline, 4 weeks, 8 weeks, and 20 weeks post-treatment. Patient satisfaction and adverse effects were secondary
outcomes. Statistical analyses included McNemar’s test and Chi-square test for evaluating improvements and
satisfaction scores.

Results: Fractional CO2 laser therapy resulted in improvements in both types of striae. At 20 weeks, striae rubra 
showed slightly better improvement in width reduction, with 17% achieving over 75% reduction compared to 
10% of striae alba. Patient satisfaction was high in both groups, with 23% reporting marked satisfaction in striae 
rubra compared to 17% in striae alba. Adverse effects were minimal and comparable across groups, with no 
significant differences in patient-reported outcomes.

Conclusions: Fractional CO2 laser therapy is an effective and safe treatment for striae rubra and striae alba, with 
striae rubra showing slightly better outcomes. This therapy offers a non-invasive approach to improving skin 
texture and appearance, supporting its use as a standard treatment in dermatological practice. Further research 
with larger sample sizes and long-term follow-up is recommended to validate these findings and optimize 
treatment protocols.
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among women, who are disproportionately affected by this 
condition.4 The lesions frequently appear during periods 
of rapid skin stretching, such as puberty, pregnancy, or 
significant weight changes, and have been associated 
with conditions such as Cushing’s syndrome and Marfan 
syndrome.5 Furthermore, the use of corticosteroids, both 
topical and systemic, is a well-known precipitating factor. 
The pathogenesis of SD involves complex alterations in the 
dermal connective tissue framework, particularly affecting 
the extracellular matrix components such as collagen 
and elastin.6 Histologically, striae rubra exhibit increased 
vascularity and edema, whereas striae alba are marked by 
collagen reorganization and reduced vascularity.7 Despite 
their prevalence, there is no universally accepted standard 
treatment for SD. Traditional therapies, such as topical 
retinoids, hyaluronic acid, and microdermabrasion, offer 
limited efficacy and often require prolonged use to achieve 
modest improvements.8 Given the limitations of these 
conventional treatments, there is a growing interest in 
advanced therapeutic modalities that offer more substantial 
and lasting results.

Recently, laser therapy has emerged as a promising treatment 
option for SD, with fractional carbon dioxide (CO2) laser 
therapy at the forefront.9 This laser modality works by 
creating controlled microthermal injury zones in the 
skin, promoting collagen remodeling and neocollagenesis 
while sparing adjacent tissue.10 The fractional CO2 laser is 
particularly effective due to its ability to penetrate deeply 
into the dermis and stimulate fibroblast activity, resulting 
in improved skin texture and appearance.11 Previous studies 
have demonstrated the efficacy of fractional CO2 lasers 
in treating various dermatological conditions, including 
scars and photoaging, making them an attractive option 
for managing SD.12,13 Despite promising outcomes, there 
is a paucity of data directly comparing the effectiveness of 
fractional CO2 laser treatment on different types of striae, 
such as striae rubra and striae alba. Most existing studies 
focus on short-term improvements without comprehensively 
addressing long-term efficacy and patient satisfaction. In 
addition, there is a need for more rigorous clinical trials to 
establish standardized protocols regarding laser parameters, 
treatment intervals, and the number of sessions required to 
optimize outcomes.

The objective of this study is to evaluate the efficacy of 
fractional CO2 laser therapy in treating striae rubra versus 
striae alba. We hypothesize that early intervention with 
fractional CO2 lasers can lead to significant improvements 
in both the texture and appearance of these lesions, with 
variations in response depending on the type of striae. 
This study aims to provide robust clinical evidence to 
guide dermatologists in adopting laser therapy as a 
standard treatment for SD, ultimately improving patient 

outcomes and satisfaction. By addressing these research 
objectives, we hope to contribute valuable insights 
into the management of this common yet challenging 
dermatological condition.

MATERIAL AND METHODS

Study design

This study is a longitudinal, comparative study designed 
to evaluate the efficacy of fractional CO2 laser treatment 
in patients with striae rubra and striae alba. The study was 
conducted over a period of 18 months at the department of 
dermatology of a tertiary healthcare center, in India.

Ethics approval

Ethical approval was obtained from the institutional ethics 
committee and the study has adhered to the tenets outlined 
in the Declaration of Helsinki. Written informed consent was 
obtained from all participants prior to their inclusion in the 
study.

Setting

The study took place in a tertiary care teaching hospital 
equipped with the necessary facilities for dermatological 
research and laser treatment procedures. Patients were 
recruited from the outpatient department, ensuring a diverse 
and representative sample of individuals seeking treatment 
for SD.

Participants

Participants included patients aged 18 years and above who 
presented with a clinical diagnosis of either striae rubra or 
striae alba. Participants were recruited from the dermatology 
outpatient clinic. A total of 60 patients were enrolled in the 
study, with an equal number of 30 participants in each group. 
The recruitment process utilized a convenience sampling 
method, selecting participants who met the inclusion criteria 
and were willing to adhere to the study protocol.

Inclusion criteria

• Age 18 years and above
• Clinical diagnosis of striae rubra or striae alba
• Ability and willingness to provide informed consent and

comply with study procedures.

Exclusion criteria

• Pregnancy or lactation
• History of diabetes
• Local skin infections
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• Contraindications to CO2 laser treatment, such as herpes
simplex, lupus, xeroderma pigmentosum, or connective
tissue disorders

• Immunosuppression or history of malignancy or
radiation therapy

• Recent use of systemic corticosteroids or other
treatments affecting skin healing.

Sample size

A sample size of 60 was determined based on a previous 
study indicating an 83.3% efficacy rate of fractional CO2 
laser treatment. The calculation assumed a 95% confidence 
interval and a 5% margin of error, with 30 patients each for 
striae rubra and striae alba groups. Sample size is calculated 
using Openepi version 3.-

Study procedures

Each participant underwent fractional CO2 laser treatment 
using the SUDARFRAX fractional CO2 laser system. The 
treatment protocol involved three sessions for each patient 
spaced 4 weeks apart.

The laser parameters were carefully standardized: a spot size 
of 1 cm2, power of 12 watts, point energy of 40 mJ, and a 
pulse interval of 6 ms. The pulse duration was 1 ms in the 
first session, increased to 2 ms in the second, and further 
increased to 3 ms in the last session, while the pulse interval 
remained constant in all sessions. The change in pulse 
duration was based on the patient’s tolerability to the burning 
sensation, as an increase in pulse duration leads to deeper 
penetration, causing more thermal damage in the lesional 
tissue and surrounding areas due to increased heat diffusion. 
These settings were chosen based on previous studies and 
clinical guidelines to optimize efficacy while minimizing 
adverse effects. Before each laser session, a topical anesthetic 
cream containing 2.5% lidocaine and 2.5% prilocaine was 
applied to the affected areas for 45  min under occlusion to 
ensure patient comfort. All safety precautions were strictly 
followed, including the use of protective eyewear by both 
patients and medical staff throughout the procedure. Pre-
treatment and post-treatment photographs were captured 
using a high-resolution 64-megapixel digital camera to 
document changes in the lesions. These images provided 
visual evidence of treatment efficacy and were used alongside 
clinical assessments to evaluate outcomes.

Outcome measures

The primary outcome measures were the reduction in striae 
width and improvement in skin texture, assessed at baseline, 
4 weeks, 8 weeks, and 20 weeks post-treatment. Striae width 
was measured at its widest point, and improvement was 

graded on a scale of 0–4, with 0 indicating no improvement 
and 4 indicating excellent improvement (>75% reduction). 
Skin texture was evaluated using a similar grading system 
used by Sobhi et al. in their study to measure the skin texture 
improvement in striae, where 0 indicated no improvement 
and 4 indicated excellent improvement.13 These assessments 
were conducted by trained dermatologists to ensure 
consistency and accuracy. Secondary outcome measures 
included patient satisfaction, which was evaluated using a 
visual analog scale (VAS), ranging from 0 (no satisfaction) to 
4 (marked satisfaction). Adverse effects were also recorded, 
including immediate and late reactions with immediate being 
more common than late. Among the immediate reactions, 
pain, burning and erythema were the most commonly 
observed, which resolved within a period of 7  days. The 
other immediate reactions include edema, dryness, pruritus, 
urticaria, petechiae, and reactivation of herpes simplex. 
Similarly, the common late reactions observed were 
persistent erythema beyond a week and post-inflammatory 
hyperpigmentation, which appeared later. The other late 
reactions were post-inflammatory hypopigmentation, milia, 
acne aggravation, and scarring.

Study variables and measurement

Data were collected using a structured pro forma that 
included demographic details, clinical history, and treatment 
outcomes. Measurements of striae width and texture were 
conducted using standardized techniques, and two trained 
dermatologists performed the assessment to minimize 
variability. To minimize bias, the study employed a consistent 
treatment protocol and standardized assessment methods. 
The main quantitative variables analyzed in this study 
included the percentage reduction in striae width and texture 
scores at various time points. Additional variables included 
patient satisfaction scores and the incidence of adverse 
effects.

Statistical methods

Statistical analysis was performed using the Statistical 
Package for the Social Sciences software version  23.0. 
Descriptive statistics, including means, medians, and 
standard deviations, were used to summarize baseline 
characteristics. McNemar’s test was employed to compare 
pre-and post-treatment improvements in striae width 
and skin texture. The Chi-square test was used to analyze 
differences in treatment outcomes between striae rubra 
and striae alba groups, as well as patient satisfaction scores. 
A P < 0.05 was considered statistically significant, indicating 
that the observed differences were unlikely to have occurred 
by chance.
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RESULTS

The study included 60 participants, equally divided between 
the striae rubra (n = 30) and striae alba (n = 30) groups. 
The average age was similar in both groups, with the striae 
rubra group having a mean age of 28.2  years (standard 
deviation [SD] ± 7.9) and the striae alba group having a 
mean age of 27.2  years (SD ± 8.5), showing no statistically 
significant difference (P = 0.643). Gender distribution was 
also comparable, with 56.7% males and 43.3% females in the 
striae rubra group and 53.3% males and 46.7% females in the 
striae alba group (P = 0.793).

Fitzpatrick skin types were similarly distributed, with no 
significant differences (P = 0.903). Both groups showed 
similar mean body mass indexes (BMIs): 26.8 kg/m2 (SD ± 
6.3) for striae rubra and 25.8 kg/m2 (SD ± 6.7) for striae alba 
(P = 0.615). Lesion sites were predominantly on the shoulder 
for both groups (40.0% for striae rubra and 43.3% for striae 
alba), with similar distributions for other body sites such 
as the abdomen, hips, and extremities, and no significant 
differences (P = 0.970). The baseline characteristics between 
the groups were well matched, allowing for a balanced 
comparison in subsequent analyses [Table 1].

At the 4-week mark, most participants in both the striae rubra 
and striae alba groups showed no improvement in striae 
width and skin texture, with 90% of striae rubra and 97% of 
striae alba participants showing no change. By 8  weeks, the 
majority had <25% improvement in width (94% for striae 

rubra and 86% for striae alba) and similar percentages for 
skin texture, with no significant differences between groups 
(P > 0.5). At 20 weeks, the striae rubra group exhibited greater 
improvements [Figures 1 and 2], with 30% achieving 50–75% 
width reduction and 7% achieving over 75%, compared 
to 10% and 0% in the striae alba group [Figures  3 and 4], 
respectively [Table  2]. Skin texture also improved more 
in the striae rubra group, but overall differences between 
groups remained statistically non-significant at all-time 
points (P > 0.1).

At the 20-week follow-up, patient satisfaction levels were 
similar between the striae rubra and striae alba groups, with 
23.3% of the striae rubra group and 16.7% of the striae alba 
group reporting marked satisfaction (VAS >75%). Moderate 
satisfaction was reported by 26.7% of the striae rubra group 
and 23.3% of the striae alba group. Mild satisfaction was 
higher in the striae alba group (26.7% vs. 16.7%), whereas 
poor satisfaction was identical in both groups at 33.3%. In 
terms of adverse effects, 20.0% of the striae rubra group 
experienced immediate adverse effects compared to 6.7% of 
the striae alba group (P = 0.495) with erythema and burning 
sensation being the most common immediate adverse effect 
in both groups. Late adverse effects were similar between 
groups, with 20.0% in the striae rubra group and 23.3% in the 
striae alba group with post-inflammatory hyperpigmentation 
being the most common [Table 3]. A majority of participants 
reported no adverse effects, with 60.0% in the striae rubra 
group and 70.0% in the striae alba group, indicating generally 

Table 1: Baseline demographic and clinical characteristics of study participants (n=60).

Characteristic Striae rubra (n=30) Striae alba (n=30) Total (n=60) P‑value
Mean age (years) 28.2±7.9 27.2±8.5 27.7±8.2 0.643
Gender (%)

Male 17 (56.7) 16 (53.3) 33 (55.0) 0.793
Female 13 (43.3) 14 (46.7) 27 (45.0)

Fitzpatrick skin type (%)
III 6 (20.0) 7 (23.3) 13 (21.7) 0.903
IV 11 (36.7) 11 (36.7) 22 (36.7)
V 13 (43.3) 12 (40.0) 25 (41.7)

BMI (kg/m2) 26.8±6.3 25.8±6.7 26.3±6.5 0.615
Topical steroid use 5 (16.7) 5 (16.7) 10 (16.7) 1.000
Site of lesion (%)

Shoulder 12 (40.0) 13 (43.3) 25 (41.7) 0.970
Abdomen 7 (23.3) 7 (23.3) 14 (23.3)
Hip 4 (13.3) 4 (13.3) 8 (13.3)
Upper extremities 3 (10.0) 4 (13.3) 7 (11.7)
Lower extremities 2 (6.7) 2 (6.7) 4 (6.7)
Face and neck 1 (3.3) 0 (0.0) 1 (1.7)

BMI: Body mass index.
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comparable outcomes between the two groups with no 
statistically significant differences (P > 0.1). Patients with 
Fitzpatrick skin types III and IV, low BMI, and no topical 
corticosteroid usage history showed good prognosis, whereas 
skin types V, high BMI, and corticosteroid usage history 
showed vice versa.

DISCUSSION

Our study demonstrated that fractional CO2 laser treatment 
effectively improved both striae rubra and striae alba, with 

a slightly better outcome for striae rubra in terms of overall 
improvement and patient satisfaction. These results are 
consistent with the findings of Elmorsy et al. (2021), who 
reported significant clinical improvements in both types of 
striae with no significant differences between them.14 In our 
study, 17% of participants with striae rubra and 10% with 
striae alba achieved >75% overall improvement. This suggests 
that while fractional CO2 laser treatment is effective for both 
types, striae rubra, which are in a more active inflammatory 
stage, might respond more robustly due to their increased 
vascularity, which enhances the laser’s effects.15

Figure 1: Improvement of striae alba over the left shoulder at (a) baseline, (b) week 4, (c) week 8 and (d) week 20.

a b c d

Figure 2: Improvement of striae alba over the right shoulder at (a) baseline, (b) week 4, (c) week 8 and (d) week 20.

a b c d
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Comparatively, Yang and Lee (2011) assessed the efficacy 
of nonablative fractional photothermolysis and ablative 
fractional CO2 laser resurfacing for treating SD and found 
both modalities to be effective and safe, particularly in Asian 
skin, but did not observe greater clinical improvement with 
either modality.11 In their study, the percentage of patients 
reporting “good” to “excellent” improvement was lower 
than in ours, possibly due to differences in skin type and 
the chronicity of the lesions treated. Kaewkes et al. (2022) 
evaluated the long-term efficacy of a fractional picosecond 
1064-nm laser specifically for striae alba in individuals with 
darker skin and found moderate to marked improvement 
in 90% of subjects, with only a 10% incidence of transient 
post-inflammatory hyperpigmentation.16 These results 
are comparable to our findings for striae alba, suggesting 
that newer laser technologies may offer similar efficacy 
across different skin types. Lee et al. (2010) demonstrated 
a positive therapeutic effect using ablative fractional 
CO2 lasers for late-stage SD, reporting high participant 
satisfaction with 52% achieving 50–75% improvement, 
which aligns closely with our findings of high satisfaction 

levels and marked improvement in the striae rubra group.17 
Malekzad et al. (2014) similarly showed significant 
improvements in striae alba with the Star Lux 500 laser, 
suggesting that fractional lasers, in general, provide 
substantial benefits in managing SD, regardless of the 
specific type or laser technology used.18

The biological differences between striae rubra and striae 
alba may account for the observed treatment outcomes in 
our study. Striae rubra, being in the inflammatory stage, 
have increased vascularity and cellular activity, which might 
enhance the fractional CO2 laser’s ability to promote collagen 
remodeling and skin renewal.19 The laser’s microthermal 
zones create controlled damage, stimulating the body’s 
natural wound-healing response and encouraging new 
collagen and elastin production. In contrast, striae alba, 
representing a more chronic phase, have reduced vascularity 
and dermal thinning, making it more challenging to achieve 
significant improvement.20 The limited blood supply and 
altered extracellular matrix in striae alba may hinder 
the laser’s effectiveness in stimulating substantial tissue 

Figure 3: Improvement of striae rubra over the left abdomen at (a) baseline, (b) week 4, (c) week 8 and (d) week 20.

a b c d

Figure 4: Improvement of striae rubra over the right abdomen at (a) baseline, (b) week 4, (c) week 8 and (d) week 20.

a b c d
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Table 2: Comparison of improvement in striae width and skin texture at different time points between striae rubra and striae alba groups.

Time point Striae rubra (n=30) (%) Striae alba (n=30) (%) P‑value
4 weeks

Striae width
No improvement 27 (90) 29 (97) 0.301
<25% 3 (10) 1 (3)

Skin texture
No improvement 27 (90) 29 (97) 0.301
<25% 3 (10) 1 (3)

8 weeks
Striae width

<25% 28 (94) 26 (86) 0.690
25–50% 1 (3) 2 (7)

Skin texture
<25% 26 (87) 27 (90) 0.509
25–50% 3 (10) 1 (3)

20 weeks
Striae width

<25% 4 (13) 8 (27) 0.144
25–50% 13 (43) 16 (53)
50–75% 9 (30) 3 (10)
>75% 2 (7) 0 (0)

Skin texture
<25% 2 (7) 3 (10) 0.751
25–50% 10 (33) 12 (40)
50–75% 11 (36) 10 (33)
>75% 5 (17) 2 (7)

Table 3: Patient satisfaction and adverse effects at 20‑week follow‑up for striae rubra and striae alba groups.

Outcome measure Striae rubra (n=30) (%) Striae alba (n=30) (%) P‑value
Satisfaction (VAS)

Marked satisfaction (>75%) 7 (23.3) 5 (16.7) 0.745
Moderate satisfaction (51–75%) 8 (26.7) 7 (23.3)
Mild satisfaction (25–50%) 5 (16.7) 8 (26.7)
Poor satisfaction (<25%) 10 (33.3) 10 (33.3)

Adverse effects (%)
Immediate 6 (20.0) 2 (6.7) 0.495
Late 6 (20.0) 7 (23.3)
None 18 (60.0) 21 (70.0)

VAS: Visual analog scale.

regeneration.21 This difference in the biological environment 
likely contributes to the better outcomes observed in striae 
rubra, as the laser can leverage the active cellular processes 
to enhance skin repair and improve striae appearance. An 
increase in the pulse duration leads to deeper penetration 
causing more thermal damage in the lesional tissue and to 

the surrounding areas due to increased heat diffusion, in our 
study, the first session was started with 1 ms of pulse duration 
and increased 1 ms in each session with reaching 3 ms in the 
third session based on the tolerability of the patient to the 
burning sensation. The pulse interval was kept constant at 6 
ms in all sessions.
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The strengths of our study include a well-balanced design 
with equal numbers of participants in both striae rubra 
and striae alba groups, ensuring a fair comparison. The 
standardized treatment protocol and comprehensive follow-
up assessments allowed for consistent and reliable outcome 
measurement. However, the study also has limitations, 
including the relatively small sample size and the subjective 
nature of patient satisfaction assessments. Furthermore, the 
lack of long-term follow-up limits our understanding of 
the sustained efficacy of fractional CO2 laser treatment. The 
inclusion of objective skin analysis technologies in future 
studies could enhance the precision of outcome evaluations.

Clinically, this study supports the use of fractional CO2 laser 
therapy as a viable treatment option for both striae rubra and 
striae alba, offering a non-invasive approach to improving skin 
texture and appearance. While striae rubra may respond more 
favorably, the treatment can still provide benefits for striae alba, 
making it a versatile option in dermatological practice. For 
future research, larger studies with extended follow-up periods 
are recommended to assess the long-term efficacy and safety of 
fractional CO2 lasers. In addition, exploring the combination 
of laser therapy with adjunctive treatments, such as topical 
agents or microneedling, may enhance outcomes further. This 
study contributes valuable insights into the management of 
SD, guiding clinicians in optimizing treatment strategies to 
improve patient outcomes and satisfaction.

CONCLUSION

The study demonstrates that fractional CO2 laser therapy 
effectively improves both striae rubra and striae alba, with 
slightly better outcomes for striae rubra due to its increased 
vascularity and active cellular processes. Fractional CO2 laser 
therapy is a safe, non-invasive treatment option that enhances 
skin texture and appearance in patients with SD, making it a 
versatile addition to dermatological practice.
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