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Purpose: Laser and intense pulsed light (IPL) treatments are preferred over invasive procedures due to less pain. This study looked at 
the efficacy and safety of IPL and Erbium fractional laser for patients with striae gravidarum (SG).
Patients and Methods: All 60 patients with SG were successfully enrolled in the study. IPL treatment was followed by Erbium 
fractional laser (wavelength 2940 nm) treatment at 4-week intervals for a total of three treatments. SG elasticity was assessed with 
a SEM575 custom instrument and patients were scored for SG span with an Antera 3D multifunctional skin imaging analyzer. A 3D 
skin impact system was used to assess patients’ epidermal thickness. A visual analog scale (VAS) was used to assess patients’ pain 
scores during the treatment period. Improvement in stretch marks was assessed with the Global Aesthetic Improvement Scale (GAIS). 
The occurrence of adverse events was recorded at a follow-up of 3 months. Patient satisfaction with the outcome of the treatment was 
also recorded.
Results: Area of stretch marks decreased from 7.89 ± 0.49 cm2 pre-treatment to 4.94 ± 1.16 cm2 post-treatment (P < 0.001). The 
grayness values and atrophy of stretch marks were reduced after treatment. Furthermore, skin elasticity and thickness at the lesions of 
patients increased significantly after the treatment (P < 0.001), while the width of the stretch marks significantly decreased (P < 0.001). 
The VAS score was 5.45 ± 1.31, the incidence of adverse events was 25%, and patient satisfaction with the efficacy was 96.67%.
Conclusion: IPL combined with Erbium fractional laser improves the area and atrophy of SG, lightens the color, and increases the 
elasticity and thickness of the skin, with high treatment safety and remarkable clinical results.
Keywords: IPL, striae gravidarum, erbium fractional laser

Introduction
Striae gravidarum (SG), also known as stretch marks, is a common skin problem that affects 55–90% of the women.1 

Tension and hormonal changes in the abdominal wall during pregnancy lead to rupture and separation of collagen elastic 
fibers in abdominal skin or thighs or breasts, initially as erythematous to purplish red itchy streaks,2 which over time 
become hypopigmented, atrophic, permanent, scar-like strips (white streaks).3 Although postpartum ruptured fibers 
slowly recover and SG subsides slightly, it cannot be restored to its original state without treatment. SG does not 
cause physical dysfunction, but it can permanently affect physical appearance and cause serious psychological burden, 
and mental stress to pregnant women, and reduce their quality of life. Therefore, the occurrence and treatment of SG have 
been the focus of current medical research.

Topical drugs and devices are now commonly used in clinical practice to reduce the severity of SG. However, most 
drugs are ineffective and have side effects. Instrumental treatment is relatively convenient and safe and has developed as 
the main method of SG.4 Intense pulsed light (IPL) is a common method for repairing scars and melasma in clinical 
practice.5,6 In SG, IPL has been shown to stimulate fibroblast activation, accompanied by new collagen synthesis and 
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extracellular matrix production to improve the length and width of SG. However, the limitations and effectiveness of 
a single treatment have led to unsatisfactory satisfaction with the treatment.

Erbium fractional laser (Erbium fractional-doped yttrium aluminum garnet (Er:YAG) laser treatment) with 
a wavelength of 2940 nm is a new type of laser treatment. It is important for localized scleroderma,7 facial acne 
scars,8 and skin tightening.9 Based on an ablation laser, it uses the principle of fractional photothermal action to produce 
multiple light spots to act on the skin. The depth, width, and density of the treatment site through light spots stimulate the 
regeneration of superficial skin collagen fibers, effectively helping the skin to heal. It does not cause excessive thermal 
damage to the surrounding tissue of the skin injury. IPL in combination with Erbium fractional laser has been 
successfully used for the treatment of melanocytic nevus,10 skin rejuvenation,11 and scar prevention.12 However, the 
potential role of IPL and fractional Er:YAG lasers in stretch marks is unknown.

In this study, we will analyze the effect of combined IPL and fractional Er:YAG laser for SG treatment to provide 
a theoretical basis for clinical treatment.

Materials and Methods
Participants in This Research
This study was a pre-post test and self-controlled clinical study that recruited 60 female SG patients who underwent 
consultation at our hospital from January 2018 to December 2020. Inclusion criteria were as folllows: 1) meeting the 
diagnostic criteria of abdominal SG and with symmetrical white SG in the abdomen and 2) SG duration was more than 6 
months postpartum. In addition, this study excluded 1) patients with skin diseases such as dermatitis and acne; 2) patients 
who had been treated for SG; 3) those who had taken immunosuppressive drugs or suffered from disease affecting wound 
healing; and 4) pregnant or lactating patients were excluded from this study. The general clinical information of SG 
patients was recorded in Table 1.

The study was conducted following the 1964 Declaration of Helsinki and its and its later amendments or comparable 
ethical standards. Approval was obtained from the Medical Ethics Committee of Fujian Maternity and Child Health 
Hospital, and patients were informed of the risks and obligations associated with this experiment and informed consent 
was obtained before treatment.

Experimental Procedure
Patients were treated at 4-week intervals for a total of 3 treatments. The results of the patient’s previous and last treatment 
were recorded. SG patients were anesthetized with 1.5 g/cm2 of lidocaine cream applied uniformly to the skin 40 min 
before treatment, and surface anesthesia was applied. Then, the skin was cleaned and disinfected twice with alcohol 
wipes, and the treatment was performed after the alcohol had dried.

IPL wavelength was set to 590–1200 nm, pulse type was a double pulse, width is 4.0 ms, the delay is 35 ms, and 
capacity density is set in the range of 20–25 J/cm2. Erbium fractional laser treatment with parameters’ wavelength of 
2940 nm, exfoliation 150–200 um, 0–1 level coagulation, coverage of 11%, energy parameters set to 800–1200 mJ/cm2 

Table 1 The Baseline Data of Study Objects

Parameters Stretch Gravidarum Patients (n = 60)

Age (years) 27.8 ± 2.7

Height (cm) 164.1 ± 6.2

Pre-pregnancy BMI (kg/m2) 21.41 ± 1.90
Post-pregnancy BMI (kg/m2) 26.99 ± 1.42

Weight increase (kg) 17.59 ± 4.95

Disease duration (months) 24.3 ± 10.2
First production, n (%) 44 (73.33)

Abbreviation: BMI, body mass index.
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for depressed areas, scan repeated 3 times. After IPL treatment, stretch marks were then treated with Erbium fractional 
laser.

Overall Assessment of Stretch Marks
Three non-participating dermatologists evaluated the overall condition of the patients’ stretch marks before and after 3 
treatments, with a total score of 0–4. Among them, 0 scored as normal skin; 1 scored as light stretch marks; 2 scored as 
moderate stretch marks; 3 scored as heavy stretch marks; 4 scored as severe stretch marks.

Stretch Mark Areas and Grayscale Values
With the patient lying down, the camera’s automatic sharpening, blurring, noise cancellation, and other filtering functions 
were turned off, and a ruler with the gray card was placed next to the target area to be photographed. The camera lens is 
placed directly above the shooting area, the lens plane is parallel to the target area, and the shooting distance is about 
60 cm so that the stretch marks are presented after accurate focusing. The white balance was then corrected with a gray 
card in Photoshop software and the area of the stretch marks was measured using the scale on the ruler.

Afterward, the photograph was brought closer to 10 cm and the fluorescent light was isolated using only light, where 
0 was the blackest, 255 was the whitest, and the gray value = the gray value of the lesion-the gray value of the normal 
part. The smaller the difference, the lighter the white stretch marks and the more aesthetically pleasing they are.

Degree of Atrophy Assessment
Three non-participating dermatologists rated the degree of atrophy before treatment and at the last time of treatment 
based on photographs, with a total score of 0–4. Among them, 0 was classified as no atrophy; 1 was classified as white 
visible atrophy with slight tactile sensation; 2 was mild atrophy, fine lines visible in shape; 3 was classified as lusterless 
and obvious atrophy; 4 was lusterless and had obvious deep sunken stripes within the stripes.

Skin Elasticity, Stretch Mark Width Measurement, and Epidermal Thickness
Before and after the last treatment, the skin elasticity of the patient’s stretch marks was measured using a skin cutometer 
SEM575, where the closer the score to 1, the better the skin elasticity. What’s more, the Antera 3D Multifunctional Skin 
imaging analyzer was used to detect the width of the patient’s stretch marks, and the average value of three measure-
ments was taken. Before and after the last treatment, the epidermal thickness was measured using a 3D skin CT impact 
analysis system, and the average values of the three measurements were counted.

Assessment of Pain Levels and Adverse Effects
Patients scored the level of pain for each treatment session on a visual analog scale (VAS). The total score was 0–10, with 
0 being no pain and 10 being the most pain. Adverse events such as blistering, erythema, pruritus, hyperpigmentation, 
and scarring during the treatment and 3-month follow-up period were recorded by the physician and the patient.

The Overall Clinical Improvement Assessment
Overall improvement in patients’ stretch marks was assessed according to the Global Aesthetic Improvement Scale 
(GAIS). Three dermatologists who did not participate in the treatment compared pre- and post-treatment photographs 
of patients to assess their improvement. Where 0 scored worse; 1 scored no changes (validity <25%); 2 scored 
improved (validity 25–50%); 3 scored much improved (validity 51–75%); and 4 scored very much improved (validity 
76–100%).

Patients Satisfaction Ratings
Patient satisfaction with treatment and outcome during follow-up was assessed using a 5-point scale: 0 classified as 
unsatisfied; 1 classified as slightly satisfied; 2 classified as generally satisfied; 3 classified as satisfied; 4 classifieds as 
very satisfied.
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Statistical Analysis
The clinical data were statistically analyzed using SPSS as well as GraphPad Prism 6.0 software. The data related to pre- 
treatment and post-treatment were performed by paired t-test, and all statistical analyses were performed by two-tailed 
t-test, with P < 0.05 being statistically significant. Kappa statistics was used to compute the measure of agreement among 
three independent ingestigators, and all the kappa value was 0.81–1.0 indicating almost perfect agreement.

Results
Subject Demographics
Sixty SG subjects completed all courses of treatment, and their demographic characteristics are summarized in Table 1, 
with a mean age of 27.8 ± 2.7 years, duration of disease of 24.3 ± 10.2 months, and mean weight gain of 17.59 ± 4.95 kg.

IPL Combined with Erbium Fractional Laser Improves the Overall Condition and 
Grayness of Stretch Marks
The overall effectiveness of IPL combined with Erbium fractional laser for stretch marks was evaluated for the first time. 
Overall assessment score of stretch marks decreased from 2.5 ± 0.50 pre-treatment to 1.57 ± 0.49 post-treatment (P < 
0.001, Figure 1A), and the subjective GAIS score of 3.15 ± 0.68 also confirmed that the combination treatment improved 
the aesthetics of stretch marks (Table 2). More importantly, the gray value of stretch marks was decreased from 7.82 ± 
1.15 pre-treatment to 5.22 ± 0.93 post-treatment, suggesting a decline and aesthetic enhancement of stretch marks (P < 
0.001, Figure 1B).

Stretch Mark Area and Atrophy Were Significantly Suppressed
The area of stretch marks after IPL combined with Erbium fractional laser treatment was evaluated. Compared with the 
pre-treatment of 7.89 ± 0.66 cm2, the area of stretch marks was reduced to 4.94 ± 1.16 cm2 after combined treatment (P< 
0.001, Figure 2A). Additionally, the combination of IPL and Erbium fractional laser reduced the pre-treatment atrophy 
score from 2.30 ± 1.21 to 0.85 ± 0.76 (P< 0.001, Figure 2B).

Improvement of Skin Elasticity, Thickness, and Width of Stretch Marks
After treatment, the patient’s skin elasticity was 0.87 ± 0.34 mm thicker than before treatment 0.79 ± 0.04 mm (P < 
0.001, Figure 3A). The maximum stretch mark width pre-treatment was reduced from 4.73 ± 1.24 mm to 2.78 ±1.04 mm 
(P<0.001, Figure 3B). Skin thickness was also evaluated before and after treatment, and as shown in Figure 3C, the 
results confirmed that the skin thickness was 28.75 ± 0.48 μm before treatment and 31.09 ± 14.3 μm, an increase in skin 
thickness of 2.34 ± 1.54 μm (P < 0.05).

Figure 1 Overall improvement of IPL combined with Erbium fractional laser. (A). Subjective overall improvement score of stretch marks. (B). Change in grayscale values of 
stretch marks after treatment. ***P < 0.001 vs post-treatment.
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Patient’s VAS Scores, Adverse Events, and Satisfaction Scores After Treatment
The VAS score of SG patients during treatment was 5.45 ± 1.31 for 10 patients with local itching, 2 patients with short- 
term pigmentation, and 3 patients with redness in the treatment area, but all of them could recover after 2–3 days, and the 
incidence of adverse reactions was 25%. Finally, patient satisfaction after the combined treatment was 96.67% (Table 3).

Figure 2 Assessment of the area and degree of atrophy of stretch marks before and after treatment. (A). IPL combined with Erbium fractional laser treatment significantly 
reduced the area of stretch marks in subjects. (B). Assessment of stretch mark atrophy score by combined treatment. ***P < 0.001 vs post-treatment.

Table 2 GAIS Scores

Parameters Values

GAIS
Very much improved (5 points) 2 (3.33)

Much improved (4 points) 13 (21.67)

Improved (3 points) 37 (61.67)
Unchanged (2 points) 8 (13.33)

Worsened (1 point) 0 (0.00)

GAIS scores 3.15 ± 0.68

Note: Values are number with percentage or mean ± SD, 
where appropriate. 
Abbreviation: GAIS, Global Aesthetic Improvement Scale.

Figure 3 Skin elasticity, thickness, and width of stretch marks were assessed. (A). Skin elasticity was assessed pre-treatment and post-treatment. (B). Thickness of the skin 
was evaluated before and after the last treatment. (C). Width of stretch marks was assessed pre-treatment and post-treatment. ***P < 0.001 vs post-treatment.
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Discussion
Topical medications and instrumental treatments are commonly used for stretch marks, but the long-term medications 
and potential side effects have generated widespread interest in device treatments and have become the primary method 
of stretch mark treatment. However, the current instruments alone can also have different disadvantages. For example, 
photonic pigment rejuvenators improve their skin color by emitting UA photons of different energy intensities but carry 
the risk of pigment shedding and therefore require maintenance treatment.13 The radiofrequency treatment instrument 
heats and cools the skin to remodel collagen, but the treatment time is longer to achieve better results.2

Recently, fractional laser combined with light therapy has attracted special attention. For example, scar treatment,12 

facial rejuvenation,14 swelling lines,15 and hyperplastic scars16 significantly out good results. IPL in phototherapy is 
a non-ablative optical treatment technology that allows the integration of different spectra, selective photothermal effects, 
and biological effects through a set of pulsed light consisting of broad-spectrum intense light. In stretch marks, Bedewi 
and Khalafawy found that IPL treats stretch marks by stimulating dermal fibroblasts, which are stimulated to promote 
protein expression and collagen production with few side effects and potential therapeutic effects.17 Al-Dhalimi and Abo 
Nasyria found that treatment with IPL at 650 nm and 590 nm once a week for five consecutive sessions resulted in 
significant improvement in stretch marks.18 However, several studies have confirmed that, compared to fractional laser 
treatments, while IPL provides significant improvements in the length and width of stretch marks, the results are not 
significant when compared to patient satisfaction.15

A fractional laser optimizes the intense light source using a fractional array. This effectively avoids thermal damage to 
the surrounding skin tissue, while its unique cooling technology effectively reduces thermal damage from the light.19 

However, it activates keratinocytes through thermal stimulation to promote collagen proliferation and repair rearrange-
ment, thus improving skin texture and beautifying scarring. The fractional CO2 laser acts on the treatment area through 
the photothermal reaction principle and has a good repair effect and large energy, but lacks good selectivity, which is easy 
to cause thermal damage to the normal tissue in the treatment area and has large adverse reactions.

The Erbium fractional laser is a new fractional laser with a wavelength of 2790 nm. The water absorption of this laser 
is based between the erbium laser and the CO2 laser, which have the characteristics of significant efficacy of CO2 laser 
but also have the characteristics of mild side effects like the erbium laser.20 Previous studies have shown that it can 
precisely vaporize scar tissue, stimulate superficial skin collagen fiber regeneration, and help skin healing without 
excessive thermal damage to the tissue surrounding the skin injury.8,21 The Erbium fractional laser has both fractional 
and exfoliative modes. The fractional model of scar treatment not only stimulates collagen rearrangement but also 

Table 3 VAS Score, Adverse Reaction, 
Satisfaction After IPL Combined with Erbium 
Fractional Laser Treatment

Parameters Values

VAS score 5.45 ± 1.31

Adverse reaction 15 (25)
Local itching 10 (16.67)

Short-term pigmentation 2 (3.33)

Redness 3 (5.00)
Satisfaction 58 (96.67)

Unsatisfied (0 point) 2 (3.33)
Slightly satisfied (1 point) 4 (6.67)

Generally satisfied (2 points) 8 (13.33)

Satisfied (3 points) 25 (48.33)
Very satisfied (4 points) 21 (35.00)

Satisfaction scores 3.32 ± 0.65

Notes: Values are numbers with percentage or mean ± 
SD. 
Abbreviation: VAS, visual analog scale.
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destroys sebaceous glands and normalizes the skin of the scar, reducing post-treatment adverse effects.22 While collagen 
production may be increased through increased expression of FGF, VEGF, and elevated type I and III collagen, increased 
extracellular matrix, and collagen synthesis that outpaces degradation. IPL uses low energy and low density connected 
intense pulsed photo irradiation, which is selective in treatment and can decompose color spots without destroying 
normal skin, but it causes reversible thermal damage to collagen and the recovery effect is slow. Both IPL and Erbium 
Yag energy-based pathophysiological alterations work through photo thermolysis. Patients with abdominal stretch marks 
have a change in skin color and varying degrees of atrophy. The goal of treatment is to reduce the area of atrophy and 
restore the original firmness and elasticity while restoring the normal color of the skin.23

In the current study, we combined IPL with Erbium fractional laser to treat patients with stretch marks and confirmed 
that the combined treatment significantly improved the overall condition of the stretch marks, lightened the color of the 
stretch marks, reduced the area of the stretch marks, and inhibited the atrophy score of the stretch marks, and improved 
the aesthetic appearance. The fractional bait laser has a precisely controllable grinding depth and is more suitable for 
treating superficial scarring than the commonly used CO2 laser.24 In addition, patients with jaundice have more 
pigmentation at the epidermal base, and different ablative procedures have a high incidence of pigmentation due to 
high damage. In our study, it was confirmed that IPL combined with Erbium fractional laser resulted in a greater 
improvement in pigmentation. What’s more, we objectively examined the elasticity and thickness of the patient’s skin 
and the width of the stretch marks afterward. The results of the study confirmed an increase in skin elasticity and 
thickness, as well as a reduction in the width of the stretch marks compared to the pre-treatment period. Stretch marks 
patients have less pain during treatment, less incidence of adverse events, and higher patient satisfaction with the results. 
Additionally, topical administration of aloe vera or almond oil was effective in relieving local redness and swelling, scar 
softening cream relieves local itching, and striae Gravidarum, a mixed mushroom tyrosinase inhibitor, was effective in 
reducing hyperpigmentation in patients with post-treatment adverse reactions.

This study does have several limitations that need to be considered when interpreting the findings. Firstly, changes in 
stretch mark elasticity and reduction in gestational atrophic scarring should be tested at each visit so that the exact time of 
showing efficacy is clearly understood. The limitations of this preliminary study were not designed promptly and 
therefore will be further explored in depth in subsequent expansion and mechanistic studies. Furthermore, the failure 
to expose any stripe as a control for comparison with the intervention due to the treatment and study protocol is also 
a limitation in this study.

Conclusion
In summary, it was confirmed in this study that the combination of Erbium fractional laser and IPL treatment for stretch 
marks can significantly improve the degree of atrophy, increase elasticity, and facilitate the degree of healing of the 
lesions, which is a safe and effective treatment for stretch marks and worthy of clinical promotion.

Disclosure
The authors report no conflicts of interest in this work.
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