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Abstract 

Background: To investigate the effects of the association of semi-ablative frac- 

tional radiofrequency (RFF) with growth factors in stretch marks. Methods: 

This is a randomized controlled trial. The sample consisted of 28 female pa- 

tients with complaints of gluteus or abdomen striae and divided into 2 equit- 

able groups, named G1 (semi-ablative RFF without active principle associa- 

tion) and G2 (semi-ablative RFF with active principle association), being sub- 

divided into G-1A and G-2A (abdominal applications) and G-1B and G-2B 

(gluteus applications). A photographic and histological analysis was performed 

using questionnaires about inflammation, presence of adverse effects and sa- 

tisfaction of volunteers. Photographic analysis showed a reduction in the 

amount of striae alba in all groups. Results: The histological analysis showed 
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  Open Access   

an increase in fibroblast activity, collagen type I, and blood vessels, especially 

in the groups that associated the RFF with the active principle. In the inflam- 

mation analysis, the groups that performed intervention with active ingre- 

dients showed lower inflammatory signal. All groups had a reasonable level of 

satisfaction after the interventions; however, the group that used active ingre- 

dients reported greater results. Conclusion: The association of semi ablative 

RFF with growth factors showed a reduction in clinical inflammatory signs, 

mainly in the first 15 days, as well as higher collagen production, verified in 

30 days, with satisfactory clinical results in all groups. 
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1. Introduction 

Stretch marks are defined as linear and atrophic plaques associated with the con- 

tinuous and progressive stretching of the skin, as well as hormonal modulation, 

being bilaterally located [1]. For the treatment of this type of injury, several 

techniques have been applied to attenuate the albas striae [2]. In clinical practice, 

the semi-ablative fractional radiofrequency (RFF) has been used to promote tis- 

sue renewal by stimulating collagen through controlled thermal damage directly 

to the dermis. Thus, extremely effective and safer treatment results are produced 

compared to ablative radiofrequency, which may increase the risk of hyperpig- 

mentation. It has considerably improved facial wrinkles, eyelid, perioral, scars 

and stretch marks, and skin sagging. A study carried out in animals demonstrated 

that the different radiofrequency responses in the collagen tissue, in which the 

evolution of the collagen production response was observed, as well as demon- 

strated [3]. 

The use of radiofrequency is already widely reported in the literature, with 

observations concerning the responsive production of collagen fibres, elastin, 

and the induction in the production of fibroblast growth factors [4] [5]. With 

temperatures in the applicable therapeutic range, changes in collagen extensibil- 

ity are observed. Radiofrequency acts on at least 3 tissue levels: microcirculation, 

adipose tissue and interstitial matrix. In the microcirculation, radiofrequency 

stimulates the micro hyperemia, which consists of overcoming the artery-arteriole 

deficit and increasing the flow speed in the capillaries. At the adipocyte level, it 

increases the microcirculation, increasing the thermal and enzymatic gradient, 

activating lipolysis by releasing catecholamines and increasing the temperature, 

increasing the extensibility of the fibers, of the connective tissue with a conse- 

quent improvement of the micro-circulatory and cell interchange [3] [4] [5]. 

This response on connective tissue induces significant responses in clinical 

and aesthetic improvement in different pathologies and aesthetics in different 

pathologies, observing the release of fibroblast growth factors which become 
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important in the process of neocolagenization. The use of fractional radiofre- 

quency in stretch marks has also been mentioned, with [4] [5]. The use of frac- 

tional radiofrequency in striae has also been mentioned in regard to the appear- 

ance improvements, collagen production, and inflammatory cells, which are com- 

binations that can modulate the connective tissue response [6]. 

In addition to the use of semi-ablative RFF for the treatment of connective 

tissue, it has been observed that the association with active principles favours 

collagen and elastin modulation. The drug delivery system refers to the trans- 

dermal delivery of selected assets and can optimize the desired results through 

drug transportation through the skin, with the advantage of being easily accessi- 

ble, safe, and effective [4]. 

Several active ingredients can be used for drug delivery. Growth factors are 

highly indicated, including TGF-β3 (Transforming Growth Factor). The TGF-β3 

is able to act on the growth, proliferation, and differentiation of several cell types, 

mainly fibroblasts. It is one of the potent fibrogenic mediators that can consi- 

derably increase the levels of the skin’s collagen and elastin; and it is also highly 

inflammatory. There are other substances that can be used to treat stretch marks 

via drug delivery: Phaseolus lunatus, rutin, and matrikines. These are antioxi- 

dants that contribute to the stabilization of mast cells, leukocyte inhibitors, con- 

sequently disadvantaging elastase activity. Matrikins (which are messenger pep- 

tides from extracellular matrix degradation) promote an excellent activity in the 

reconstruction of damaged extracellular matrix. Other active principles that in- 

crease the firmness of connective tissues are components such as hydroxypropyl 

methylcellulose, pullulan, porphyridium cruentum extract, which also favour fi- 

broblastic activity. The active principles described are used in different ways in 

clinical practice, and therapies combined with their use of substances have pro- 

moted interesting results [5]. 

However, in recent years, the development of studies on skin and aesthetic pa- 

thologies has promoted the knowledge concerning the functional clinical aspects 

resulting from stretch marks. Currently, several approaches are being used in 

stretch mark therapy, not seeking to cure the stretch mark, but to improve their 

visual appearance and tissue composition, among them, fractional radiofrequency 

and the use of active principles [6]. Therefore, the purpose of this study was to 

investigate the effects of semi-ablative RFF associated with the use of growth 

factors in the treatment of stretch marks. 

2. Methods 

This study is a randomized controlled trial. This study was submitted to the Re- 

search Ethics Committee (CEP) of Potiguar University (UnP) and approved with 

the opinion approval number: 3,134,050 and it was registered at 

https://www.clinicaltrials.gov obtaining identification trial number NCT03931525. 

The participants were instructed as to the procedures that would be performed 

and signed the consent form. 
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The study included women, aged 18 - 35 years old, with the presence of striae 

alba in the gluteus and abdomen region, with no reports of collagen-related dis- 

eases, healing problems and/or protein synthesis, which were not under the ef- 

fects of drugs that promote physiological changes in the skin and collagen, were 

not under dietary restriction (diets, dietary rehabilitation, among others) that 

could significantly influence the physiology of the skin. Volunteers who pre- 

sented exacerbated inflammatory reaction, excessive pain after application, dis- 

comfort or refusal to participate in the study were excluded. 

The study sample consisted of 28 female patients with striae alba in the glu- 

teus or abdomen region. However, 12 volunteers were excluded due to with- 

drawal during treatment. The volunteers were subdivided as shown in Table 1. 

Based on the initial values obtained from a pilot study performed with 8 volun- 

teers, a sample of 40 subjects was sufficient to detect a clinically important differ- 

ence. A statistical power of 80% and an alpha of 5% were considered for the sam- 

ple calculation. The calculation was performed via the site 

http://www.openepi.com. This study followed the consort’s recommendations. 

Figure 1 shows the study design. 

 

Figure 1. Study sample. 
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Table 1. Study sample. 

Group Subgroup Sample Procedures Intervention 

 

 

G-1 

 

 

 

 

G-2 

 
G-1 A 10 patients 

 

 
G-1 B 5 patients 

 

 
G-2 A 7 patients 

Abdomen Stretch 

Marks/RFF 

Application 

Gluteal Streaks/Drug 

Delivery—Associated 

RFF Application 

Abdomen Stretch 

Marks/RFF 

Application 

 

15 days of interval 

between interventions 

 
15 days of interval 

between interventions 

 
30 days of interval 

between interventions 

Gluteal Streaks/Drug 

G-2B 6 patients Delivery—Associated 

RFF Application 

days of interval 

between interventions 

 
 

 

The volunteers were attended at a treatment outpatient clinic at Potiguar Uni- 

versity. The sample was recruited in a non-probabilistic manner and randomly 

distributed into three groups through the site “https://www.randomization.com”, 

then color coded, thus ensuring blinding among them. 

A semi-ablative fractional radiofrequency equipment, Artis model, manufac- 

tured by Tonederm, Anvisa 10411520022, a surgical procedure punch, iPhone 7 

model camera manufactured by Apple, was used. Concept TI Strill Fluid Mono- 

dose manufactured by Mezzo Dermocosmetics [9], Anvisa registration number 

25351.379480/2018-17, consisting of Aqua, Edta, Hydroxyacetophenone, 1,2- 

Hexanediol, Caprylyl Glycol, Disodium Edta, Glycine Soybean Oil, Glycerin, 

Hydrogenated Lecithin, Citric Acid, Sh-Polypeptide-5, Butylene Glycol, Cetyl Hy- 

droxyethylcellulose, Rutin, Palmitoyl Tripeptide-1, Palmitoyl Tetrapeptide-7, Pha- 

seolus lunatus Seed Extract, Bulbine Frutescens Leaf Juice, Bht, Bht (Phaseolus 

lunatus, rutin and matrikinas) and liftonin (hydroxypropyl methylcellulose, pul- 

lulan, porphyridium cruentum extract). 

Procedures 

The volunteers were informed about the procedures performed and signed 

the Consent Form. They received application in the abdominal or gluteal region 

ac- cording to the group in which they are inserted: Four sessions of semi-

ablative fractional radiofrequency were applied. After the arrival of the volunteers, 

before the interventions, photographs were taken of the volunteers in an 

orthostatic position, at a distance of 60 cm between the camera and the 

photographed re- gion with formation of 3 images: front, left profile and right 

profile. Neutral background was used to obtain standardized images. 

Then, the intervention was initiated with the application of fractional radio- 

frequency equipment in the areas to be treated, using an 8-needle linear (tip) 

handle, which are disposable electrodes positioned on the equipment’s accesso- 

ries (handle). The right side was performed for fractional radiofrequency appli- 

cation and the left side was not applied, being the control side of the interven- 

tions. After completion of the interventions, the control side received the appli- 
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cations in the same way as the treated side. 

The procedure was performed with the volunteers in supine position on a 

stretcher, without the use of topical or injectable anesthetics. The application 

was performed throughout the striae region making an overlapping stride, reach- 

ing the epidermal layer of the skin, with the applicator positioned vertically. 

Four applications were performed in each volunteer. The parameters used in 

the Fractional Radiofrequency equipment were the same for both groups: energy 

pulse of 35 mJ per dot): 35 mJ. 

After the treatment, was done again the photographic record. The volunteers 

answered a questionnaire reporting the occurrence of possible adverse and/or 

deleterious effects occurring during and after treatment and about their satisfac- 

tion with the results through a satisfaction questionnaire, which is the aesthetic 

and global improvement scale (Global Aesthetic Improvement Scale (GAIS), by 

Narins [7] and adapted satisfaction questionnaire from Segot-Chicq et al. (2007) 

[8]. A questionnaire was applied to verify the inflammatory response (with the 

variables hyperemia, pain, edema, crust formation, presence of blemishes) and 

was applied after each intervention to analyze the evolution of these responses. 

After the completion of the 4 sessions, 15 days after the last, a total of four 

volunteers were submitted to a surgical procedure called punch, which consists 

of collecting a small fragment for histological analysis. 

The material removed was stored in a 10% neutral buffered formalin solution 

for 24 h at room temperature. Then the samples were processed by routine his- 

totechnical procedures for hematoxylin and eosin (HE), Masson’s trichrome (MT) 

and Picrosirius red staining. 

For histomorphometric analyzes, photomicrographs of various microscopic 

fields were obtained at different magnification levels (40, 100 or 400). Digital im- 

ages were obtained with binocular light microscope (Olympus CX31, Hamburg, 

Germany) with a camera attached and the images were analyzed with Image J 

software (NIH, Bethesda, MD, USA). Inflammatory cells (neutrophils, lympho- 

cytes) quantified in 10 fields, considering the absolute number of cells per 400 

magnification fields. 

The total collagen area was evaluated by aniline blue staining on the MT slides, 

while the content was evaluated by PR staining (considering red-orange fibers 

after light polarization), both automated analyzes using ImageJ software. The 

collagen area or type I collagen index was calculated as follows: ([blue staining 

area in MT sections] or [red-orange staining area in PR sections]/[total field 

area]) 100%). 

Descriptive and inferential statistics of the data were performed using the 

program SPSS 22.0 (Statistical Package for Social Science version 22.0). Data 

normality was observed by the Kolmogorov-Smirnov (KS) test. For comparisons 

of measurements obtained in all evaluations (before, 15 and 30 days), the Bon- 

ferroni post hoc repeated measures ANOVA test was used. A significance level 

of 95% (p < 0.05) was adopted. 
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3. Results 

The treatment was started with 40 volunteers, but due to part of the group, 

only 28 patients completed the interventions. Table 2 shows the anthropometric 

data of the study participants. 

 

Table 2. Analysis of anthropometric characteristics between groups. 
 

Fractional Radiofrequency 
Fractional Radiofrequency 

semi-ablative (n = 14) 
semi-ablative associated 

 
P value 

  drug delivery (n = 14)  

Age (years) 28.5 ± 2.5 25.3 ± 1.8 0.87 

Weight (kg) 65.3 ± 4.5 60.1 ± 3.8 0.64 

BMI (kg/m2) 21.6 ± 1.3 23.9 ± 1.7 0.75 

The test of anova one-way (95% significance level and p value 0.05). 

 

3.1. Clinical Analysis 

Photographic recording of each group was performed in the first application 

and successively 15 and 30 days after the fourth application, depending on the 

group.  

The Figure 2 shows volunteer of the 15-day group, with treatment 

without associ- ation with drug delivery (before and after). Figure 3 shows 

volunteer of the 15-day group, with treatment associated with drug delivery 

(before and after). Figure 4 shows the volunteer of the 30-day group, with 

treatment without drug delivery (before and after). Figure 5 shows the 

volunteer of the 30-day group, with treatment associated with drug delivery 

(before and after). 

 

Figure 2. Volunteer of the 15-day group, with treatment without association with drug 

delivery (before and after). 
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Figure 3. Volunteer of the 15-day group, with treatment associated with drug delivery 

(before and after). 

 

Figure 4. Volunteer of the 30-day group, with treatment without drug delivery (before 

and after). 

Figure 5. Volunteer of the 30-day group, with treatment associated with drug delivery 

(before and after). 
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3.2. Quantitative Analysis of the Histological Material of the 
Punch Fragment 

 
 Histological analysis of the flaps removed from the volunteers in the 

abdominal regions was performed according to HE staining through a 100× 

increase in light microscopy. 

Figure 6 presents the quantitative results of the histological analysis. In the 

inflammation variable, the G2A group (15 days without drug delivery) presented 

a higher inflammatory response (p = 0.001). In the analysis of the amount of fi- 

broblasts, it was observed that the groups of 30 days of application with or 

without drug delivery presented a higher amount (p = 0.002). It was also found 

that in these 30-day groups, there was a greater formation of type I collagen and 

blood vessels. 

 

Figure 6. Analysis histology inflammation, fibroblast, collagen type1, blood vfssels. 

 

3.3. Analysis of Inflammation Questionnaires 

According to Figures 7-9, it can be observed, regarding the inflammation 

as- sessment questionnaires, that in relation to hyperemia, pain and edema, the 

groups G1A and G2A that did not use the RFF associated with the active 

principles pre- sented upper inflammatory response, which remained until the 

fourth evalua- tion. Groups G1B and G2B, which used drug delivery, presented 

responses with lower inflammatory intensity. Regarding the formation of 

crusting and darken- ing of the stria, 100% of the volunteers in both groups  
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observed the formation in the treated region only after the seventh day after the 

procedure. 

Figure 7. Hyperemia  

                                                                            Figure 8. Pain. 

               Figure 9. Analysis of adverse reactions and satisfaction. 
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3.4. Satisfaction Analysis 

At the end of the 4 sessions, the volunteers were asked to complete the 

satisfac- tion and skin reaction questionnaire, which consisted of 12 questions. 

According to the answers to the questionnaire, it can be observed that in re- 

lation to hyperemia (redness) it was found that the group 15 days without cos- 

metic had an incidence of 57.1%, however the group using dermocosmetic 

showed 75% of volunteers with hyperemia report. Regarding the analysis of 30 

days without cosmetic 75% had hyperemia, while the group that used cosmetic 

about 50% had hyperemia. The observed hyperemia remained for approximately 

2 to 3 h after the procedure. 

The sensation of mild shocks was present only in the 15-day application 

groups, in 62.5% in the group without cosmetics 70% in the group that asso- 

ciated with the use of cosmetics. Marks on the skin were shown to be relatively 

temporary after application, and most had marks until the last session, disap- 

pearing after 20 days. 

Regarding pain, it was observed that only the 15-day groups reported pain, pre- 

senting a similar report in the groups with or without cosmetics. According to the 

VAS scale, about 50% had level 5 pain and 25% level 6 pain in both groups. At 

pain level 8 about 50% of the group that performed the association with the 

cosmetic presented pain, while in the group without cosmetic this number re- 

mained at 12.5%. Pain level 10 was reported in 12.5% of volunteers in both. Some 

adverse reactions such as skin blemishes or markings were not observed in the 

group that used the association with active ingredients. 

In the analysis of satisfaction with the clinical results obtained, it can be ob- 

served that the group 15 days presented 12.5% satisfaction in the group 15 days 

without cosmetic, 25% in the group 15 days with cosmetic, while it was verified 

in the group 30 days, 25% of the non-cosmetic group had satisfaction, while 50% 

of the cosmetic group reported clinical improvement. 

Regarding the description of the concept of the treatment performed, in the 

14 days groups the level considered excellent was 25% in participants who did 

not use cosmetics and 28.6% in participants who used cosmetics. In the 30-day 

groups, we can observe similarity of excellent responses in 50% of the volunteers 

with or without the associated cosmetics. In the analysis of the global aesthetic 

improvement scale, in the group 15 days without cosmetics, it was reported that 

14.3% reported it is much better and 57.1% reported it is better. In the 15-day 

group analysis with cosmetic use, 12.5% reported better or much better and 50% 

reported unchanged responses. In groups 30 days, which did not use cosmetic, it 

was observed that 14.3% reported much better and 57.1% reported is better. The 

30 days group that associated the use of cosmetics showed 25% much better and 

50% better. 
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4. Discussion 

The goal of this study was to analyse the effects of semi-ablative RFF 

associated or not with growth factors to improve the clinical and aesthetic 

aspect of stretch marks. Among the observed results, it was found that the use 

of semi-ablative RFF promoted an increase in local inflammation, which 

corroborates with the literature and is in alignment with the expected 

inflammation intensification responses, the increase in local circulation and the 

release of cell growth factors that would activate the fibroblast response, 

favouring tissue reorganization [10] [11]. 

The semi-ablative RFF is suggested to promote a modification in tissues with 

little or no cellular activity, such as the striated zone. The striae atrophic lesions 

could then be reorganized by the presence of physical agents that would favour 

activity in this tissue. However, when semi-ablative RFF was associated with growth 

factors present in topical cosmetics, different responses were observed. In gener- 

al, an increase in fibroblast activation and an increase in collagen production, 

with a lower amount of inflammatory characteristics [12] [13] are expected res- 

ponses in the treatment of alba striae with semi-ablative RFF, favouring the re- 

organization of the connective tissue [13] [14]. 

In this study it was observed that in the histological analysis, the use of growth 

factors favoured healing acceleration, faster reorganization of the connective tissue 

and less inflammatory signs, with responses varying according to the interven- 

tion group. The groups that underwent semi-ablative RFF application within 15 

days had a more intense inflammatory response and the 30-day groups had a 

higher fibroblast activity. It is suggested that within 30 days, the healing process 

is advanced, thus, a larger amount of collagen was probably observed, as well as 

a minimization of the signs of edema, hyperaemia, and characteristic sore of the 

local inflammatory response [4] [14] [15]. 

The association of growth factors in the 15 days period showed a lower inten- 

sity of the inflammatory response when compared to the group that did not re- 

ceive the application of growth factors. The application of semi-ablative frac- 

tional radiofrequency induces a controlled inflammatory response through needl- 

ing and radiofrequency energy, expected in clinical practice and favouring tissue 

reorganization. However, the use of growth factors may modulate the inflam- 

matory response associated with higher fibroblast activity and collagen produc- 

tion, with tissue reorganization, minimizing the inflammatory response [12]. 

During the inflammatory response, trypsin and chymotrypsin (formed by mast 

cell degranulation) or elastase (formed by macrophage) are responsible for the 

destruction of the connective tissue matrix protein, intensifying the lesion in the 

inflammatory region. The inflammatory induction generated by semi-ablative 

RFF stimulates the action of such enzymes. They also increase the presence of in- 

flammatory signals, the association with active ingredients such as Phaseolus 

lunatus, rutin and matrikines, which promote an inhibitory effect on these tryp- 

sin and chymotrypsin, minimizing protein destruction and assisting in tissue re- 

organization [16] [17]. This mechanism would facilitate the promotion of great-  
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er control of the inflammatory response. It is also regarded as an antioxidant re- 

sponse, which stabilizes mast cell activity and participates in a reorganization of 

the damaged extracellular matrix in the process of stria formation [16] [17]. 

The groups with 30 days of intervention showed greater neocollagenization. 

The use of radiofrequency induces collagen production through a fibroblast ac- 

tivation mechanism. The collagen modulation generated by radiofrequency is 

already widely observed in the literature; however, the association of the semi- 

ablative FRP needling mechanisms favours an increase in this response that al 

lows a greater neocollagenization intensity [4] [5] [6]. 

The 30-day group that made the association with cosmetics showed a similar 

response than the use of isolated semi-ablative RFF, however the response of the 

group with cosmetic association was with greater neocollagenization. The pres- 

ence of the active ingredient TGF-β3 is believed to stimulate collagenization, 

mainly by increasing the number of fibroblasts in the connective tissue. This re- 

sult was verified in the histological analyses with increase in the amount of cells, 

as observed in the groups that made the association with growth factors. Al- 

though there was an increase in the number of cells in the group that performed 

the application of semi-ablative RFF alone, the association was more efficient. 

The TGF B3 is responsible for increased mesenchymal cell activity, and it is a 

factor that, when applied to the connective tissue, enhances the increase in fi- 

broblast activity by increasing collagen production [18]. This neocollagenization 

allows a new dermal tissue structure and the remodelling of the region with 

striae, in addition to the formation of new vessels, increased blood flow, meta- 

bolic supply and synthesis of new proteins [19] [20] [21]. 

In the analysis of the responses to the questionnaires about inflammation, ad- 

verse reactions and satisfaction of the volunteers regarding the interventions, dif- 

ferent answers were observed in each of the groups. 

In the analysis of inflammation, regarding hyperaemia, pain and edema, the 

groups that did not use the RFF associated with the active principles showed a 

superior inflammatory response, which remained until the fourth evaluation. 

The groups that used drug delivery presented responses with lower inflammato- 

ry intensity. Regarding the formation of crustation on the stretch marks, 100% of 

the volunteers in both groups observed the formation in the treated region only 

after the seventh day from treatment. This result corroborates with the histolog- 

ical findings described above and with the inflammatory modulation suggested 

by the action of growth factors [6] [19] [22] [23]. 

In the analysis of adverse reactions, the group 15 days with the use of cosmetic 

showed higher hyperaemia (redness), with short lingering and greater shock 

sensation. According to the answers to the questionnaires, it can be observed that 

in relation to hyperaemia (redness) and pain level, that the 15 days group with 

cosmetic presented a faster response to inflammation. This answer may have 

been due to the questionnaires’ subjectivity, but it coincides with the evaluated 

clinical findings [23] [24]. 
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Satisfaction with treatment was observed in all groups, with reduction of striae 

alba; however, the groups with 30 days reported greater satisfaction with treat- 

ment, probably due to the conclusion of the therapeutic intervention cycle. In 

the analysis between the groups with or without the use of cosmetics, the group 

of 15 days with growth factors had a higher intensity of immediate inflammation 

response, but with a shorter effect duration. There is lower inflammation res- 

ponses signalling in the groups using growth factors. In the 30-day analysis, no 

significant differences were observed in the response of the groups that used or 

not active ingredients. 
 

5. Conclusions 

The association of semi-ablative RFF with growth factors showed a reduction in 

inflammatory clinical signs, especially in the first 15 days, in addition to a higher 

collagen production, observed 30 days after application. Clinical results were sa- 

tisfactory in all groups; however, in groups that were associated with growth 

factors, they reported better satisfaction with less intensity of inflammation. 

Among the limitations of the study, the authors highlight the reduction in 

sample size due to volunteer withdrawal, besides the need for more objective 

means to analyze the treatment of striae alba, as well as the application of ques- 

tionnaires and photographs. 
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