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Abstract 
The combination of therapies may be the promising future for the treatment 
of esthetic alterations more efficiently and in less time, in order to obtain an 
excellent result. Our objective was to evaluate the effectiveness of hydrolysed 
collagen associated with radiofrequency and electrostimulation in the treat-
ment of flaccidity in the abdominal and gluteal regions. The sample consisted 
of 6 women, evaluated through evaluation protocols, questionnaires, dyna-
mometry, ultrasound exams, and histological analysis. The volunteers were 
distributed into three subgroups: hydrolysed collagen group (G-1), radiofre-
quency + hydrolysed collagen group (G-2) and radiofrequency + hydrolysed 
collagen + electrostimulation group (G-3). The ultrasound analysis of the 
abdominal muscles showed an increase in muscle thickness in all groups, but 
not significant (p > 0.05). The histological analysis showed an evident in-
crease in type I collagen in groups G-2 and G-3, with proliferating cells (Ki67+). 
The results of dynamometry showed significant values in different times (p < 
0.05). There was a significant result in the infraumbilical perimetry analysis, 
when compared between the groups with 30 days (p = 0.03) and with 60 days 
(p = 0.04). All participants rated the treatment positively. The use of com-
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bined therapies has shown superior results for the treatment of abdominal 
and gluteal flaccidity when compared with its isolated use, being the combi-
nation of therapies important in the treatment of flaccidity.  
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1. Introduction 

Tissue flaccidity is considered to be an unsightly condition of the skin, characte-
rized by fibroblasts decrease, which compromises collagen and elastin protein 
activity and is responsible for support and elasticity. Another form of flaccidity 
presentation is the one seen in muscles, and this is related to the decrease and 
little consistency in muscle tone. However, it is very common for both flaccidity 
types to appear simultaneously, worsening the appearance of the affected areas 
[1] [2] [3].  

Collagen supplementation is among the treatment options. It is used to im-
prove skin elasticity and firmness, justified by the decreased production of col-
lagen in the body with advancing age, leading to a deficiency of this protein. The 
hydrolysed collagen is one of the available forms it is composed of amino acids 
that provide a high level of glycine and proline, two essential amino acids for the 
stability and regeneration of some tissues, with beneficial effects to the organism 
[4] [5]. 

Another therapeutic option is the use of radiofrequency (RF), a non-invasive 
therapy that allows thermal modification in the skin’s connective tissue through 
dermal heating and vasodilation. The thermal action triggers a cascading inflam-
matory process and stimulates neocollagenesis, causing the thickening of the 
dermis. The association of these mechanisms improves the appearance of the skin, 
bringing good results to aesthetic problems [6]. 

Aiming at greater therapeutic efficiency, the association of therapies such as 
the use of electrostimulation, has been studied. Muscle tissue quality and quan-
tity maintenance are among the objectives of this technique, as to resume the 
sensation of muscle tension, to gain or maintain muscle strength and to stimu-
late blood flow in the muscle. However, this technique must be combined with 
active muscle contraction, so that results are really achieved [7] [8]. 

Studies have shown that different combinations of exercises associated with 
electrostimulation were effective in the treatment of flaccidity, in addition to in-
creasing muscle mass [9] [10]. Currently, no studies have been found that use 
the association of this therapy with other resources, such as radiofrequency and 
hydrolysed collagen for the treatment of skin and muscle laxity. Therefore, this 
study aimed at investigating the efficacy of the hydrolysed collagen associated 
with radiofrequency and electrostimulation protocols for the treatment of skin 
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and muscle flaccidity in the abdominal and gluteal region (Firmez Method), es-
tablishing a protocol to be used by professionals in the field, in addition to de-
monstrating clinical and histological results. 

2. Materials and Methods 

This is a randomized clinical trial, duly approved by the Ethics Committee of 
Potiguar University (code: 3,671,537) and carried out in compliance with the 
recommendations of the Consolidated Standards of Reporting Trials—CONSORT 
(Consort Transparent Reporting of Trials, 2010).  

The group allocation sequence was followed according to a list generated by 
the Software Research RandomizerTM (Geoffrey C. Urbaniak and Scott Plous, 
Lancaster, EUA), and the volunteers were allocated according to the sequence in 
which they were evaluated.  

Participants 
Six volunteers with flaccidity in the abdominal and gluteal region and aged 

between 25 and 55 years old were evaluated. They were chosen through a non- 
probabilistic method in the city of Natal/RN, Brazil. The inclusion criteria were: 
women aged between 25 and 55 years old, who presented abdominal and gluteal 
region flaccidity, with stretch marks in the abdominal region, with the ability to 
understand and preserved local sensitivity. 

The exclusion criteria were applied to all participants who presented changes 
in sensitivity, who were pacemakers and automatic internal defibrillator users, in 
addition to the use of metal implants, haemophiliacs, and pregnant women. Par-
ticipants who did not agree with the proposed procedures, presented sensitivity 
disorders during therapy, or did not adapt to the times and procedures. The 
procedures were discontinued in the presence of the aforementioned scenarios. 

The volunteers were randomly divided through a random table into three 
groups: the hydrolysed collagen group (G-1), with two participants with an av-
erage age of 27.5 ± 3.5 years, the hydrolysed collagen group associated with radio 
frequency (G-2), with two participants with an average age of 45.0 ± 14.1 years 
and the hydrolysed collagen group associated with radio frequency and electros-
timulation with active resisted exercises (G-3), with two participants with an av-
erage of 35.0 ± 7.07 years of age. 

Evaluation procedures 
The instruments to collect the data were a physical therapy questionnaire va-

lidated by Meyer cols. (2008) [11], in which the following topics were addressed: 
identification, anamnesis, physical examination, measurements, and tests such 
as weight, height, BMI, skin folding, and circumference measurements. Six ab-
dominal punch surgeries were also performed for optical and microfocal micro-
scopy analysis before and after the proposed treatment. At the end, the volun-
teers answered the questionnaires adapted from the analysis of patient satisfac-
tion, Segot-chicq et al. [12] and the Global Aesthetic Improvement Scale—GAIS 
scale [13]. 
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After the selection, the participants were informed about the procedures they 
would undergo. Those who agreed, signed the Free and Informed Consent Form. 
Then, they underwent an assessment of anthropometric, ultrasound and dyna-
mometry measurements, which were performed in the pre-treatment, 30, and 60 
days after the beginning of the protocol, only the dynamometry was analysed 
before and after 60 days. An ultrasound device (Eco palm Wi-fi, 10 MHZ, Chi-
na), a semi-professional camera (Canon, SX530 HS, Japan), a measuring tape 
(Fibre Glass Tape, China), an adipometer (Sanny, São Paulo, Brazil), and a scale 
(Accumed-Glicomed, Rio de Janeiro, Brazil) were used. 

The equipment used in this study were the NarniahTM radio frequency from 
Medical SanTM (Estrela, Brazil), the Fit 5.0TM electro-stimulation device from 
CompexTM (Carlsbad, EUA), hydrolysed collagen (VerisolTM and PeptiplusTM, 
vitamins and minerals) and creams with active ingredients, Vividine Eutrófi-
coTM, and Vividine TissularTM, from the Bothanica MineralTM brand (São Paulo, 
Brazil). 

The photos were taken with the volunteers in orthostatism with anterior and 
lateral (right and left) and posterior profiles, and the volunteer was asked to 
perform a shoulder flexion at 90˚ during the photo session, using a tripod and a 
neutral coloured background for standardization.  

Subsequently, the volunteers underwent an ultrasound examination per-
formed in the infra and supra-umbilical region, with 4 different analysis areas: 2 
areas located 4 cm above the umbilical scar and 2 areas located 4 cm below it. 
The distance between the analysed areas was approximately 5 cm, with the vo-
lunteer positioned in the supine position. This method allowed the assess to the 
rectus abdominis muscle thickness before the procedures, and 30 and 60 days 
after the proposed treatment. 

Fifteen days before the treatment started, the volunteers underwent a biopsy 
of pelvic abdominal streaks with a plastic surgeon. A fragment was removed 
from each volunteer in the lower abdominal region, with sizes between 5 and 6 
mm. The same technique was performed the end of the study. These samples 
were used for histological analysis of the inflammatory process, quantity and 
type of collagen and elastic fibres, blood vessels, and the presence of cell prolife-
ration. 

Treatment protocol 
The hydrolysed collagen group (G-1) received the hydrolysed collagen powder 

and creams with active ingredients that were used in the abdominal and gluteal 
region daily, for two months. They also performed active resisted exercises for 
the abdomen and glutes (protocol: stretching, 4 exercises for the abdomen, 4 ex-
ercises for the buttocks and relaxation), performed 3 times a week in 24 sessions, 
totalling 60 minutes per session. 

The hydrolysed collagen group associated with radiofrequency (G-2) also re-
ceived treatment with hydrolysed collagen powder and creams with active ingre-
dients with daily use for two months, being associated with radio frequency with 
application once a week in 8 sessions. The application was performed in the 
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prone position for the gluteal region and in the supine position for the abdo-
minal region, and the parameters used were 1200 kHz, 120 w, 40˚C, totalling 50 
minutes per session. This group also performed active resisted exercises for the 
abdomen and glutes, keeping the same protocol, exercising 3 times a week in 24 
sessions, totalling 60 minutes per session. 

For G3, the daily intake of hydrolysed collagen powder was maintained for 
two months along with the use of creams with active ingredients associated with 
radiofrequency, with the same parameters, once a week in 8 sessions. The elec-
trostimulation device, which has a biphasic current, symmetrical, 100% com-
pensated and rectangular, with frequencies between 0 - 150 Hz was also applied. 
The protocols serve the purpose of sculpting the abdomen and tightening the 
buttocks. The active resistance exercise for the abdomen and buttocks, with con-
traction and relaxation time of approximately 10 seconds each, serve the same 
purpose. The same protocol was maintained, with the exercises performed 3 
times a week distributed in 24 sessions, totalling 60 minutes per session. 

Each volunteer answered a satisfaction and adverse reactions questionnaire 
after treatment conclusion. The reassessment was performed 30 and 60 days af-
ter the beginning of the study, with the repetition of all the mentioned tests and 
photos. 

Statistical analysis 
The analyses of statistical data were performed using the Package for the So-

cial Sciences (SPSS) software version 22.0 for Windows (Armonk, EUA). First, 
the Kolmogorov Smirnov (K-S) test was performed to verify data normality. As 
we obtained a sample with normal distribution, we chose to perform the paired 
t-test for intragroup comparison (pre- and post-treatment) and the independent 
t-test for intergroup data comparison (pre- and post-treatment). The qualitative 
data were described based on the pathologist’s reports (descriptive analysis of 
histological images), in addition to the qualitative analysis of the photographic 
images and the quantitative responses to the applied questionnaires. Data collec-
tion and correlation were presented in tables and figures. Throughout the statis-
tical analysis, a significance level of 95% was assigned, with p < 0.05. 

3. Results 

The anthropometric variables measured before (1st), 30 days (2nd), and 60 days 
(3rd) after the beginning of the study are described in Table 1. The data for 
weight, plicometry (right and left), and supra-umbilical perimetry did not present 
significant differences. However, there was a reduction in the G-3 infra umbilical 
perimeter measurement in comparison to the initial (p = 0.03) and 30-day (p = 
0.03) measuring. Furthermore, there was a significant difference with a reduc-
tion in the measurement when compared to groups G1 (initial (p = 0.03) and 30 
days (p = 0.04)).  

Photographic analysis 
The photographs taken prior to the intervention were compared with those 

taken 30 and 60 days after the beginning of the protocol. Figures 1-3 show the  
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Figure 1. Hydrolysed collagen group (G-1): (1) initial; (2) 30 days; (3) 60 days. 
 

 

Figure 2. Hydrolysed collagen group associated with radio frequency (G-2): (1) initial; (2) 
30 days; (3) 60 days. 
 
Table 1. Volunteers’ anthropometric data. 

 
G-1 G-2 G-3 

Average ± DP Average ± DP Average ± DP 

Weight (1ª) 76.5 ± 17.4 77.1 ± 12.0 76.3 ± 0.42 

Weight (2ª) 78.3 ± 19.2 77.1 ± 13.3 76.2 ± 1.13 

Weight (3ª) 80.0 ± 20.4 77.0 ± 14.0 76.3 ± 0.63 

Plicometry D (1ª) 3.73 ± 0.09 4.53 ± 0.18 3.90 ± 0.70 

Plicometry D (2ª) 4.17 ± 0.98 4.25 ± 0.30 3.72 ± 0.35 

Plicometry D (3ª) 3.90 ± 0.80 4.43 ± 0.04 3.50 ± 0.80 

Plicometry E (1ª) 3.57 ± 0.18 4.35 ± 0.16 3.73 ± 0.51 

Plicometry E (2ª) 4.13 ± 1.03 4.18 ± 0.02 3.67 ± 0.32 

Plicometry E (3ª) 3.77 ± 0.98 4.37 ± 0.18 3.47 ± 0.80 

Supra Perimetry (1ª) 93.7 ± 21.5 96.5 ± 4.94 87.0 ± 5.65 

Supra Perimetry (2ª) 94.5 ± 19.0 95.0 ± 2.82 85.0 ± 5.65 

Supra Perimetry (3ª) 92.0 ± 19.7 96.5 ± 10.6 84.5 ± 6.36 

Infra Perimetry (1ª) 104.0 ± 16.9 105.5 ± 4.94 95.0 ± 1.41 

Infra Perimetry (2ª) 105.5 ± 16.2 104.7 ± 3.88 94.0 ± 1.41 

Infra Perimetry (3ª) 104.0 ± 18.3 104.5 ± 4.94 94.2 ± 2.47 
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Figure 3. Hydrolysed collagen group associated with radio frequency and electrostimula-
tion with active resisted exercise (G-3): (1) initial; (2) 30 days; (3) 60 days. 
 
physical changes of the volunteers in each group. It is possible to observe an im-
provement in the musculature of the group that used hydrolysed collagen asso-
ciated with radiofrequency and electrostimulation with active resisted exercise 
(G-3).  

Ultrasound Data 
The thickness of the rectus abdominis musculature was verified via ultrasound 

pre- and post-treatment at 30 and 60 days. Within G1, when compared to the 
initial assessment and after 60 days, showed an average increase of 0.23 cm for 
the upper right abdomen, and 0.18 cm for the left side. The lower abdomen re-
gion of the same group showed an increase of 0.23 cm for the direct side, and 
0.14 cm for the left side. 

Within G2, when compared to the initial assessment and after 60 days, the 
upper right abdomen showed an average increase of 0.17 cm, and 0.07 cm for 
the left side. The lower abdomen region of the same group showed an increase of 
0.16 cm for the direct side and 0.23 cm for the left side. 

Within G3, when compared to the initial assessment and after 60 days, an av-
erage increase of 0.24 cm was identified for the right upper abdomen, and 
0.33-cm increase for the left side. The lower abdomen region of the same group 
showed an increase of 0.28 cm for the direct side and 0.26 cm for the left side. 
Thus, it is possible to show that there was a greater increase in muscle thickness 
in the group that used electrostimulation. 

Despite the increase in abdominal musculature in all groups assessed by ul-
trasound, the statistical results did not show significant along the assessment pe-
riods within the groups (p > 0.05) (Figure 4 and Figure 5). 

Strength assessment through dynamometry 
The strength gain evaluations of the abdominal and gluteal muscles were veri-

fied using a dynamometer device before and 60 days after treatment and the 
values were recorded in Table 2. The strength assessment statistical results showed 
significant values in the intra-group analysis for abdominal muscles (p < 0.05). 
In the same analysis, the right and left side gluteal musculature also showed sig-
nificant values in all groups (p < 0.05). 
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Figure 4. Analysis of upper and lower left ultrasound results for all groups at different 
times. 
 

 

Figure 5. Analysis of upper and lower right ultrasound results for all groups at different 
times. 
 
Table 2. Data of strength assessment with the dynamometer. 

 
G-1 G-2 G-3 

Average ± DP Average ± DP Average ± DP 

Abdominal (1st) 72.1 ± 2.96 29.4 ± 2.40 31.4 ± 28.5 

Abdominal (2nd) 81.5 ± 31.3 44.0 ± 4.54 44.7 ± 6.60 

 p = 0.04 p = 0.01 p = 0.02 

Gluteus D (1st) 113.0 ± 59.1 30.9 ± 0.49 26.4 ± 1.84 

Gluteus D (2nd) 130.2 ± 50.5 133.8 ± 50.5 41.8 ± 0.51 

 p = 0.03 p = 0.04 p = 0.03 

Gluteus E (1st) 114.0 ± 13.2 29.8 ± 0.71 25.1 ± 2.97 

Gluteus E (2nd) 140.7 ± 6.48 120.9 ± 52.6 51.8 ± 4.54 

 p = 0.04 p = 0.001 p = 0.03 

 
In both evaluations between groups, the abdominal musculature showed sig-

nificant results in the initial (p = 0.01) and final (0.01) moments. The same oc-
curred with the gluteal muscles evaluation, with the initial right side (p = 0.001) 
and final (p = 0.001), and the left initial (p = 0.02) and final (0.04). 

Microscopic analysis 
Two tissue samples were taken before and at the end of the protocol. Histo-

logical analysis made it possible to observe the presence of collagen and fibrob-
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lasts and their quantification. The evaluation of the dermis of G1 volunteers ob-
served in Figure 6(a) showed a normal amount of fibroblasts, and sparse and 
irregular collagen fibres. In contrast, within the volunteers from G2 and G3, reg-
ular dermis with thick fibres, a moderate amount of blood vessels, and inflam-
matory cells were identified, as shown in Figure 6(b) and Figure 6(c). 

The amount of analysed fibroblasts and inflammatory cells showed significant 
differences (p < 0.05) when the group that used only collagen with exercises was 
compared to groups G2 and G3. When the differences between groups G-2 and 
G-3 were verified, these were not significant. In addition, the group that used 
electrostimulation showed a smaller amount of both cells. As of blood vessel 
quantification, similar data were found. G-2 and G-3 showed significant differ-
ences when compared to the control group; however, when compared to each 
other, they did not present significant values (p > 0.05). It is worth mentioning 
that the group that used electrostimulation showed a greater amount of blood 
vessels in the analyses (Figure 7). 

Microfocal histological analysis showed results regarding the type of collagen 
fibre and its quantification. Group G1 showed a predominance of type III colla-
gen (green) (Figure 8), with 61% of type I collagen being quantified, while type 
III collagen presented 39% (Figure 2(a)). For G2, an evident increase in type I 
collagen (orange) in relation to type III collagen (green) was identified, with 90% 
of the fibres corresponding to type I collagen, and only 10% to type III collagen 
(Figure 2(b)). G3 also showed an evident increase in type I collagen (orange) in 
relation to type III collagen (green), differing in the quantification, as 82% of the  
 

 

Figure 6. Histological analysis of the presence of collagen and fibroblasts and their quan-
tification; (a) G1 blade; (b) G2 blade, and (c) G3 blade. 

 

 

Figure 7. Comparison of fibroblasts, veins and inflammatory cells amounts found in each 
group. 
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Figure 8. Microfocal histology for the type of collagen fibre and their quantification; (a) 
G1; (b) G2 and, (c) G3. 
 
fibres corresponded to type I collagen, while 18% were correspondent to type III 
collagen (Figure 2(c)). 

Immunohistochemical analysis 
The Ki67 marker (cell proliferation marker) was identified, with G1 showing 

little cellular activity; G2 with the largest number of cells (fibroblasts, inflamma-
tory and endothelial cells) in proliferation (Ki67+); G-3 with moderate amount 
of proliferating cells (fibroblasts, inflammatory, and endothelial cells) (Ki67+). 
In the statistical analysis, significant values were found when comparing G2 and 
G3 to the control group (p < 0.05), and similarly, when comparing the groups 
that received the intervention with radiofrequency and electrostimulation (p < 
0.05) (Figure 9).  

The adverse reactions presented during the research were pain (50% of G2), 
erythema (50% of G3), hyperaemia (50% of G2 and 50% of G3), in which one 
voluntary from G2 reported this reaction disappeared shortly after application, 
whereas the volunteer from G3 reported hyperaemia that lingered for approx-
imately 1 hour. The topic “shocks during applications” was reported by only one 
volunteer from G3. For the item “marks on the skin”, the G3 volunteer (50%) 
reported they disappeared shortly after application. The topic “improved fluid 
retention” obtained 100% positive responses from all groups. There were no 
reports of paraesthesia, hypersensitivity, edema, bruising, burning, fat growth 
during applications, and none of the volunteers sought medical assistance (Figure 
10).  

When asked about the perception of looser clothing, 100% of G1 and G2 re-
ported the perception after the second week, 50% of G3 did not notice any 
change, and 50% noticed it from the second week. Regarding the skin texture, 
100% of G1 and G2 noticed “much firmer skin”, while 50% of G3 perceived 
“firmer skin” and 50% “much firmer skin”. 
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Satisfaction with the results obtained with the protocol was 100% in all groups, 
and the treatment evaluation varied in group G1 between “excellent treatment” 
(50%) and “very good treatment” (50%), in G2 in “excellent treatment” (100%) 
and in G3, the evaluation was between “excellent treatment” (50%) and “very 
good treatment” (50%) (Figure 11). 
 

 

Figure 9. Histological analysis for Ki67 marker identification; (a) G1; (b) G2 and (c) G3. 
 

 

Figure 10. Data from the questionnaires (%). 
 

 

Figure 11. Comparison of treatment assessment results of the in each group. 
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Analysis of the questionnaires 
The global aesthetic improvement scale analysis showed that 50% of 1 re-

ported being “much better” compared to the pre-treatment stage, while the other 
50% reported “better”. For G2, 50% reported being “much better” and 50% 
“much better”, and G3 reported being “better” (50%) and “much better” (50%). 

4. Discussion 

The effectiveness of flaccidity treatments, whether related to tissue or muscle, are 
being frequently studied and different proposals for interventions have been 
presented. However, nowadays, there is the need to combine therapy protocols 
in order to obtain more efficient results for the treatment of aesthetic conditions 
[14].  

Anthropometric measurements did not show significant body weight, plico-
metry and perimetry in the supra-umbilical region variations in any of the groups. 
These findings corroborate in part with the study by Porcariet et al. (2002) [15] 
who, when assessing the electrical stimulation response in 27 healthy individu-
als, did not find significant values for skinfold measurements, body weight, or 
body fat percentage after an 8-week training protocol. 

Only G3’s values of infra-umbilical perimetry showed a significant reduction 
in the intra-group analysis and when compared with the ones from G1, which 
may be related to the use of electrostimulation; however, no study showing this 
association was found in the currently available literature. 

The ultrasound data showed that there was a progressive increase in the 
thickness of the abdominal muscles in all groups studied, however, without sig-
nificant values. Despite this, the strength assessment showed significant values in 
the intra-group analysis for the abdominal and gluteal muscles (p < 0.05) and 
equally in the assessment between the groups (p < 0.05). Obtaining these results 
demonstrates that there is some improvement in the musculature regarding 
thickness and strength in individuals who performed the active exercises. How-
ever, no great differences were found within the group that used the associated 
electrostimulation, even though this was responsible for triggering visible muscle 
contractions due to the activation of intramuscular nerve branches [16]. 

According to Gondinet et al. (2005) [17], the use of electrostimulation pro-
motes significant changes in muscle mass and architecture after 4 to 8 weeks of 
the training program. In their study involving 20 individuals who received 32 
Neuromuscular Electrical Stimulation (NMES) sessions with isometric exercises 
for 8 weeks, it was observed that neural adaptations are responsible for the larg-
est proportion of initial strength increase, while muscle adaptations participate 
in the additional increase in strength. 

Nevertheless, the study by Avila, Brasileiro and Salvini (2008) [18], when ana-
lysing the effects of electrostimulation associated with an isokinetic training 
programme for 4 weeks, demonstrated that the association between electrosti-
mulation and exercise did not improve the strength gains and neuromuscular 
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deprivations of the voluntary strength training itself. Thus, it is possible to notice 
that the literature is still quite controversial as to the results provided by elec-
trostimulation. 

The histological analysis identified a regular dermis with thick fibres, and a 
moderate amount of blood vessels and inflammatory cells in both groups that 
received radiofrequency. This is due to thermal injury that triggers a cascade of 
inflammatory events, including fibroblast proliferation and positive regulation of 
collagen expression. It has been reported that after a few weeks of this therapy, 
there is an increase in collagen deposition that takes a horizontal orientation pa-
rallel to the plane of the epidermis and in some cases dermal thickening is re-
ported [19]. 

It is important to mention that in the analysed sample, the group that used ra-
diofrequency and electro-stimulation associated with exercise had a lower 
amount of fibroblasts and inflammatory cells when compared to the group that 
underwent radiofrequency sessions and exercises only, leading to the hypothesis 
that the use of electrostimulation may have presented itself as an inhibiting fac-
tor. However, no study that could correlate this finding was found in the current 
literature. Due to the small sample, data analysis must be performed with cau-
tion. 

For the group that received electrostimulation, greater amounts of blood ves-
sels were found in the histological analysis when compared to the other groups, 
so, in addition to the radiofrequency, the use of the electrostimulation device 
may have induced the greater appearance of blood vessels in this group, as it is 
acknowledged that its use can increase the blood flow of the stimulated region. 
The study by Miller, Gruben, and Morgan (2000) [20] demonstrated that con-
tractions performed with electrostimulation produced vasodilation in the muscle 
and skin, maintained above baseline levels for 15 seconds after the exercise, 
which is a longer time when compared to voluntary contraction. Thus, the re-
gion that used electrical stimulation remained with increased blood flow for a 
longer time. 

The dermal extracellular matrix provides strength and resistance to the skin, 
and it is formed mainly by type I collagen; however, the advancing age leads to a 
decrease in the synthesis of this type of collagen and evidences type-III collagen, 
reducing the mechanical and binding forces of the skin. In addition, some 
changes in the morphological and biomechanical properties lead to the appear-
ance of flaccidity [21] [22]. For the microfocal histological analysis, G2 and G3 
presented higher values of type-I collagen in relation to G1, which also showed 
an increase in this type of collagen; however, less significantly, this can be justi-
fied due to the intake of collagen by all groups. 

The study by Schwartz and Park (2012) [23] observed the effect of a dietary 
supplement that contained hydrolysed type-II collagen, low molecular weight- 
hyaluronic acid and chondroitin sulphate in 26 women with facial aging. The 
results showed that the intake increased the collagen content in the dermis, be-
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ing significant until the sixth evaluated week, but not up to the 12th week. Thus, 
supplementation modifies the metabolic balance between type I and/or type 
III-collagen biosynthesis by dermal fibroblasts and their degradation by matrix 
metalloproteinases, concluding that the ingestion of hydrolysed collagen affects 
the physiological processes associated with aging. 

The radiofrequency has been a commonly used treatment when it is intended 
to improve tissue flaccidity, as it acts by inducing a thermal damage that stimu-
lates changes in the formation of collagen and in the production of neocolagene-
sis. The presence of type-I collagen on the treated side indicates an improvement 
in skin firmness and elasticity, which is confirmed in the study by Zelickson et 
al. (2004) [24], who, through histological analysis, demonstrated changes in the 
areas of collagen fibres, with an increase in the diameter and amount of type-I 
collagen after 8 weeks of treatment with radiofrequency. Yokoyama et al. (2014) 
[25] evaluated skin samples from five volunteers, collected before treatment and 
1 and 3 months after treatment using monopolar radio frequency. The results 
obtained indicate that collagen types I and III increased three-dimensionally and 
uniformly. 

In the study by Meyer et al. (2017) [26], when analysing the effects of radio-
frequency associated or not with hydrolysed collagen in the skin tissue in 20 
Wistar rats, it was observed that type-I collagen in the groups that used only hy-
drolysed collagen, or only radiofrequency, or the association between these two 
therapies, was significantly higher than in the control group. The sample that 
received the association of the procedures presented higher amounts of type-I 
collagen. In addition, the collagen fibres showed the thickest and regular distri-
bution. It was concluded that the use of radiofrequency, alone or associated with 
hydrolysed collagen, increases and improves neocolagenesis, neoangiogenesis 
and dermis thickness. 

Another analysed marker was the significant increase in the number of fi-
broblasts and inflammatory cells positive for Ki67, with a greater amount being 
found inG2. However, the greater presence in only one of the groups that used 
the radiofrequency was not clear. It is known that in treated skins, the expres-
sion of Ki67 in fibroblast nuclei, connective tissue cells, and inflammatory cells 
indicate a greater proliferation of fibroblasts in the region, making it more resis-
tant and promoting better tissue quality [27]. 

Regarding overall satisfaction with the treatment outcome, all volunteers in-
dicated it was positive, as well as the concepts most cited by them are “excellent 
treatment” and “very good treatment”. In the overall aesthetic improvement, all 
volunteers reported being better after treatment. There were reports of adverse 
reactions for treatment between G2 and G3, with pain, erythema, hyperaemia, 
shock during sessions and skin marks being the most frequent. The positive 
points highlighted by the volunteers were the improved fluid retention among 
all groups, the perception of looser clothing and improved skin texture, it was 
reported that the skin was much firmer. Thus, it is evident that the use of com-
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bined therapies is essential in the achievement of better results and good recep-
tivity by patients [14]. 

When analysing the data presented by the group that received the collagen 
and the exercises only (G1), it is possible to notice that, in addition to having 
moderately satisfactory results in the analysed variables, they also obtained posi-
tive results in the evaluated questionnaires, being so, even in the case of a control 
group, there was an influence on their final, whether due to use of the proposed 
therapies, the effects of the expectations towards the treatment, or the care and 
attention given to the participants, which were reported by other authors, re-
gardless of significant results in the variables analyzed [28] [29]. 

5. Conclusion 

The FirmezTM method was effective in improving tissue and muscle flaccidity, 
with positive results in the analysed variables and histological presentation, with 
improved collagen in the studied region. In addition, there was high satisfaction 
of the volunteers. However, it was not possible to determine whether the group 
that used electrostimulation obtained better results than the others. Therefore, it 
is necessary to carry out additional studies that count on larger samples and rep-
licate this methodology, so that the results found in this study can be further ex-
panded. 
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