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Abstract: Reducing abdominal subcutaneous fat is a common concern among women,

with evidence suggesting that combining aerobic exercise with external shock waves or

radiofrequency may enhance fat reduction. This study aimed to assess the effects of

six sessions of external shock wave therapy or radiofrequency combined with an aerobic

exercise program on abdominal subcutaneous fat and lipid mobilization, compared to

the effects of an aerobic exercise program alone. Thirty-one women (aged 18–60) were

randomly assigned to three groups: EG1 (shockwave therapy + aerobic exercise), EG2

(radiofrequency + aerobic exercise), and CG (aerobic exercise only). Body composition

measures, mean temperature, adipose tissue thickness, lipid profile, and glycerol and

interleukin-6 levels were assessed before and after intervention. A significant decrease in

the EG groups compared to the CG was observed in the subcutaneous abdominal thickness

(p < 0.001, effect size of η2p = 0.446) and waist–hip ratio (p ≤ 0.001, effect size of η2p = 0.408).

No significant changes were verified in the levels of lipolytic activity, lipid profile, and

interleukine-6. Six sessions of shockwave or radiofrequency therapy combined with aerobic

exercise reduced subcutaneous fat thickness and improved hip–waist ratio more effectively

than aerobic exercise alone, without affecting lipid mobilization by changes in lipid profile,

lipolytic activity, or interleukin-6 levels.

Keywords: aerobic exercise; shock wave therapy; radiofrequency; subcutaneous adipose

tissue; lipid mobilization

1. Introduction

Obesity and overweight are caused by an imbalance between caloric intake and

energy expenditure, resulting in the expansion of subcutaneous white adipose tissue (SAT)

through the hypertrophy and hyperplasia of the adipocytes, which store energy in the form

of triglycerides (TGs) [1–4].

In obese and non-obese individuals, localized fat increases the risk for cardiometabolic

diseases [5–9]. Its accumulation in the abdomen can also lead to body image dissatisfaction,

low self-esteem, social anxiety, and eating disorders [7,10].

Obesities 2025, 5, 31 https://doi.org/10.3390/obesities5020031
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Aerobic exercise is essential for treating localized fat, promoting fat mass reduction,

improving lipid metabolism, and reducing the risk of cardiometabolic diseases [11,12]. In

addition, non-invasive procedures have been increasingly used, namely external shock

wave therapy (ESWT) and radiofrequency (RF), which are capable of stimulating lipolysis

(hydrolysis of TG into 3 free fatty acids and 1 glycerol), mobilizing localized fat [11–13].

ESWT using pressure waves may induce several biological reactions in the SAT

through mechanotransduction and cavitation [14,15]. On the other hand, RF using high-

frequency electromagnetic energy promotes impedance-dependent heating of tissues, re-

sulting in changes on SAT [16,17]. Depending on the treatment protocols applied with these

technologies and the morphophysiological characteristics of the tissues, some effects can be

verified, ranging from increased cellular metabolism leading to adipocyte hypotrophy, to

irreversible cellular damage inducing an elimination of adipocytes and their lipid content

by phagocytosis [12,14,17].

Thus, a combined approach of aerobic exercise with ESWT or RF aims to make the

intervention safer because the fatty acids resulting from lipolysis are used as an energy

source for muscle activity, preventing the TG storage and their conversion into low-density

lipoproteins by the liver [18,19].

Very few studies have verified the isolated effect of ESWT on localized fat in the

abdominal region, and none have verified its effects associated with aerobic exercise on

lipolytic activity and interleukin-6 (IL-6) behavior. The existence of a study that evaluates

the behavior of IL-6 in an application protocol of RF associated with aerobic exercise is

also unknown.

Thus, the main objective of this study is to analyze the effect of six sessions of ESWT

or RF on the abdominal SAT associated with aerobic exercise in lipid mobilization through

changes in lipolytic activity, lipid profile, and interleukin-6, compared to the effects of an

aerobic exercise program alone.

2. Materials and Methods

2.1. Study Design

This study was classified as a randomized controlled clinical trial, according to the

CONSORT criteria [20], with blinded investigators, with three groups of 14 women each–

Experimental group 1 (EG1): shockwave therapy + aerobic exercise; Experimental group

2 (EG2): radiofrequency + aerobic exercise; and control group (CG): aerobic exercise

only—with an allocation ratio of 1:1:1.

The study was approved by the Ethics Committee of the School of Health Polytechnic

of Porto (registration number E0088/2019). The participants were duly informed and

clarified about the research project (rationale, procedures, and associated risks). In cases

where there was no objection from the participants, they signed an informed consent form

according to the Declaration of Helsinki. Anonymity and confidentiality of the participants

were ensured at all stages of the study. This study has been registered on ClinicalTrial.gov

with the protocol ID AN-009.

2.2. Sample and Eligibiliy Criteria

The target population were female patients of the Clinic Dr. Ana Sousa and Health

School of the Polytechnic Institute of Porto teachers, aged between 18 and 60 years, who

volunteered to participate in the study. Invitations to participate were sent by email,

including the link to access the questionnaire for sample characterization and selection.

Individuals who met the eligibility criteria were invited to participate in this study.

Participants were considered eligible if they met the following criteria: individuals

with a body mass index (BMI) between 18.5 kg/m2 (normal) and 29.9 kg/m2 (overweight)
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with complaints of localized abdominal fat. Participants were excluded if they were

smokers, alcoholics, athletes, individuals with orthopedic dysfunction (that prevented

exercise), dietary restrictions or dieting for weight loss in the past 3 months or at the

beginning of the study, changed hormonal treatment in the past 6 months, pregnant or in

the postpartum period of less than one year, breastfeeding, or intending to become pregnant

during the study period, individuals with metabolic, hematologic, renal, dermatologic (in

the area under study), cardiovascular, respiratory, digestive, rheumatologic, and oncologic

diseases, individuals with sensitivity disorders, or taking medications (anticoagulants,

corticosteroids up to 6 weeks before, non-steroidal anti-inflammatory drugs, antihistamines,

diuretics, supplements or drugs) with effects on cardiovascular and thermoregulatory

functions up to 2 months before.

Each participant was assigned a numerical code to randomize each group. The dis-

tribution of participants was stratified according to their score on the International Phys-

ical Activity Questionnaire (IPAQ) scale and their age. Thus, participants were homoge-

neously and randomly assigned to groups. The evaluators were blind to the allocation

of participants.

2.3. Instruments and Variables

2.3.1. Questionnaires

The sociodemographic questionnaire was sent by e-mail and completed before the first

assessment (M0) to verify eligibility for the study and to collect sociodemographic data.

The short version of the IPAQ was used to determine the physical activity level of the

participants. It has been validated for the Portuguese population with a concurrent validity

of 0.49, reliability with σ of Spearman of 0.77, and a coefficient of reproducibility of 0.83.

IPAQ allowed the calculation of MET-minutes/week according to the guidelines [21].

The Food Frequency Questionnaire (FFQ) was used to assess the characteristics of

the participants’ food intake in the last 12 months. This questionnaire allowed us to

identify consumption patterns and is validated for the Portuguese population with average

values of correlations with food records of daily rates of 0.54. The reproducibility of the

questionnaire has a mean correlation value of 0.57 for the 22 nutrients [22].

The IPAQ and the FFQ were completed on a computer provided by the researchers

at M0.

2.3.2. Anthropometric Measurements and Body Composition

Height, waist, and hip circumference were measured to calculate the waist-to-hip ratio

using an inelastic and flexible tape measure (COMED SAS, Strasbourg, France).

Body mass, total muscle mass, percentage of total fat mass, percentage of trunk fat

mass, visceral fat, and BMI were determined using the Tanita model BC-545 Inner Scan

TM (Tanita Corporation, Amsterdam, The Netherlands) scale with a maximum capacity of

150 kg and an accuracy of 0.1 kg per kg. The correlation coefficient with dual-energy X-ray

absorptiometry (DEXA) varied between 0.88 and 0.89 [23].

To measure the thickness of SAT, the Canon Aplio i800 model echograph (Canon

Medical Systems Corporation, Otawara, Tochigi, Japan) with a PLI-2004BX model matrix

linear probe (multi-frequency up to 24 MHz) was used. Measurements were taken at

the mid-abdomen. Each subject assumed the dorsal decubitus position with knees bent.

Measurements were taken 2 cm from the umbilicus, on the right side, with the probe placed

perpendicular to the skin surface and oriented parallel to the linea alba. The thickness of

SAT was determined by direct measurements through the echograph measurement option

in the frozen images, using the skin and muscle as landmarks for the localization of SAT at
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the end of the expiratory phase in apnea (Figure 1). Two measurements were taken, and

their average was used.

 

Figure 1. Subcutaneous adipose tissue (SAT) thickness measured directly using ultrasound imaging.

2.3.3. Clinical Analyses

For glycerol, interleukin-6, and lipid profile analysis, venous blood was collected

by a BD Vacutainer® vacuum system using BD Vacutainer® SST® II Advance® tubes

(Becton, Dickinson and Company, Franklin Lakes, NJ, USA) by a professional licensed in

Clinical Analyses and Public Health. Sigma® 3K15 Centrifuge (Sigma-Aldrich Corporation,

St Louis, MO, USA) was used to centrifuge the samples, and Prestige 24i autoanalyzer (PZ

Cormay S.A., Motycz, Poland) was used to determine the lipid profile values.
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To determine the values of glycerol and interleukin-6, Randox reagents were used

(Randox Laboratories, Crumlin, UK). Prestige 24i reagents were used to calculate the values

of the lipid profile.

2.3.4. Shockwave Protocol

To perform ESWT, the BTL-6000 X-Wave Optimal device (BTL Industries Ltd.,

Hertfordshire, UK) with a 20 mm multifocal transmitter was used. The following pa-

rameters were selected: 2.6 to 3.6 bar pressure, 15 Hz frequency, and 3000 pulses per

10 × 15 cm area. Participants remained in the supine position, and ultrasound gel was used

as the contact medium. ESWT was applied to the abdominal area (defined by the square

junction of the anterosuperior iliac spine and the last rib, bilaterally). Pain and paresthesia

were defined as stop criteria.

2.3.5. Radiofrequency Protocol

For the RF protocol the BTL-6000 TR-Therapy Elite device (BTL Industries Ltd.,

Hertfordshire, UK) was used. The capacitive mode was selected and applied through

a 70 mm electrode. The following parameters were chosen: frequency of 500 kHz and the

power percentage was adjusted according to the temperature obtained [16,24].

The temperature was monitored through the combination Schliephak Scale (qualita-

tive monitoring of the participant’s perception of temperature) and the FLIR E6 (Boston)

thermograph, which has a frequency of 9 Hz and a margin of error of less than 0.06 ◦C.

The application time was defined as 1.5 min per area of the applicator’s head, seeking

to reach and maintain an epidermal temperature of 40 to 42 ◦C [16,24].

The RF application was performed in the same area as described in the ESWT protocol,

and a water-based cream was used as the contact medium.

2.3.6. Aerobic Exercise Protocol

Aerobic exercise was performed on a Monark lower-extremity cycloergometer and

monitored with a heart rate monitor (Polar FT7 heart rate monitor with an accuracy of

+/− 1 beat per minute (bpm)) and the Borg Perceived Exertion Scale [25].

2.4. Data Collection

All data collection procedures were performed in the same room and under the same

conditions at both evaluation times. M0 was performed before the intervention cycle,

and M1, the last evaluation, was performed 48 to 72 h after the last intervention. At both

assessments, height, waist and hip circumference, body composition (body mass, total

muscle mass, percentage of total fat mass, percentage of trunk fat mass, visceral fat, and

BMI), SAT thickness, and blood samples were obtained.

The intervention consisted of a total of six sessions. Two weekly sessions were per-

formed, completing a 3-week intervention cycle with a minimum interval of 48 h. In each

session, participants assigned to EG1 underwent the ESWT protocol at the level of the

abdominal region, followed by aerobic exercise. EG2 performed the aerobic exercise after

the RF protocol. CG performed only the aerobic exercise.

For aerobic exercise performance, for each participant, the theoretical maximum heart

rate (HRmax) was determined based on the Tanaka equation [26]:

HRmax = 208 − (0.7 × age). (1)
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Based on these values, and using the Karvonen equation, the target heart rate (THR)

was calculated [27]:

THR= HRrest + (% intensity × HRreserve), (2)

where HRrest is the heart at rest for each participant and HRreserve is the heart rate reserve.

The HRrest was obtained after 5–10 min of rest in the sitting position using a heart rate

monitor. HRreserve was calculated as follows:

HRreserve = HRmax − Hrrest. (3)

Each aerobic exercise session lasted 40 min, with a 5 min warm-up, 30 min during

which each participant was asked to maintain a heart rate in the THR range (45 to 55%) [27],

and the last 5 min during which speed was progressively reduced.

2.5. Sample Size Calculation and Data Analysis

The G-Power 3.0.10 (Universität Düsseldorf) software was used to calculate the num-

ber of participants required in each group, for a power of 95% and α = 0.05. This calculation

was based on the most similar article, in which anthropometric and body composition

measurements and SAT thickness were also assessed by ultrasound [24]. A minimum of

10 participants in each group was necessary, based on the values of the referred study.

Statistical Package for Social Sciences (IBM SPSS®) software version 27.0 (IBM Corpo-

ration, Armonk, New York, NY, USA) was used for statistical analysis and interpretation of

the data at a 5% significance level (p < 0.05).

To assess the normality of the variables, the Shapiro–Wilk test was used. Descriptive

statistics were performed using measures of central tendency (mean and median) and

dispersion (SD and percentiles 25–75). To compare the results among groups, ANOVA test

was performed, followed by Tukey’s post hoc test, to determine the existence of significant

differences among the groups. To analyze the results between moments, the t-test for

2 paired samples was used.

The effect size was measured using the partial eta squared (η2p), where 0.01 was

determined as small, 0.06 as medium, and 0.14 as large [28].

Non-parametric tests, Kruskal–Wallis and Wilcoxon with Bonferroni correction, were

used for the IL-6 variable.

3. Results

Thirty-one participants completed this study, performing the two assessment moments

and completing the six intervention sessions (Figure 2).

No significant differences between the groups were observed for any variables at M0

(p > 0.05). The mean BMI values for all groups were considered normal, and the mean MET

values on the IPAQ were considered moderate (Table 1).

Table 2 shows the results of each group between moments and between groups. The

difference variable (M1–M0) showed significant differences at the level of thickness of the

SAT (p < 0.001) and waist-to-hip ratio (p = 0.001). It was observed that both experimental

groups showed greater differences between moments than the CG, both regarding SAT

thickness (GE1 < GC p = 0.001; GE2 < GC p = 0.001) and waist-to-hip ratio (GE1 < GC

p = 0.002; GE2 < GC p = 0.002). The comparison between the moments observed showed

that both experimental groups significantly reduced the thickness of the SAT (p < 0.001),

as well as the waist-to-hip ratio (p < 0.001). In this last variable, the CG also decreased

significantly (p = 0.004) (Table 2).
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Figure 2. Flow diagram of the study.

Table 1. Characteristics of participants.

EG 1
(n = 10)

EG2
(n = 11)

CG
(n = 10)

Differences Between
Groups, ANOVA

(p Value)

Age, years 36.50 ± 9.3 38.27 ± 10.6 35.40 ± 11.1 0.816
Height, m 1.62 ± 0.65 1.61 ± 0.65 1.63 ± 5.04 0.724

Body mass (kg) 64.11 ± 6.18 61.66 ± 6.53 63.09 ± 10.88 0.786
BMI, kg/m2 24.21 ± 1.81 23.68 ± 2.05 23.67 ± 3.99 0.882

Waist/hip ratio 0.84 ± 0.05 0.84 ± 0.04 0.83 ± 0.04 0.761
Muscle mass, kg 42.94 ± 3.66 42.01 ± 4.69 42.89 ± 4.60 0.858

Fat mass, % 29.28 ± 4.19 27.91 ± 5.11 27.43 ± 7.45 0.756
IPAQ-METs,

minutes/week
1622.10 ± 1520.91 1381.27 ± 858.40 1100.60 ± 741.67 0.569

FFQ
Energy, (kcal/day) 2071.04 ± 789.19 1999.24 ± 580.04 1901.06 ± 469.17 0.831
Proteins, (g/day) 92.80 ± 37.36 108.05 ± 28.79 92.66 ± 21.10 0.403

Carbohydrates, (g/day) 206.37 ± 95.91 215.31 ± 56.02 212.88 ± 62.82 0.960
Total fat, (g/day) 102.0 ± 47.32 80.32 ± 29.09 78.16 ± 23.79 0.249

Saturated fat, (g/day) 23.26 ± 7.34 21.91 ± 7.03 19.56 ± 5.69 0.471
Monounsaturated fat,

(g/day)
48.09 ± 26.48 36.30 ± 15.73 37.47 ± 12.84 0.324

Polyunsaturated fat,
(g/day)

23.27 ± 17.66 15.13 ± 6.04 14.66 ± 4.57 0.157

Cholesterol, (mg/day) 307.91 ± 67.45 361.84 ± 119.47 366.26 ± 153.97 0.480
Sugars, (g/day) 102.62 ± 59.55 89.01 ± 24.49 91.95 ± 34.45 0.740

Data are expressed as mean ± standard deviation. Legend: IPAQ, International Physical Activity Questionnaire;
FFQ, Food Frequency Questionnaire.
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Table 2. Effects of the intervention protocol on anthropometric and body composition measurements, subcutaneous fat thickness, and mean temperature.

EG 1
(n = 10)

EG2
(n = 11)

CG
(n = 10)

Differences Between Groups,
ANOVA
(p Value)

Effect Size
(η2p)

Difference Between
Moments, t Test

(p Value)

Body Mass, kg
M0 64.11 ± 6.18 61.66 ± 6.53 63.09 ± 10.88 0.786 EG1: 1.000
M1 64.11 ± 6.42 61.59 ± 6.67 63.18 ± 10.46 0.768 EG2: 0.718

M1-M0
(95% CI)

0 ± 0.89
(−0.64; 0.63)

−0.07 ± 0.65
(−0.51; 0.36)

0.09 ± 0.92
(−0.57; 0.75)

0.903 0.007 CG: 0.765

Fat mass, %
M0 29.28 ± 4.19 27.91 ± 5.11 27.43 ± 7.45 0.756 EG1: 0.680
M1 29.44 ± 3.78 28.47 ± 4.74 27.45 ± 6.61 0.693 EG2: 0.089

M1-M0
(95% CI)

0.16 ± 1.19
(−0.69; 1.00)

0.56 ± 0.99
(−0.10; 1.23)

0.02 ± 1.05
(−0.73; 0.77)

0.492 0.049 CG: 0.954

Muscle mass, kg
M0 42.94 ± 3.66 42.01 ± 4.69 42.89 ± 4.60 0.858 EG1: 0.702
M1 42.86 ± 3.69 41.9 ± 4.61 43.06 ± 4.76 0.810 EG2: 0.649

M1-M0
(95% CI)

−0.08 ± 0.64
(−0.53; 0.38)

−0.11 ± 0.77
(−0.63; 0.41)

0.17 ± 0.54
(−0.21; 0.55)

0.582 0.001 CG: 0.342

Trunk fat mass, %
M0 24.09 ± 5.20 23.14 ± 5.27 21.7 ± 9.14 0.730 EG1: 0.760
M1 23.87 ± 4.67 22.78 ± 5.84 21.76 ± 7.52 0.745 EG2: 0.653

M1-M0
(95% CI)

−0.22 ± 2.21
(−1.80; 1.36)

−0.35 ± 2.54
(−2.06; 1.35)

0.06 ± 1.83
(−1.25; 1.37)

0.911 0.007 CG: 0.920

Visceral fat index
M0 4.6 ± 2.59 4.27 ± 1.90 3.8 ± 2.10 0.720 EG1: 0.357
M1 4.0 ± 1.56 3.91 ± 1.97 3.7 ± 2.0 0.934 EG2: 0.221

M1-M0
(95% CI)

−0.6 ± 1.96
(−2.0; 0.80)

−0.36 ± 0.92
(−0.98; 0.26)

−0.1 ± 0.32
(−0.33; 0.13)

0.674 0.030 CG: 0.343

BMI, kg/m2

M0 24.21 ± 1.81 23.68 ± 2.05 23.67 ± 3.99 0.882 EG1: 0.769
M1 24.18 ± 1.87 23.65 ± 2.02 23.71 ± 3.81 0.890 EG2: 0.740

M1-M0
(95% CI)

−0.03 ± 0.31
(−0.25; 0.19)

−0.03 ± 0.26
(−0.21; 1.15)

0.04 ± 0.36
(−0.22; 0.29)

0.852 0.011 CG: 0.735
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Table 2. Cont.

EG 1
(n = 10)

EG2
(n = 11)

CG
(n = 10)

Differences Between Groups,
ANOVA
(p Value)

Effect Size
(η2p)

Difference Between
Moments, t Test

(p Value)

SAT thickness, mm
M0 21.93 ± 6.66 17.42 ± 5.36 19.13 ± 10.30 0.410 EG1: <0.001
M1 18.86 ± 7.01 14.29 ± 4.43 18.81 ± 10.07 0.282 EG2: <0.001

M1-M0
(95% CI)

−3.07 ± 1.25
(−3.97; −2.17)

−3.13 ± 1.92
(−4.41; −1.84)

−0.32 ± 1.27
(−1.22; 0.59)

<0.001 a 0.446 CG: 0.449

Waist-to-hip ratio
M0 0.84 ± 0.05 0.84 ± 0.04 0.83 ± 0.04 0.761 EG1: <0.001
M1 0.82 ± 0.05 0.82 ± 0.04 0.82 ± 0.04 0.987 EG2: <0.001

M1-M0
(95% CI)

−0.02 ± 0.01
(−0.02; −0.01)

−0.02 ± 0.01
(−0.03; −0.01)

−0.01 ± 0.01
(−0.01; −0.003)

0.001 b 0.408 CG: 0.004

Mean Temperature, ◦C
M0 28.99 ± 3.19 30.4 ± 1.88 30.23 ± 1.79 0.350 EG1: 0.744
M1 29.33 ± 0.82 30.02 ± 1.56 30.51 ± 1.85 0.218 EG2: 0.536

M1-M0
(95% CI)

0.34 ± 3.19
(−1.94; 2.62)

−0.38 ± 1.98
(−1.71; 0.95)

0.28 ± 2.32
(−0.84; 0.97)

0.768 0.019 CG: 0.712

Data are expressed as mean ± standard deviation. Legend: BMI, Body mass index; SAT, subcutaneous adipose tissue. a EG1 < CG (p = 0.001); EG2 < CG (p = 0.001). b EG1 < CG
(p = 0.002); EG2 < CG (p = 0.002).
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The variables collected by clinical analysis (Tables 3 and 4) did not show a significant

difference between the groups. However, an increase in GE2 was observed for the level of

TG from M0 to M1 (p = 0.038).

Table 3. Effects of the intervention protocol on glycerol and lipid profile.

EG 1
(n = 10)

EG2
(n = 11)

CG
(n = 10)

Differences
Between
Groups,
ANOVA
(p Value)

Effect
Size
(η2p)

Difference
Between

Moments,
t Test

(p Value)

Glycerol, mmol/L
M0 0.06 ± 0.03 0.05 ± 0.02 0.07 ± 0.04 0.255 EG1: 0.169
M1 0.05 ± 0.02 0.04 ± 0.03 0.04 ± 0.01 0.760 EG2: 0.855

M1-M0
(95% CI)

−0.01 ± 0.03
(−0.03; 0.01)

0.00 ± 0.02
(−0.01; 0.01)

−0.03 ± 0.03
(−0.05; −0.002)

0.127 0.142 CG: 0.080

Total cholesterol,
mg/dL

M0 167.89 ± 41.87 149.25 ± 30.57 138.39 ± 28.1 0.176 EG1: 0.657
M1 163.61 ± 26.66 162.55 ± 45.77 150.1 ± 28.67 0.646 EG2: 0.086

M1-M0
(95% CI)

−4.28 ± 27.82
(−25.66; 17.11)

13.31 ± 23.19
(−2.27; 28.98)

11.71 ± 19.12
(−1.97; 25.34)

0.214 0.108 CG: 0.085

Triglycerides,
mg/dL

M0 69.72 ± 31.18 54.74 ± 20.42 47.39 ± 12.80 0.105 EG1: 0.370
M1 75.58 ± 26.60 67.85 ± 34.44 50.72 ± 13.75 0.131 EG2: 0.038

M1-M0
(95% CI)

5.86 ± 18.50
(−8.37; 20.07)

13.11 ± 18.25
(0.85; 25.37)

3.33 ± 5.23
(−0.41; 7.07)

0.328 0.079 CG: 0.075

HDL cholesterol,
mg/dL

M0 52.81 ± 16.71 55.03 ± 9.06 50.11 ± 10.20 0.656 EG1: 0.993
M1 52.79 ± 12.66 58.41 ± 13.27 52.8 ± 11.43 0.504 EG2: 0.288

M1-M0
(95% CI)

−0.02 ± 7.77
(−5.99; 5.94)

3.38 ± 9.99
(−3.33; 10.09)

2.69 ± 9.03
(−3.77; 9.14)

0.689 0.027 CG: 0.371

LDL cholesterol,
mg/dL

M0 101.13 ± 29.27 83.27 ± 25.45 78.80 ± 20.91 0.148 EG1: 0.445
M1 95.71 ± 20.28 90.58 ± 32.53 87.16 ± 22.78 0.777 EG2: 0.078

M1-M0
(95% CI)

−5.43 ± 20.28
(−21.01; 10.16)

7.31 ± 12.34
(−0.98; 15.60)

8.35 ± 12.30
(−0.44; 17.16)

0.108 0.152 CG: 0.060

Data are expressed as mean ± standard deviation. Legend: HDL, high-density lipoprotein; LDL, low-
density lipoprotein.

Table 4. Effects of the intervention protocol on interleukin-6.

EG 1
(n = 10)

EG2
(n = 11)

CG
(n = 10)

Differences
Between Groups,
Kruskal–Wallis

(p Value)

Difference
Between Moments,

Wilcoxon
(p Value)

IL-6, pg/mL

M0
5.25

(3.28; 5.25)
4.57

(3.23; 6.84)
3.67

(1.15; 7.36)
0.714 EG1: 0.250

M1
2.89

(1.92; 2.89)
4.56

(3.53; 5.95)
2.70

(1.45; 7.15)
0.584 EG2: 0.844

M1–M0
−2.36

(−2.62; −2.36)
−0.50

(−3.07; 2.72)
−0.57

(−3.58; 3.46)
0.780 CG: 1.000

Data are expressed as median (percentiles 25–75). Legend: IL-6, interleukin-6.
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No side effects were observed or reported during the interventions.

4. Discussion

In the current clinical practice of healthcare professionals, there are numerous tech-

nologies for body contouring using different types of energies (electromagnetic, mechanical,

thermal, and electric) such as cryolipolysis, HIFU, shockwaves, RF, etc. However, it re-

mains unclear how to set appropriate guidelines for selecting and using them, mainly due

to the wide variety of technologies studied, non-standardized protocol parameters, and

unavailability of the precise cellular-level mechanism of action in SAT, and the pace of their

study does not keep up with the speed of the emergence of new supposedly more effective

equipment. Also, long-term effects are needed to clarify its safety and efficacy in humans.

The main objective of this study was to analyze the effect of six sessions of ESWT or

RF on the abdominal SAT associated with aerobic exercise. SAT thickness was significantly

reduced in the experimental groups treated with ESWT or RF along with aerobic exercise.

This reduction can be explained by the reversible and/or irreversible effects of these tech-

nologies. Reversible effects refer to the hypotrophy of adipocytes by the local stimulation

of lipolysis, which involves the hydrolysis of TG to fatty acids and glycerol, preserving

functions and cellular integrity without causing an inflammatory process. Irreversible

effects involve permanent damage to the adipocytes, a process known as adipocytoly-

sis [3,12,29]. These results are consistent with the findings of Adatto et al. (2011), Nassar

et al. (2015), Ferraro et al. (2012), and Hexsel et al. (2017), who found a significant reduction

in SAT thickness using radial ESWT [5,30–32]. Radial ESWT is generated by accelerating a

projectile within a transducer through a pneumatic or electromagnetic mechanism. This

projectile collides with an applicator, transforming kinetic energy into a pressure wave that

expands radially in the tissues. The energy deposition primarily affects superficial tissue

layers [14,15,33]. These waves exhibit rapid pressure rise, high peak pressure, low tensile

amplitude, and a fast cycle, transferring mechanical energy directly into the tissues and

indirectly through the generation of cavitation bubbles. It seems that mechanotransduction

is the most consensual pathway activating a series of cellular events, such as migration,

proliferation, differentiation, and apoptosis [15,34], in a dose-dependent manner (pressure,

frequency, and number of impulses) and specific to different types of mechanosensitive

cells [15,34,35]. However, the exact mechanism by which ESWT and RF influence localized

fat reduction remains unclear [5,14,32,36]. The literature suggests that reversible effects

include the release of nitric oxide, which improves microcirculation [30–32,37], increases

membrane permeability, and promotes substance exchange and the reorganization of

the extracellular matrix [36,38]. Other effects include reduced oxidative stress [38] and

angiogenesis [30,31,39,40], which collectively favor lipolysis, leading to adipocyte hypotro-

phy [30,32,36,38,41]. Irreversible effects, including apoptosis, occur at higher ESWT energy

levels, causing damage to cellular membranes, endoplasmic reticulum, cytoskeleton, and

intercellular junctions, alongside increased cellular metabolism [5,14,31,37]. An additional

explanation for reduced SAT thickness involves volumetric changes due to neocollagenesis

and neoelastogenesis stimulated by fibroblast activity [14,36,38].

The reduction in SAT thickness observed with RF is consistent with the findings re-

ported in various studies from 2016 to 2020 [41–44]. In this study, the technology used

is called CRET (capacitive-resistive electric transfer), which allows electrical current to

penetrate tissues between an active electrode and a dispersive plate placed away from the

application area [45–47], generating heat in the SAT. By applying these electrodes that trans-

fer high-frequency energy to the body and because adipose tissue has a higher resistance

to electrical flow, it generates an increased temperature on this type of tissue [17,48]. The

increased temperature activates the Autonomic Nervous System, triggering the release of
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catecholamines (adrenaline and noradrenaline), which stimulate lipolysis. Lipolysis refers

to the hydrolysis of lipids into their metabolites: fatty acids and glycerol. This process

occurs within adipocytes and is regulated by the enzymatic activity of hormone-sensitive

lipase (HSL) and lipoprotein lipase. HSL is expressed intracellularly in adipocytes, and

its activation depends on catecholamines, natriuretic peptides, growth hormones, gluco-

corticoids, and tumor necrosis factor-α (TNF-α). As a physiological process governed

by multiple signaling pathways, lipolysis serves as the foundation for non-surgical fat

reduction methods, which are categorized into two types, the Noncytolytic Methods and

the Cytolytic Methods (Adipocytolysis). The Noncytolytic Methods stimulate lipid mobi-

lization in adipocytes without compromising their function or structural integrity. They act

as temporary metabolic enhancers, promoting the breakdown of lipids into fatty acids and

glycerol, which are then released from adipocytes and metabolized by the liver. However,

their effects on adipose tissue and body contouring are short-lived as they rely on natural

physiological pathways. The Cytolytic Methods break down or dissolve lipids by partially

or completely destroying adipocytes, disrupting their plasma membrane [18]. Chemical or

mechanical ablation is used to induce permanent changes in fat cells, leading to long-lasting

reductions in body fat and improvements in body contouring. Vasodilation improves blood

perfusion, enhancing hormone circulation and lipolysis, leading to adipocyte hypotro-

phy [49–51]. These effects appear to be related to hyperthermia around 40–42 ◦C, the

therapeutic temperatures range used in this study [52]. The irreversible effects of RF on

SAT, including apoptosis or necrosis [50,53] appear to be related to higher temperatures

(50–110 ◦C) within short durations [52]. Another mechanism for reduced SAT thickness

involves volumetric changes due to neocollagenesis and neoelastogenesis triggered by

heat [11,46].

In view of these findings, the combination of ESWT or RF with aerobic exercise is

important to enhance the effects of these technologies by promoting lipolysis. On the

other hand, it allows the oxidation of the fatty acids released into the blood circulation,

preventing them from being reconverted into TG and re-stored in the adipose tissue or

ectopically accumulated in the liver, overloading this organ and leading to the production

of LDL cholesterol. Thus, the aerobic exercise adopted in this study was intended to allow

lipid oxidation in a global manner [54]. Because of this intervention, there was a significant

decrease in the difference variable of the waist-to-hip ratio in the experimental groups, with

all groups showing a significant decrease in their values between moments, which agrees

with Vale et al. (2020) [24].

No significant changes in total body mass, fat mass, muscle mass, visceral fat, or BMI

were observed after the intervention. This lack of change may be due to an insufficient

number of aerobic exercise sessions or an insufficient duration of the sessions [54,55].

The study also aimed to assess the effect of ESWT and RF on lipid mobilization in

abdominal SAT by examining variations in lipolytic activity, lipid profiles, and adipocy-

tokine IL-6 levels. Regarding glycerol, no significant differences were observed among

groups after the intervention, consistent with findings by Noites et al. (2020) using RF [56].

ESWT, RF, and exercise appear to be sufficient to activate a global lipolytic cascade [14,41].

However, since the time of assessment of M1 in our study was between 48 and 72 h, this

finding cannot be verified by evaluation of plasma levels.

Similarly, TG levels were not significantly different between groups, consistent with

studies by Ferraro et al. (2012) on ESWT, as well as Levenberg et al. (2010) and Noites

et al. (2020) on RF [31,51,56]. However, in this study, GE2 showed a significant increase

in plasma TG levels between moments. This finding may be explained by the fact that it

was not possible to control dietary and physical activity habits during the study, which

may have conditioned this result. On the other hand, the increase in plasma TG levels
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in EG2 may be explained by the fact that this group had also received RF treatment,

possibly leading to an increase in the availability of circulating fatty acids that could be

converted into TG in the liver and released back into the bloodstream as very low-density

lipoprotein cholesterol [57]. Despite these variations in TG levels observed in all groups

throughout the study, all groups had mean values below 150 mL/dL, which is within the

levels recommended by the European Guidelines on Cardiovascular Disease [58].

Other lipid variables, including total cholesterol, HDL, and LDL, showed no significant

changes, consistent with studies by Levenberg et al. (2010) and Noites et al. (2020) in the

RF application, as well as Ferraro et al. (2012) in the ESWT application [31,51,56].

Similarly, IL-6 levels were not significantly different, although the literature suggests

an association between increased IL-6 secretion and adipocytolytic effects [3]. This result

may indicate the absence of such effects or their localized expression within the first hour

after the intervention.

Finally, regarding the methodology, in future studies, participants should be stratified

based on VF levels so that investigators can use more accurate instruments for visceral fat

measurement, such as dual-energy X-ray absorptiometry (DEXA) and magnetic resonance

imaging (MRI), it would be appropriate to verify the clinical analyses at the end of the

six intervention sessions and to evaluate the long-term effects of the intervention after 3

and 6 months. It is also recommended to include a control group that does not perform

aerobic exercise to understand its isolated effect.

5. Conclusions

In this study, ESWT or RF on the abdominal SAT combined with aerobic exercise had

beneficial effects on reducing SAT thickness and the waist-to-hip ratio compared to the

effects of an aerobic exercise program alone. However, no changes in lipolytic activity, lipid

profile, and IL-6 levels were observed.
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Abbreviations

The following abbreviations are used in this manuscript:

SAT Subcutaneous adipose tissue

TG Triglycerides

ESWT External shock wave therapy

RF Radiofrequency

IL-6 Interleukin-6

BMI Body mass index

IPAQ International physical activity questionnaire

MET Equivalent metabolic

FFQ Food frequency questionnaire

HR Heart rate
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