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ABSTRACT

The main purpose of this study was to compare the effects on
strength and muscle power of a training program based on two
different modalities of whole-body electrostimulation (WB-
EMS) with respect to a resistance-training program aimed at
improving dynamic strength. Twenty-two subjects partici-
pated in this study: Thirteen male (age 25.2 + 2.8 years; height
1.78+£0.1 m; body mass 72.8+ 6.4 kg; body fat 11.6+2.3 %) and
nine female (age 28.2+3.5 years; height 1.63+0.05m; body
mass 56.8+7.6 kg; body fat 19.1+ 4.7 %). Participants were
randomly assigned to three groups that underwent three dif-
ferent 6-week training programs: two modalities of WB-EMS,
based on different electrical parameters (experimental), and
circuit training with overloads (control). Force-velocity curves
were calculated for each participant before and after treat-
ment. All groups improved their level of strength and muscle
power (paired sample t-Test, p<0.01; d>1) with a similar mag-
nitude. No significant differences were observed between
groups (two-way 2 x 3 Anova, p>0.05) at the end of the ex-
perimentation. This study suggests that WB-EMS might be
considered as a valid and faster alternative - or an important
complementary procedure - to a traditional overload-based
resistance-training program for the development of the DS.

Introduction

Background

Electrical muscle stimulation (EMS) consists of local application of
an electric current to elicit a muscle contraction [1]; in sports train-
ing, the most commonly used technique is percutaneous electri-
cal stimulation, where the electrostimulation is applied to the mus-
cular belly [2]. Several studies performed both in the medical and
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sports fields have extensively analyzed the principles and the param-
eters of the EMS [mainly considering the intensity of the electrical
stimulus (Amp), the frequency (Hz), and the width of the impulse]
and the physiological adaptations to the EMS training [3-12,27].
Certainly, fewer studies have taken into account whole-body elec-
tromyostimulation (WB-EMS), a training method associated with
a voluntary pre-contraction both isometric or dynamic [10, 13].
The WB-EMS is a technique that can stimulate various muscle
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groups simultaneously by the means of special suits fitted with mul-
tiple electrodes. As reported in the literature, with this technique
itis clearly possible to obtain improvements in strength and mus-
cular power, body composition [14], physical performance such as
jumping ability and sprinting [15, 16], and in the specific technical
skills of some sports disciplines [17]. However, it remains unclear
whether electrical stimulation and voluntary muscle contraction
can be considered as complementary stimuli of different nature
from the physiological point of view, due to the different recruit-
ment patterns: In electrostimulation, larger motor units might be
recruited before the smaller motor units, exactly the opposite of
what happens in a voluntary contraction, according to Henneman’s
Size Principle. Itis now also demonstrated that the effects of train-
ing with the WB-EMS method consist of positive adaptations that
directly affect the performance of healthy subjects or athletes
[14,17].

Recently, the study by Micke et al. [7] has shown that a WB-EMS
program provides similarimprovements, compared to a tradition-
al training program, in terms of maximal isometric strength (Fmay)
and maximal isoinertial power (P,,,) for the leg muscles, measured
through the leg extension (LE), leg curl (LC), and leg press (LP) ma-
chines, of jumping performances, measured by the means of squat
jump (S]), counter movement jump (CM]), drop jump (D]) and
standing long jump (SL)), of sprinting abilities measured through
linear (30 m) and shuttle sprinting (3 x10m).

Aims

The purpose of this study was to assess the effects of a 6-week train-
ing program on strength and muscle power of upper and lower
limbs, using a WB-EMS training > Fig. 1 with two different inten-
sity protocols [9], compared to a traditional resistance-training pro-
gram with overloads. Strength and muscle power were measured
and assessed in the 3 groups before and after treatment in compa-
rable conditions, through the estimation of the relevant force-ve-
locity curves, so to obtain information on the different possible ad-
aptations of the force expressions, ranging from maximal strength
to explosive power.

The novelty of our study was represented by the assessing proce-
dures that gave us a broader insight from what was currently available
in the scientific literature about the mechanics of muscle contraction.

Materials and Methods

Experimental approach to the problem

Participants were randomly assigned to 3 different groups: one
control group (CT-DS, n=8) and two experimental ones (WB-EMST,
n=6; WB-EMS2, n=8).

Three distinct phases were arranged:

1. Initial testing, carried out in the week prior to the experimental
phase and aimed at measuring the baseline levels of some phys-
ical parameters (anthropometric data, values of strength and
power of the upper and lower limbs in order to define the rele-
vant force-velocity curves); after that, the participants were
randomly assigned to the different training (treatment) groups.

2. Administration of different treatments, consisting of:

a. Circuit Training - Dynamic Strength (CT-DS)

b. Whole Body Electro-stimulation - protocol 1 (WB-EMST1)
¢. Whole Body Electro-stimulation - protocol 2 (WB-EMS2)

In this study we decided to verify the effect of two different stimu-

lus frequencies (i.e. 50 vs. 85Hz - see » Table 1) induced by two

different WB-EMS protocols, as already proposed in other research-
es [8]. According to Paillard et al. [8] WB-EMS protocol 1, based on
afrequency of 50 Hz, is to be included in the most efficient meth-

ods for the development of muscle strength. WB-EMS protocol 2,

based on a frequency of 85 Hz, could instead have strong inhibito-

ry effects on muscle contraction and induce afferent signals includ-
ing a possible nociceptive component.

3. Final testing, designed to measure the changes in the neuro-
muscular status (dependent variables) induced by the different
types of treatment (independent variables) and carried out in
the week after the experimental phase.

Subjects

Twenty-two subjects participated in this study: thirteen male
(n=13; age 25.2+ 2.8 years; height 1.78 +0.1 m; body mass
72.8+6.4kg; body fat 11.6£2.3 %) and nine female (n=9; age
28.2 +3.5 years; height 1.63+0.05m; body mass 56.8 7.6 kg;
body fat 19.1+4.7 %).

The sample consisted of students of Physical Education (n=22)
- Faculty of Medicine and Surgery - University of Rome “Tor Ver-
gata,” who usually performed at least three training sessions per
week, mostly soccer, thus holding a medium-high fitness status.

Written informed consent was obtained from all the participants
after familiarization and explanation of the benefits and risks in-
volved in the procedures of this study. All participants were in-
formed that they were free to withdraw from the study at any time
without penalty. The Institutional Research Board (Ethical Commit-
tee of the School of Sports and Exercise Sciences, University of
Rome “Tor Vergata”, Faculty of Medicine and Surgery) approved
our research protocol and provided clearance for the procedures
before the commencement of this study. All procedures were car-
ried out in accordance with the Declaration of Helsinki (1975, re-
vised in 2013) of the World Medical Association as regards the con-
duct of clinical research. We confirm that we have read and under-
stood the [|SM’s ethical standards document [18] and that this
study meets the ethical standards of the journal.

Before undergoing test procedures, all participants were re-
quired to provide a certificate of medical fitness, excluding pathol-
ogies and contraindications to high-intensity physical activities and
treatments based on electrostimulations.

Procedures

All the experimentation took place at the Human Performance and
Training Laboratory “Carmelo Bosco” - University of Rome “Tor
Vergata”.

In the week prior to the experimentation, assessment testing
with increasing overloads to determine the initial force-velocity
curve for all the participants was administered. To do so, the bar-
bell bench press and squats on the Smith machine were used. The
value of 1-RM has been calculated for each participant applying the
formula suggested by Brzycki [19].
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To draw the velocity-force curve, we considered the four loads
described in > Table 2, obtained as percentages of the previously
calculated 1-RM, both for the upper limbs loads (barbell bench
press) and for the lower limbs (squatting at the Smith Machine), for
both males and females.

After that, the participants were randomly split into the three
groups. Then the research protocol started, including 12 training
sessions carried out over 6 weeks.

The first group (CT-DS) performed circuit training in the gym
aimed at improving dynamic strength (DS), using overloads.

Circuit training comprised the following exercises: barbell bench
press, dumbbell biceps curl, lat pulldown, prone plank (with no
overload), squatting (using the Smith machine), prone leg curl,
standing calf.

Ten repetitions were performed for three sets consecutively for
each exercise with aload equal to 65 % of one repetition maximum
(1-RM). Resting time among series was 1 min and 30s. A fitness
coach personally followed the participants of the CT-DS group, su-
pervising the whole training session.

The second (WB-EMS1) and the third group (WB-EMS2) per-
formed the whole-body electro muscle stimulation (WB-EMS) train-
ing according to the electrical and methodological parameters de-
scribed in > Table 1.

During the WB-EMS treatments, each participant was asked to
perform, exactly at the start of the impulse, the following set of ten
isometric exercises (2 min per exercise), without any machine or
external loads: abdominal cross crunches, ¥ squat and abdominal
crunch, % squat and pectoral exercise, ¥4 squat and arms exten-

> Table 1 Electrical and methodological parameters of the whole body
electrostimulation protocols adopted in this study.

Parameters WB-EMS1 WB-EMS2

Training Session 20min 20min

Duration

Pulse duration 4s 4s

Pause between pulses | 65 4s

Duty cycle (per 24”[36” (pulse to 327/28” (pulse to

minute) rest) rest)

Pulse frequency 50Hz 85Hz

Pulse width 350ms 350ms

Pulse ramp 0.5s 0.1s

Perceived pulse Borg Scale CR-20 Borg Scale CR-20

intensity ranging from 14 to ranging from 14 to
16 (“somewhat hard” | 16 (“somewhat hard”
to “hard”) to “hard”)

> Table 2 Force-velocity curve, initial loading parameters.

Loading Parameters (as % 1-RM)

Load 1 (L1) 15
Load 2 (L2) 35
Load 3 (L3) 65
Load 4 (L4) 85

1-RM =one repetition maximum estimated through Brzycki’s

formula (1993).
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sion, ¥ squat and reverse butterfly, 2 squat and lat exercise, 4
squat and biceps curl, ¥2 squat and triceps push down, ¥4 squat, for-
ward lunges.

In order to obtain the force-velocity curves (> Figs. 2-5) after
the training period, a new testing phase was implemented in the
week following the end of experimentation, in order to evaluate
the physical effects of the different treatments on the muscle
strength and power. To assess the possible increases, considered
at the various loading levels (%), participants were tested with the
same loads used in the initial tests, thus maintaining the same loads
to be accelerated.

Instrumentation

To determine the force-velocity curves, a Gyco accelerometer (Mi-
crogate, Bolzano, Italy, 2015) with a 1000 Hz sampling frequency
was used. As for the training with WB-EMS (XBody, Actiwave, Gyor,
Hungary), subjects wore a special gym suit fitted with multiple elec-
trodes, (provided by Urban Fitness, Milan, Italy - » Fig. 1), which
simultaneously stimulated the following muscle groups: brachial
biceps, brachial tricepses, trapezius, dorsal muscles, pectorals, ab-
ductors, gluteus maximus, femoral quadriceps and femoral biceps.
The gym suit was carefully wetted to allow the best electrical be-
havior of the device and consequently the best performance dur-
ing the training session lasting 20 min. The CT-DS training group
performed physical exercises that solicited the same muscular dis-
tricts through the use of conventional gym equipment such as
dumbbells, barbells and iso-inertial machines.

On experimentation days, the lab setting was arranged in two
dedicated areas to carry out the circuit training with the overloads
and the session of WB-EMS training: The two activities were per-
formed at the same time and with a continuous assistance from
the researchers involved in this study.

> Fig. 1 The gym suit with multiple electrodes used in this study.
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SQUAT - Differences pre-post treatment between WBEMS1 and CT-DS protocols
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> Fig. 2 Squatting test. Force-velocity curves drawn before and after treatment (mean values £ SD; Y axis SD =Force): WB-EMS1 protocol vs. CT-DS
protocol (control) - Note the increased values posttreatment (p<0.05, Cohen’s d>1).

SQUAT - Differences pre-post treatment between WBEMS2 and CT-DS protocols
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» Fig. 3 Squatting test. Force-velocity curves drawn before and after treatment (mean values £ SD; Y axis SD = Force): WB-EM2 protocol vs. CT-DS
protocol (control) - Note the increased values posttreatment (p<0.05, Cohen’s d>1).

Statistical analyses

Data are presented as mean +SD and confidence intervals (95 % Cls)
for the means of the differences of the pre-post testing.

The assumption of normality was assessed using the Shapiro-
Wilk test.

The Intraclass Correlation Coefficients (ICC) for average meas-
ure are provided as indices of relative reliability of the tests.

To test the differences before and after the treatments (within-
effects) the t-Test for paired samples was performed. Effect Size
(ES) indicators as Cohen’s d were provided and they were comput-

ed according to the formula d =t//n [26], where t=paired sample
t-Test value and n=number of observations. Absolute ES of 0.20,
0.50, 0.80,> 1 represent small, medium, large and huge effects,
respectively.

To point out the possible differences among groups (between)
- pre and post the administration of the treatments - a two-way
analysis of variance [2 (pre and post treatment) x 3 (control and the
two experimental conditions)] was used to determine possible
main effects or interactions and, if so, to compare the significant
differences among the three groups. Effect Size (ES) in ANOVA was
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BENCH PRESS - Differences pre-post treatment between WBEMS1 and CT-DS protocols
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> Fig. 4 Bench press test. Force-velocity curves drawn before and after treatment (mean values SD; Y axis SD = Force): WB-EMS1 protocol vs.
CT-DS protocol (control) — Note the increased values post-treatment (p<0.05, Cohen’s d>1).

BENCH PRESS - Differences pre-post treatment between WBEMS2 and CT-DS protocols
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> Fig. 5 Bench press test. Force-velocity curves drawn before and after treatment (mean values £SD; Y axis SD =Force): WB-EM2 protocol vs. CT-DS
protocol (control) - Note the increased values post-treatment (p<0.05, Cohen’s d>1).

computed as partial n?, to assess meaningfulness of differences,
withn2<0.01,0.01<n2<0.06,0.06<n2<0.14and n2>0.14, as triv-
ial, small, moderate and large ES, respectively.

A post hoc power analysis was used to verify whether a sample
size of 22 subjects, assigned in three groups, was sufficient to de-
tect the effect of the interventions on the force and power results,
based on the observed pre- and post-treatment mean values and
SDs. It suggested that the data could be interpreted with a large to
very large effect size (ES) level, ranging from 2.71+1.07,2.96 +

D’Ottavio S et al. Effects of Two WB-EMS ... Int ] Sports Med

1.19,2.49+0.73 and 1.94+0.37 (mean = standard deviation) and
power levels>0.95 when significance was set at an alpha level of
0.05, for squatting tests, force and power values and bench press
tests, force and power values, respectively.

The corresponding P values are provided for each analysis. The
value of statistical significance was accepted with P <0.05. SPSS
20.0 for Windows was used to analyze and process the collected
data.
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Results

As a measure of the relative reliability of measurements obtained
during the testing procedures, the intraclass correlation coefficients
were computed for all the observations collected, before and after
the different treatments (> Tables 3 and 4).

Squatting testing carried out before and after
treatments: Force and Power

Force-velocity curves, drawn before and after the treatments are
provided in > Figs. 2-3.

The descriptive statistics [mean + standard deviation, incremen-
tal percentages of the differences (A), confidence interval for the
differences (95 %)] and the relevant values (t; degrees of freedom,
p-values and Cohen’s d as effect size estimators) of the paired sam-
ple t-tests performed to investigate the within effects of the treat-
ments, both for the force values (N) and the power ones (W) are
provided in > Tables 5 and 6. These results highlighted the large
within-effects obtained by all the different treatments considered
on the participants (p<0.01; d>1) and achieved during the time
of experimentation. These finding are also evidenced by the 2 x 3

> Table 3 Intraclass correlation coefficients in squatting tests (Force and
Power).

Squatting Test ICC (average Cl (95%) p
(Force) measures)

L1 (pre-post) 0.943 -0.037-0.989 <0.001
L2 (pre-post) 0.985 0.255-0.997 <0.001
L3 (pre-post) 0.980 0.369-0.996 <0.001
L4 (pre-post) 0.989 0.698-0.997 <0.001
Squatting Test (Power)

L1 (pre-post) 0.912 -0.048-0.983 <0.001
L2 (pre-post) 0.958 0.152-0.991 <0.001
L3 (pre-post) 0.954 -0.023-0.991 <0.001
L4 (pre-post) 0.971 0.131-0.994 <0.001

ICC=Intraclass correlation coefficient; Cl=confidence interval.
L1=loading 15% 1-RM; L2=loading 35% 1-RM; L3 =loading 65 %
1-RM; L4=loading 85 % 1-RM; (pre-post) = pre treatment — post
treatment).

> Table 4 Intraclass correlation coefficients in barbell bench press tests
(Force and Power).

Barbell bench ICC (average Cl(95%) p
press Test (Force) measures)

L1 (pre-post) 0.992 0.626-0.998 <0.001
L2 (pre-post) 0.983 0.472-0.996 <0.001
L3 (pre-post) 0.993 0.522-0.999 <0.001
L4 (pre-post) 0.988 0.358-0.998 <0.001
Barbell bench press Test (Power)

L1 (pre-post) 0.980 0.344-0.996 <0.001
L2 (pre-post) 0.963 0.072-0.992 <0.001
L3 (pre-post) 0.983 0.316-0.996 <0.001
L4 (pre-post) 0.976 0.288-0.995 <0.001

ICC=Intraclass correlation coefficient; Cl=confidence interval.
L1=loading 15% 1-RM; L2=loading 35% 1-RM; L3 =loading 65 %
1-RM; L4=loading 85% 1-RM; (pre-post)=pre treatment - post
treatment).

two-way ANOVA (within effect) that we performed with very large
effect sizes (> Tables 7 and 8).

The between-group differences (before and after the treat-
ments), both for the force values (N) and power values (W) were
verified through the two-way analysis of variance (ANOVA). The
relevant results are provided in » Tables 7 and 8. The effect sizes,
estimated as partial eta squared values, are considered. According
to these statistical analyses, no evident differences (p>0.05) were
found between the different treatments, highlighting the substan-
tial parity of the effects induced by the training modes adopted in
this study. We observed some interactions too, suggesting possi-
ble slight differences between the groups but a post hoc analysis
with Bonferroni correction did not reveal any significant differenc-
es (p>0.05).

Barbell bench press testing carried out before and
after treatments: Force and Power

Force-velocity curves, drawn before and after the treatments are
provided in > Figs. 4 and 5.

The descriptive statistics [mean  standard deviation, incremen-
tal percentages of the differences (A), confidence interval for the
differences (95 %)] and the relevant values (t; degrees of freedom,
p-values and Cohen’s d as effect size estimators) of the paired sam-
ple t-tests performed to investigate the within effects of the treat-
ments, both for the force values (N) and the power ones (W) are
provided in > Tables 9 and 10. These results highlighted the large
within effects obtained by all the different considered treatments
on the participants (p<0.01; d> 1), achieved during the time of the
experimentation. These finding is also evidenced by the 2 x 3 two-
way ANOVA (within effect) we performed with very large effect
sizes (> Tables 11 and 12).

The between-group differences (before and after the treat-
ments), both for the force values (N) and power values (W) were
verified through the two-way analysis of variance (ANOVA). The
relevant results are provided in » Tables 11 and 12. The effect sizes,
estimated as partial eta squared values, are considered. According
to these statistical analyses no evident differences (p>0.05) were
found between the different treatments, highlighting the substan-
tial parity of the effects induced by the training modes adopted in
this study. We observed some interactions too, suggesting of pos-
sible slight differences between the groups but a post hoc analysis
with Bonferroni correction did not confirm any significant differ-
ences (p>0.05).

Discussion

This is the first study, to our knowledge, to assess the effects of WB-
EMS on the whole-muscle capacity using force-velocity curves [25];
the study thus investigates the complex of neuromuscular adapta-
tions induced by this treatment.

The results of the current study showed that 6 weeks of WB-EMS
protocol compared to a traditional resistance training with over-
loads did not lead to significant differences in outcomes. The three
training programs, in other words, provide similar results in terms
of efficacy of response at the end of the experimental session.

These results are in agreement with those reported by Kemmler
et al. [14] and Micke et al. [7], confirming the possible alternative

D’Ottavio S et al. Effects of Two WB-EMS.... Int | Sports Med
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> Table 7 Two way ANOVA [2 (pre-post) x 3 (control and experimental conditions)] - Squatting. Force-velocity loading parameters: within, between-
group differences and interactions found in the force values (WB-EMS1 vs. WB-EMS2 vs. CT-DS) recorded pre and post the different experimental and

control treatments.

Within Between Interaction

F df P I'lzpart. F df P I12|:art. F df P nzpart.
L1 227.620 119 <0.001 0.923 0.552 519 0.585 0.055 0.878 519 0.432 0.085
L2 129.698 119 <0.001 0.872 2.695 519 0.093 0.221 3.992 ;519 0.036 0.296
L3 82.264 119 <0.001 0.812 2.535;519 0.106 0.211 5.767 319 0.011 0.378
L4 95.810 1,19 <0.001 0.835 1.837 519 0.186 0.162 12.844 519 <0.001 0.575
L1=loading 15% 1-RM; L2 =loading 35 % 1-RM; L3 =loading 65 % 1-RM; L4 =loading 85% 1-RM. Two way ANOVA [2 x 3]: F=F values and degrees of
freedom; P="P values (P values in bold are significant); N2, = Partial ETA squared as Effect Size; (ES). Absolute partial ETA squared values<0.01;
0.01<n2,,¢<0.06; 0.06;<n?,,:<0.14;>0.14 represent trivial, small, moderate and large effects, respectively.

> Table 8 Two way ANOVA [2 (pre-post) x 3 (control and experimental conditions)] - Squatting. Force-velocity loading parameters: within, between-
group differences and interactions found in the Power values (WB-EMS1 vs. WB-EMS2 vs. CT-MDS) recorded pre and post the different experimental and

control treatments.

Within Between Interaction

F P rlzpart. F 4 P rlzpart. F 4 P I'|2part.
L1 263.541 114 <0.001 0.933 0.496 5 14 0.617 0.050 0.446 5 14 0.647 0.045
L2 126.684 1 19 <0.001 0.870 1.134 519 0.343 0.107 10.598 5 19 0.001 0.527
L3 112377 119 <0.001 0.855 0.898 19 0.424 0.086 0.764 5 19 0.028 0.545
L4 100.737 119 <0.001 0.841 0.896 5 14 0.425 0.086 2.697 514 0.093 0.221
L1=loading 15% 1-RM; L2 =loading 35 % 1-RM; L3 =loading 65 % 1-RM; L4 =loading 85 % 1-RM. Two way ANOVA [2 x 3]: F=F values and degrees of
freedom; P=P values (P values in bold are significant); N2, =Partial ETA squared as Effect Size; (ES). Absolute partial ETA squared values<0.01;
0.01<n254t<0.06; 0.06; <n%,,1<0.14;>0.14 represent trivial, small, moderate and large effects, respectively.

or contributive use of the WB-EMS methods to the efficient train-
ing of strength and power. In particular, with respect to the study
by Micke et al. (2018), which focused on the strength and power
parameters of the leg muscles, our study added new findings in-
vestigating the effects of WB-EMS programs on strength and power
parameters of upper and lower limbs using force-velocity curves
as suggested by Bosco and Komi [20], Bosco [21], and Zatsiorsky
and Kraemer [22]. In particular, » Figs 2-5 indicate the right shift
of the entire curves, after the three treatments, demonstrating that
both the area of force and that of velocity have increased in a sim-
ilar way, thus causing harmonics adaptations in all the expressions
of muscular force we considered [23]. The wide and harmonic var-
iations of the neuromuscular status observed in all the points of the
curves, confirmed by the large effect size values found (d> 1), show
the adaptations of both fast and slow fibers to the electric stimulus,
despite a period of training of only 6 weeks and training sessions
lasting only 20 min. As can be seen in » Tables 5, 6 ,9 and 10, the
post-treatmentincrease is very evident both in the squat and bench
press tests, as confirmed by the high percentage increase values
reported, for both the expressions of force (range of increase: 2.55-
14.99%) and power (7.29-22.13 %). All data processing shown in
the pre-post treatment comparisons show very high statistical sig-
nificance (p<0.001) and large effect size.

Observing the different behavior of the post-treatment varia-
tions in the values of force and power, the latter varies more wide-
ly. This allows us to hypothesize a higher involvement of the fast
fibers compared to the slow ones [24]. The fact that the improve-
ments observed after the three treatments are similar s evidenced
by the analysis of the variance performed, which shows rather high

p values (p>0.05). Indeed, there are no significant differences be-
tween treatments except for some effect size values (n2p,>0.14,
see > Tables 7, 8,11 and 12). This allows us to state that the treat-
ments, although similar in the recorded effects, are not perfectly
superimposable. Considering the data reported in the graphs and
in the Tables, a trend is observed for the WB-EMS treatments that
appear a bit more effective, as indicated by the effect size (Cohen’s d),
of the first protocol (WB-EMS1) compared to the other two.

All the treatments considered were effective, showing an in-
crease (p<0.01; d>1) of strength and muscle power, which were
the physical parameters chosen as indicators of muscle perfor-
mance. The force-velocity curves calculated before and after treat-
ment, indicated a harmonic growth of the force-velocity curves’
loading parameters, for each training session considered. Thus our
attention might focus on the managing aspect of these means of
training, underlining the evident time-saving made possible by WB-
EMS, whose training sessions usually last 20 min, compared to the
traditional ones, lasting in average more than an hour.

The training sessions we designed were quite demanding, es-
pecially for the WB-EMS1 and the CT-DS. With regard to WB-EMS2,
we adopted the manufacture’s guidelines, particularly designed
for a broader population of possible users.

The efficacy of the different training sessions suggests that these
approaches can be used in different populations with a high level
of fitness or in non-athletic customers, as the WB-EMS2 protocol
was judged by the participants to be a method without “annoying
sensations.” In addition, WB-EMS training is useful for people who
want to keep a high level of muscle fitness in a short time. In fact,
in this study the participants have spent only 4 hin electrostimula-
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» Table 11 Two way ANOVA [2 (pre-post) x 3 (control and experimental conditions)] - Barbell bench press. Force-velocity loading parameters: within, be-
tween-group differences and interactions found in the force values (WB-EMS1 vs. WB-EMS2 vs. CT-MDS) recorded pre and post the different experimental
and control treatments.

Within Between Interaction

F df P I'lzpart. F df P rlzpart. F df P r]2part.
L1 63.354 1 19 <0.001 0.769 1.143 5 19 0.340 0.107 0.307 .19 0.739 0.031
L2 196.145 119 <0.001 0.912 1.553 519 0.237 0.140 22319319 <0.001 0.701
L3 91.106 1,19 <0.001 0.827 1.710 519 0.208 0.153 1.239,19 0.312 0.115
L4 212.991 119 <0.001 0.918 1.496 5 19 0.249 0.136 12.994 5 19 <0.001 0.578
L1=loading 15% 1-RM; L2 =loading 35 % 1-RM; L3 =loading 65 % 1-RM; L4 =loading 85% 1-RM. Two way ANOVA [2 x 3]: F=F values and degrees of
freedom; P =P values (P values in bold are significant); N2, = Partial ETA squared as Effect Size; (ES). Absolute partial ETA squared values<0.01;
0.01<n2,,¢<0.06; 0.06;<n?,,+<0.14;>0.14 represent trivial, small, moderate and large effects, respectively.

> Table 12Two way ANOVA [2 (pre-post) x 3 (control and experimental conditions)] - Barbell bench press. Force-velocity loading parameters: within,
between-group differences and interactions found in the Power values (WB-EMS1 vs. WB-EMS2 vs. CT-MDS) recorded pre and post the different experi-

mental and control treatments.

Within Between Interaction

F P rIzpart. F s P I'Izpart. F s P rIzpart.
L1 64.975 1 1 <0.001 0.774 1.560 5 19 0.236 0.141 0.638 519 0.539 0.063
L2 121.090 1 16 <0.001 0.864 1.328 519 0.289 0.123 4.548 5 14 0.024 0.324
L3 77.337 119 <0.001 0.803 1.074 519 0.361 0.102 1.520 51 0.244 0.138
L4 63.706 1 19 <0.001 0.770 1.674 519 0.214 0.150 0.492 5 14 0.619 0.049
L1=loading 15% 1-RM; L2 =loading 35% 1-RM; L3 =loading 65 % 1-RM; L4 =loading 85% 1-RM. Two way ANOVA [2 x 3]: F=F values and degrees of
freedom; P =P values (P values in bold are significant); N2, = Partial ETA squared as Effect Size; (ES). Absolute partial ETA squared values<0.01;
0.01<n2,,t<0.06; 0.06; <n%,,+<0.14;>0.14 represent trivial, small, moderate and large effects, respectively.

tion (=20 min x 12 sessions) in twelve training sessions, compared
to about 14 h spent in traditional training (= 70 min x 12 sessions).
Finally, the WB-EMS training can be useful for people who cannot
train with loads because of impairments such as arthritis, cartilage
disease tendinopathies.

Moreover, the effectiveness demonstrated by the WB-EMS meth-
ods on participants with a high level of fitness appears to be of a prac-
tical relevance. In this case, the use of WB-EMS might be a valid al-
ternative or a combination to adopt with more traditional means of
training, where the managing of time could be of a certain interest
for those professionals involved in a particular period of the season.

Several practical applications from this study have relevance to
the strength and conditioning coach. First, these findings demon-
strate the highly intense nature of the effects induced by the three
different treatments, indicated by the very large effect sizes ob-
served after the training period on the strength and muscle power
of all the participants, for each treatment (Cohen’s d>1). Second,
we can point out how significant effects can be achieved both by
WB-EMS based on 50 and 85 Hz frequencies.

Conclusions

This study suggests that whole-body electrostimulations can be con-
sidered as avalid and faster alternative to a traditional overload-based
resistance-training program for the development of dynamic strength.
Comparing the two different WB-EMS approaches and circuit train-
ing, data showed a substantial parity of these methods of training.
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