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Abstract

Background: Whole-body electromyostimulation (WB-EMS) training is used in popular and health sports to
improve muscular performance. Little is known about the possible psychological effects of WB-EMS training. The
aim of the study is therefore to investigate the possible psychological effects of WB-EMS training on subjective
well-being, relaxation, mood, and perceived stress.

Materials and Methods: Twenty-five healthy subjects underwent conventional WB-EMS training and Sham training
(without the application of electrical stimulation) as part of a randomized, controlled pilot study in a crossover design.
Subjective well-being and subjective relaxation were assessed using visual analog scales, the current state of mood was
assessed with Multidimensional Mood State Questionnaires (MDBF), and the current level of stress was assessed with
Recovery-Stress Questionnaires/Erholungs-Belastungs-Fragebdgen (RESTQEBF) before and after training.

Results: WB-EMS training has a statistically significant positive effect on subjective well-being and subjective relaxation,
as well as on the awake subscale of the MDBF. No significant main effect of sequence and no interaction effects were
found. Also, compared to a Sham training session, a single WB-EMS training session had no significant effect on mood,
nervousness, or the current level of stress.

Conclusion: Besides physiological effects, WB-EMS might also have a strong psychological impact. WB-EMS could be
beneficial for people who, due to their limitations, have problems training on a regular basis and with adequate training
intensity.

Trial Registration: German Clinical Trials Register, DRKS00012583, 22 June 2017.

Key Points parameters such as subjective well-being and sub-
jective relaxation.
e Studies on possible psychological effects of WB- e WB-EMS might be particularly useful for patients who,
EMS training are very few. due to their limitations, have problems training on a
e Besides physiological effects, WB-EMS might also regular basis and with adequate training intensity.
have a positive influence on psychological
Introduction
Whole-body electromyostimulation (WB-EMS) training
* Correspondence: lena.pyrkosch@charite.de has become increasingly popular among the general

1Ch‘arité - Universitétsmgdizirj "Berlm, co.rpora.te. njgmber of F.reie Universitat population in recent years. Despite its rapid develop—
Berlin and Humboldt-Universitat zu Berlin, Klinik fur Psychiatrie und

Psychotherapie, Charitéplatz 1, Berlin 10117, Germany ment, however’ WB-EMS trammg is more than JuSt a
Full list of author information is available at the end of the article trend sport. The beginning of today’s EMS training goes

. © The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
@ Sprlnger Open which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
— appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s40798-021-00325-7&domain=pdf
http://orcid.org/0000-0002-3676-3283
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00012583
http://creativecommons.org/licenses/by/4.0/
mailto:lena.pyrkosch@charite.de

Keicher et al. Sports Medicine - Open (2021) 7:40

back to the 1960s [1]. The first scientific description of
EMS in competitive sports was published in 1971 by
Kots and Chwilon [1]. Published scientific studies with
untrained and trained subjects showed a strong effect of
WB-EMS training on the parameters of muscular per-
formance [2—12]. However, scientific studies on the psy-
chological effects of WB-EMS training have been largely
missing so far. In a recently published study by Jee [13],
the efficacy and safety of WB-EMS training on the hu-
man body were investigated in 64 healthy volunteers: 31
in a WB-EMS training group and 33 in a control group.
In addition to cardiopulmonary parameters (heart rate,
systolic blood pressure, diastolic blood pressure, oxygen
uptake), psychophysiological variables (pain, anxiety, fa-
tigue, and insomnia) were also assessed. The study con-
cludes that the use of WB-EMS training does not
negatively affect cardiopulmonary or psychophysiological
factors. Six weeks of WB-EMS training can improve the
systolic blood pressure and oxygen uptake in exercise
ergometry, as well as psychophysiological factors.

In a recently published study by Eddolls et al. [14], the
relationship between physical activity, fitness, and body
mass index in relation to mental well-being and quality
of life was examined in more detail in a total of 576 ado-
lescents. The study concludes that increased physical ac-
tivity, cardiorespiratory fitness, and body mass index are
directly and indirectly associated with physical well-
being and quality of life. An improvement in cardiorespi-
ratory fitness and normalization of body mass index
through increased physical activity could have a benefi-
cial effect on the psychological well-being and quality of
life of adolescents.

The aim of our present study is to describe the psy-
chological effects of WB-EMS training in more detail
using a controlled pilot study with healthy volunteers.
The focus of this work is on the areas of subjective well-
being, subjective relaxation, current state of mood, and
current level of stress. In contrast to the study by Jee
[13], we examined psychophysiological factors (not psy-
chopathological symptoms such as soreness, anxiety, fat-
igability, and sleeplessness) in order to assess healthy
psychological status.

Materials and Methods
Study Design
The present study is a randomized controlled trial with
a standardized experimental design (crossover design).
The study participants were randomized to one of two
possible training sequences (EMS or Sham training in
the first or second week, respectively). Random numbers
from 0 to 9 were generated using a random number
generator (https://www.random.org): numbers 0, 1, 2, 3,
and 4 were assigned to the EMS—Sham training group
(EMS in the first week and Sham in the second week)
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and numbers 5, 6, 7, 8, and 9 to the Sham—-EMS training
group (Sham in the first week and EMS in the second
week). We did not apply any matching criteria for
randomization.

Recruitment

To initiate and conduct the study, there was a positive
ethics vote (EA2/082/17) by the Ethics Committee of
Charité, Universititsmedizin Berlin. The study was per-
formed in accordance with the standards of ethics out-
lined in the Declaration of Helsinki. The study
participants were recruited from two WB-EMS fitness
studios in Berlin.

Inclusion and Exclusion Criteria

Healthy women and men between the ages of 18 and 65
years (both age limits included) could participate in the
study. In order to avoid variations in the study results
due to the first or multiple applications of WB-EMS
training, only persons who regularly perform WB-EMS
training once or twice a week were considered. An EMS
experience for at least 3 months was needed to partici-
pate in the study. Subjects also needed to be able to
communicate with the trainer or study staff in German
and to fill out the questionnaires and scales. Subjects
were asked not to make any lifestyle changes during the
running study, such as changes in physical activity or
nutrition. Another prerequisite for study participation
was good health, characterized as absence of the diseases
listed in the following exclusion criteria. The exclusion
criteria take into account the recommended contraindi-
cations [15] of WB-EMS training and were checked by
Anamnese interview before including the subject in the
study. Subjects with electronic pacemakers or general
electronic implants, acute inflammations, feverish dis-
eases, cancer, untreated arterial hypertension, throm-
bosis, bleeding or bleeding tendency, stroke,
neurological disorders such as epilepsy, muscular dys-
trophy, paresis, severe liver/kidney disease, and pregnant
women were excluded.

Experimental Procedure
First of all, each participant was informed about the
course of the experiment, the duration of the study, the
study objective, inclusion/exclusion criteria, and possible
risks of participating in the study based on written par-
ticipant information. In addition, individual questions
could be asked in a personal information discussion with
a study staff member. After clarification of all open
questions, the study participant and the study staff
signed the consent form. A signed copy of the written
informed consent was given to the subject.
Subsequently, the inclusion and exclusion criteria were
examined by the study staff member in an interview with
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the study participant. If the subject was eligible to enter
the study, randomization took place in one of the two
training groups.

Apart from the different training conditions, the pro-
cesses in the gym and also the sequence of the individual
scales or questionnaires were unchanged in both weeks.
Training in the second week was carried out at the same
time of day and with the same personal trainer as in the
first week as far as this was possible for the study partici-
pant and the trainer. In all cases, there were exactly 7
days between the two training sessions.

EMS Training

Training equipment from Miha Bodytec (Miha Bodytec
GmbH, Siemensstrasse 1, 86368 Gersthofen, Germany;
email: info@miha-bodytec.de) was used in our study.
Electrostimulation was carried out via electrodes on the
upper arms and upper legs. In addition, subjects wore a
vest and a belt around the buttock with electrodes. All
large muscle groups were involved and the WB-EMS
training was under the guidance and supervision of a
qualified and experienced personal trainer. The EMS
training intensity (in mA) was regulated by the personal
trainer, who knew the training condition (EMS versus
Sham training) and therefore was not blinded. All per-
sonal trainers had a certified training education and sev-
eral years of experience in WB-EMS training. Safety and
motivation were checked by a study staff member during
every training session. The trainer trained a maximum
of two study participants simultaneously. In addition to
the low frequency WB-EMS, isometric and simple dy-
namic exercises (e.g., squats, ski jumping exercise, etc.)
were completed with the following device settings:

e Training duration: 20 min

e Pulse frequency: 85 Hz

e DPulse width: 350 ps

e Dulse duration: 4 s

e Dulse break: 4 s

e Rectangular pulse rise, bipolar

Sham Training

Study participants wore EMS functional clothing and
the WBS-EMS electrodes were connected to the EMS
device but, in contrast to the EMS training condition,
no impulses were administered. The same isometric
hold exercises and dynamic exercises were performed
as with the EMS training condition. Using the light-
emitting diodes on the EMS device as a feedback in-
strument, the same interval times (4 s active; volun-
tary muscle contraction; 4 s break) were performed as
in the WB-EMS training.
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Visual Analog Scales (VAS)

The study participants were asked to rate their current
subjective well-being or current subjective relaxation.
The VAS were initiated with the question “How do you
rate your current well-being on a scale of 0 to 100%?” or
“What do you think about your current relaxation on a
scale of 0 to 100%?” On a straight 100-mm line, with the
left end of the line labeled 0% and the right end labeled
100%, subjects with a vertical line assessed their well-
being or relaxation on a continuum between 0 and 100.

The position marked by the person (distance from
zero, in mm) was used as an indicator of the characteris-
tic expression (subjective well-being, subjective relax-
ation). The VAS for the current subjective well-being or
current subjective relaxation was assessed directly before
training and afterwards in the fitness studio.

VAS have a long history as a measuring instrument for
researching subjectively assessed characteristics (e.g.,
mood, satisfaction, pain) in many areas of research; the
first VAS were published in the 1920s [16]. The
strengths and limitations with regard to the reliability of
VAS are clearly addressed in a critical review [16].

Multidimensional Mood State Questionnaires (MDBF)

The Multidimensional Mood State Questionnaires by
Steyer, Schwenkmezger, Notz, and Eid [17] are a meas-
uring instrument for recording three bipolar dimensions
of the current mood state: good—bad, awake—tired, and
calm—nervous. The test authors prefer the term “mood
state questionnaires” to include all three dimensions
mentioned above and not just the first one (good—bad).
For this study, the trial version (short form B) was se-
lected with a total of 12 items. The MDBF were mea-
sured directly before training and afterwards in the
fitness studio. The items consist of simple adjectives
such as “tired” and “well”. The individual adjectives are
assessed on a five-level Likert scale with the endpoints 1
(“not at all”’) and 5 (“very much”). The summarized
values of the individual scales are calculated from four
evaluated adjectives each, whereby a maximum score of
20 can result for each of the three mood scales (good—
bad, awake—tired, calm-nervous). Cronbach’s alpha (a
measure of internal consistency) for the individual scales
ranges between .73 and .89 in this short version.

In a review of the test, Heinrichs and Nater [18] come
to the conclusion that, despite its shortness, the method
has surprisingly good test quality criteria and is a care-
fully designed and validated instrument for recording
current mood states.

Recovery-Stress Questionnaires/Erholungs-Belastungs-
Fragebogen (RESTQEBF)

The RESTQEBF by Kallus and Kellman [19] capture the
person’s stress and recovery activities. For this study, the
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test version for athletes with a total of 52 items was se-
lected. The procedure asks: “What happened in the last
3 days/nights?.” It reproduces a differentiated picture of
the current degree of stress with respect to 12 non-
specific (general stress, emotional stress, social stress,
conflicts/pressure, fatigue, lack of energy, physical com-
plaints, success, social recovery, physical recovery, gen-
eral well-being, sleep quality) and 7 sport-specific
dimensions (disturbed breaks, emotional exhaustion, in-
jury, being in shape, personal accomplishment, self-
efficacy, self-regulation). The RESTQEBF were measured
before training in the fitness studio and approximately
72 h later at home. The current level of exposure is esti-
mated by quantitative survey of the frequency of recov-
ery and stress activities over the past 3 days/nights. Due
to the behavioral picture of the extent of stress or degree
of recovery over the time interval of the last 3 days/
nights, the values obtained are largely independent of
very short-term and minor changes of state [20].

Cronbach’s alpha for the 19 subtests ranges between
.67 and .89 and the retest reliability is above r = .79;
therefore, it can be assumed that there are well reprodu-
cible interindividual differences in the recovery—stress
balance.

Statistical Analyses

Statistical analyses (descriptive statistics, analysis of vari-
ance) were carried out using IBM SPSS Statistics Ver-
sion 23. Unless otherwise stated, a significance level of p
= .05 was used. All data are reported as the mean (M)
and standard deviation (SD). Both the F test (degrees of
freedom, df) and effect size f were calculated. Sphericity
was given and no post hoc analyses or baseline adjust-
ments were performed. Outcome criteria were the mean
changes (post-minus pre-training values) in psycho-
logical variables (subjective well-being, subjective relax-
ation, MDBF subscales, RESTQEBF). Repeated-measures
analyses of variance were performed with treatment
(EMS vs. Sham training) as the within-subjects factor
and sequence (EMS-Sham vs. Sham—-EMS training) as
the between-subjects factor. The Kolmogorov-Smirnov
test was used to determine the normality of distribution
for the examined variables.

Results

Twenty-five healthy subjects (7 women, 18 men) were
included in the study from May 2017 through to January
2018. There were no dropouts (Fig. 1). In all our cases,
there were exactly 7 days between the two training ses-
sions. No clinically relevant adverse events related to
study treatment or study procedure were reported. The
average age was 48 (SD = 6.4) years. The descriptive sta-
tistics and baseline values are depicted in Table 1. There
were no statistically significant group differences (except
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for a discrete difference in the baseline value for physical
complaints).

There was a statistically significant increase in subject-
ive well-being, relaxation, and MDBF awake—tired mood
in the EMS training condition compared to the Sham
training condition (F > 5.10, df = 1, 23, p < 0.03). Further
details are displayed in Table 2. There were no signifi-
cant main effects of sequence and no significant inter-
action of sequence by treatment. Furthermore, there
were no significant main or interaction effects for the
other MDBF subscales (good—bad, calm-nervous) or
RESTQEBF.

Figure 2 visualizes subjective well-being (M + SD)
measured with the VAS at four timepoints (week 1 pre,
week 1 post, week 2 pre, week 2 post). Although there
was no statistically significant interaction effect, Fig. 2
shows that in the first week subjective well-being in-
creases virtually irrespective of training mode (with or
without electrical stimulation). However, in the second
week subjective well-being was virtually only affected in
the active group, indicating that subjects in the Sham
group realized a difference to the first week when they
had the active intervention. As we did not find a statisti-
cally significant interaction effect, we cannot recommend
the regimen of exercising without stimulation first and
then adding stimulation later to achieve the biggest ef-
fects. Furthermore, all of our study participants already
had experience with WB-EMS training.

Discussion

The main result of our study is that a single WB-EMS
training session has significant psychological effects:
compared to Sham training, subjective well-being, sub-
jective relaxation, and awakeness increased in a group of
healthy subjects. No direct effects on mood (calm—ner-
vous) or the current level of stress could be found.

This study is the first to examine the psychological ef-
fects of a single WB-EMS training session. The psycho-
logical effects of a 6-week WB-EMS session have been
published recently by Jee [13], where a significant im-
provement in psychophysiological factors (soreness, anx-
iety, fatigability, and sleeplessness) is described.
However, the study raises some methodological ambigu-
ities. On the one hand, the study included students aged
20-25 years and it is questionable whether students rep-
resent a representative sample for the collection of the
examined psychophysiological parameters. In addition, it
is not clear how a statistically significant improvement
of psychophysiological factors can occur because the stu-
dents are healthy study participants and the psycho-
physiological factors examined in the study are
complaints and/or symptoms of diseases (soreness, anx-
iety, fatigability, and sleeplessness). In order to be able to
measure an improvement, there should initially be
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Fig. 1 Flow diagram. Abbreviations: EMS electromyostimulation, Sham control training (without the application of electrical impulses)

abnormalities in the examined parameters. In addition
to the group of WB-EMS exercisers, there is a control
group that also trained for 6 weeks in the study. In the
control group, the same exercises were performed in
EMS suits but without the application of impulses. It is a
pity that only the intervention group with WB-EMS
training was examined for psychophysiological parame-
ters. There are no comparative data on possible psycho-
physiological changes in the control group (which were
also physically active).

A publication by Harvey, Bradley, and Aronica from
1992 [21] examined the psychological effects of func-
tional EMS in patients with spinal cord injury; the func-
tional EMS served to train the mobility and function of
muscles atrophied as a result of spinal cord injury. In
addition to the improvement of physiological

parameters, a possible psychological benefit in spinal
cord patients was discussed in the study [21].

Our results also suggest that besides the physiological
effects, WB-EMS might serve as an intervention with
strong psychological effects. On the basis of our study
results, we can give only an outlook on the short-term
effects of WB-EMS training. We believe that WB-EMS
training will also have positive long-term effects on psy-
chophysiological factors but this point would need to be
tested in further studies.

Compared to standard resistance training, WB-EMS
has the advantage of being more time-efficient. Kemmler
et al. have shown that WB-EMS training is an effective,
time-saving form of strength training that, when per-
formed regularly, can achieve comparable results to con-
ventional strength training [2-7]. Furthermore, the
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Table 1 Descriptive statistics and baseline values
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EMS-Sham (N = 12) Sham-EMS (N = 13) t/chi? df p
M(SD)/N M(SD)/N

Age 47.58(9.88) 48.85(6.59) -037 18.97 val

Gender
Male 10 8 147° 1 38
Female 2 5

Subjective well-being 68.42 (25.21) 65.62 (26.60) 027 23 79

Subjective relaxation 64.17 (25.66) 65.77 (25.24) -0.16 23 .88

MDBF
Awake-tired 12.17 (3.30) 1246 (3.62) -0.21 23 83
Good-bad 16.00 (2.76) 16.15 (1.77) -0.17 23 87
Calm-nervous 14.25 (2.80) 15.62 (3.15) -1.14 23 27

RESTQEBF
General stress 1.75 (1.22) 1.77 (1.92) -0.03 23 98
Emotional stress 2.08 (1.00) 292 (1.92) -1.33 1648 20
Social stress 2.08 (1.08) 3.08 (1.85) -162 23 a2
Conflicts/pressure 2.58 (243) 3.54 (2.57) -0.95 23 35
Fatigue 3.08 (1.88) 417 (2.89) -1.09 1891 29
Lack of energy 2.75 (1.55) 2.54 (2.18) 0.28 23 78
Physical complaints 1.33 (1.30) 2.85 (1.99) -2.23 23 04
Success 5.17 (2.86) 546 (2.50) -0.28 23 79
Social recovery 6.67 (2.31) 7.69 (1.80) -1.25 23 23
Physical recovery 7.17 (1.34) 7.00 (1.78) 0.26 23 80
General well-being 8.17 (1.59) 8.15 (1.57) 0.02 23 98
Sleep quality 7.58 (2.50) 6.85 (3.29) 0.63 23 54
Disturbed breaks 3.83 (349) 3.38 (2.82) 0.36 23 73
Emotional exhaustion 1.75 (3.70) 092 (144) 0.73 22 48
Injury 4.08 (342) 4.50 (4.83) -024 22 81
Being in shape 13.25 (2.93) 13.38 (443) -0.09 23 93
Personal accomplishment 10.58 (6.30) 12.17 (5.81) -0.64 22 53
Self-efficacy 13.33 (4.91) 13.00 (5.76) 0.15 21 88
Self-regulation 7.67 (6.53) 8.83 (7.36) -041 22 69

Abbreviations: EMS electromyostimulation, Sham control training (without the application of electrical impulses), MDBF Multidimensional Mood State
Questionnaires, RESTQEBF Recovery-Stress Questionnaires/Erholungs-Belastungs-Fragebogen, N number of subjects, M(SD) mean (standard deviation), t/chi t/chi?

test, df degrees of freedom, p p value

*Two cells had an expected count of less than 5, so Fisher's exact test was used

effort for the subjects is reduced and this might be the
reason for the common popularity of this form of train-
ing in healthy subjects, leading to an explosion of studios
in some countries such as Germany.

Notwithstanding the positive effects of WB-EMS train-
ing, however, possible risks and dangers of WB-EMS
training should also be considered. In a recently pub-
lished review by Stollberger and Finsterer [22], data on
indications and side effects of WB-EMS training were
systematically evaluated. The study reports excessive
post-exercise creatine kinase elevations as a serious side
effect of WB-EMS training. Especially after the first

application, there is a risk of rhabdomyolysis with con-
secutive acute kidney damage. Highly intensive WB-
EMS applications should therefore be avoided at the be-
ginning of the training process. In our study, we wanted
to examine the effects of a moderate to challenging WB-
EMS training session. Because of the possible side effect
of rhabdomyolysis after initial intensities that are too
high, we chose non-beginners for WB-EMS training in
our study. In the medical field, the question arises
whether WB-EMS might be beneficial for patients as
well. For instance, depressed or elderly people often have
problems playing sport due to physical or mental
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Table 2 Repeated measures analyses of variance for different outcome criteria
Clinical scale Effect Group N  Pre M(SD) Post M(SD) A M(SD)? F(df) p f
Subjective well-being  Treatment EMS 25 64.12 (2243) 84.28 (13.29) 20.16 (16.75) 7.85(1.23) 01* 0.58%*
SHAM 25  66.68 (2821) 7480 (23.12)  8.12(1852)
Sequence EMS-SHAM 12 186 (1.23) .19 0.28*
SHAM-EMS 13
Treatment * sequence 024(123) 63 0.10
Subjective relaxation  Treatment EMS 25 64.12 (20.95) 79.04 (15.60) 1492 (19.63) 5.10 (1.23) 03* 047%*
SHAM 25 6456 (27.7°35) 7060 (2497) 6.04 (12.62)
Sequence EMS-SHAM 12 022(123) 65 0.10
SHAM-EMS 13
Treatment * sequence 1.75 (1.23) 20 0.28*
MDBF Treatment EMS 25 1260 (3.98) 1716 (1.80)  4.56 (4.02) 2575 (1.23)  <001***  1.06**
awake-tired SHAM 25 1480(300)  1488(211)  0.08 (2.90)
Sequence EMS-SHAM 12 1.84 (1.23) 19 0.28*%
SHAM-EMS 13
Treatment * sequence 0.50(1.23) 49 0.15
MDBF Treatment EMS 25 16.04 (244) 17.60 (1.78) 1.56 (2.99) 040 (1.23) 53 0.13
good-bad SHAM 25 1576(279) 1696 (219) 120 (191)
Sequence EMS-SHAM 12 1.07 (1.23) 31 0.22
SHAM-EMS 13
Treatment * sequence 260 (1.23) 12 0.34*
MDBF Treatment EMS 25 1484 (262) 1680 2.21)  1.96 (2.96) 2450123 a3 0.33*
calm-nervous SHAM 25 1472(334) 1580 (299) 108 (179)
Sequence EMS-SHAM 12 074 (1.23) 40 0.18
SHAM-EMS 13
Treatment * sequence 0.81 (1.23) 38 0.19
RESTQEBF Treatment EMS 25 588(1.32) 5.89 (142) 0.01 (1.08) 019(123) 66 0.09
SHAM 25 584 (1.54) 578 (1.40) -0.06 (0.73)
Sequence EMS-SHAM 12 0.46 (1.23) 50 0.14
SHAM-EMS 13
Treatment * sequence 320(123) 08 0.37*

Abbreviations: EMS electromyostimulation, Sham control training (without the application of electrical impulses), MDBF Multidimensional Mood State
Questionnaires, RESTQEBF Recovery-Stress Questionnaires/Erholungs-Belastungs-Fragebdgen, N number of subjects, Pre M(SD) pre-treatment mean (standard
deviation), Post M(SD) post-treatment mean (standard deviation), F(df) F test (degrees of freedom), p p value, f effect size

A = difference measured between pre- and post-treatment
p < .05: significant®; p < .01: very significant**; p < .001: highly significant***
f=.10: small effect; f = .25: medium effect*; f = .40: large effect**

limitations. There is an increasing amount of evidence
that sport, physical activity, and structured exercise pro-
grams improve the physical and psychological well-being
of people with psychosocial disabilities [23]. Our data
provide the first evidence for positive psychological ef-
fects of WB-EMS training in healthy volunteers, with the
question arising as to whether WB-EMS might be used
in patients to induce not only physiological effects but
also positive psychological effects on the symptoms of
the underlying disease. Therefore, further studies in
patients with mental disorders are needed.

The major limitations of our study are the small sam-
ple size, the non-clinical sample (which makes it difficult
to find positive psychological effects), the potential for
selection bias, and the difficulties in blinding of the
Sham intervention. Originally, it was planned to perform
placebo training as a control. However, study partici-
pants should not be informed that they are training
without a current impulse; therefore, the phrase “current
pulse below the perceptible stimulus limit” was chosen
on the subject information form. This planned approach
was also approved by the Ethics Committee of Charité,
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Fig. 2 Change in subjective well-being over training period.
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with a positive ethics vote. In practice, however, the per-
sonal trainers refused to tell their clients (and, in part,
their long-term customers) that an imperceptible current
pulse was administered during the Sham control condi-
tion. In addition, there is potential for selection bias in
our study. The study participants had to have at least 3
months’ training in the WB-EMS experience. If partici-
pants did not enjoy or respond favorably to WB-EMS or
they experienced adverse events, they would not con-
tinue with WB-EMS training for more than 3 months.
The study population therefore might be selectively
biased toward reacting favorably to WB-EMS training. If
we had WB-EMS naive subjects, we may have obtained
less favorable results. Another weakness of this pilot
study is that the given randomization list could not be
100% complied with. There were seven study partici-
pants who determined the order of the two training con-
ditions for themselves during the study: they threatened
not to participate in the study if their request was not
taken into account; therefore, the randomization list was
adapted accordingly. As we did not apply any matching
criteria for randomization, there was an unbalanced gen-
der ratio between both training groups. However, there
were no statistically significant group differences (except
for a discrete difference in the baseline value for physical
complaints). Taken together, our results suggest that be-
sides the physiological effects, WB-EMS might also have
a strong positive impact on the mental state. The im-
provement of physical factors such as strength by WB-
EMS could be accompanied by psychological changes in
a positive sense.
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Conclusions

Although WB-EMS training is used in popular and
health sports to improve muscular performance, little is
known about the possible psychological effects of WB-
EMS training. Therefore, the aim of this study was to in-
vestigate the possible psychological effects of WB-EMS
training on subjective well-being, relaxation, mood, and
perceived stress. Our results indicate that WB-EMS has
a statistically significant effect on subjective well-being
and subjective relaxation. Furthermore, our pilot study
provides the first evidence that, besides the known and
published physiological effects, WB-EMS might also
have positive psychological effects. To our knowledge,
this study is the first to examine the psychological effects
of a single WB-EMS training session. Additional studies
are undoubtedly needed to gather more data and de-
velop a clearer picture of the trends we have demon-
strated in our pilot study. WB-EMS might also be used
in patients with a mental disorder who, due to their limi-
tations, have problems training on a regular basis and
with adequate training intensity.
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