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Abstract 

Background  Applying whole-body electromyostimulation (wbEMS) to voluntary activation of the muscle is known 
to impact motor unit recruitment. Thus, wbEMS as an additional training stimulus enhances force-related capaci-
ties. This study aimed to evaluate the mono- and multiarticular strength adaptations to a running intervention 
with wbEMS compared to running without wbEMS.

Methods  In a randomized controlled trial (RCT), 59 healthy participants (32 female/ 27 male, 41 ± 7 years) with minor 
running experience conducted an eight-week running intervention (2x/ week à 20 min) with a wbEMS suit (EG) 
or without wbEMS (control group, CG). Maximal isokinetic knee extensor and flexor strength and jump height dur-
ing countermovement jumps were recorded prior and after the intervention to assess maximal strength and power.

Results  Following eight weeks of running, maximal isokinetic knee extension torque decreased significantly 
over time for both interventions (EG � -4%, CG � -4%; F(1, 44.14) = 5.96, p = 0.02, η = 0.12). No changes were observed 
for flexion torque (F(1, 43.20) = 3.93, p = 0.05, η = 0.08) or jump height (F(1, 43.04) = 0.32, p = 0.57, η = 0.01).

Conclusions  The outcomes indicate that there is no additional effect over neuromuscular function adaptations 
with the inclusion of wbEMS during running training. Knee extensor strength is even slightly reduced which supports 
the principle of training specificity in regards to strength adaptation. We conclude that strength improvements can-
not be achieved by running with wbEMS.

Trial registration  German Clinical Trials Register, ID DRKS00026827, date 10/26/21.
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Introduction
Whole-body electromyostimulation (wbEMS) is a train-
ing technology that stimulates multiple muscle groups 
simultaneously with regionally dedicated intensity [1]. It 
differs from conventional electromyostimulation (EMS), 
which is focused on a specific muscle group, while 
wbEMS is applied to the motor endplates of the skel-
etal muscles of the entire body. In its most common set-
ting, wbEMS applies short stimulations of moderate to 
high intensity intermitted by short phases of rest to the 
muscle for about 20  min. wbEMS and EMS induced by 
artificial innervation of skeletal muscles have been used 
to either supplement or substitute voluntary muscle acti-
vation in sports and rehabilitation settings, for example, 
for re-education of muscle action, facilitation of muscle 
contraction, and maintenance or improvement of muscle 
mass and strength [2–8].

In previous years, wbEMS has been applied combined 
with a multitude of training regimens aiming to improve 
muscular strength performance [7–9]. After a period of 
14–16  weeks, wbEMS plus resistance training revealed 
improvements of + 7–9% in leg extensor strength [10, 11] 
as well as in countermovement jump height [12]. How-
ever, there are just limited investigations focusing on the 
addition of  superimposed wbEMS during high-intensity 
endurance-type exercises. It has been shown that EMS 
alters motor unit recruitment patterns in a nonselective 
manner [13]. Given that large motor units are strongly 
associated with high contraction velocities and force gen-
eration [14], but are rarely addressed during low-inten-
sity aerobic exercise [15], it might be hypothesized that 
the superimposition of wbEMS increases the adaptive 
response of the neuromuscular system following long-
term endurance training. In addition, conducting aerobic 
exercise such as running interferes with the develop-
ment of muscular strength [16]. These generally small 
effects on neuromuscular adaptations following aerobic 
training have been argued to be related to the low level 
of (mechanical) loading during endurance-type training 
bouts, which are needed to facilitate alterations in neural 
drive to the musculature [17].

While evidence points towards positive effects of 
wbEMS in addition to resistance training in regard to 
strength-related parameters, to the knowledge of the 
authors, no investigation exists regarding the application 
of wbEMS during a running intervention. It is notice-
able that most of the positive effects were mainly dem-
onstrated in non-athletic study participants. Thus, the 
main objective of the present trial was to systematically 
investigate the effects of wbEMS during running on mus-
cle strength performance in healthy individuals. There-
fore, a longitudinal randomized-controlled trial was 
implemented comparing a running intervention with 

and without wbEMS on maximal isokinetic knee exten-
sion and flexion torque and countermovement jump per-
formance. We hypothesized that following eight weeks 
of training, the application of wbEMS during running 
training facilitates significant improvement in mono- and 
multiarticular muscle strength and performance as com-
pared to running training alone.

Materials and methods
Experimental design
In a parallel two-group randomized controlled design, 
long-term effects of an eight-week running intervention 
with and without wbEMS were investigated. Before and 
after the intervention, subjects were randomly assigned 
either to a group running without (control group, CG) 
or running with additional wbEMS (experimental group, 
EG). Participants were allocated with a random number 
generator. All outcome assessors were blinded to group 
allocation.

This study was conducted in accordance with the latest 
revision of the Declaration of Helsinki. All subjects gave 
written informed consent to the experimental procedure. 
This study was approved by the ethics committee of the 
German Sports University (001/2021). The study is reg-
istered in the German Clinical Trials Register with the ID 
DRKS00026827. Experimental procedures and potential 
risks were explained, and written informed consent was 
obtained before inclusion. The study adheres to CON-
SORT guidelines (Fig. 1).

Participants
Recruitment period lasted from 08/2021 – 10/2021. 
Based on the results of a power analysis (G*Power V 
3.1.9.2, power = 0.80, alpha = 0.05), 52 volunteers had 
to be recruited. Inclusion criteria comprised an age 
between 30 and 50, no or minor wbEMS (≤ once) and 
jogging-experience (< 4  km/ week). Participants during 
pregnancy, with neuronal, motor or metabolic diseases 
as well as with orthopedic injuries, cardiovascular or 
respiratory diseases, dermatological illnesses, physical 
disability limiting the participants’ mobility and medica-
tion which affects physical performance were excluded. 
Before commencing training, all subjects attended a pre-
liminary screening, which included a medical anamnesis 
and physical examination to monitor agreement with the 
inclusion criteria. Participants were informed about con-
traindications [12, 18].

A total number of 59 healthy volunteers (32 female / 27 
male, age 41 ± 7  years, body mass 73.7 ± 13.7  kg, height 
173.6 ± 9.7 cm; rel. V’O2max 40.2 ± 7.4 ml/min/kg) partici-
pated in the current study. Since we expected a drop-out 
rate of around 10% during the Covid pandemic, the num-
ber of subjects who started the study was 7 people higher 
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than required by the power analysis. Fifteen participants 
(EG: 4, CG: 11) dropped-out during the intervention due 
to the following reasons: Covid-19 (5), injuries (5) and 
personal reasons (5). A flow chart as well as anthropo-
metric details are described in Fig. 1 and in Krause et al. 
2023 [19].

Training
Both groups ran twice weekly for eight weeks either with 
(EG) or without wbEMS (CG). Each training was limited 
to 20 min [18] and there was at least 48 h of rest between 
two sessions [20]. Training intensity was increased based 

on the results of the initial incremental step test every 
two weeks and controlled by means of perceived exertion 
(rating of perceived exertion > 7 out of 10, Supplemental 
Table 1) as described elsewhere [19].

In Krause et  al. (2023) the procedure for wbEMS 
(Xenoma, Japan) is described in detail. The stimulation 
parameters were defined according to current scientific 
guidelines in order to ensure the safety of the participants 
and to rule out muscle spasms, co-activation or disabili-
ties during motion [8, 18, 21, 22]. Specifications were as 
follows: 26 bipolar electrodes transferred the electrical 
current to the muscles of the back (4), chest (4), abdomen 

Fig. 1  Change in maximum voluntary knee extension torque from pre (blue) to post (orange) for the intervention and control group. Dots indicate 
individual values



Page 4 of 8Krause et al. BMC Sports Science, Medicine and Rehabilitation          (2024) 16:144 

(4), hip (2), thigh (8) and arms (4). Bipolar impulse type, 
stimulation sequencing 85  Hz, single stimulus width 
180µs, rise 700  ms, duty cycle 50% on and 50% off (3  s 
on- and 3 s off-time). The appropriate current was deter-
mined individually for each participant and each session 
at a subjective tolerance rating of CR10-scale 7/10 [12].

Training sessions of all individuals were controlled and 
documented by the operators of the study. Individual 
training and suit stimulus intensity were adjusted and 
controlled for each participant by trained personnel dur-
ing all times throughout the training process. All stimula-
tion parameters were documented in the protocol.

Assessments and outcome measures
Before and after the training period, assessments of isoki-
netic knee extensor- and flexor strength and explosive leg 
chain strength were conducted.

Isokinetic knee extension and flexion torque
An isokinetic dynamometer (Humac®/NormTM Test-
ing & Rehabilitation System, Computer Sports Medicine, 
Inc. CSMi, Stoughton, Massachusetts, US) was used to 
assess knee extensor and flexor strength according to Li 
et al. [23]. The dynamometer was calibrated prior to test-
ing sessions.

For the initial position, subjects were seated upright 
with the trunk at 100° and fixed by straps [22, 23]. The 
knee joint was in line with the mechanical axis of the 
dynamometer and the shin pad was placed superior to 
the medial malleolus as described elsewhere [23].

Prior to each test sequence subjects performed three 
submaximal repetitions with 50–60% estimated MVC to 
familiarize with the testing procedure. For data assess-
ment, the protocol from Li and colleagues [23] was used 
which consisted of concentric-concentric contractions at 
60°/s angular speed in the full individual range of motion 
(ROM). This has proven to  be very reliable in terms 
of test–retest reliability [24]. Two sets of three repetitions 
with maximum effort were executed for the knee exten-
sor and knee flexor muscles with a minimum of 3 min rest 
between repetitions. The trial with the highest torque val-
ues averaged for both legs were used for further analysis.

Countermovement jump
Subjects performed three countermovement jumps on a 
force plate (SP Sportdiagnosegeräte GmbH, Trins, Aus-
tria) to assess changes in lower limb power. Before the 
countermovement jumps, participants underwent a 
familiarization protocol. They were instructed to place 
their feet hip-width apart, to keep their knees in line 

with their feet, to rest both hands on the hips and to look 
straight ahead. The jump was initiated by the subjects 
lowering their center of mass to a limited decline depth 
between 25-35 cm. They were asked to jump as high as 
possible with their legs straightened during flight time. 
Out of three jumps, the maximal jump height was used 
for further analysis.

Lifestyle parameters
The participants were instructed to maintain their habit-
ual dietary intake and normal physical activity during the 
study. To control for potential effects of activities per-
formed outside the study, physical activity was assessed 
before and after the intervention using a validated ques-
tionnaire [25]. Subjects were also advised to record their 
dietary intake on 3  days (2 weekdays, 1 weekend day). 
The nutritional logs were analyzed with Nutriguide 4.6 
[Nutri Science GmBH].

Statistics
All values are presented as mean ± standard deviations 
and standard errors. Maximum force values are evalu-
ated in relation to the respective body weight. The aver-
age differences between left and right leg were calculated 
and are described for each intervention group and time 
point.

For the inference analysis, a linear mixed model 
ANOVA (within-subject factor: time [2] x between-
subject factor: group [2]) was calculated with the lmerT-
est package [26]. Level of significance was set at p < 0.05. 
Assumptions such as outliers, normality (Shapiro–Wilk 
test), homogeneity of variances (Levene test), assumption 
of sphericity (Mauchly’s test of sphericity) and homoge-
neity of covariances (Box’s m) were reviewed. Effect sizes 
and 95% confidence intervals were defined with gener-
alized η with reference values as follows: 0.01 = small, 
0.06 = medium, 0.14 = large effect sizes.

Tukey correction for multiple testing was used for Post-
Hoc tests. All statistical analyses were performed with 
the statistical software R version 1.4.1717.

Results
Maximum isokinetic knee extension and flexion torque
All descriptive and inference values of maximum isoki-
netic knee extension and flexion torque (Tmax) are 
described in Table  1. Tmax decreased significantly in 
extensors over time for EG by -4 ± 13% and for CG 
by -4 ± 9% (F(1, 44.14) = 5.96, p = 0.02, η = 0.12). Post-
Hoc tests revealed significant interaction post values 
(t(1,73.70) = 2.09, p = 0.04). For the flexors, no changes in 
Tmax were observed (Table 1 and Fig. 1).
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Counter movement jump
Jump height differed significantly between groups prior 
to the intervention (F(1, 54.31) = 4.52, p = 0.04). However, 
no significant differences occurred over time or for inter-
action (Table 2 and Figs. 2 and 3).

Lifestyle parameters
Neither physical activity behavior throughout the week, 
nor caloric intake did change over time for both groups 
(Supplemental Table 2).

Discussion
The findings of the present study revealed that an eight-
week running training with wbEMS did not facilitate 
beneficial effects in muscular knee flexor strength or 
power in recreationally active individuals. Extensor 
strength was slightly reduced in both groups by 4% which 
is why the current hypothesis could not be verified.
First, the demonstrated effects occurred for both train-

ing groups. Therefore, it can be assumed that not the 
wbEMS stimulus itself but the type of training led to the 
fact that no strength-related improvements in perfor-
mance were found. Interestingly, previous investigations 
comparing wbEMS to a high-intensity resistance train-
ing have shown that effects on strength parameters did 
not differ when wbEMS was compared to a high-intensity 

strength training [11]. In contrast to the current results, 
however, both groups gained leg extensor strength [11] 
instead of reducing it. A possible explanation might be 
training-specific stimuli [27]: wbEMS plus voluntary acti-
vation during resistance training was shown to enhance 
muscle strength [1, 6] or added during jump training to 
improve jump performance [4, 12]. Combining endur-
ance and resistance training with wbEMS, such as in con-
current training, might be a valuable option to enhance 
endurance and strength performance [17, 28].
Second, while studies with local EMS have consistently 

demonstrated to improve muscle function [8], the evi-
dence regarding wbEMS is conflicting with some stud-
ies reporting significant strength gains [1] of around 7% 
[11] to 9% [10] for leg extension and other demonstrat-
ing no changes [29]. One explanation could be found in 
the target group: minor but all the more relevant perfor-
mance changes are more difficult to demonstrate in ath-
letic participants [1, 29]. In addition to that, wbEMS can 
be used in a much more targeted manner during muscle 
contraction during resistance training. During running, a 
synchronized stimulation pattern is not applicable. Since 
various muscle groups (e.g., extensors and flexors of dif-
ferent leg segments from foot contact to toe off) are acti-
vated  during running, the superimposed wbEMS might 
have led to increased agonist–antagonist co-activations 

Table 1  Maximum torque values (Tmax) for the knee extension and knee flexion torque from pre- to post-intervention (mean ± SE)

EG Experimental group, CG Control group, Tmax Maximal flexion and extension torque, *p<0.05

Groups mixed ANOVA

EG CG Main time effect Main group effect Time and group 
interaction 
effect

Tmax extensors [NM % kg] pre 213 ± 9 193 ± 2 F = 5.96
p = 0.02*

η
2=0.12

F = 4.05
p = 0.10
η
2=0.07

F = 0.56
p = 0.04*

η
2=0.01

post 204 ± 9 190 ± 7

Tmax flexors [NM % kg] pre 141 ± 7 131 ± 5 F = 3.93
p = 0.05
η
2=0.08

F = 1.61
p = 0.21
η
2=0.03

F = 0.00
p = 1.00
η
2=0.00

post 144 ± 7 141 ± 5

Table 2  Jump height from pre- to post-intervention (mean ± SE)

EG Experimental group, CG Control group, *p<0.05

Groups mixed ANOVA

EG CG Main time effect Main group effect Time and group 
interaction 
effect

Height [cm] pre 28.6 ± 1.0 25.5 ± 0.8 F = 0.32
p = 0.57
η
2=0.01

F = 4.52
p = 0.04*

η
2=0.08

F = 0.42
p = 0.52
η
2=0.01

Height [cm] post 27.6 ± 1.1 26.3 ± 1.1
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and thus a poor functionality [29, 30], which is insuffi-
cient for the development of functional improvements. 
Thus, the movement itself is not sufficient to produce 

strength benefits either after resistance [1] or after run-
ning training with wbEMS.

Fig. 2  Knee extension torque from pre (blue) to post (orange) for the intervention and control group. Dots indicate individual values

Fig. 3  Maximum jump height from pre (blue) to post (orange) for the intervention and control group. Dots indicate individual values
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Although not assessed in the current study, data from 
previous trials indicated that a general promotion of neu-
romuscular adaptability can in theory be achieved by 
EMS via activation of larger motor units at low force lev-
els [13]. With an application of EMS over a muscle belly, 
a superficial-to-deep motor unit (MU) recruitment can 
be observed regardless of the MU size [31]. The extent to 
which  larger MUs were  activated with the wbEMS suits 
and running intensities in the present trial and whether 
this is associated with intra-individual strength improve-
ments remains unanswered with the assessment methods 
used. However, if large MUs and superficial-to-deep MU 
recruitment is achieved with wbEMS during running, the 
current results clearly show that neurophysiological stim-
uli throughout wbEMS have no  functional consequence 
in terms of multi- and monoarticular joint control.
Third, and with regard  to the chosen  intervention 

wbEMS during running, there are important aspects 
to consider: Previous findings indicated that wbEMS 
parameters (e.g., stimulation intensity, pulse frequency) 
are of high importance to induce optimal neuromuscular 
adaptations [12]. For triggering response to the muscular 
level, intensity-dependent adaptations can be observed 
with higher wbEMS intensities eliciting higher MU 
recruitment and evoke higher forces [32]. In the current 
trial, high frequencies (85 Hz) and short duty cycles (3 s 
“on”, 3  s “off”) were used. Although higher frequencies 
might be effective in activating both motor and sensory 
axons, and thus, maximizing the afferent signal [33], lit-
erature indicates that the application of high frequencies 
with wbEMS decreases motor axon excitability [34]. The 
extent to which this modulates long-term neuromuscular 
adaptation is unclear and requires further investigation.

Conclusion
The addition of wbEMS to running training does not 
affect neuromuscular function parameters with refer-
ence to maximal lower extremity flexion and extension 
torque. Despite the eight-week intervention, wbEMS did 
not facilitate beneficial changes in muscular isokinetic 
knee flexion and extension torques or countermovement 
jump performance in recreationally active individuals. 
In the future, it might be valuable to investigate effects 
of wbEMS when muscles are activated selectively and in 
non-athletic participants. Based on these outcomes, we 
conclude that it is not sufficient to activate wbEMS dur-
ing running training if the goal is to improve strength.
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