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Summary

> Due to its time-efficient and joint-friendly character, whole-body electromyostimulation (WB-EMS) attracts sportspeople and
athletes of different disciplines. Nevertheless, whilst some trials reported positive effects of WB-EMS on performance parameters, the
study situation is very inconsistent.

> Thus, the present meta-analysis aimed to summarize the effect of WB-EMS on maximum muscle power and endurance performance
in sportspeople. Five electronic databases (Medline, CINAHL, CENTRAL, Web of Science. SportDiscus) were searched until 03/06/2025
according to the PRISMA scheme. Applying a random-effect model that includes the inverse heterogeneity model, effects sizes (SMD) and
95%-confidence intervals (95%-CI) were calculated. Subgroup-analyses focused on different modes of WB-EMS. The search identified 13
eligible trials with 14 WB-EMS and 13 control groups.

> In summary, we observed positive effects of WB-EMS on maximum hip/lower extremity power (13 studies, SMD: 0.48,95%-CI: 0.04 to 0.91).
Subgroup analyses revealed positive effects of superimposed WB-EMS versus underlying voluntary exercise (10 studies, SMD: 0.46, 95%-CI:
0.03 to 0.89). Heterogeneity between the trial results was moderate to substantial in both cases (1*=58% and 1’=62%). The few WB-EMS trials
(n=3) that addressed endurance performance (i.e. VO2peak) reported inconclusive and, on average, non-significant results (SMD: 0.32, 95%-
CL:-0.19 t0 0.84).

> The present study provided considerable evidence for a favorable effect of superimposed WB-EMS on maximum power in already well-
trained sportspeople and athletes. By contrast, positive evidence for the effects of WB-EMS on endurance performance is lacking, particularly

due to the varying research issues of the studies and diverging exercise protocols.
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Introduction

Whole-body electromyostimulation (WB-EMS) can
be considered as a joint friendly, time effective and
highly customizable exercise technology - at least in
the present commercial setting (22). These features
might attract sportspeople and athletes of different
disciplines to implement WB-EMS in their training
routine. The reasons and aims for adding WB-EMS
are diverse. While some athletes look to accelerate
regeneration, others apply WB-EMS as a mean of
injury prevention (36). However, the vast majority
of studies with sportspeople and athletes focus on
performance-related parameters (36). Considering
that the conventional WB-EMS approach uses a re-
sistance-type approach with low volume and short
bouts of intermitted intense stimulation (4, 25), it is
understandable that most studies with sportspeople
and athletes focus on outcomes related to strength
and power, while data on endurance performance on
the other hand is rarely reported (36). Nevertheless,
the net effect of WB-EMS, be it for power or enduran-
ce performance, has yet to be evaluated reliably. This
relates in the main to two aspects: Firstly, all the sys-
tematic reviews that summarize and quantify the
evidence in this area (16, 29) predominately included
trials with locally applied EMS. Even more proble-
matic, the majority of studies with sportspeople and

athletes applied superimposed WB-EMS programs
(36). Considering this combination of voluntary
exercises superimposed by WB-EMS, it is clear that
a considerable part of the effects can be attributed
to voluntary exercise. One may argue that control
groups that applied the identical voluntary exercise
without WB-EMS (e.g. (11, 12) nevertheless might
determine the proper WB-EMS effect. We agree. In
spite of that, the approach of many studies of adding
WB-EMS to high intensity voluntary exercise “as the
cherry on the top”(22) requires high statistical pow-
er to address the limited, albeit potentially, relevant
WB-EMS effects, which is usually not provided by
studies involving sportspeople and athletes. A sys-
tematic review and meta-analysis that adequately
considers the WB-EMS approach and its compari-
son with different control groups might be helpful
to close this evidence gap. In order to address this
question in a structured manner, we formulate the
following hypotheses:
(a) Maximum power is affected significantly by WB-
EMS in comparison to a non-specific control.
(b) Maximum power is affected significantly by su-
perimposed WB-EMS in comparison to a control
group that performed the underlying voluntary
exercise. >
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Study and participant characteristics of the studies. NCT=Non randomized controlled trial; RCT: Randomized controlled trial; RCOT=Randomized cross-over trial;

I=If not specified, BMI was calculated based on body height and body mass (see BMI data without SD).
STUDY
PUBLICATION  STUDY GROUPS/ TOTAL SAMPLE AGE BMI PEDRO-
AUTHOR ~“vear  DEsieN  condl-  SIZEINT  CENPER yeapsy (kemzy  STATUS DISCIPLINGopope
TIONS [N]
ATET RCT 2 14 m 27+7 2343 1) Runners 4
hete et al. sportspeople
MY 2019 RCT 2 28 W 222 294p | dvanced o ders 4
etal. sportspeople
ULaETI 2019 RCT 3 22 miw  26+3 2243 Advanced o nders 5
etal. sportspeople
Filipovic 2016 RCT 2 22 m | 26e3 sy | SOMEUIE e players | 5
etal. professionals
T 2019 RCT, 3 30 m 23+4 2442 sani-il- Soccer players 6
etal. professionals
libak 2022 RCT 9 20 0 15-20 2 Semi-/full- Basketball
etal. professionals players
axatics 2020 NRCT 2 10 m ng ng SEMAUIERS oo cor players 100 d
al. professionals
et 2021 RCT 2 38 mew 2043 gpep  hdvanced o ders 4
etal. sportspeople
NS 2022 RCT 2 20 mew 1925 23 Advanced o nders 4
Simon et al. sportspeople
UL 2017 RCT 2 2 m o 2345 23 Advanced o nders 5
etal. sportspeople
e 2018 RCT 2 18 m 2343 2949 Advanced o ders 5
etal. sportspeople
Schuhbeck 2019 RCOT 9 30 m 2848 21 Advanced Ice-hockey 5
etal. - sportspeople players
Ll 2015,2016  RCT 2 20 m 2042 24 Advanced o nders 5
etal. sportspeople
Zhang 2021 RCT 9 10 w 9744 9 Hobby Resistance 1
etal. - sportspeople exercise

(c) Endurance performance is not affected significantly by pre-
sent WB-EMS programs.

Briefly, the present work is based on a comprehensive
systematic review and the evidence map of Reinhardt
et al. (36). The project followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) Statement and was registered under PROSPERO ID
CRD420250646327.

Eligibility Criteria

We applied a two-stage approach. During the first step a com-
prehensive search according to the PICOS criteria below was
conducted (36). Based on this comprehensive systematic review,
additional eligibility criteria that emphasize “study outcomes”
were applied for the present contribution.

Population: We included professional and semiprofessional
“athletes” (3), advanced sportspeople and recreational/hobby
sportspeople. Advanced sportspeople included competitive
sportspeople and physical education/sport students, while
cohorts of studies exercising at least twice weekly during the
last 2 years (without competitions) were considered “hobby/
recreational sportspeople”.
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Intervention: Only WB-EMS interventions according to the
present definition (23) were included.

Comparators: Studies that compared WB-EMS with one or
more active or non-training control group were eligible. In cont-
rast, studies that compared two WB-EMS protocols (e.g. (1, 35))
without another control group were not considered.
Outcomes: The present study included only studies that re-
ported outcomes related to lower extremity muscular power
(including jumping) and endurance performance as determined
from baseline to immediately post-intervention.

Study design: Longitudinal controlled trials (randomized or
not) were included.

Information Sources
In summary, five electronic databases (CINAHL (via Ebsco)
Host, CENTRAL, Medline (PubMed), SPORTDiscus (via Ebsco
Host), Web of Science (via Clarivate)) were searched for pub-
lications from their initiation up to 6th March 2025 without
language restrictions.

Literature Search

A standard protocol was developed and a controlled vocabulary
(MeSH term for MEDLINE, CINAHL' Subject Headings for CI-
NAHL) was applied. Keywords and their synonyms were used
in the following queries: WB-EMS OR “whole body electro myo
stimulation” OR electromyostimulation OR “electrical muscle
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Identification of Studies via Databases and Registers

Identification of Studies via Other Methods

Records identified from
Datahases (n=4914)
CINAHL n=623
Cochrane n=1332
PubMed n=1631
SportDiscus n=449
Web of Science n=879

.| Records removed before screening:

v

"| Duplicate records removed n=962

Records identified from
other sources =20

Records screened n=3952

Records excluded by a human

Reports sought for retrieval n=86

Reports not retrieved n=6

Reports sought for retrieval n=18 Reports not retrieved n=1

Records excluded n=70

Reports assessed for eligibility n=80

-wrong intervention n=25
-wrong participation n=20

- -wrong publication n=1
-wrong outcome n=24

Reports assessed for eligibility n=17

Records excluded n=13
-wrong intervention n=1
-wrong participation n=12

Studies included in review n=14

Flow-chart of the present systematic literature search according to PRISMA (32).

stimulation” OR electro-myo-stimulation OR electrostimulati-
on OR “integral electrical stimulation” OR “whole-body electri-
cal muscle stimulation”) AND (athletic OR athlete OR sport OR
performance OR trained). Additionally, reference lists of eligible
articles were screened (figure 1).

Selection Process

Titles, abstracts and full texts were independently screened
against the eligibility criteria (PICOS) by three reviewers (SR,
MP, WK). Disagreements were resolved by discussion. In ca-
ses of unclear or missing eligibility criteria, the corresponding
authors were contacted by email three times in four weeks to
provide missing, incomplete or unclear data.

Data Management

Endnote (Clarivate, Philadelphia, US) was used to download
search results and to conduct title, abstract and full-text
screening. Duplicates were identified and excluded using the
approach suggested by Bramer et al. (5) .

Data Extraction

Data from eligible studies were extracted by two reviewers
(WK, MP) using a Microsoft Excel table. Disagreements bet-
ween the reviewers were resolved by discussion.

Risk of Bias in Individual Studies

Using the Physiotherapy Evidence Database (PEDro) Scale Risk
of Bias Tool (26) two reviewers (FH and WK) assessed studies for
risk of bias. Disagreements were resolved by discussion. Metho-
dological quality of the studies was classified <5 score points:
low, 5-7 score points: moderate and >7 score points: high (37).

Data Synthesis

Missing standard deviations (SD) were converted into stan-
dard errors (SE) and confidence interval (CI) (6) or (in cases of

GERMAN JOURNAL OF SPORTS MEDICINE « 77 - 2/2026

missing variations of changes) by imputing using the correla-
tions between baseline and final values from the other studies
(6). In cases of more than one power outcome, maximum hip/
low extremity power as determined by squatting or leg press
exercises was preferably included in the analysis. When multi-
ple maximum jumps tests were performed, preferably counter
movement jump were included in the analysis (table 3).

Statistical Analysis

Random-effects meta-analyses (34) were calculated applying
the robust inverse heterogeneity (IVhet) model (8) as the pri-
mary analyses. Continuous outcome data were synthesized
using standardized mean differences (SMDs) with 95% confi-
dence intervals (95% CI). Cochran Q test and the I* statistic were
used to determine heterogeneity between the trials results (12
0-40% =low, 30-60% = moderate, 50-90% = substantial, 75-100%
= considerable heterogeneity (17)). We applied funnel plots with
trim and fill analysis (10), regression and rank correlations, Doi
plots and the Luis Furuya-Kanamori index (LFK index 1 to
+2: minor asymmetry; > +2: major asymmetry) (14) to check
asymmetry and corresponding small study/publication bias.
The subgroup analyses focused on different scenarios when
comparing WB-EMS and control groups.

Results

In summary, the search identified 13 trials (2, 7, 9, 13, 18-20,
27,28, 30, 38, 42, 43) with 14 WB-EMS (145 participants) and
13 control groups (141 participants) that focused on maximum
hip/lower extremity power and which were included and consi-
dered for the analysis (figure 1). In parallel only three WB-EMS
projects (2, 11, 28, 41) with three WB-EMS (27 participants) and
four control groups (36 participants) were found that focused
on endurance parameters. Of note, two of the three studies re-
ported power and endurance exercise. >
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Exercise characteristics of the included studies '=Studies with two control groups; DRT=dynamic resistance exercise; nRM=non repetition maximum; reps=repe-
titions; RPE=rate of perceived exertion; RT= resistance exercise; FU=Follow-up; ng=not given
COMPARABLE EMS- EXERCISE/ACTIVITY IN
STUDY SUPER-  VOLITIONAL  SESSIONS FR::IE::[I:SYE(II-:';I);EVIV“ISIJ:‘:[();'S])GUII-JUI:APTIII;:E(S) THE CONTROL GROUP(S)  LOSS TO FU (%) /
AUTHOR LENGTH  IMPOSED EXERCISE (N/WEEK _BREAK (S) -INT’ENSITY (RPE)’(AIJDITIUNALLY, (WITHOUT WB-EMS) (AD-  ATTENDANCE (%) /
[WEEKS] EXERCISE? INCONTROL  XLENGTH 10 S,PURT-SPECIFID EXERCISE) DITIONALTO SPORT-SPE- ADVERSE EFFECTS
GROUP? [MINI) CIFIC EXERCISE)
High intensity DRT, power and (interval) running
,;\n;arot—Gla— 6 1x12-20 (HIT)superimposed by WB-EMS: Variable, Regular running routine 14/96/
2(9)19; a yes o Xie undulated periodized WB-EMS: 12 and 90Hz, only (2 sessions/week) o
350ps, 4-30s, 4-30s, 10-17 [CR 20]
Dérmann DRT (see control) superimposed by WB-EMS, (1) DRT: 4 ex.., 3x 8-10 reps
et al 2019 4 yes yes 2x20 85Hz, 350ps, impulse during exercises, RPE >16, Power: 5 ex., 3x 21/100/no
RPE >16 (CR20) 5-10 reps/3x 8 s
. ) Ten isometric exercises superimposed ,
Etgtltaz‘g‘l’g 6 yes no 2x20 by WB-EMS: 350y, RPE 14-16: DRT}ZpiXZ;‘;i;;X 10 0/100/n0
(a) 50 Hz, 4s-6s versus (b) 85 Hz, 4s-4s
it Squat jumps: 3x 10 reps
et al. 2016 14 yes yes 2x9 superimposed by WB-EMS 80Hz, Squat jumps: 3x 10 0/100/no
350 ps, 4s-10s, up to RPE 18-19 (CR20)
I . . (1) Squat jumps: 3x 10
i R R e el T
routine only
lIbak Plyometric jumping exercises (8 ex, 3x 10-12 Plyometric jumping
et al. 2022 12 yes yes 2x20 reps) superimposed by WB-EMS: 20 Hz, 350 ps,  exercises (8 ex, 3x 10-12 0/100/no
10s-10s, 50-80% maximum tolerable intensity reps) only
L 8 no no 3x20 bl S B, R;g?gi‘;:’;‘:: r;r_ﬁrél'?_;? ng
et al. 2020 continuous impulse , RPE 6-8 (CR10) '
reps) only
DRT: seated leg press (3x 20 reps)
:ta ;tgzlléﬂ 6 yes yes 2%25 superimposed by WB-EMS: 100 Hz, 400 ps, DRT: sea;%drleefs)p (S ng
5s-10s, RPE 8-9 (CR 10)
Martin- 3 sessions, 100-140 jumps with 1 session ) ;
Simon et al. 6 yes yes 1x13 superimposed by WB-EMS: 120 Hz, 350 pis, SR 10|0—140 Jumps ng
2022 5s-10s, max. tolerable intensity e
Cycling at 60% peak power output, ) o
Mathes 4 yes yes 3,5x60 superimposed by WB-EMS: 80 Hz, 400 ps, Cycling at 60% peak power 13/100/n0
et al. 2017 . ) . output
10s-2s, maximum tolerable intensity
Micke DRT: 5 ex, 3x5-10 reps, RPE>16 (CR20) supe-
8 yes yes 2x~25 rimposed by WB-EMS: 85 Hz, 350 ps, adjusted to DRT 0/100/no
etal. 2018 . ) .
exercises 70% max. intensity
6 weeks of static, 6 weeks of dynamic RT exercise
Schuhbeck supe-imposed by WB-EMS 85 Hz, 350 pis, Static and dynamic
et al. 2019 e yes o e As-4s, >75% max Intensity resistance exercise AU
(additionally to normal training)
: Back half squats, 4x 10 reps to RM, superimposed
Wirtzet al. 6 yes yes 2x10 by WB-EMS, 85 Hz, 350 ps, 5s-1s at 70% max. G ETE SIS 0/100/no
2015/2016 : ) to RM
tolerable intensity
et DRT: 4 exercises, 5x to nRM at 85% 1RM
6 yes yes 2x20-25 superimposed by WB-EMS 85 Hz, 350 ps, EMS DRT 17/100/no
etal. 2021 . . .
during sets, 60-100% device capacity

Summary of Study and Publication Characteristics
All but one (19) of the WB-EMS trials were randomized control-
led studies (table 1). Apart from two studies that implemented
either two control (11) or two WB-EMS (7) groups, all the studies
compared a single WB-EMS with a single control group.

Summary of Participant Characteristics

Table 1 shows the participant characteristics of the studies. Two
studies included hobby sportspeople, eight studies focused on
advanced sportspeople (including sport students) and four
trials included semi-professional/professional athletes (11). In
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most cases the cohorts can be considered as “allrounders”, five
studies focused on sport games, and one each addressed hobby
runners and resistance exercisers. All the studies focused on
healthy male participants. Participants were on average 20-30
years old and of normal weight (table 1).

Summary of Exercise and WB-EMS Characteristics

Thirteen of 14 studies applied superimposed WB-EMS proto-
cols (table 2), i.e. added WB-EMS to exercise with high volun-
tary muscle activation. Underlying types of exercise included
isometric and dynamic RT, power/ jumping exercises, interval
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Study EG = SMD (95% Cl)
Mean SD Mean SD

superimposed WB-EMS vs. same volitional exercises

Doérmann et al. (2019) 95.000 75501 17.000 117.627 —— 0.76 (-0.11 to 1.62)
Filipovic et al. (2016) 2900 0.947 0500 1.139 - 2.22(1.16 to0 3.29)
llbak et al. (2022) 7900 2703 6500 2912 [ E— 0.48 (-0.41 to 1.37)
Kacoglu et al. (2012) 0.500 3.262 0.200 3.142 b 0.09 (-0.55 t0 0.74)
Martin-Simon et al. (2022) 3450 2.280 1.890 2.000 —— 0.70 (-0.21 to 1.60)
Mathes et al. (2017) -9.000 157.000 21.000 95.000 +—=— -0.22 (-1.08 to 0.64)
Micke et al. (2018) 36.000 151.878 137.000 135.535 —=—H -0.67 (-1.62 10 0.28)
Schuhbeck et al. (2019) 210.000 340.197 -28.000 331.905 = = 0.70 ( 0.14 to 1.26)
Wirtz et al. (2018) 1200 1.766 -0.100 2.248 — 0.62 (-0.28 to 1.51)
Zhang et al. (2021) 0.022 0.007 0.014 0039 +—=—ro 0.26 (-0.98 to 1.51)
IVhet Model for Subgroup (Q = 21.23, df = 9, p = 0.012; I = 57.6%) < 0.46 ( 0.03 to 0.89)
superimposed WB-EMS vs. DRT-protocol

D'Ottavio et al. (2019), (50 Hz-Protocol) 53.000 65215 30.000 87.659 —— 0.28 (-0.77 to 1.33)
D'Ottavio et al. (2019), (85 Hz-Protocol) 52.000 58615 30.000 87.659 [ — 0.28 (-0.78 to 1.33)
IVhet Model for Subgroup (Q = 0.00, df = 1, p = 0.997; I = 0.0%) . 0.28 (-0.47 0 1.02)

superimposed WB-EMS vs. basic exercise training
Amaro-Gahete et al. (2018)

non-superimposed WB-EMS vs. basic exercise training
Jawad et al. (2020)

1.000 2.898

248.000 9.746 167.000 16.719

0.000 1949 —— 0.37 (-0.77 10 1.52)

| 534(269107.99)

IVhet Model for All Studies (Q = 34.51, df = 13, p = 0.001; 2= 62.3%)

> 0.48 (0.04 0 0.91)

favors CG : favors EG
[ I I I 1

-2 0 2 4 6 8

Forest plot of WB-EMS effects on maximum power in sportspeople and athletes. CG=control group; EG=exercise group; SD=standard deviation.

running and cycling (table 2). with 4 to 14 weeks, study dura-
tion was mostly short (table 2). Weekly exercise volume in the
WB-EMS groups ranged considerably between 1x 12-20 min (2)
to 3.5x 60 min/week (28). All the studies applied bipolar low
frequency impulse protocols. Impulse breadth was scheduled
350 pus and 400 ps. All but one study (19) applied an intermitted
impulse protocol with 4s-30s of impulse and 1s-30s of impulse
break. Although not always clear whether only WB-EMS per se
or the combined superimposed approach was implied, impulse
intensity as scheduled by rate of received exertion range was
high to maximum tolerable (table 2).

Outcome Characteristics

Table 3 shows the outcomes addressed by the 14 studies. Briefly,
of the 13 studies that reported data on maximum power per-
formance, six reported jumping performance only as jumping
height in cm. As stated, we preferably included power as asses-
sed by leg-press and squatting in the analyses. The three studies
on endurance performance (2, 12, 41) all applied incremental
step tests (ergometer or treadmill) to a voluntary maximum.
The one study (28) that considered aerobic and anerobic capa-
city as the core outcome also determined a 20 min time trial
and a 30 s sprint test on a bicycle ergometer. While all the stu-
dies reported data on VO2peak, other endurance performance
parameters of the tests were not consistently reported (2, 11,
41) (table 3).

Methodologic Study Quality

Methodologic quality according to PEDro (26) of the studies
ranges between 4 and 6 score-points (table 1). The main reasons
for this low-to-moderate result relate to the aspects of “alloca-
tion concealment”, “blinding of participants” and/or “blinding
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of therapists”, with the latter two being hardly applicable in
exercise studies.

Adverse Effects

None of the studies reported adverse effects. Nevertheless high
CK values compared to voluntary exercise control were obser-
ved in the superimposed WB-EMS studies of Filipovic et al. (13)
and Mathes et al. (28), which normalized by the end of the in-
tervention however (22).

Meta-Analysis Results

WB-EMS Effects on Maximum Power

Figure 2 shows the significant effects of WB-EMS compared to
control for maximum power performance in sportspeople and
athletes (SMD: 0.48; 95%-CI: 0.04 to 0.91). More specifically, the
subgroup analysis that focused on the effects of superimposed
WB-EMS versus underlying voluntary exercise (upper graph)
resulted in similar positive results (10 studies, SMD=0.46; 95%-
CI: 0.03 to 0.89). Heterogeneity between study results was mode-
rate (full data set) or substantial (specified analysis). Unfortu-
nately, for the other comparisons only one study each (with 1-2
comparisons) was available. Nevertheless the findings clearly
confirmed hypotheses (a) and (b) that expected a superiority of
(superimposed) WB-EMS vs. control.

WB-EMS Effects on Endurance Performance

The present analysis focuses on changes in relative VO2pe-
ak as a strong predictor for endurance performance and the
only parameter that was consistently reported by all studies.
In summary, the number of studies (or comparisons) was too
low to generate a reliable analysis even when ignoring the >
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Power-related outcomes reported by the included studies. ABJ=Abalakov
Jump Test; CMJ=Counter Movement Jump; DJ=Drop Jump; SJ=Squat Jump.

AUTHOR OUTCOMES

CMJ, ABJ (cm) // peak running speed,
rel. VO2peak, speed/V0?2 at ventilatory
thresholds, running economy

Isometric peak power (Pmax, W) leg press,
leg extension, leg curl (leg flexion)

Force velocity curves (15, 35, 65, 85% 1
RM, W) for squattingl

SJ, CMJ, DJ (cm)

Running time, rel. VO2peak, maximum
lactate, maximum heart rate

CMJ (jump and reach, cm)

Amaro-Gahete et al.
2018

Dérmann et al. 2019

D‘Ottavio et al. 2019
Filipovic et al. 2016
Filipovic et al. 2019

libak et al. 2022
Jawad et al. 2020 Vertical jump (N)

Kacoglu et al. 2021 SJ, CMJ (cm)

Martin-Simon et al. 2022 Relative Pmax jumping: CMJ (W/kg)

SJ; CMJ, DJ (cm) // Cycling: Peak power
output, rel. VO2peak, anaerobic threshold
Isometric peak power (Pmax, W) leg press ,
SJ,CMJ, DJ, SLJ

Vertical jump power: CMJ (W)

Mathes et al. 2017

Micke et al. 2018

Schuhbeck et al. 2019
Wirtz et al. 2015/2016
Zhang et al. 2021

Relative Pmax leg press (W/kg)
SJ, CMJ, ABJ (cm)

WB-EMS approach and corresponding control. Nevertheless,
we provided the corresponding results in figure 3 to graphically
present the results of the single studies. Briefly, superimposed
WB-EMS did result in positive effects independently of whether
compared with the underlying voluntary exercise(I*=0%) or
(less expected) with the usual training routine (I>=69%) without
newly added interventions. Thus we accepted our hypothesis (c)
of missing effects of WB-EMS on endurance parameters.

Small Study/Publication Bias, Asymmetries

For the analyses of small study/publication bias and asymmet-
ries for maximum power, we used the full data set. In summary,
no studies had to be imputed in the funnel plot with trim and
fill (figure 4), further regression (p=.15) and rank correlation
test (p=.59) did not indicate funnel plot asymmetry. In addition,
the LFK index (0.93) revealed no relevant asymmetry. Due to
the low numbers of WB-EMS studies that focus on endurance
performance, we did not calculate any funnel plot, regression
or rank correlation tests or the LFK index.

In contrast to WB-EMS application in the fitness and he-
alth domain (4, 25), the majority of studies with sportspeople
and athletes understood WB-EMS much more as a vehicle
for increasing the effect of intense voluntary exercise (36).
This concept of superimposed WB-EMS (33) makes the
reliable validation of WB-EMS effects by means of syste-
matic reviews and meta-analyses a daunting task — largely
independently of the outcome. Considering the large num-
ber of potential protocols when combining various types
of exercise and exercise/stimulation parameters, no two
exercise/ WB-EMS protocols are exactly alike — an aspect
that frequently leads to an apples-and-oranges problem
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in meta-analyses (15, 21). Although the studies included in
the present analysis all applied a superimposed WB-EMS
approach with similar impulse parameters (table 2), large
differences exist for the type of exercise to be superimposed
(i.e. strength/power/HIIT vs. squat jumps vs. cycling) and
weekly training volume (1x 12-15 min vs. 2x 9 min, 3.5x 60
min). These flaws might still be tolerable; however the main
limitation of the present meta-analysis is the comparators
of the WB-EMS approach. Considering the superimposed
WB-EMS application, the most reliable option for deter-
mining the (largely) isolated effect of WB-EMS will be the
comparison with a control group that conducted the identi-
cal exercise protocol but without WB-EMS. However, even
common sense suggests that differences between WB-EMS
superimposed vs. non-superimposed exercise protocols will
be much more discreet compared with superimposed exer-
cise protocols versus ongoing training routines. It might be
the most striking results of the present (subgroup-) analyses
(table 2) that we observed a significant albeit low effect (10
studies; SMD: 0.46) of superimposed WB-EMS versus the un-
derlying voluntary exercise that is predominately applied
with near-maximum to maximum intensity (e.g. (1, 9, 11,
13)) on maximum power performance. Unfortunately, evi-
dence for the other comparison (figure 2) is limited. While
the result of D'Ottavio et al. (7) who compared superimpo-
sed WB-EMS versus traditional DRT (comparable effects)
sounds reasonable, the result of the trial of Amaro-Gahete
et al. (2) on power (figure 2) and relative VO2peak (figure 3)
is more challenging. In detail the authors (2) replaced one
of two sessions of running routine by one 12-20 min session
WB-EMS superimposed on HIT-endurance, DRT and power
training. Surprisingly, the authors reported no significant
effects of WB-EMS on maximum power (figure 2), but on rel.
VO2peak (figure 3). One may argue that rel. VO2peak might
not be the most reliable predictor of endurance performance
development in this context, nevertheless other performance
parameters (e.g. maximum speed) confirmed these results.
Lastly, the study of Jawad et al. (19) reported very high but
nonetheless plausible effects on maximum power (figure 2),
when considering that the trial addresses injured athletes
during their rehabilitation program with and without ad-
ding (non-superimposed) WB-EMS.

Due to diverging research issues, corresponding heteroge-
neity between the protocols (table 2) and the paucity of studies,
results on endurance performance are also difficult to interpret.
When switching to an individual study level, two comparisons
(11, 28) focused on a superimposed WB-EMS approach vs. un-
derlying voluntary exercise, while two other projects (2, 11)
compared their superimposed WB-EMS with control groups
with ongoing training routine (running, soccer). Indisputably,
the latter approach also makes perfect sense when considering
superimposed WB-EMS as a whole, intended to partially re-
place (2) or time-efficiently complete (11) the previous training
regime. As already reported, Amaro-Gahete et al. (2), who ad-
opted this superimposed strategy, reported significant effects
on endurance performance. In contrast, Filipovic et al. (11), who
compared maximum jumping exercise superimposed by WB-
EMS, i.e. a rather unspecific protocol for running endurance
with habitual training routine, observed no favorable effects.
Lastly, Mathes et al. (28), who applied a traditional high volume
cycling endurance protocol (3-4x 60 min/w.), superimposed
by WB-EMS or not, reported negligible effects on endurance
performance in non-specifically trained sports students. A
present network meta-analysis on local and whole-body EMS
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EG CG

Study MD (95% CI)
Mean SD Mean SD
superimposed WB-EMS vs. same volitional exercises
Filipovic et al. (2019/2019), Wirtz (2020), (vs. jumping w/o WB-EMS) 08 18 -04 26 — 0.52 (-0.37 to 1.41)
Mathes et al. (2017) 4a gy 2R 24 —— 0.23 (-0.63 to 1.09)
IVhet Model for Subgroup (Q = 0.20, df = 1, p = 0.653; = 0.0%) e 0.37 (-0.25 to 0.99)
superimposed WB-EMS vs. basic exercise training
Amaro-Gahete et al. (2018) 28 23 -04 28 i——-——  1.14 (-0.08 to 2.36)
Filipovic et al. (2019/2019), Wirtz (2020), (vs. control) 08 18 1.5 3.2 —— -0.27 (-1.20 to 0.67)
IVhet Model for Subgroup (Q = 3.23, df = 1, p = 0.072; I = 69.1%) ..._._. 0.25 (-1.15 to 1.65)
IVhet Model for All Studies (Q = 3.49, df = 3, p = 0.322; 2= 14.0%) - 0.32 (-0.19 to 0.84)
favors CG | favors EG
1 — T 1
2 -1 0 1 2 3
MD

Forest plot of WB-EMS effects on relative VO2peak in sportspeople and athletes. CG=control group; EG=exercise group; SD=standard deviation.

in athletes, Micke et al. (29) confirmed the
non-significant WB-EMS effects on aerobic
capacity compared to “active control”.

0
|

Apart from the study limitations list-
ed above a few other flaws and biases ag-
gravate a reliable conclusion of WB-EMS
effects on endurance performance. (a) In
general, the limited number of eligible
studies and their low sample sizes com-
plicate a meaningful meta-analysis on the
effect of WB-EMS, particularly for the issue
of endurance performance. (b) Unfortu-
nately, the studies were not consistently re-
ported in adequate details. Although most
authors responded to our queries, not all
issues could be resolved, which might have

0.676 0.338
| |

Standard Error

1.014

1.352

resulted in inadequate categorization. (c)
Methodological quality was rated by the
PEDro (26), which is not perfectly applica-
ble for randomized cross-over trials and in
particular non-randomized trials (table 1).
(d) The application of WB-EMS in sports-
people and athletes does not necessarily

-2 0 2 4 6

Standardized Mean Difference

Funnel plot of WB-EMS effects on maximum power in sportspeople and athletes. White=0.05<p<1.00;
grey=0.00<p<0.05; black dots=observed studies.

have to focus on performance. Apart from
general injury prevention, WB-EMS is a validated method for
time-efficiently addressing of low back pain (24, 31), a perfor-
mance reducing complaint quite prevalent in sportspeople and
athletes (39, 40). (e) The degree to which the present research
findings can be generalized to other populations (e.g. non-ath-
letic cohorts) is unclear. Most importantly, superimposed
WB-EMS based on intense volitional exercise is less popular
in scientific or traditional WB-EMS protocols for the general
population (4, 22), thus our findings that is predominately based
on superimposed WB-EMS trials cannot reliably be transferred
to this cohort.

In conclusion, there is considerable evidence that even
in well-trained sportspeople, maximum power perfor-
mance can be increased by WB-EMS protocols. In contrast,
there is limited evidence for WB-EMS effects on endurance
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performance. Nevertheless, even small absolute changes in
performance can be highly relevant for well-trained athletes.
Thus, future WB-EMS studies with an adequate sample size
and comprehensible methodology should address the ques-
tion of endurance performance in more depth. This includes
addressing different types of endurance (e.g. general/local,
short/moderate/long-term) more distinctly.
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