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Abstract: Whole body electromyostimulation (WB-EMS) is frequently presented as a safe and
attractive training technology, however evidence for this description is vague. Thus, the present study
aimed to provide an overview of different aspects related to safety and attractiveness of WB-EMS in
non-athletic cohorts. A systematic review of the literature according to PRISMA searched five
electronic databases, two study registers and google scholar without language restrictions. Briefly,
WB-EMS studies that reported adverse effects, loss to follow, withdrawal or attendance rates in non-
athletic cohorts were included. Finally, 58 eligible studies were eligible. All studies applied low-
frequency WB-EMS predominately 1-2x 20-25 min/week. Seventeen studies provided a superimposed
protocol.  While no study (n=56) reported serious adverse effects, four studies observed abnormal
laboratory findings, albeit without clinical relevance. Loss to follow-up (10+11%) and withdrawal rate
(546%) of WB-EMS trials were low, but did not differ from data for the non-training (10+12% and 4+6%)
or exercise control groups (12+11% and 7+8%). In parallel, we observed high attendance rates (94+7%)
in the WB-EMS groups that again did not relevantly vary from findings for the exercising control
groups (n=20; 91+7%). WB-EMS can indeed be considered as a safe and attractive training technology
for non-athletic cohorts, be it with or without health problems.

Keywords: Electromyostimulation; intervention; safety; attractiveness; adherence

1. Introduction

Whole-body electromyostimulation (WB-EMS) is a novel training technology [1] that is gaining
increasing attention in non-athletic cohorts [2]. While many studies have addressed outcomes related
to physical fitness, function or the health-related domain [3], there has so far been no scoping review
that summarized outcomes related to safety and attractiveness of WB-EMS application. Beside
effectiveness, safety is considered the key aspect of exercise interventions in the physical fitness and
health domain. Attractiveness of an intervention might be best indicated by low loss to follow-up or
(even more applicable) withdrawal and high attendance rates, i.e. people vote on a program's
attractiveness with their feet. The impact of such attractiveness of an exercise protocol might be
underestimated. However, while low attendance rates weaken or even prevent the effectiveness of an
exercise program on a given outcome, high withdraw rates question the entire applicability of the
exercise protocol. Due its low orthopedic burden, joint friendliness, low voluntary effort, time
effectiveness and consistent supervision [1], WB-EMS might be a particularly attractive and safe training
technology for non-athletic cohorts. Thus, in the present review we aimed to determine safety and
attractiveness of WB-EMS interventions in sedentary to non-athletic cohorts.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods

The present review is based on the systematic review of Beier et al. [2] which focuses on outcomes
addressed by WB-EMS. Briefly, this systematic literature review searched five electronic databases
(Medline, The Cochrane Central Register of Controlled Trials, Cumulative Index to Nursing & Allied
Health, SPORTDiscus, Physiotherapy Evidence Database) and two study registers (Clinical trial.gov
and the ICTRP] published up to 6th March 2023 without language restrictions. Articles not published
in English or German were translated by native speakers or using use online translators (e.g.
https://www.deepl.com/home). To identify additional study reports, Google Scholar was searched
manually. The full strategies can be found in supplemental table S1 (Appendix).

2.1. Selection Process

Titles, abstracts and full texts were independently screened by two reviewers according to the pre-
specified eligibility criteria. Reasons for excluding ineligible studies were recorded. In the case of
missing data or doubtful information, authors were contacted for a maximum of three times within a
six-week period.

2.2. Eligibility Criteria

The eligibility criteria of the present slightly vary from the underlying work of Beier et al. [2]. This
particularly refers to the PICOS criteria of intervention, outcome and study design.

2.2.1. Population

Only “non-athletic” cohorts were included. Studies that focus on athletes or sport students were
excluded. However, recreational sports persons were accepted. We also excluded studies that focus on
inpatient cohorts.

2.2.2. Intervention

Only studies that applied Whole-Body Electromyostimulation (WB-EMS) defined as
“simultaneous application of electric stimuli via at least six current channels or participation of all major
muscle groups, with a current impulse effective to trigger muscular adaptation” [1] were included.

2.2.3. Comparators

Type or even presence of a control group was not considered as an eligibility criterion.

2.2.4. Outcomes

In the present analysis on attractiveness and safety of WB-EMS, we included studies that reported
participant loss to follow-up and/or attendance rates and/or adverse effects during or related to the WB-
EMS interventions. Due to the fact that drop-out and loss to follow-up were frequently used
synonymously, we subsumed the data under “loss to follow-up (FU)” fully aware that that the terms
are not fully congruent. Where authors did not report loss to FU but gave the number of participants
participating in pre- and post-tests, corresponding differences were considered as loss to FU. Potentially
more important for the present topic of “attractiveness”, people who quit the study for personal reasons
(e.g. loss of interest, lack of time, aversion to or discomfort with the intervention) were included under
“withdrawals”. Hence, loss to follow up related to death, relocation, COVID-19 lock down, pregnancy,
health problems or injuries not related to the WB-EMS application were not considered as withdrawal.
However, participants reported as lost to FU for “other reasons” or “unknown reasons” were classed
as withdrawals. If no loss to FU (i.e. n=0) was reported or evident, withdrawal was also considered as
n=0, even if this aspect was not addressed. On the other hand, when no data on withdrawal were
reported or evident, we transferred the loss to FU rate. Safety was predominately determined by
adverse effects or laboratory findings reported by the trials. "Adverse effects” (AE) was defined as any
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untoward medical occurrence, disease or injury or any untoward clinical signs, including an abnormal
laboratory finding (ALF) related to the WB-EMS application.

2.2.5. Study Design

We included all longitudinal study designs except single case studies. Review articles, editorials,
conference abstracts, and letters were not considered, either. Only peer reviewed types of scientific work
were accepted, i.e. bachelor, master, or doctor thesis were not considered.

2.3. Data management

Search results were downloaded and imported to Endnote. Duplicates were identified and
excluded using the method proposed by Bramer et al. [4]. Title and abstract screening as well as full-
text screening was conducted using Endnote. In cases of comprehensive projects (e.g. FitAging [5], TEST
II [6], FORMOSA [7] , FRANSO [8]) with multiple publications that all reported the outcomes
addressed by the present, only the main publication was included.

2.4. Data Items

Two reviewers extracted relevant study, participant, and intervention characteristics of the
included studies using a Microsoft Excel table. The table was structured into several domains.
Publication characteristics refer to the study type, first author, year and country of the publication.
Study characteristics included, for example, the number of study arms, sample size in WB-EMS and
control group, type of comparator (predominately sedentary or active control) and methodologic
quality of the studies as determined by the Physiotherapy Evidence Database (PEDro) Scale Risk of Bias
Tool [9]. Intervention characteristics include (1) mode of application; (2) duration of the WB-EMS trial
(in months); training frequency (sessions/week) and length of the session (in min); (3) impulse type
(mono / bipolar), impulse frequency (in Hz), impulse breadth (in ps), impulse intensity, impulse
application (continuous or intermitted impulse), length of the impulse phase (in s) and, if applied,
intermittent impulse breaks (in s).

Special emphasis was placed on cohort characteristics that include in particular gender, age, BMI,
baseline training status, conditions and diseases and particular loss to follow-up, withdrawals,
attendance rates and adverse effects of the intervention(s).

2.5. Quality Assessment

The included studies were assessed for risk of bias by two independent reviewers applying the
PEDro scale [9] specifically dedicated to physiotherapy and/or exercise studies. Studies with 5 points
were considered low, 5-7 points moderate and >7 points were classified as high methodological quality
studies [10].

2.6. Data Synthesis

Results are displayed for all studies in tables showing publication and study characteristics,
exercise and stimulation characteristics and cohort/participant characteristics of the studies including
loss to FU, withdrawals, adherence to the WB-EMS protocol and adverse effects of the intervention. In
studies [11-21] that implemented two or more WB-EMS groups (e.g. WB-EMS with or without adjuvant
exercise/diet), we summarized the results of the WB-EMS groups. If not already specified in the article,
loss to follow up and withdrawal rate were calculated based on the initial sample size allocated to the
study group at baseline. In parallel, mean average attendance/participation of the cohorts (i.e. WB-EMS,
active control) was calculated and given as attendance rate (%). In order to show differences between
the WB-EMS-groups and active or physically widely inactive control groups we applied non-
parametrical statistical tests for group comparison in a few cases.
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3. Results
In summary, 58 eligible studies were included [5-8, 11-64].

[ Identification of studies via databases and registers J [ Identification of studies via other methods ]
S
Records identified from:
Databases (n = 1214)
5 PubMed (421) Records removed before
'§ CENTRAL (248) screening: Records identified from:
&= CINAHL 5104) Duplicate records removed Google Scholar (n=1293)
= SPORTDiscus (185) (n=577)
s PEDro (34) e
= Registers (n=111)
Clinical trials.gov (39)
CTRP (72)
— !
| Records screened (n = 637) L_, Records excluded (n = 410)
l Reports sought for retrieval »|  Reports not retrieved (n = 9)
- (n=155)
£ Reports sought for retrieval
5 (n=227) Reports not retrieved (n = 2) l Reports excluded:
g Publication type (n = 69)
v l Reports d for »| Intervention (n=51)
Reports excluded: eligibility (n = 146) CN}::cs::LcE‘TSh; described (n = 6)
Reports assessed for Publication type (n = 83) Athletic cohorts (n=5)
eligibility (n = 225) Intervention (n = 40) Same cohort (n=4)
Not sufficiently described (n = 3)
—
Outcome (n=5)
Athletic cohorts: (n=15)
) Same cohort: (n=27)
'g Reports of included studies
2 (n=58)
E Studies included in review
= (n=58)

Figure 1. Flow chart of the search process according to the PRISMA 2020 statement [80].

3.1. Study and Participant Characteristics

The majority of the studies (n=45) were designed as RCTs. Nine studies applied non-randomized
controlled study designs, the remaining four trials applied a single group design without control group
[27,31, 57, 60]. The number of study arms vary from one [27, 31, 57, 60] to four [5, 33, 47, 49]. The number
of participants per study arm varies between five [22] and 96 [54]. Most studies were conducted in
Europe (n=37) or Asia (n=18). The remaining three studies were completed in Brazil. About three
quarters of the studies were published during the last 5 years. The methodological quality according to
PEDro [9] varies between 3 and 9 points (Table 1).

Most projects included all genders, 38% focus on female and eleven projects addressed only male
participants. The majority of the studies included cohorts largely independent of age. About half of the
studies included participants 65 years and older. The oldest cohorts were close to 80 years old [7, 65],
the youngest cohorts were close to 20 years [17]. Twenty-five cohorts (43%) can be considered “healthy”;
more than half of the cohorts were predominantly or exclusively overweight or obese (i.e. BMI mean
>25kg/m2). Most study cohorts (59%) included sedentary or at least untrained (i.e. no frequent exercise
prior to the study) participants, 14 study cohorts can be considered as being moderately trained (1-2
sessions/week prior to the study) and six projects included [23, 35, 38, 48, 52, 57] well trained (>2
sessions/week prior to the study) participants.
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Table 1. Study and participant characteristics of the trials.
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1 Akcay et al [11] 2022 |RCT 2 104 m+w |33%x1 |p72 |healthy untrained 5
2 Almada et al [22] 2016 |RCT 2 10 m 23+3 23.7 healthy moderate 4
3 Amaro-Gahete et al [23] 2018 |RCT 2 12 m 27+7 [23.8 healthy well-trained |6
4 FitAging, Amaro-Gaheteetal |2019 |RCT 4 89 m+w |53%5 healthy untrained 6

[5] 26.8

5 Andre et al [24] 2021 |RCT 2 39 m+w [39+2 (405 Obese untrained 8
6 Bellia et al [25] 2020 |RCT 2 25 m+w 497 [40.1 |Obese moderate 3
7 Berger et al [13] 2020 |RCT 3 51 m+w |26%£3 |238 |healthy moderate 6
8 Blockl et al [12] 2022 |NRCT 2 18 m+w |80%+4 26.2 Frailty untrained 4
9 Bostan et al [26] 2022 |RCT 2 128 m+w | >18 n.g. |healthy untrained 4
10 DiCagno et al [14] 2023 |RCT 2 24 m+w |72+6 n.g. Parkinson untrained 8
11 | Dyaksa et al [27] 2022 |Intervention, single group |1 10 w n.g. ng. healthy n.g. 2
12 Ethem et al [28] 2019 |RCT 2 18 w 38+5 23.7 healthy untrained 4
13 Evangelista et al [30] 2019 |RCT 3 58 m+w |[26+*4 (252 healthy moderate 4
14 | Evangelista et al [29] 2021 |RCT 2 30 m 757 |ng. healthy untrained 5
15 Fritzsche et al [31] 2010 |Intervention, single group |1 15 m+w [27-73 |26.8 CHD untrained 2
16 | Ghannadi et al [32] 2022 |RCT 2 40 w 33+6 |27.3 |healthy untrained 4
17 Houdjijk et al [33] 2022 |NRCT 4 75 m+w | 45-75 31.8 NIDDP untrained 3
18 Jee et al [15] 2019 |RCT 4 54 m 25+2 (220 healthy untrained 5
19 | Junger et al [16] 2020 |NRCT 2 86 m+w |18-62 |230 |healthy moderate 3
20 | TEST I, Kemmler et al [35] 2010 |RCT 2 30 w 65+6 |26.0 |Osteopenia |well-trained |6
21 | TEST II, Kemmler et al [34] 2010 |RCT 2 28 m 69+3 [28.1 |MetS untrained 5
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22 |HIT vs EMS, Kemmler et al |2016 |RCT 2 46 m 30-50 healthy moderate 7
[36] 28.5
23 |FORMOSA, Kemmler et al |2016 |RCT 3 75 w 774 Sarcopenic | untrained 8
[7] 25.1 | Obesity
24 2017 |RCT 3 100 m 77+5 Sarcopenic | untrained 8
FRANSO, Kemmler et al [8] 26.1 | Obesity
25 Kim et al [37] 2020 |RCT 2 25 w 71+3 309 Obesity untrained 6
26 Kim et al [17] 2021 |RCT 4 54 m 24+2 (251 healthy moderate 7
27 | Kiriscioglu et al [38] 2019 |NRCT 2 41 w 3419 |253 |healthy well-trained |3
28 Konrad et al [39] 2020 |[NRCT 2 128 m+w |56+14 n.g. LBP untrained 2
29 Ludwig et al [18] 2019 |RCT 3 58 m+w [25+4 (239 healthy moderate 4
30 Micke et al [40] 2021 |RCT 4 240 m+w | 40-70 26.3 LBP moderate 8
31 Miillerova et al [41] 2022 |RCT 2 21 w 63x2 |26.6 healthy untrained 4
32 Ozdal et al [19] 2016 |RCT 2 40 w 32+8 |[245 healthy untrained 3
33 Oktem et al. [42] 2022 |RCT 2 20 W 22-27 23.6 |healthy untrained 4
34 Pano-Rodriguez et al [43] 2020 |RCT 2 34 w 614 |265 healthy untrained 7
35 Park et al [46] 2021 |RCT 2 34 w 704 |275 Obese untrained 7
36 Park et al [45] 2021 |RCT 3 81 w 61-79 24.4 Knee OA untrained 7
37 | Park et al [44] 2021 |RCT 2 24 w 20-40 |25.0 |healthy n.g. 8
38 Park et al [47] 2023 |RCT 4 60 w >65 25.4 Pre-Frailty |untrained 7
39 Qin et al [48] 2022 |RCT 2 25 m 25+4 (24.0 healthy well-trained |6
40 2022 |RCT 4 103 m+w | >18 Obese, untrained 6
Reljic et al [49] 372 | MetS
41 | Ricdi et al [50] 2020 |RCT 2 20 mtw | 32-45 382 |Obese untrained 9
42 Sadeghipour et al [52] 2021 |RCT 3 30 w 262 (217 healthy well-trained |5
43 | Sadeghipour et al [51] 2022 |RCT 3 45 w 32+5 |27.8 |healthy moderate 4
44 Sanchez-Infante et al [53] 2020 |RCT 2 28 w 40-60 255 healthy moderate 6
45 2018 |NRCT 2 131 m+w | >18 Advanced |untrained 3
Schink et al [54] 25.2 Cancer
46 2018 |NRCT 2 31 m+w |18 Advanced untrained 3
Schink et al [55] 254 | Cancer
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47 | Silvestri et al [20] 2023 |NRCT 2 52 m+w |43-81 (243 |LBP untrained 3
48 Stephan et al [21] 2023 |RCT 2 60 m+w |25-36 253 healthy untrained 5
49 Teschler et al [57] 2016 |Intervention, single group |2 11 m 20-50 249 healthy well-trained |3
50 | Teschler et al [56] 2021 |RCT 3 134 m+w |56+7 |[357 |Sarcopenia |untrained 7
51 Vacoulikova et al [58] 2021 |RCT 3 32 w 60-65 271 healthy untrained 4
52 | Vacoulikova et al [59] 2021 |RCT 3 63 w 60-65 27.0 |Osteopenia |untrained 4
53 | van Buuren et al [61] 2014 |NRCT 3 60 m+w |61+£13 [297 |CHD n.g. 4
54 van Buuren et al [60] 2015 |Intervention, single group |1 15 m+w (6213 [346 NIDDM n.g. 4
55 | TEST I1I, von Stengel etal [6] |2015 |RCT 2 76 w >70 222 | Osteopenia |untrained 7
56 Weissenfels et al [62] 2018 |RCT 2 30 m+w |57+7 (279 LBP moderate 8
57 Willert et al [63] 2019 |RCT 3 90 w 25-50 313 Obese moderate 6
58 Zink et al [64] 2021 |RCT 2 54 m 18-70 274 healthy moderate 7

! due to our approach of calculating BMI by body height and mass in case of missing BMI, we are unable to list the SD here; 2 untrained: no regular exercise; moderate: 1 session per week, well-
trained: 2-3 sessions per week. CHD: Coronary Heart Disease; LBP: (chronic unspecific) Low Back Pain; MetS: Metabolic syndrome; NIDDM: Non-Insulin Dependent Diabetes Mellitus; NRCT:

Non-randomized controlled trial; RCT: Randomized controlled trial.
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3.2. Intervention Characteristics

Intervention length averaged 11.3+7.4 weeks (range: 1-12 months). Training frequency per week
vary between one [7, 39-41, 53, 56] and five sessions [50] per week (2.0+0.8 sessions per weeks), however
most studies (72%) applied a weekly WB-EMS frequency between 1.5 and 3 sessions. Length of the WB-
EMS session usually (90%) ranged between 15-25 min, however four studies [37, 43, 46, 47] provided
40-45 min of WB-EMS/session. All trials specified low frequency WB-EMS with an impulse frequency
of between seven and 85 Hz. However, most studies (85%) applied the standard protocol [66] of 80-85
Hz with an impulse-width of 350-400 ps. The vast majority of studies applied intermitted WB-EMS with
2-6 s of impulse and 2-4 s of impulse break. Only a few studies used longer impulse bouts [42, 53] or
continuous impulse [30, 53].

Of high relevance for the present topic, at least 17 studies applied “superimposed WB-EMS” i.e.
either conventional exercise superimposed by WB-EMS or WB-EMS-protocols with adjuvant intensive
dynamic or isometric exercises. (e.g. [5, 15, 17, 22, 23, 29, 30, 32, 37, 38, 43-47, 53]. In parallel, mixed
WB-EMS and conventional exercise programs (predominately DRT) were applied by few studies (e.g.
[23, 35]). The majority of studies that applied superimposed WB-EMS provided the corresponding
exercise program for the control group. Although difficult to decide, most studies applied WB-EMS
with slight voluntary movements. Of relevance, the majority of studies (n=30) implemented active
control groups, three studies [5, 40, 49] compared the WB-EMS study arm with at least two active control
groups. Most studies applied conventional exercise (predominately resistance exercise) in their active
control group, two studies specified whole body vibration [34, 40].

3.3. Study Outcomes

3.3.1. Loss to Follow-Up, Withdrawals

In summary, 56 studies either reported data at least for the WB-EMS or responded to our query or
enabled loss to FU rates to be calculated from study data included. Mean value of loss to FU up in the
WB-EMS groups averaged 9.7 + 11.6%. While many studies (n=19) either reported no loss to follow up
(or data indicated that no participants were lost), two studies with advanced cancer patients reported
40% [54] and 59% [55] loss to FU predominately due to disease progression, unplanned surgery or death.
When comparing the WB-EMS subgroups with the 27 inactive control groups (9.6 + 11.9%, range: 0% to
36%) no significant differences of loss to follow up rates were observed. In parallel, for the 36 active
control groups an average loss to FU of 11.7 + 10.9% (range 0% to 33%) was computed, not significantly
different from the WB-EMS groups. A more detailed comparison that included studies with WB-EMS
and inactive control (11.9 + 14.1% vs. 9.6 + 11.9%) or studies that compared WB-EMS with active control
groups (8.5 +8.3% vs. 11.0 + 11.0%) revealed no significant differences (p=.131).

Unfortunately, only the minority of studies reported reasons for loss to FU in detail. Nevertheless
summarizing the studies that allow assessment of withdrawal rates in the WB-EMS group the average
was 4.8 +6.2% (range: 0 to 21%). Corresponding withdrawal rates in the inactive (n=24) or active control
groups (n=33) were 3.9 + 6.4% (0 to 23%) and 6.7 + 8.3% (0 to 33%). Again a dedicated comparison of
WB-EMS vs. inactive or active CG including only studies that implemented the groups did not indicate
relevant differences between WB-EMS and inactive CG (4.0 £ 5.6% vs. 3.9 + 6.4%, p=.959) or active CG
(5.1+6.2vs. 6.0 +8.3%, p=.633).

Table 2. Please add table 2 about here


https://doi.org/10.20944/preprints202406.1540.v1

Table 2. Loss to follow-up and withdrawal rates of the trials.

Exercise Type " _ O .
active CG o 2 5 5 &2 = °\3 O =2
s2 |3s |38 |Fg |§s |E%
22 |39 |zz |E2 |ES |Z%
S¢ 0 |3Y 5% Eg | Zs
= E = = <
Author
Akcay et al [11] WB-EMS with or without diet 0 n.a. n.a 0 n.a. n.a
Almada et al [22] Functional training [0 I p— 0 o | - 0
Amaro-Gahete et al. [23] Running 14 | - 14 14 | 14
HIT AET + DRT 17 36 HIT: 30 8 9 HIT: 22
FIT-Aging, Amaro-Gahete et al [5] WHO PAR PAR: 24 PAR: 19
Andre et al [24] Inactive CG 15 5 | - o | 5 | -
Bellia et al [25] Inactive CG 23 8 | - n.g. ng. | -
Berger et al [13] Inactive CG 12 13 | 5% 0o | -
Blockl et al [12] All groups: WB-EMS 12 n.a n.a 8% n.a n.a
Bostan et al [26] DRT na. | - n.a ng. | ---—- n.a
DiCagno et al [14] Inactive CG 0 o | - 0 o | -
Dyaksa et al [27] No CG ng. | - | - ng. | - | -
Ethem et al [28] Inactive CG o | 0 | - o | 0 | -
Evangelista et al [30] DRT 16 16 16 15
Evangelista et al [29] Funktional Training 3 | - 33 20 | - 33
Fritzsche et al [31] No CG 0 | -] e N T
Ghannadi et al [32] Aerobic exercise 5 | 30 5 | 20
Houdjijk et al [33] No CG 0 | - | - 0 | - | -
Jee et al [15] Inactive CG 5 o | - 5 O
Junger et al [16] WB-EMS with or without diet 0 n.a n.a. 0 n.a n.a
TEST I, Kemmler et al [35] DRT o | - 0 o | - 0
TEST II Kemmler et al [34] WBV 7| 29 o | - 0
HIT vs EMS, Kemmler et al [36] DRT 9 | - 13 4 | e 9
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FORMOSA; Kemmler et al [7] Inactive CG 10 122 — 4 4 | e
FRANSO, Kemmler et al [8] Inactive CG/Protein CG 9 7 | 5 4 | e
Kim et al [37] Dance, RT, Stretching 15T — 20 7 | e 13
Kim et al [17] Isometric RT 7 | e 7 7 | e 0
Kiriscioglu et al [38] Inactive CG 0 0 | - 0 0 O E—
Konrad et al 1[39] Multimodal therapy 6 — 5 [0 I I— 0
Ludwig et al [18] Inaktive CG 10 6 | - 2 (0 I R——
Whole Body Vibration 9 | - 13 3| e 5
Micke et al [40] DRT 13 8
Miillerova et al [41] DRT 18 | - 20 - T R— 20
Oktem et al. [42] DRT 0 | - 0 [0 R E— 0
Ozdal et al [19] WB-EMS with or without exercises 0 n.a n.a. 0 n.a n.a.
Pano-Rodriguez et al [81] DRT 6 | 6 6 | e 6
Park et al [46] Aerobic dance 6 | - 6 6 | 6
Park et al [45] Isometric RT 7 7 7 0 0 0
Park et al [44] Low intensity RT 8 - 0 8§ | 0
Park et al [47] Step Aerobic 7 7 0 7 0 0
Qin et al [48] DRT 15 | - 25 1 E T — 8
HIT-DRT, 1 set protocol 26 26 1 set: 18 13 23 1 set: 11
Reljic et al [49] HIT-DRT, 3 set protocol 3 set: 21 3set13
Ricci et al [50] Widely inactive CG 0 0o | - 0 (0 I —
Sadeghipour et al [52] DRT 0 0 0 0 0 0
Sadeghipour et al [51] AE+DRT 0 0 0 0
Sanchez-Infante [53] AE+DRT o | - 0 o | - 0
Schink et al [54] Inactive CG, diet 40 31 | - 14 17 | -
Schink et al [55] Inactive CG, diet 59 3 | - 14 1 |
Silvestri et al [20] WB-EMS with or without stretching 23 n.a n.a 21 n.a n.a
Stephan et al [21] WB-EMS with or without exercises 7 n.a n.a 7 n.a n.a
Teschler et al [57] No CG 0 | - | - 0| e | e
Teschler et al [56] Local EMS (lower extremities) 4 12 16 0 0
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Vacoulikova et al [58] DRT 18 0 20 18 0 20 1
Vacoulikova et al [59] DRT 0 0 0 0 0

van Buuren et al [61] Local EMS (lower extremities) 0 0 0 0 0

van Buuren et al [60] No CG o | - | 0 | |

TEST III, von Stengel et al [6] Low intensity gymnastics 16 | - 26 5 | e 11
Weissenfels et al [62] Inactive CG 7 7 | 0 7 | e
Willert et al [63] Physical Activity 3 17 10 0 13 7

Zink et al [64] Inactive CG 33 33 | - n.a n.a.

We compared the 4-week (multimodal therapy) versus 6-week (WB-EMS) assessment of Konrad et al. [39]; AET: Aerobic training; CG: Control group; DRT: Dynamic resistance exercise training;
HIT: High intensity training; WHO-PAR: Physical activity recommendation World Health Organization.
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3.3.2. Attendance Rate

Altogether 42 studies reported attendance rates at least for the WB-EMS study arm. Some
authors responded to our queries but were unable to provide attendance rates retrospectively. This
was the case particularly for the active control groups. A further few studies [30, 41, 58, 59] excluded
participants if the attendance rate failed to reach a certain level (<80%), thus the attendance rate was
not applicable. In summary, mean attendance rate in the WB-EMS group averaged 94 + 7% (range 77
to 100%). In detail, 15 studies reported a 100% attendance rate. Mean attendance rate of the 20 active
CGs was comparably high (91 + 7%, range: 72 to 100%). Five studies reported full attendance. A direct
comparison of studies that reported attendance for the WB-EMS and active CG revealed no
significant differences between the two study-arms (p=.142)

3.3.3. Adverse Effects

Five studies failed to report adverse effects related to the WB-EMS intervention [22, 27, 41, 42,
52] and did not respond to our queries. In summary, no study observed any acute events (e.g. stroke,
cardiac arrest, renal failure), diseases (e.g. hypertension, cardiac arrhythmia), or musculoskeletal
injuries (e.g. muscle rupture, muscle strain) related to WB-EMS or clinically relevant negative side
effects. Nevertheless, a few studies did report abnormal laboratory findings. Particularly, the
closely medically supervised trial of Teschler et al. [57] reported exceptionally high peak creatine
kinase (MV: 23.940 IU/l) and myoglobin (MV: 2300 ug/l) levels, however without any other signs of
severe rhabdomyolysis after very high (impulse) intensity WB-EMS in 25 young to middle aged
healthy volunteers. But it should be noted that the aim of this study was to determine the amount of
exertional rhabdomyolysis after inappropriate WB-EMS application in novice applicants and the
repeated bout effects on creatine kinase and myoglobin after multiple WB-EMS applications. A sub-
study [67] of the Franconian Sarcopenic Obesity (FRANSO) trial [8] that focused on safety determined
slight but significant elevations of creatine kinase 140 IU/1 after 16 weeks of combined WB-EMS and
high-protein diet in Sarcopenic Obese elderly men. This was accompanied by a low-grade increase
of creatine kinase-muscle brain (CK-MB) and high-sensitivity troponin (hsTnT) but without a higher
risk of developing heart failure according to N-terminal prohormone of brain natriuretic peptide.
Although a large number of biomarkers were sampled, no other negative side effects on renal or
cardiac function were observed. In parallel, Schink et al. [54] reported significant post WB-EMS
increases of CK from baseline to week 8 (with return to baseline level after 13 weeks), albeit below
the 5-fold increase of resting CK levels considered as the threshold for (mild) rhabdomyolysis. More
importantly, in his cohort of CHD patients, Fritsche et al. [31] reported a case of mild rhabdomyolysis
(2770 IE/1) 24 h postexercise. In their study with NIDDM patients Houdijk et al. [33] listed two
asymptomatic hypoglycaemia cases after WB-EMS application. In two further studies [8, 36] one
participant in each quit the study due to discomfort during WB-EMS. Unfortunately, data for adverse
effects in active control groups are rare (Table 3). While about half of the studies implement an active
control group, many studies did not adequately monitor adverse effects in their active control group.
Further, most of the studies that applied superimposed WB-EMS scheduled the corresponding
voluntary exercise for their active CGs, an approach that aggravates the interpretation of adverse
effects. In summary however, the 26 studies with their 29 study groups either reported no adverse
effects or retrospectively checked their patient data for their active CGs and recalled no serious
adverse effects after our queries (n=11).
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Table 3. Attendance rates and adverse effects of the trials. ALF: abnormal laboratory finding.
Sample Age Active CG . - @ @
size (years) Type of exercise ¥ g S| B0
g = = em =l )
c ¥ s 0 o2 |©
s S T O oH | o ¥
g & g v Lo | &2
£ .2 vz e3
<z < "g s =<
Author < <«
1 Akcay et al [11] 104 33+1 WB-EMS with or without diet 90 n.a No n.a.
2 Almada et al [22] 10 23+3 |Funktional training n.g. n.g. n.g. ng
3 Amaro-Gahete et al [23] 12 27+7 |Running 96 n.g. no n.g.
4 FitAging, Amaro-Gahete et al. 89 53+5 HIT Aerobic and DRT 99 98 no
[5] WHO-Physical Activity 99 no no
5 Andre et al [24] 39 39+£2 Inactive CG 919 | - no |
6 Bellia et al [25] 25 497 Inactive CG (dlet) 9 | - no | -
7 |Berger et al [13] 51 26+3 |Inactive CG O o |
8 Blockl et al [12] 18 80+4 | All groups: WB-EMS 90 n.a o |
9 Bostan et al [26] 128 >18 DRT n.g. n.g. no no
10 chagno et al [14] 24 72 + 6 InaCtiVe CG 10 ----- no |
11 Dyaksa et al [27] 10 n.g. No CG ng. | - ng. | T
12 | Ethem et al [28] 18 38+5 |Inactive CG ng. | - o |
13 | Evangelista et al [30] 58 26+4 |DRT n.a. n.a. no no
14 | Evangelista et al [29] 30 75+7 | Functional training 100 100 no no
15| Fritzsche et al [31] 15 27-73 |NoCG - ALF |
16 | Ghannadi et al [32] 40 33+6 | Aerobic exercise 80 75 no no
17" |Houdjijk et al [33] 75 4575 |NoCG S not | T
18 ]ee etal [15] 54 25+2 Inactive CG ' ' 100 | ---- no | -
19 Junger et al [16] 86 18-62 | WB-EMS with or without diet 100 n.a. no n.a
20 | TEST I, Kemmler et al [35] 30 65+6 | DRT 98 80 no no
21 TEST II. Kemmler et al [34] 28 69+3 Whole bOdy Vibration 78 74 no no
22| Kemmler et al [36] 46 30-50 | DRT 90 93 no no
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23 | FORMOSA; Kemmler et al [7] 75 77+4 | Inaktive CG v | no | T
24 |ER ANSO, Kemmiler et al [8] 100 77+5 |Inaktive CG 919 | - ALF |
25 | Kimetal [37] 25 71+3 |Dance, RT, Stretching n.g. n.g. no no
26 | Kim et al [17] 54 24+2 Isometric RT n.g. n.g no no
27 |Xiris cioglu et al [38] 41 349 Inactive CG 9% | - no |
28 | Konrad et al [39] 128 56+ 14 | Multimodal therapy 85 n.g. no n.g.
29 Ludwig et al [18] 58 25+4 |Inactive CG 100 | - no |
30 240 40-70 Whole Body Vibration 92 91 no

Micke et al [40] DRT 88 no no
31 Miillerova et al [41] 21 63+2 DRT n.a. n.a n.g. n.g.
33 Oktem et al. [42] 20 22-27 DRT n.g. n.g. n.g. no
32 | Ozdal et al [19] 40 32+8 | WB-EMS with or without exercise n.g. n.a no n.a.
34 Pano-Rodriguez et al [81]} 34 61+4 |DRT 93 89 no no
35 | Park et al [46] 34 70+4 | Aerobic dance 100 100 no no
36 | Park et al [45] 81 61-79 | Isometric RT 92 n.g. no no
37 | Park et al [44] 24 20-40 Low intensity RT n.g. n.g. no no
38 | Park et al [47] 60 265 Step Aerobic 91 97 no no
39 Qin et al [48] 25 25+4 |DRT 100 100 no no
40 103 >18 HIT-DRT single set 93 94 no

Reljic et al [49] HIT-DRT multiple set (3 sets) 95 no no
41 | Ricci et al [50] 20 32-45 (Widely) inactive CG 100 | - no -—--
42 Sadeghipour et al [52] 30 26+2 DRT n.g. n.g. n.g. n.g.
43 Sadeghipour et al [51] 45 32+5 | Aerobic and DRT 100 100 no no
44 | ganchez-Infante et al [53] 28 40-60 HIIT aerobic and DRT 100 n.g. no no
45 | gchink et al [54] 131 >18 Inactive CG (diet) 87 | no |
46 | gchink et al [55] 31 >18 Inactive CG (diet) 77 - ALE | —
47 | silvestri et al [20] 52 43-81 WB-EMS with or without stretching 91 n.a no n.a
48 Stephan et al [21] 30 20-36 | WB-EMS with or without exercise n.g. n.a no n.a
49 | Teschler et al [57] 11 20-50 | No CG e ALE2 | T
50 | Teschler et al [56] 134 56+7 |Local EMS (lower extremities) 98 98 no no
51 Vacoulikova et al [58] 32 60-65 DRT n.a. n.a no no
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52 |vacoulikova et al [59] 63 60-65 DRT n.a. n.a. no no
53 | van Buuren et al [61] 60 61+13 | Local EMS (lower extremities) 100 100 no no
54 | van Buuren et al [60] 15 62+3 |NoCG e no |
55 | TEST IIL, von Stengel et al [6] 76 >70 Low intensity gymnastics 79 74 no no
56 | Weissenfels et al [62] 30 5717 | Inactive CG 93 | - no |
57 | Willert et al [63] 90 25-50 | Physical activity (walking) 100 72 no no
58 | Zink et al [64] 54 18-70 Inactive CG 9% | - no |

1.....except two asymptomatic hypoglycaemia cases after WB-EMS application....2 ...
WB-EMS applicants.

however this study potentially provokes rhabdomyolysis by applying very high impulse intensity in novice
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4. Discussion

Assessing parameters related to attractiveness and safety of WB-EMS by mean of a scoping
review is a daunting task. Particular due to missing, inadequate or conflicting data, isolated WB-EMS
without a control group and a divergent understanding of adverse effects it is difficult to determine
the effect of WB-EMS application on parameters related to attractiveness and safety even in dedicated
scientific settings. This particularly relates to the safety aspect of WB-EMS that was further
complicated by the feature of superimposed WB-EMS and potential underreporting of adverse effects
due to divergent definitions. Addressing the safety of WB-EMS by adverse effects none of the 58 trials
reported “suspected unexpected serious adverse reaction” (SUSARs) during or after WB-EMS
application. Nevertheless, four studies [31, 54, 57, 67] reported abnormal laboratory findings after
acute WB-EMS application or during the intervention. Two studies reported slight longitudinal
increases of CK (1.6-fold after 16 weeks [67], 2.7-fold after eight weeks but normal after 12 weeks [54])
of WB-EMS with unclear clinical relevance. Further, Kemmler et al. [54] reported low but significant
elevations of hsTnT and CK-MB, however not for NT-proBNP, which is considered as the more
meaningful predictor of future events of heart failure [68]. Acute relevant side effects of WB-EMS
were reported by two authors. While Fritsche et al. [31] observed one case of acute increase in CK
indicating mild rhabdomyolysis, Teschler et al. [57] reported an average 96-fold CK increase after
very intense WB-EMS in his cohort of novice WB-EMS applicants. Due to the intention of the latter
study to focus on negative metabolic effects of excessive stimulus intensity in the early phase of WB-
EMS training, the study finding of severe rhabdomyolysis (however without any clinical implication)
can hardly be interpreted as an unexpected or unintended side effect. While the negative effect of too
intensive WB-EMS on parameters related to rhabdomyolysis is well documented and addressed by
an international guideline [69], the low orthopedic burden of WB-EMS per se might justify the
expectation of decreased or absent musculoskeletal injuries. Unfortunately, this does not fully apply
to superimposed WB-EMS [66] with its intensive adjuvant voluntary exercises. In contrast to WB-
EMS, intervention-related adverse effects in studies that applied the correspondingly time-effective
Whole-Body Vibration (WBV) technology were much more frequent. In their meta-analysis, de
Oliveira et al. [70] reported adverse effects due to WBV in 6 of the 34 included WBV studies. Adverse
effects involved injuries due to falls, complication of pre-existing orthopedic conditions, edema, knee
and low back pain, dizziness, hypertension, forefoot inflammation and other less serious adverse
effects (e.g. itching, erythema). Although the authors focus on an older (60 years+), potentially more
vulnerable cohort, we conclude that the risk of adverse effects is considerably lower in WB-EMS
compared with WBV, which addresses a similar target group. In summary and despite the aspect
that the low number of abnormal laboratory findings and the entire absence of clinically relevant
adverse effects in 58 WB-EMS groups (with about 500 patient years) might suggest underreporting,
WB-EMS can be considered as a very safe training method based on the presently published data.
Nevertheless, studies or registers that focus on adverse effects in commercial WB-EMS settings would
be helpful to confirm our results.

While monitoring and reporting of “loss to follow-up” is a specified reporting criterion of RCTs
[71], withdrawal rates were less frequently mentioned. This may be due to the uncertainty of what is
to be regarded as withdrawal from an intervention. In exercise studies withdrawal is frequently
considered as the voluntary discontinuation of physical activity with or without an associated
medical cause [72]. However, withdrawal due to medical conditions is not really voluntary, thus we
do not consider drop-out reasons related to medical conditions, pregnancy, COVID-19 lock-down(s)
but also travel problems or relocation as withdrawal. In fact, our definition focuses on the “loss of
interest”, “lack of time” and “discomfort with the intervention” aspect. We feel that a
correspondingly applied withdrawal rate indicates the attractiveness of the training program more
clearly, which is essential for the decision to transfer scientific studies to real world settings. In
summary, we observed very low withdrawal rates in the WB-EMS group (5 + 6%), even when
considering the short intervention periods of about 11 weeks in average. However, withdrawal rates
were similarly high compared to the inactive (4 + 6%) and, more relevantly, to the active control
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groups (7 + 8%). Withdrawal rates in usual fitness and health related settings are much higher [73-
75] . Thus, we feel that the low withdrawal rate in the active control group might be largley motivated
by study-related reasons (e.g. higher supervision, study nurse, limited study length). In contrast, the
WB-EMS protocol applied in most studies was much closer to the real-world scenario of current WB-
EMS concepts. This relates particularly to the consistently and closely supervised personal training
approach of WB-EMS facilities, also recommended by the updated international guideline [69] (and
respected by the vast majority of suppliers so far) and known to reduce drop-out [76, 77].

Attendance rates can also be considered as a criterion of attractiveness of an intervention. In
summary, we observed high attendance rates in the WB-EMS group (94 + 7%) which, once again, did
not differ significantly from data of the active CG (91 + 7%). This result is supported by a study [36]
which compared WB-EMS versus comparably time-effective HIT-RT that reported widely similar
attendance rates (HIT-RT: 93 + 7% versus WB-EMS: 90 + 11%; p=.171) (Tab. 3). Attendance rates listed
for supervised scientific studies on resistance exercise with comparable length and cohorts average
around 80-90% [78], thus the high attendance rate in the predominately supervised active control
groups is not a unique feature of this study. In parallel, a study that compared WB-EMS with a
comparable time effective whole-body vibration [40] protocol reported similar attendance rates
(WBV: 91 + 7% versus WB-EMS: 92 + 7%; p = .898). This finding is supported by the meta-analysis of
de Oliveira et al. [70] that reported average attendance rates of 85% for WBV programs with people
60 years and older. Thus, although evidence for a superiority of WB-EMS versus other types of
exercise or exercise technologies is limited, considering the 94% attendance rate determined by the
present review, WB-EMS can be considered as a very attractive exercise technology.

Our review of the literature includes some limitations and features that might confound the easy
interpretation of the results. Apart from the failure to consistently define adverse effects, loss to
follow-up/withdrawal or attendance rate of several included studies, our classification of withdrawal
rates might also be debatable. In short, we emphasize voluntary withdrawal due to reasons of low
affinity to the WB-EMS application, which we see as a better indicator for the attractiveness of the
intervention. Additionally our approach of refraining from a more quantitative approach (i.e. meta-
analysis) might be open to question. However in the light of the inadequate and heterogeneous
reference groups, we feel that a meta-analyses approach would not add further evidence for our
findings. Another limitation is the new studies potentially not included due to their being published
after March 2023. Nevertheless, the main issue refers to the generalization of our study results to the
real world setting of commercial WB-EMS facilities. Considering that (for legal reasons) the vast
majority of facilities (at least in Europe) fully respect the updated international guideline [69],
commercial WB-EMS application closely reflects the protocol of scientific studies. This particularly
includes the consistent and close supervision of the (maximum two) trainees by the certified trainer
and the strict application of the rather restrictive contraindications [79]. Thus, we feel that the
favorable data on safety (i.e. adverse effects) documented by the present study can be largely
transferred to commercial facilities, or at least those compliant with current specifications. In parallel,
the same can be said for the “attendance aspect” of the present study. As most WB-EMS suppliers
contact clients in cases of missed sessions and permit alternative dates for cancelled or missed WB-
EMS sessions free of charge, attendance rates in commercial WB-EMS can be considered as very high.
This might also be substantiated by the non-negligible costs of commercial WB-EMS due to its
personal training approach. On the other hand, in contrast to the free of charge scientific programs,
withdrawal rates in commercial settings might be considerably higher. One may argue that the same
is true for conventional exercise or WBV, but these types of exercise are usually much lower priced.

5. Conclusions

In summary, we provided evidence for safety, adherence and attractiveness of WB-EMS in non-
athletic cohorts included in scientific studies. With respect to safety and attendance rates, evidence
suggest to extend this finding on commercial settings that comply with present specifications on WB-
EMS application. As a recommendation for future WB-EMS trials authors should place more
emphasis on detailed reporting of adverse effects and reasons for loss to FU in all study arms.
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Appendix

Table A1. Search strategies and their results according to the underlying systematic search of Beier et
al. [2].

Number

Database Search date Search terms )
of hits

(WB-EMS[TIAB] OR "whole-body
electromyostimulation"[TIAB] OR "whole body
electromyostimulation"[TIAB] OR "whole-
body electrostimulation"[TIAB] OR "whole
body electrostimulation"[TIAB] OR 421
electromyostimulation[TIAB] OR "EMS
training"[TIAB] OR "EMS intervention"[TIAB]
OR "EMS suit*'[TIAB] OR "EMS belt*"[TIAB]
OR "B-SES"[TIAB] OR "belt electrode"[TIAB])
(WB-EMS OR "whole-body
electromyostimulation” OR "whole body
electromyostimulation” OR "whole-body
6% March electrostimulation" OR "whole body
2023 electrostimulation” OR electromyostimulation
OR "EMS training" OR "EMS intervention" OR
"EMS suit*" OR "EMS belt*" OR "B-SES" OR
"belt electrode"):ti,ab,kw
1. TI (WB-EMS OR "whole-body
electromyostimulation” OR "whole body
electromyostimulation” OR "whole-body
electrostimulation" OR "whole body)
electrostimulation" OR electromyostimulation
6 March OR "EMS training" OR "EMS intervention" OR
CINAHL "EMS suit*" OR "EMS belt*" OR "B-SES" OR 104
2023
"belt electrode”

2. AB (WB-EMS OR "whole-body
electromyostimulation”" OR "whole body
electromyostimulation" OR "whole-body

electrostimulation” OR "whole body)
electrostimulation" OR electromyostimulation

Medline 6th March
(PubMed) 2023

CENTRAL 248
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OR "EMS training" OR "EMS intervention" OR
"EMS suit*" OR "EMS belt*" OR "B-SES" OR
"belt electrode”
3.S510R S2
1. TI (WB-EMS OR "whole-body
electromyostimulation” OR "whole body
electromyostimulation” OR "whole-body
electrostimulation”" OR "whole body)
electrostimulation” OR electromyostimulation
OR "EMS training" OR "EMS intervention" OR
"EMS suit*" OR "EMS belt*" OR "B-SES" OR

6 March "belt electrode"

SPORTDiscus 2023 2. AB (WB-EMS OR "whole-body 185

electromyostimulation”" OR "whole body
electromyostimulation” OR "whole-body
electrostimulation” OR "whole body)
electrostimulation" OR electromyostimulation
OR "EMS training" OR "EMS intervention" OR
"EMS suit*' OR "EMS belt*" OR "B-SES" OR
"belt electrode”
3.51 OR 52
6 March Abstract & Title:. "wholfe—b(')dy
PEDro 2023 electromyostimulation' 34
Method: clinical trial
other terms: WB-EMS OR "whole-body
electromyostimulation”" OR "whole body
electromyostimulation” OR "whole-body

6th March

Clinicaltrials.gov 2023

electrostimulation” OR "whole body 39
electrostimulation” OR electromyostimulation
OR "EMS suit*" OR "EMS belt*" OR "belt
electrode™"
Search: WB-EMS OR "whole-body
electromyostimulation” OR "whole body
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