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Exercise positively  affects most nsk factors, diseases and disabling conditions of
middle to advanced age, however the majorty of middle-aged to clder people fall
short of the exercise doses recommended for positively affecting cardio-metabolic,
musculoskeletal and neurophysiological fitness or disabling conditions. Whole-Body
Electromyostimulation (WB-EMS) may be a promising exercise technology for people

) unable or UHFH{}‘IIVEIEC' to_exercise cc]nventlc-ﬂally However, until recently there

{iethh c:f emderhpi? wﬂh_@spe@:t to WB-EMS- mduced effects on
health-refated outcomes. The aim of this” systematic review /rs to summarize the
effects, limitations and nisks of WB-EMS as a preventive or therapeutic tool for
non-athletic adults, Electronic searches in PubMed, Scopus, Web of Science, PsycINFO,
Cochrane and Enc were run to identify randomized controlled trials, non-randomized
controlled trials, meta-analyses of individual patient data and peer reviewed scientific
theses that examined (1) WB-EMS-induced changes of musculoskeletal risk factors
and diseases (2) WBE-EMS-induced changes of functional capacity and physical
fitness (3) WB-EMS-induced changes of cardio-metabolic nsk factors and diseases
(4) Risk factors of WB-EMS application and adverse effects during WB-EMS
interventions. Two researchers independently reviewed articles for eligibiity and
methodological quality. Twenty-three eligible research articles generated by fourteen
research projects were finally included. In summary, thirteen projects were WB-EMS
trials and one study was a meta-analysis of individual patient data. WB-EMS
significantly improves muscle mass and function while reducing fat mass and low
back pain. Although there is some evidence of a positive effect of WB-EMS on
cardio-metabolic risk factors, this aspect requires further detailed study. Properly applied
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and supervised, WB-EMS appears to be a safe training technology. In summary,
WEB-EMS represents a safe and reasonable option for cohorts unable or unwilling to join
conventional exercise programs. However, much like all other types of exercise, WB-EMS
does not affect every aspect of physical performance and health.

Kaoywords: whole-body electromyostimulation, EMS,; muscle mass, fat mass, low back pain, cardio-metabolic, risk

factors, craafine kinase

INTRODUCTION

The growing prevalence and severity of chronic diseases along
with the multi-morbidity of our adult population are creating an
ever-greater sirain on the healthcare systems of western nations.
With respect to the German population, more than two thirds of
the population aged 50 years sufler from two and more diseases
with about 20-25% of them suffering from five and more diseases
{Robert-Koch-Institut, 2014). Physical activity and exercise is
undisputedly the most comprehensive therapeutic agent for an
overaged and fundamentally sedentary society. Indeed, reviewing
the present literature (Pedersen and Saltin, 2006; Bérjesson
et al., 2010}, there is a consensus that exercise positively aflecis

most, if not all, risk factors, diseases and disabling conditions

of middle to advanced ape. Addressing all favorable eflects
ol exercise in detail would go far beyond the scope of this

review. However, the linding that different oulcomes ranging

from various musculoskeletal (e.g.. Marques e1 al., 2011; Peterson

sessions of 20 min/week, the low voluntary intensity and the high
degree of supervision and individualization of present WB-EMS
settings might attract people with low athnity to conventional
EXErCise Programs.

However, until recently there has been a considerable lack
of evidence with respect to WB-EMS-induced effects on health-
related outcomes. The aim of this systematic review is therefore
to provide evidence for the eflects, limitations and risks of WB-
EMS as a preventive or therapeutic tool for non-athletic adults.
So as to present reliable and representative data, we focus on
WB-EMS frequencies 80-85 Hz, (considered as “low-frequency
WB-EMS"), the predominantly applied type of WB-EMS in
commercial settings and—to our best knowledge—the only type
ol WB-EMS that has been evaluated in scientific studies.

In order to present a comprehensible overview, we have
structured this systematic review in four sections. Each of these

seettans are reported and discussed separately:

etal., 201 1; Searle et al., 2015}, cardiometabolic (e.g., ExtraMalch=— EMEEMS-M&UGE& changes of musculoskeletal risk factors

Collaborative, 2006; Ismail et al, 2012y Pattyn et al. 3013;

Yang et al., 2014; Inder et al., 2016) physical perfformance {e.g.,
Macaluso and De Vito, 2004; Straight et al., 2016; Sherrington
et al., 2017), and cognitive function (e.g., Chieth ct-al.. 2017ak)
parameters can be positively affected by physical activity/exercise.

might demonstrate the enormous comprehensive potential of

exercise on health-related parameters.

Unfortunately, even the majority of prime-agers in Germany
2016) fall short of the exercise doses Tecommien
positively impacting mﬁrﬁmbnﬁﬁ musculoskeletal and
neurophysiological fitness or disabling conditions (AHHS, 2008;
Chodzko-Zajko et al,, 2009; Garber et al., 2011). Moreover. a
considerable proportion of people at advanced age (Carlson
et al., 2010; Statistisches-Bundesamt, 2016}, i.e., individuals with
a more pronounced need for health-enhancing approaches,
might be unable or unmotivated to perform conventional
exercise programs with the necessary dose. Frequent reasons
given for abstaining from exercising are time constraints,
physical limitations, risk of injuries and/or little enthusiasm for
exercise conducted alone (Ritten et al., 2(09; Rodrigues et al.,
2017). Hence, innovative, time-efficient, joint-friendly. highly
individualized and closely supervised exercise technologies might
be a good choice for people looking to maintain or improve their
health and physical fitness. Whole-Body Electromyostimulation
(WB-EMS). a technology that is based on the recognized
local EMS but addresses up to nine (main) muscle groups
simultaneously each with dedicated intensity might be such a
choice. Indeed, considering the rather low exercise volume of 1-2

or the USA (Carson et al, Jﬂi&—ﬁtaliﬂisul:s-ﬂﬂﬂ‘demmll, s

d for \_/ )

and diseases.

(2) WB-EMS-induced changes of functional capacity and
physical fitness.

(3) WB-EMS-induced changes of cardio-metabolic risk factors
and discases.

(4) Risk factors of WB-EMS application and adverse eilects
during WB-EMS interventions.

~a?® _ A
This systematic review i'nrfn/ws the Préferred Reporting Items

for Systematic reviews and Meta-Analyses puidelines (PRISMA)
(Moher et al., 2009). Of imporiance, we conducted a joint
research strategy for topics (1) - (3) and for the aspect of adverse
effects during WB-EMS interventions. “Risk factors of WB-EMS
applications” were addressed by a separate literature research.

Literature Search Strategy

A comprehensive search of electronic databases was conducted
through PubMed, Scopus, Web of Science, PsycINFO, Cochrane
and Eric for all articles published in English and German up to
October 30, 2017, on the effect of WB-EMS on muscle mass,
physical functioning, bone mass, cardio-metabolic diseases
and low back pain. The literature search was constructed
around search terms for "Whole-Body Electromyostimulation,”
“muscle mass” “muscle strength/physical functioning,” “bone
mineral density, “cardio-metabolic diseases,” “low back pain”
consistently with the focus on “adults™ A standard protocol
for this search was developed and controlled vocabulary (Mesh
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term for MEDLINE) was used. Key words and their synonymous
were used to sensitize the search by using the following
query: ("Whole-Body Electromyostimulation™ or “whole
body electrostimulation™ or “whole body myostimulation™ or
“extended Electromyostimulation™) AND ("muscle mass”™ or
“lean body mass™ or “musculoskeletal” or “skeleton” or “strength”
or “physical capacity” or “physical function” or "bone mineral
density” or "bone mass” or “osteoporosis’ or “sarcopenia’ or
“back pain” or “dorsal pain” or “cardio-metabolic” or “metabolic”
or “cardiac” or “heart diseases” or “obesity” or “fat” or "diabetes”
or “metabolic syndrome”™ or “waist circumfierence” or “blood
pressure’ or cholesterol” or “triglycerides” or “insulin® or
“inflammation”), AND (“human” or “adults”). Subsequently,
a German translation of the search terms was used to search
relevant databases in German. Additionally, reference lists of the
included studies were searched manually. Duplicate publications
were identified by comparing author names, interventions
comparisons, outcome measures, publication dates, sample sizes,
and outcomes.

Randomirzed controlled trials (RCT), non-randomired
controlled trials (NCT), meta-analysis of individual patient data
and peer reviewed scientific theses that examined the efifect
of WB-EMS on the above listed parameters among human
adults were included in the review. When there were multiple
publications from a single project, the largest study was included.

When articles generated by one projects focus on different study

endpoints that were addressed in this review, all the articles were
included. Review articles, observational studies. case reports,
editorials, conference abstracts, animal studies and letters were
excluded. Cohorts with a non-athletic lifestyle were included.
Athletes, sport students or physical education students were not
included (Figure 1).

Data Extraction

Two independent reviewers (WE, MS3) responsible for eligibility
screened the titles and abstracts. A specialized extraction form
was designed and used to list the methodological details
for each study: authors, country and year of publication;
details of the study including study design, study objectives,
sample size. inclusion and exclusion criteria for participants,
participant characteristics (i.e.. age, weight, height), description
of WB-EMS intervention (i.e., frequency, intensity}, number of
participants at baseline and study completion (including number
of withdrawals), risk assessment, types of outcome variables
assessed and their values at baseline and study completion.

Outcome Measures
The putcomes in this report are changes of:

{1)Body compesition, including lean body mass (LBM),
miuscle mass, appendicular skeletal muscle mass (ASMM), total
and abdominal fat mass (or rate) and bone mineral density
M], (2) Strength and endurance related parameters, physical

~ /
T
 — 1
Recards identified thraough
database search (m= 114)
Pubmad: 13
Scopus: 34
Cochrane: 17 Additional records identified
= PeycINFO: 44 through ather sources
Web of Seience, Eric; D in= 8l
pr— . /i = <l T — /

ki
|

—~
—— — |

|

_ Tdatal Bk
DO =Y N >
»‘/nup £ 5 remon — ~—— —-;4-/_ g

g
E n=a7)

1 Records excluded after
s reading abstracts and titles
— {n=25]
Records soreened .
- 759 || Exclusions due to:
= fn= publication type,
= imtersention, outtome,
% 1 measures, stisdy type
Full-text articles
assessed for eligibility  |———*1  Full-text articles excluded
— (n = 50) {n=27
[ 1 multiple publcations: n=5
1 pubdication type: n =3
study outcome: n= 12
studies included in athletes: n =6
cualitative synthesls
=2 In= 23}
| —

FIGURE 1 | Flow diagram of search procass acoording 1o PRISMA (Mohar of ab, 2010}
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functioning (e.g.. gait speed, SPPB), (3) Unspecific chronic low back pain (LBP) with 31 female and 18 male university
back pain, and {4) Cardio-metabolic parameters and related employees with LBP, 47 years old on average. The project
factors, from baseline and study end. Further, we address (5) did not implement a non-training control group. Data
potential risk factors of acute WB-EMS application and adverse presented here refer to low back pain published in a
effects during WB-EMS interventions. non-published master thesis (Gritzmacher, 2002). A short
research paper summarizing this work is available online
Quality Assessment (Boeckh-Behrens et al., 2002).
All the articles that satisfied the predefined inclusion criteria (3) Kemmleretal (2010b, 2015c) randomly allocated 30 female
(Figure 1) were independently assessed for risk of bias by participants of the EFOPS exercise study (Kemmler et al,,
two independent raters (WK and Sv5) using the PEDro scale 2015a), 6616 years old, in a CG that maintained their
(Sherrington et al., 2000; de Morton, 2009). This list consists general training program (2 x 60 min/week) and a group
of eleven guality criteria that evaluate different methodological that additionally performed 2 x 20 min WB-EMS for 14
aspects of the studies. Of importance, one of the eleven criteria weeks. Primary study endpoints of TEST 1 (Training and
{i.e.. blinding of the trainers) is not applicable for this type of Electromyostimulation Trial I} were body composition and
intervention, and so this item was excluded. Difference in the strength development.
quality assessment between the raters were discussed with a third (4) The TEST-II project (Kemmler et al., 2010a, 2015c)
assessor until a consensus was reached. primarily addressed body composition and—to a
lesser degree—strength in untrained men with the
Statistical Analysis Metabolic Syndrome (MetS) according to the International
Effect sizes (ES) as defined as standardized mean differences Diabetes Federation (IDF)Alberti et al.. 2006). The
(SMD) were calculated using Cohen’s d (Cohen, 1988). ES = project randomly allocated 28 men, 65-75 years old
0.5 were considered as moderate; ES = 0.8 were considered as to a WB-EMS and a Whole-Body Vibration (WBV)
high. Two projects did nol provide standard deviations (SD)) CG (18min, 30Hz) both performing identical slight
(van Buuren et al, 2013, 2014; Ozdal and Bostanci, 2016), that movements during WB-EMS/WBV application for 14
are however essential for the calculation of Cohen’s d (van weeks,
Buuren et al., 2013, 2014: Ozdal and Bostanci, 2046). One u:l'g].e__ 5) The primary aim of TEST III (Kemmler and Von Stengel,
authors (Ozdal and Bostanci, 2016) retrospectively provided the 2P13; Kemmler et al., 2013, 2014, 20155 Von Stengel

corresponding information upon request. According to recent =t al, 2015) ey determine the WB-EMS effecis on
suggestions (Furukawa el al., 2006), SD of the remaining studigs bone mineral density (BMD) at lumbar spine (LS) and

were estimated considering data of studies with the identical proximal femur in 76 sedentary women 70 years+ with low
topic {Furukawa et al., 2006). Of importance, we imputed the body mass index (=23 kg/m?). Participants were randomly
mean SD provided by the available studies in the equation, as allocated to WB-EMS and CG that conducled similar
suggested by the Cochrane Collaboration (Cochrane, 2016). movements in training blocks with a comparable training

volume. Two publications focused on BMD (Kemmler
et al, 2013; Von Stengel et al, 2015) and two other
—contributions (Kemmler and Von Stengel, 2013; Kemmler

RESULTS
Characteristics and_M.’eﬂrn—du[-?_gi Q‘uﬂhth /“ et al, /’Iﬂi-i}/ffpurj.ed body composition and strength

othe Wil e i o tade wnb sty
Our search strategy finally identified twenty-three eligible = - s 45 a sub-siudy ol the

research articles and (masters) theses (Gritzmacher, 2002; Vatter, TE m SIUE lh?:’ Ecl?dnid m,-:_hr w ?ﬁ;ﬂ :-'ﬂ: ;}bd;;?.:?ﬂ]
2003: Fritzsche et al,, 2010: Kemmler et al., 2010a,b, 20124, 2013, ey O L e ;

2014, 2015, 2016b;c.d.e, 201 7a bic: Kemmlerand Von Stengel, 7). 1namother project (Kemmier et'al., 2015d, 2016h.c) directly
2013; van Buuren et ‘al, 2013, 2014; Von Stengel et al, 2015: cimpired the ellect of 16 wedks of WE-EMS versus high

Ozdal and Bostanci, 2016; Wittmann et al,, 2016) generated by istensity \rexistance exercise) training (1) "defned o=

fourteen research projects numbered and listed in alphabetic aingle sl to lalure £ pitoonls (lledle- b al,, 1617a),
order (Table 1) Forty-eight untrained, predominately overweight men, 30—

There follows a briefl outline of the projects summarized in o0 years ‘old ‘were m.ndurrﬂ].rlas&lgne&: o t%le two, stucly
groups that were both very time efficient (i.e., WB-EMS

Tabe X: 20 min ws. HIT: 30 min/session). Two studies reported

{1} Fritzsche et al. (2010) presented a project that focused on body composition and strength parameters (Kemmler et al.,

primary prevention in 11 men and 4 women with chronic 2015d, 2016c), one study focused on cardio-metabolic
heart failure (CHF), 27-76 years old. The 6-month study outcomes (Kemmiler et al., 2016b).

did not set up a control group (CG). Study endpoints focus (8) The TEST-V project aimed to determine whether very slight

on endurance parameters and body composition; data for voluntary muscle activation during WB-EMS application

blood pressure and low back pain were also presented. increases the WB-EMS effect on muscle function (Kemmler

{2) Gritzmacher (Griitzmacher, 2002) conducted a &-week, el al., 2015c). Twenty-eight sedentary women 70 years+

twice weekly 45 min WB-EMS study that {ocused on low with sarcopenic obesity (50) were randomly assigned to
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® a “passive’ WB-EMS group versus an “active” WB-EMS
é group that performed very slight movements of the upper
o = o = and lower limbs during the impulse phase, while both
E groups rested in a supine position on a special chair during

TABLE 1 | Contnued

Sex, Age (MV = SD] Contral Intervention

[n)

Sample size Status

Study-
Design

Authors

-
L

mif aerabics, bmin cog

bipolar, rectangular (7}, 80 Hz, impulse width n.g. (standard 350
et} 45 impusa—d grast inensty: n.g, [adeguate’), Ix wesk, B

waskcs: DG WE-EMS without sxerceas

-
L

2amn; 19min BT with sumboalls,

W35 x8 Actve: WE-EMS

Haaithny uriransd

A
(*)

207

RCT

Crzdal ard Basteng,

2018

20min, bipolan, 80 Hz, 350 s, 45 irpuss—4 s rest; mienaty! n.g,

&
]

self-raguaton by pertopent]; passve appication withou

movernentsy 2 apesanssw, 10 waaks

i
I

Local EMS: facus an thign end gluteus-aactrodes

=

Lil
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£

B

P
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+
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J
) |

E'_—_"/
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(=]

@ C
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£ =
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B
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134/10 Heaithy, h’ﬂﬁﬂ&d( \ N M a3 x 12

12 somelric axaroees, 45 min, bipolar, rectangular, 350 Ls 85 Hz,
4 g imouise—4 grast, Maxdmurm APE; [+18min of raganerstiong

WH-ENE) 2 gess onafeasks, § wesks

Viantaln exerass

\iattar, 2003

NET Mon-mandomized condrodad el M, meny W women ng, nod gvan, Fk’. -‘ges.'%tan:e framing; O3, confral grown.

'fg
Q

(9)

(10)

the identical WB-EMS application. The primary study
endpoint was leg extension strength as determined by an
isokinetic leg-press.

The FORMoSA project randomly assigned 75 sedentary
women 70 years+ with SO to a (1) WB-EMS (2) WB-EMS
and protein supplementation and (3) inactive CG. The 6-
month project focused predominately on muscle, fat and
[unctional parameters constituting the sarcopenic obesity
delinition(s) (Kemmler et al., 2016d.e); however, one
article described changes of MetS and related parameters
(Wittmann et al., 2018).

The FRANSO project, a 4-month RCT with three study
arms aimed to determine the effect of (1) protein
supplements (PS) vs (2) WB-EMS and PS vs. (3) a non-
training control in 100 untrained men 70+ with SO. Whey
protein was supplemented up to a total daily protein
intake of 1.7-1.8 g/d/kg body mass. The studies published
(Kemmler et al., 2017a.xc) focused specifically on body
composition and functional parameters constituting the
sarcopenic obesity, however, related and alternative body-
composition and strength parameters were also reporied
(Kemmilerel al., 2017a).

(11) In order lo generale adequate statistical power, the most
~—— ~——secently published WB-EMS project (Kemmler et al,
o 2817b) can be considered as a meta-analysis of individual

(12)

patient data. The study included paricipants 60 years+
with moderate-severe unspecific LBP and summarized the
results of five projects with five WB-EMS vs. five control
groups-{Kemmler et al., 2010a.b, 2014, 2016e, 2017c) that
listed LBP as an experimental endpoint.

Ozdal and Bostanci (2016) applied eight weeks of WB-

—EMS with 40 sedentary women, 32 &+ 8 years old with

B AN

—in

(13)

(14)

adjurant moderate intensity RT and step-aerobic exercises.
The sfﬁlf}{fﬁfﬁfﬁ an fotal s and/ regional fat reduction,
further lean body mass changes were reported.

In two related NCTs van Buuren et al. (2013, 2014) reporied
the effect of WB-EMS wvs. locally applied EMS (thigh
and gluteals with the same stimulation parameters) on
left ventricular function and peak oxygen consumption in
patients with CHF, The twice-weekly WB-/EMS protocol
was performed for 10 weeks.

Finally, Vatter (2003) conducted a multicenter NCT with
144 young/middle-aged men and women exercising in
commercial fitness facilities. The trial focused on the effect
of six weeks of twice-weekly 45 min WB-EMS on various
outcomes (i.e., total body fat, maximum strength, back pain,
incontinence). Data presented here refer a non-published
masters thesis, however a corresponding book (Vatter,
2010) is also available.

argii/iwi,ﬂﬁul adﬂil‘in*w.l, albeit r\ll}r‘l,’bre closely described,

In summary, thirteen projects are WB-EMS trials and one study
(Kemmler et al., 2017b) is a meta-analysis of individual patient
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data. Table 1 lists study characteristics and methodological
quality according to PEDro scale (Sherrington et al.,, 2000; de
Morton, 2009). Score points vary between four and nine from a
maximum of 10 score points feasible for this type of intervention.
None of the studies realized blinding of the participants, which
is very difficult in this type of intervention studies, however. On
the other hand, all the studies gained points [or specification of
eligibility criteria. Seven studies reported allocation concealment
and conducted a blinding of study assessors. Five studies applied
the intention to treat principle. Two studies did not implement
a control group (Gritemacher, 2002; Fritzsche et al., 2010). Low
score points resulted consistently from a lack of randomization
and blinding. Nine of the projects generated randomired
controlled trials (RCTs), and two projects featured a non-
randomized design (Vatter, 2003; van Buuren et al., 2013, 2014).
The cohorts included by the WB-EMS trials vary from healthy,
unirained middle-aged men (Kemmler et al., 2016c) and/or
women (Vatter, 2003; Ozdal and Bostanci, 2016), cardiac patients
{Fritzsche et'al., 2010; van Buuren et al., 2013, 2014), to older
untrained cohorts (70 years+) with sarcopenia and osteopenia
{Kemmler et al., 2014; Von Stengel et al., 20115) and sarcopenia or
sarcopenic obesity (S0) (Kemmler et al,, 2016e, 2017¢; Wittmann

et al, 2016). Correspondingly, study participants™ age ranges

from 18 to 85 years, with few exceptions (Gritemacher, 2002;
Vatter, 2003; Fritzsche et al., 2010: Kemmler et al., 20 16e; Ozdal

rectangular, 250 ps, 1s —1s) for up to 15min at the end of
sessions. Prescribed training frequency of the projects ranged
from one session/week (Kemmler et al, 2016d.e) to three
sessions/week (Ozdal and Bostanci, 2016), and hence the total
WB-EMS volume/week varied from 20min (Kemmler et al.,
2016d.e) to 90-120 min/week (Gritzmacher, 2002 Vatter, 2003).
Length of the projects differed considerably between & weeks
(Grittemacher, 2002; Vatter, 2003) and 12 months (Kemmler
et al., 2013, 2014, 2015¢; Von Stengel et al., 2015) of WB-EMS
application. All but one study, which did not comprehensively
specify its procedure (Ozdal and Bostanci, 2016), used RPE-
based approaches to regulate the intensity of their WB-EMS
protocol. Of importance, with the exception of studies focusing
on CHF-patients (Fritzsche et al., 2010; van Buuren et al., 2013,
2014) and prescribing a lower intensity for their patients, all
the projects used perceived exertion specifications of between
“hard” (older women with SO, Kemmler et al., 2016e) and “very
hard” (untrained men 30-50 years old Kemmler et al.. 2016c)
or maximum ~RPE" {back pain patients and young/middle-aged,
fitness trained subjects Griitemacher, 2002; Vatter, 2003).

DISCUSSION

(1) WB-EMS-induced Changes of
Musculoskeletal Risk Factors and

and Bostanci, 2016), however, most of the projects focused on- Diseases

participants at least 60 years and older. Altheugh the sample sizes

In sundmary, 11 eligible projects with 19 studies (Gratemacher,

of most studies were only low—moderate, the statistical power 2002; \Fritzsche et al, 2010; Kemmler et al, 2010a,b, 2012a,
to address at least one given study endpoint {(e.g. “maximum _ 20132014, 2015¢c.d, 2016b,c.d.e, 2017a,b,c; Kemmler and Von

strength” or “peak oxygen consumption”) was adeguate. Of
relevance for the corresponding group differences, nine projects
implemented “active comparator” CGs. Consequently, study
effects, defined as differences between WB-EMS and CG, should
be interpreted very cautiously and with careful consideration of
the exercise specification of the active CG. With respect to the
movements conducted during WB-EMS, apart from one praject
that did not provide appropriate’ information {va Eu"ﬂ“‘rén’”ﬂl;ﬁj.,
2013, 2014) and two projects by Ozdal ard Bostancil (2016)
and Vatter (2003) that potentially exercised with moderate
(voluntary) intensity, all the studies reporied that they applied
{very) low intensity movements/exercises. WB-EMS impulse
specifications were very similar between the projects. Apart
from two trials (Griotzmacher, 2002: Vatter, 2003) that used a
precursor { Body-Transformer, BPL Concept, Kiln, Germany); all
the other projects used the same low-frequency WB-EMS devices
(miha bodytec, Gersthofen, Germany). Further, all the projects
conducted supervised sessions with bipolar, predominately
rectangular impulse protocols, impulse frequencies of 80 or
85Hz, and an impulse breadth of 350 ps for [6-45min.
Additionally, all of the projects applied intermitied applications
with 4 or 65 of impulse during the exercise/movement and 2-

4 s of rest between the exercises/movements, with three projects
(Kemmler et al., 2010ab; Ozdal and Bostanci, 2016) additionally

applying continuous WB-EMS with 7 or 85Hz in the same
session. Two trials (Gritzmacher, 2002; Vatter, 2003) applied a
low intensity cool-down WB-EMS application (100 Hz, bipolar.

Frontiers m Physiclogy | waww fronfiersin.ong

Stengel, 2003; Von Stengel et al, 2015; Ozdal and Bestanci,
2018}, reported health-related musculoskeletal outcomes of WB-
EMS application (Table 2) in non-athletic cohorts. Eight of
these studies considered muscle mass, sarcopenia and sarcopenic
obesily as a main study endpoint. One project also addressed
(Kemmler et al., 2013; Von Stengel et al., 2015) bone mineral
density in pnstmeggpaus.a] women with osteopenia and four

""other projects gave results on low back pain (LBP) in people
““with LBP J{@M@j, 2002; Kemmler et al., 2017c). Another

project that determined the effect of WB-EMS on aerobic
capacity {Fritzsche et al., 2010) listed lean body mass (LBM) as
a subordinated study outcome.

Of importance, the assessment of lean body mass (LEM)
or muscle mass is not trivial. Apart from study length, in
particular the methodology of assessment is crucial for a valid
assessment of LBM, muscle mass, and fat mass. Only six studies
addressing body composition used the “gold standard” of dual
energy x-ray absorptiometry (DXA, Kemmler et al., 2010a, 2014,
216c,e) or direct-segmental, multi-frequency Bio-Impedance
Analysis (DSM-BIA; Inbody 770, Seoul Korea, Kemmler et al.,
2015¢, 2017¢). The other studies, however, did not specify the
testing device used (Fritzsche et al., 2010) or applied outdated
methods/technology (caliper method, RMR, Kemmler et al.,
2010b, single frequency BIA method, Vatter, 2003; Ozdal and
Bostanci, 2018).

With one exception (Kemmler et al., 2015c) which reported
borderline non-significant effects, all the WB-EMS trials that
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reliably addressed lean body/muscle mass (Kemmler et al.,
20104, 2014, 2016c.e, 2017c) reported significant increases and/or
significant effects (1Le., differences between WB-EMS and control
group) on LBM and related parameters. However, one study
(Ozdal and Bostanci, 2016) showing the limitations described
above failed to trigger relevant eifects on LEM after WB-EMS
with and without voluntary exercises (Table 2).

It is difficalt to decide which groups benefit most from
WB-EMS application. Although one might expect that frailer
cohorts might have the largest potential to adapt, we did not
detect any difference between older cohorts with sarcopenic
obesity (Kemmler et al., 2016e, 2017c) and men 30-50 years old
{Kemmler et al., 2016c).

Although WB-EMS can be thus considered as an option
for subjects who do nol undertake resistance type exercise
anyway, a corresponding comparison of the eflectiveness on
muscle mass parameters is meaningful. Only one study addressed
this issue and directly compared WB-EMS with a “state-of-the-
art” high-intensity resistance exercise training (HIT) (Kemmler
et al, 2016c) of comparable time effectiveness. This study
demonstrated significant increments for both groups with
slightly higher {(p = 0.341) effects on LBM and appendicular
skeletal muscle mass (ASMM) in the HIT group (Table 2).

Switching from sarcopenia to osteopenia, only one study {Von
Stengel et al., 2015) addressed bone as a study endpointl. After
12 months of WB-EMS application 1.5 x 20 min/week (Table 1)
with osteopenic women 70 years+, the authors repo a
borderline (non-)significant effect for BMD at the |

reported significant positive changes after WB-EMS (p < 0.05)
and significant effects for low back pain intensity (p = 0.008) and
frequency (p = 0.035) compared with non-training controls.

Conclusion: Musculoskeletal Risk Factors

and Diseases

In summary, WB-EMS is particularly effective for addressing
muscle mass in untrained people independently of their age, sex
and muscle status (i.e.. healthy vs. sarcopene). Further, there is
considerable evidence for a significant favorable effect of WBH-
EMS on low back pain, while the corresponding effect on bone
strength (i.e., BMD) was only borderline effective and should be
reevaluated.

(2) WB-EMS-Induced Changes of Muscle
Strength, Functional Capacity and Related

Parameters

The positive effect of therapeutic, locally applied EMS on muscle
weakness in athletes (Filipovic et al., 2002}, healthy subjects
{Bilipovic et al, 2011), or people with chronic diseases (Jones
et al, 2016) is well recognized. Apart from the volume of
shimulated musele groups, mechanisms and the mode of action
of WB-EMS does not ditler relevantly from locally applied
EMS. Thus, in general it is reasonable to transfer the results
of locally applied EMS interventions (Filipovic et al, 2011,

2012; /i-DI'LE'S- el ‘al, 2016) to the topic of WB-EMS, at least

under, the premise of comparable stimulation protocols. This

spine without any relevant effect at the hip region of integest.  estimation was confirmed when roughly comparing the results

Considering the high effect of WB-EMS on muscle mass and
strength and the close interaction of muscle and bone (Ferretti
et al., 2003; Qin et al., 2010) frequently postulated, this result was
not expected (Table 2).

With respect to low back pain (LBP), four projects were
identified as determining the effect of WB-EMS on back pain
in people with relevant complaints. One study, a non-published
masters thesis (Griitzmacher, 2002) reported in susimary-a
reduction of dorsal pain [requency in 89% of their 49 WB-
EMS applicants. Of immrﬁmﬂe"ﬁﬁﬁest'ﬁpmféﬁt& were
given for the lumbar spine region. Two participants reporied
negative changes of LBP after WB-EMS, however. Unfortunately,
the study did not implement a non-training CG and did not
adequately report the training effects, thus the evidence of this
study remains limited. The same is true for the study by Fritrsche
et al. {2010), which reported that back pain in participants with
corresponding complaints “was completely eliminated after a few
WEB-EMS sessions.” More evidence-based, another masters thesis
{Vatter, 2003} and NCT reported significant positive WB-EMS
effects in the subgroup with back complaints (n = 117). Briefly.
the author reported significant WB-EMS-induced improvements
of frequency and intensity of back pain versus no changes in
the CG, with the highest positive effects observed {or the lumbar
spine region. Finally, a recent meta-analysis of individual patient
data (Kemmler et al., 2017b), derived from five RCTs that applied
similar WB-EMS protocols in untrained subjects =60 years
with chronic, unspecific LBP, confirmed the favorable effect of
WB-EMS on LBP with adequate evidence. Overall, the authors

Frontiers m Physiclogy | waww fronfiersin.ong

for guadricepsilez extensor strength changes after local EMS

(Jones el al, 2016) vs. WB-EMS (see below) protocols in
untrained older cohorts. In detail, there is some evidence that
locally applied EMS was slightly more favorable for increasing
sirength-related outcomes compared with WB-EMS (Filipovic
et al., 2012)—at least in athletes. Speculatively, this may be due
to the optimal placement of a single electrode and concentration

.~ on a single region when exercising with high voluntary intensity.
— Eleven Wﬂ“—f/ﬁﬁ E}/udies Tgpo rted strength and/or functional

y = =l VR - i
parameters as a prmary or mopyry study endpoint. In

summary, all the studies that determined muscle strength,
power andfor functional parameters {(e.g., gait speed, handgrip
strength) (Table 2) reported significant improvements that differ
significantly from their corresponding non-, or semi-active
control groups. Further, most of the trials with an active CG
stated significantly (Kemmler et al.. 2010b, 2015¢) more {avorable
effects in the subgroups that applied WB-EMS and exercise
compared with the exercise-only subgroups. Quantifying this net
effect for leg and hip extensor strength (leg press), WB-EMS
effects averaged 8-19% (ES: d': 0.82-1.53), when compared with
a semi-active or inactive CG and—6% to 11% (ES: d- —0.28
to 1.67) when compared with an active CG (Table 2). When
addressing the relevance of adjuvant slight voluntary movements
during WB-EMS-application, one RCT provided (Kemmler et al.,
2015c) further information. This study compared the effect of
two protocols conducted once a week for 20 min applied in a

supine position, however with and without slight movements
during identical WB-EMS settings. The authors (Kemmler et al.,
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2015¢) reported significant leg and hip extensor (leg press)
strength enhancements in both groups, the WB-EMS application
with the slight movements without any resistance significantly
outperformed the "WB-EMS only” approach (24 ws. 13%),
however.

Studies that compared the effect of WB-EMS protocols vs.
conventional resistance type exercise are rare. Only one study
(Kemmler et al., 2015d, 2016c) directly compared the effect
of WB-EMS versus a comparably time-effective HIT protocol
(Giefling, 2008). Of importance, the authors reported significant
increases for both exercise protocols. In detail, HIT was slightly
more favorable in affecting leg and hip extension strength (leg
press), while WB-EMS was non-significantly more effective in
improving back extension strength (Table 2).

Functional tests with older people were conducted by three
projects (Von Stengel et al., 2015; Kemmler et al., 20l6d.e,
2017a,c). All the projects predominately focused on the effect
of WB-EMS on body composition and functional parameters
in woman {Kemmler et al, 2014, 2016d.,e; Von Stengel et al,
2015) and men (Kemmler et al, 2017a.c) 70 years and older
with sarcopenic obesity. Significant positive effects on habitual
gait velocity (7-10%) and grip strength (5-10%) were reported
in all of them. However, although one study reported significant
positive changes in a counter-movement jump and chair rising
test, the study just failed (p = 0.064 and 0.074) to determine
significant effect (Le., differences WB-EMS vs. CG).

With respect to endurance-related parameters two projects

qu—

with three studies (Fritzsche et al, 2000; van Buuren et ats—

more customized (e.g.. by perturbation). This might indicate
the need to reduce impulse intensity to a level that enables
the proper execution of the dedicated exercise, a strategy
predominately applied during WB-EMS application with athletes
(e.g.. Wahl et al. 2014; Filipovic et al., 2015 Wirtz et al,
2016).

The effect of WB-EMS on endurance performance parameters
is less distinct. Significant changes of VOymax as determined
by two projects (Fritzsche et al, 2010; van Buuren et al,
2013, 2014) were not consistently accompanied by significant
improvements of valid endurance performance parameters (i.e.,
Watlpay. Watty oto14). Further, the eligible studies listed in this
review (Fritzsche et al.,, 2010; van Buuren et al., 2013, 2014)
focused on very ineflicient patients with CHE ie., a cohort
with very low adaptive thresholds. Studies with superimposed
WB-EMS during endurance exercise in athletic populations
suggest, however, that EMS application could be beneficial
for aerobic performance enhancements in athletes and in
patients who cannot perform high workloads (Wahl et al.,
2012).

(3) WB-EMS-Induced Changes of
Cardio-Metabolic Risk Factors and

Diseases

When considering body fat as a cardio-metabolic risk factor and
obesily as a cardio-metabolic disease, eleven projects (Vatter,
2063 Fritzsche et al., 2010; Kemmler et al, 2010ab, 2014,

2013, 2014) determined WB-induced effects in non-athletic  2016b,de. 2017c; van Buuren et al., 2013; Ozdal and Bostanci,

cohorts. Firstly, Fritzsche et al. (2010) reported a significant
improvement in power output during cycle-ergometry (31%)
combined with a 25% increase (p < 0.05) in VO;max for patients
with chronic heart failure {Table 2). In his combined analysis
of men and women (van Buuren et al., 2013), and in his sub-
analysis of men (van Buuren et al., 2014) with CHE, van Buuren
et al. reported significant changes of VO,peak and VO, at the
anaerobic threshold in the WB- and local EMS-group, Maximum
power output (Watlm,,) and pewer outpul at| the anaerobic
threshold (W rediaid) imlma in both sﬁﬁgrnﬁbﬁ]ﬁghu\\ieﬁr
significance was realized only for Wihreshold in the local EMS-
group. Unfortunately, only the study with men (van Buuren
et al., 2014) listed group differences, which were not significant
for changes in gas exchange parameters (Watlp,y not given),
however.

Conclusion: Muscle Strength, Functional

Capacity, and Related Parameters

In summary, the WB-EMS-induced effect on muscle strength
and—to a slightly lesser degree—on physical functioning can
be considered significant and clinically relevant, independently
of the cohort addressed. One study (Kemmler et al, 2015¢)
illustrated the superiority of adjuvant slight exercises/movements
during the impulse phase vs. passive WB-EMS application on
maximum strength. Considering more complex abilities (ie.,

dynamic and static balance) and corresponding risk factors (i.e.,
falls), movement/exercises applied during WB-EMS should be

Frontiers m Physiclogy | waww fronfiersin.ong

2016; Wittmann €l al., 2016) focused on - or at least reported data
on—this issue.

Two projecls (Fritzsche et al., 2010; van Buuren el al.,
2013, 2014) docused on the effect of WB-EMS in patients
with chronic heart failure (CHF). While Frtzsche et al
(2010) focused on secondary prevention, and van Buuren
et -al(2013) reported a significant raise of lelt ventricular

~ejection Araction (IVEF) of 13% ﬂftepf” WB-EMS wversus a
_shgﬂl—mc ease of 6% |(p = 0.27) in /the local EMS-group.

In a sub-study of this iﬁeﬁ:cliv/g_r_gip (van Buuren et al,
2013) that focused on men only, van Buuren et al, 2014
provided comparable results (LVEF: WB-EMS: 15%, p < 0.05
vs. EMS: 7%™%). Unfortunately, the authors did not provide
significance levels of the corresponding group differences
(Table 3).

Two studies reported the effect of WB-EMS on the Metabolic
Syndrome (MetS) in women 70+ with sarcopenic obesity
(Witimann et al, 2016) or predominately overweight-obese
untrained men 30-50 years old (Kemmler et al., 2016b). The
latter study (Kemmler et al., 2016b) presented a significant
improvement of the MetS Z-Score after 16 weeks of low-
frequency WB-EMS that was considerably higher (p = 0.096)
compared with the high intensity resistance training (HIT)
control group. Results of the study of Wittmann et al
(2016) were less distinct. While isolated WB-EMS did not
induce a significant improvement of the MetS-Z Score,

a combination of low dose protein supplementation (0.33
g/d/kg body mass) and WEB-EMS demonstrate more {avorable,
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significant results (Table 3). Looking behind the covariates
of the MetS, waist circumference and mean arterial pressure
{(MAP) demonstrated the most pronounced reduction. The
latter result was confirmed by Fritzsche et al. (2010) and
rejected by van Buuren et al. (2013, 2014), who reported
either significant reductions or slight increases of systolic
and diastolic RR after WB-EMS in patients with CHF
(Table 3).

No relevant changes or effects were observed for HDIL-
C, triglycerides or fasting glucose that [urther constitute
the MetS criteria (Expert-Panel, 2001; Alberti ei al, 2006);
however, there is some evidence that combined WB-EMS and
protein-supplementation protocols might be more effective {or
generating a corresponding effect (Table 3).

With respect to body {at or obesily, the present data (Table 3)
supgested that the WB-EMS-induced positive effect on total
and abdominal body fat parameters is even higher than the
corresponding effect on muscle mass. Indeed, independently of
the testing method, all the studies (Vatter, 2003; Fritzsche et al,,
2010: Kemmiler et al., 2010a,b, 2014, 2016c.e, 2017c; Ozdal and
Bostanci, 2016; Wittmann et al, 2016) listed significant or at
least favorable WB-induced effects on total and/or abdominal
body fat. Only one study (Ozdal and Bostanci, 2005) provided
confusing results, with very high total (—15.1 + 6.2% vs. CG:
—1.0+ 4.2) and abdominal (—20.3 £ 6.2% vs. CG: 0.3 L 0.8%) fat
reductions in the active (i.e., with adjuvant exercises of moderate
; : g i ST
intensity) WB-EMS group, while “passive {nun-v-ulu.me:}r}
WEB-EMS did not relevantly affect body fat parameters. This—

result wouold imply that favorable eflects on body fat could

be attributed exclusively to the voluntary exercise without any
relevant contribution of WHB-EMS. Although changes of body
fat parameters may be indeed higher when applying adjuvant
movements {Kemmler et al., 2015c), the dimension of the effects
on abdominal and total body fat effecis remained debatable
al least when considering the short training period in these
normal weighted females with wiihuut an}r nutritional intervention
(Table 3). = |

Conclusion: Eardm-Metahnhc Fhsk Factnrs

and Diseases

The effect of WB-EMS on cardiac and metabolic risk
factors is quite complex and may be triggered by the
clinically relevant reduction of total and abdominal body
fat reported by most studies (Table 3). Indeed, central obesity,
embracing subcutaneous and intraabdominal adipose tissue,
provokes low grade inflammation related o a plethora
of negative affects including increased insulin resistance
{(Zhang et al., 2015), atherosclerosis (King and Ajjan, 2017),
hypertension (Lakoski et al, 2011), dyslipidemia (Bastien
et al, 2014), and reduced left ventricular function (Gaberit
et al, 2012). In parallel to our results, existing data for
resistance exercise, the exercise type most akin to WB-
EMS, confirmed the favorable effect of RT-type exercise on
obesity, and related cardio-metabolic diseases (Strasser and
Schobersberger, 2011; Strasser et al., 2012; Strasser and Pesta,
2013).
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(4) Risk Factors of WB-EMS Application
and Adverse Effects During WB-EMS

Interventions
Due to the high volume of simultaneously stimulated muscle
area (up to 2,800 cm?) and the possibility to exercise with
a supramaximal intensity that is able to generate complete
tetanus of the muscle, WB-EMS is a perfect candidate (Koch
et al., 2014) for inducing severe muscle damage and exertional
rhabdomyolysis.

As mentioned, we addressed this issue with an independent
literature research for the topic “risk factors of WB-
EMS application,” while the issue “adverse effects during
interventions” was already addressed by the aforementioned
literature research strategy on WB-EMS interventions. Briefly,
a comprehensive search of electronic databases was conducted
through PubMed, Scopus, Cochrane, Web of Science, PsycINFO
and Eric for all articles published in English and German
up to October 31, 2017 on the effect of WB-EMS-induced
risk factors. The literature search was constructed around
terms for “Whole-Body Electromyostimulation and
and “Whole-Body Electromyostimulation and
rhabdomyolysis.” A standard protocol for this search was
developed and controlled vocabulary (Mesh term for MEDLINE)
was used. Key words and their synonymous were used to
sensitize the search by using the following query: “Whole-Body
Hlectsomyostimulation™ or “whole body electrostimulation™
or “whole body mrustm‘mlnﬂun AND “risk factors”™ or
mum}rul}'s:s or_ “creatine kinase”

search
risk factors”

or myoglobin™ or

“gewte renal failure” or “renal damage” or “cardiac arresi” or

“electrolyies” AND “adults.” Corresponding German key words
were used. Further, reference lists of the included studies were
searched manually. Duplicate publications were identified by
comparing author names, treatment comparisons, publication

dates, sample sizes, and outcomes. Randomized controlled trials
(RCT), non-randomized controlled trials (NCT), meta-analysis

;qu 1ndmdual/pat1e/L data, peer reviewed, scientific thesis, and

| { tnse[‘cmimlsmdms,md Case Series were rlc]uded in the review.
“Data extraction-was_conducted b}vﬂ%nd WEK following the

process provided above.

All the articles that satisfied the predefined inclusion criteria
(Figure 1} were independently assessed for nsk of bias by
iwo independent raters (WK and 5v5) using the PEDro scale
(Sherrington et al., 2000; de Morton, 2009) introduced above,
or the guality assessment checklist for case series provided by
Moga et al. (2012). In a nutshell, this checklist is based on
a modified Delphi technique (Jones and Hunter, 1995) and
allows a maximum of 18 score points. Discrepancies in the
quality assessment between the raters were discussed with a third
assessor until a consensus was reached.

In summary, six projects that reported low-frequency WB-
EMS-induced medical risk factors were identified. Five studies
were case series (Kistner et al, 2014; Finsterer and Stollberger,
2015; Hong et al, 2016; Malnick et al, 2016; Herzog et al,
2017) with one or two subjects, another project included two
RCTz (Kemmler et al, 2015b; Teschler et al., 2016) with 26
participants. Applying the PEDro scale to the latter study we (5v5,
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TABLE 4 | Characieristics of WB-EMS-studies thal reported or induced rhabdomyolysis in various cobords.

Author Study- Design Sample Exercisa WB-EMS Status Sex, Ago Intervention Rasult
size (n} Status (MV + 5D)
Hong et al., Casa report i Healtty, Untrained, sacond W, 37 yoars. 60 knoo push-ups in CEC: 5400 IV
2016 untrained SESsion 20 min; supanisad, myogiobr: 264 ng/mi
WE-EMS protocol: nug. Urinary parameders in
{presumabdy a standard the nomal range, no
protocol Table 1) renal mmiohament
Finsteror-and Ca=n raport Matabolic Uniraned, mitial W, 32 yaars. 15 min, supanisad; CE: 86,000 1L,
Stollbergar, myopatiny, Session WE-EMS protocol: nug. Myogliobin: 1,930 o'
20156 trained {presumably a standard cola-colored uring,
piotoool Table 1) rormial glomenuatar
fitration rate (GFR)
Harrog ot al., Ca=n raport Healttny Uniramed (7). nitial M, 32, 32 n.g.. {presumakbly a CR: 7,300 and
247 SESSion yoars. standard protocol, 24 500 1A, urinary
Table 1) parameters in fha
miormial range, no renal
or hepatic invokemeani
Kastner at al. iz report Hestty, Mot given M, 17. 18 20min, supanisad; CE: 30,000 and
2014 Athlates yoars. WE-EMS protoool: nug. 240,000 LA,
(presumably a standard rmyoglobn 6,800 pg
protocol Table 1), cola- of normal colored
urine, nommal GRR
hainick o al., 3= report Mot ghven Mot given M, 20 years. n.g. (gym basad whola CR: 120000 AL, no
2016 body EMS axarciso renal imvohiaments
suparvizad by a filness
paobessional).
Kearmmiar ot al., Clinical shudy Hizalttyg, Unitrained, mnitisl M 4 W, 1-2 zats, 10 exercisos, Pemk-CR: 20,000 +
201 5b; Teschier Modarate — Wg\ 32 + B yaars -8 raps in a standing 24,000 1, maxmim
at al., 2016 faghly il position; bipoiar, indivadusl CK- 144,000
trainad f \ rectangular, 350 ps; L% Peak-myogiobin:
- 20mn withB5Hz. 45 2,800 + 2 200 pgl; no
impulsa—a3 5 rest, 8 relevant changes of
{wary hard+ o glactrolytos, winary
exctremmely hard) on paramaters in fha
Borg CR-10 nommal range; no
cola-coiorad urina,
reormmal GFR.
CF, creatine kingse GHA, glomandar @iration mie.
“meﬁmﬂmm&mj}mwga[?ﬂiﬁ} - 2 - . . ,

— A,
subjects with low time budgets. However, more pmpefﬁfﬂemgntd

long-term studies have to confirm this result.

Study Limitations

The aim of this systematic review was to provide evidence for
the benefits, limitations and risks of low-frequency WB-EMS
application on the health of and disease among non-athletic,
predominately older cohorts with considerable musculoskeletal,
functional and/or cardio-metabolic limitations. Actually, from
the qualitative description of the data, most approaches
implemented a meta-analysis in order to increase statistical
power, address the reproducibility aspect. generate guantitative
data and aimed to generate recommendation for effective
protocols (Cohn and Becker, 2003). However, as discussed in
length elsewhere (Borenstein et al., 2009) it does not always make
sense to perform a meta-analysis. Present biometric procedures
used in meta-analytic research allow the addressing of common

limitations of meta-analysis e.g., publication bias (Joober et al,,
2012), small study effect (Schwarzer et al., 2015}, or quality
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;;r

)
r,& ,
ol mcluded studles {d&' Mn:rrlu-n, 2009). However, the most

imporiant issue for interpreting the meta-analysis may be the
threshold up to which a study can still be meaningfully included
(Greco et al., 2013). With respect to this contribution, the
heterogeneity of the manipulation of exercise parameters along
with the implementation of active control groups are the main
barriers to meaningful meta-analysis and quantifying summary
of the few projects that addresses the topic of interest.

Summing up the pitfalls that may aggravate a proper

interpretation of the listed resulis, some limitations should be
considered.

(1) Due to the fact that WB-EMS is a rather new exercise
technology, we decided to include eligible scientific theses
in our search strategy. The rational for this approach was
that we considered peer-reviewed theses as the hirst step
within scientific research. Unfortunately, we are unable
to include scientihc theses in our database search, hence
the all corresponding projects (i.e., Griitzmacher, 2002;
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WK) allocated seven score points. With respect to the three case
series, score points of between 9 and 11 (of 18 score points} were
allocated. Briefly. the low number of participants in the study |
particular prevents a higher quality rating.

The cohorts of these eligible studies vary from physically
highly (Kistner et al., 2014; Kemmler et al., 2015b; Teschler
el al., 2016) to moderately trained (Finsterer and Stollberger,
2015; Kemmiler et al., 2015b; Teschler et al., 2016) and untrained
(Hong et al, 2016) young to middle-aged men and women
(Table 4). None of the participants have experience in WB-
EMS training and all the studies reported the WB-EMS-induced
rhabdomyolysis during the initial session(s). Although not
adequately addressed in two articles (Finsterer and Stollberger,
2015; Hong et al.,, 2016}, it is obvious that the studies used
supervised standard WB-EMS protocols (bipolar. rectangular,
85 Hy, 350 s, intermitted 4 5-4 s). Unfortunately, only one study
{Kemmiler et al., 2015b; Teschler et al., 2016) reported the relative
intensity of the WB-EMS application (Table 4).

All the studies listed in table 4 reported WB-EMS-
induced CK-levels in the range of moderate! to severe®
rhabdomyolysis (Visweswaran and Guniupalli, 1999). Myoglobin
concentration was also significantly increased, but the effect
was less pronounced compared with CK. Cola-colored urine
was reported in one study, but indicators of renal damage or
failure were not observed. In parallel, no cardiac risk [actors
caused by rhabdomyolysis-induced changes of electrolytes were
demonstrated. Using a pre-specified WEB-EMS protocol |

that

mimics commercial standard protocols (Table 1), albeit ﬂppl\lfed—

Thus, the trigger for EMS-induced rhabdomyolysis obviously
seemed to be inappropriately (excessively) high current intensity
during the initial training sessions. A recent guideline for
the safe and effective application of WB-EMS in commercial
settings (Kemmler et al., 2016a) tackles this issue and strongly
contraindicates high load intensities during the initial sessions
and consistent work to failure after the corresponding WB-EMS
conditioning period of 10 weeks.

Apart from possible rhabdomyolysis-induced eflects on
electrolytes with possible impact on the cardiac system, albeit
nol confirmed by the present studies (Kemmler et al., 2015h;
Teschler et al., 2015, 2016), a direct-current-induced effect on
cardiac electrical conduction might be a relevant risk of WB-
EMS. Consequently, cardiac arrhythmia and pacemakers were
considered to be contra-indicated for the application of WB-
EMS and listed as such in several distributor manuals. However,
the scientific evidence that the current specifications of low-
frequency WB-EMS per se affect cardiac electrical conduction
is not convincing. Apart from chronic heart diseases related
to electrical conduction {e.g., cardiac arrhythmiz), some studies
explicitly applied EMS (review in Adams, 2017 or WB-EMS
Fritesche et al., 2010; van Buuren et al., 2013, 2014) in patients
with chronic low heart failure without any negative side effects.

Other undesired metabolic side effects of WB-EMS might
be post-exercise weakness, dizziness or headache. Although
it_is difficull’ e retrospectively analyze the specific reasons,
there 'ji:s some evidence to link these ailments (1) to an
imappropriately high total intensity of the WB-EMS application

with an inappropriately high intensity (RPE 8-9 on a BORGCR _ and/or/(2) to poor preparation and post-processing of the

10 scale), Teschler et al. (Kemmler et al., 2015b; Teschler et al.,
2016) focused on the issue of WB-EMS-induced rhabdomyolysis
and corresponding health hazards (Table 4). The authors applied
supervised WB-EMS with borderline high current intensity o
healthy adults who had not conducted WB-EMS training for

at least 9 months. Based on normal values, CK and myoglobin
increased 117- and 40-fold (Table 4), with peak concentration on

day 3-4. Of interest, changes were not related to sex;age; bady /

WB-EMS session by the wser. This includes adequate energy
and liquid supply prior to and after the WB-EMS session
and abstaining from alcohol and drugs prior to the WB-EMS
session. In this context, adequate energy and fluid supply is
particularly relevant due to the peak in moderate-high energy
demand of a standard WB-EMS session (Kemmiler et al., 2012b).
Recent recommendations {or proper preparation of a WB-EMS

—

~session by instructors and users are prﬂv’idﬂd in the WB-EMS

row . _ y . _ E it i ¥ ? > o # 5
composition or training status. Al ﬂ_@:gh’fﬁli nd _r_tg-;nglubm ,@1JEI1M (Kemmlef et al., 2016a) which }é mandatory within the

levels did not result in clinical consequences, the corresponding
risk may be much more prevalent in less healthy and inadequately
prepared people. Addressing this problem of inappropriately
high intensity during initial WB-EMS training session(s), the
authors (Kemmler et al., 2015b; Teschler et al., 2018) looked
at the corresponding long-term effect of WB-EMS. After 10
sessions (1 x 20 session per week) applying a standard WB-
EMS program (Table 1) and a final WB-EMS application again
with borderline current intensity, the authors observed a very
pronounced repeated bout effect (Nosaka and Clarkson, 1995).
In detail, WB-EMS-induced changes of CK was significantly
reduced (CK-peak: 906 + 500; <4-fold increase from baseline)
and fell in the lower range of dynamic resistance exercise {Koch
et al., 2014). Studies that routinely monitor CK values during
their WB-EMS intervention (e.g., Fritzsche et al.. 2010; Filipovic
et al, 2018) confirmed this result.

11 to 50-fold increase of the “normal” concentration (i.e., 40-170 U/
1. o fold increase of the "normal” concentration (Le., 40-170 U/I).
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e

aforementioned b nsing iﬂ?/nf:ﬂdﬁ?e for commercial WB-EMS
facilities.

With respect to adverse effects, none of the studies listed in
Tables 2, 3 reporied any adverse or unintended side effect of
WB-EMS applications, even though study periods reached up
to 12 months of intervention. This is even more notable, since
the majority of these studies predominately focused on older,
functionally limited and/or morbid cohorts. However, in four
projects (Kemmiler et al., 2014, 2016c.e, 2017c), one participant
in each of the studies quit due to “discomfort during WB-EMS
application.”

Conclusion: Risk Factors and Adverse
Effects of WB-EMS Application and

Interventions

Briefly, properly applied and guided WEB-EMS application
according to the present guidelines is a safe training technology
predominately, but not only, for unfit and physically limited
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programs. For these people WB-EMS might be a reasonable Consequently, there is a need for more high-end RCTs
option for improving health-related outcomes including body  generated by other independent research groups that clearly
composition and physical fitness. confirmed the present results predominately published by our

One may rightly argue that WB-EMS did not achieve the own working group and further address more complex health
enormous comprehensive potential of “exercise” on health-  related parameters e.g. neuronal and cognitive risk factor and

related parameters in middle-aged and older adults (e.p.,  diseases. Additionally, studies that focus on specified WB-EMS

Macaluso and De Vito, 2004; ExtraMaich-Collaborative, 2006;  protocols for dedicated research issues should be implemented in

Marqgues et al, 2011; Peterson et al., 2011; Ismail et al, 2012; the near future.

Pattyn et al,, 2013; Yang et al., 2014; Searle et al., 201 5; Inder et al.,

2016 Straight et al., 2016; Chieffi et al., 2017a,b; Sherringtonetal, AUTHOR CONTRIBUTIONS

2017). However, similar o all other types of exercise, WB-EMS

did not affect all aspects of physical performance and health, thus S5, MS, AW, SW, and WK designed the study, completed data

ideally it would have to be combined with endurance, flexibility  analysis and/or interpretation and drafted the manuscript. AE

and relaxation exercises that were not addressed in conventional HEK, JB, and MF contributed to study conception and design

WB-EMS application. and revised the manuscript. WK accepts responsibility for the
Summing up the topic of health-related aspects of WB-  integrity of the data sampling, analysis and interpretation.

EMS application. one has to bear in mind that evidence-

based research seriously addressing this rather novel exercise-  FUNDING

training technology is at an early stage. Correspondingly, present

studies focus on the most promising effects of WB-EMS, ie.  The study was solely funded by the Institute of Medical Physics,

musculoskeletal, cardiometabolic and functional outcomes. Friedrich-Alexander University of Erlangen-Niirmberg.
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Vatter, 2003) were detected by reviewing other sources. This
however implies that we might have failed to identify all the
relevant theses in this area.

{2) We do not focus on all health-related parameters evaluated
by WB-EMS trials. This relates to the topic of (1)} urine
incontinence (Schilfer, 2002; Vatter, 2003) and (2) quality
of life (QoL) (e.g., Vatter, 2003; Fritzsche et al, 2010; van
Buuren etal., 2014). With respect to the first topic, local EMS
is a recognized therapy (Jerez-Roig et al., 2013; Schreiner
et al., 2013), the additional benefit of the less specific but
more elaborate WB-EMS is debatable.

{3) Most of the projects included in these systematic reviews
implemented an “active” control group. The types of exercise
applied in these cohorts vary from “wellness,” “whole
body vibration.” “locally applied EMS,” "WB-EMS without
exercises. to “state-of-the-art HIT-RT" (Table 1). Thus,
changes among the CGs differ from negligible (Kemmler
and Von Stengel, 2013) to highly significant (Kemmler
et al., 2016c). Consequently, the “effect,” as defined as the
difference of intragroup changes in the WB-EMS vs. the
CG, might be less prominent in some projects, due to the
effectiveness of both protocols.

{4) From a methodological point of view, study length or/and
assessment methods/tools are critical for a reliable evaluation
of more sophisticated parameters. Concerning hyperirophy,
only six studies addressing body compasition applied

the “gold standard” of dual energy x-ray absorpliometry

prescribed, we are unable to verify whether the prescribed
exercise intensity is adequate for affecting the given outcome.
Unfortunately, no recent WB-EMS study has reliably focused
on the dose/response or minimum effective strain intensity
issue of WB-EMS application. Thus, a main limitation
might be that WB-EMS projects that failed to produce
a given outcome might have applied insufficient exercise
intensities at least when additionally scheduling a low
exercise frequency.

(7) We failed to list this systematic review in PROSPERO
because we were beyond the point of completing data
extraction when we submitted the data for registration.
However, since we intended a guantilative analysis we had
to check the corresponding studies initially.

GENERAL CONCLUSION

There is considerable evidence that “low-frequency WB-EMS™
fie, <100Hz significantly and clinical relevantly increases
health-related parameters in moderately trained and untrained
middle-aged to older non-athletic cohorts. The most prominent
effect of WB-EMS is, however, the significant impact on body
composition. In this context, sarcopenia and sarcopenic obesity
in the elderly might be the most promising targets; however,
functional aspects and to a lesser extent cardio-metabolic

parameters can also be favorably addressed by WB-EMS. With

{DXA: Kemmler et al., 2010a, 2014, 20l6ce), or direct=— rmpm to the dimensions of WB-EMS-induced effects, one
segmental, multi-frequency Bio-Impedance Analysis (DSM-  study with untrained middle aged men (Kemmler et al., 2016c)

BIA; Inbody 770, Seoul Korea: Kemmler et al., 201 5c, 2017¢),
that have been proven to be comparably reliable (Ling
et al., 2011; Von Stengel et al., 2013). The other studies,
however, did not specify the BIA technique used (Fritesche
etal, 2010) or applied outdated methods/technology (caliper
methods, Resting Metabolic Rate, Kemmler et al., 2010b,
single frequency BIA method, Ozdal and Bestanci, 20186).
Additionally, studies shorter IJ'I,a:n 10 weeks (eg( Vatger,
2003; Ozdal and Bostandi, 2016
relevant LBM changes, at Teast when applying Tess reliable
testing methods.

(5) This limitation of short intervention periods may also affect
the regulation of exercise intensity and the corresponding
adaptation. Bearing in mind that the high muscular
and metabolic stress of the initially unfamiliar WB-EMS
condition (Teschler et al., 2016, 2018) led to a brief
conditioning period being suggested (Kemmler et al., 2016a),
the time frame of some projects might be too short to
generate effective WB-EMS effects.

(6) As with conventional exercise, the application of an above-
threshold strain intensity is a key factor for effective
WB-EMS protocols. However, the proper regulation of
stimulation intensity is a rather challenging problem. In
the absence of objective parameters that reliably and
comprehensively graduate the intensity of stimulation, most
WB-EMS projects (Table 1) applied RPE-based methods
adjusted for each stimulated region. However, even assuming

that all of the study participants complied with the RPE
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reported that thé effect on body composition (i.e., muscle- and
fat mass), muscle strength and cardio-metabolic outcomes were
similar to a less time effective and more challenging high intensity
resistance exercise training with a work to failure+ protocol.
Regarding their applicability, a recent study successfully applied
a “high effort training” protocol (Steele et al, 2017b) similar
to HIT in people 61-80 years old. Nonetheless, the acceptance
“~of a HIT protocol by sedentary older people remains limited;
se training option for
mosi r pmple Ea'!cern"ﬁ':g the corgesponding attractiveness
of WI] EMS, all the projects repuded high adherence with
low drop-out (0-10%) and high attendance (76-100%) rates.
However, one main reason for the attractiveness might not relate
to the WB-EMS technology per se, but to the high level of
assistance, supervision and interaction between instructor and
the maximum of two participants; in effect, a kind of personal
training. Of further crucial importance, none of the studies,
even when focusing on the vulnerable cohort functionally limited
and/or morbid older people (Fritzsche et al, 2010; Kemmler
et-al., 2010a.b, 2014, 2015¢, 2016c.e, 2017c), reported any adverse
or unintended side effect of WB-EMS application, even though
study periods ran for up to 12 months of intervention. Thus,
low-frequency WB-EMS can be considered as a safe training
technology at least when practiced in the closely supervised
setting applied by all the projects listed above. From the studies
included, we think it is legitimate to generalize the results of
this review at least on the cohorts of sedentary middle aged to
older people unable or unmotivated to join conventional exercise
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