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Abstract

Background: Whole body-electromyostimulation (WB-EMS) is widely used for the rehabilitation and
recovery of patients with various neuromusculoskeletal disorders.

Objects: To objectively measure changes in lower extremity and abdominal muscles after sit-to—stand
dynamic movement training using WB-EMS.

Methods: A total of 46 healthy adults (23 experimental and 23 control subjects) performed sit-to-stand
exercise; the experimental group with WB-EMS, and the control group without WB-EMS. The muscle
activity of the lower extremity, and the muscle thickness of the lower extremity and abdominal muscles
were measured before and after the intervention.

Results: In terms of electromyographic activity, there was a significant interaction effect for the rectus
femoris (RF) muscle (F=30.212, p=.000). With regards to ultrasonographic imaging, the muscle thickness
of the RF muscle had a significant interaction effect at the muscle contraction ratio (F=8.071, p=.007).
The deep abdominal muscles, such as the transverse abdominal (TrA) and internal oblique (IO) muscles,
also showed significant interaction effects at the muscle contraction ratio (F=5.474, p=.024, F=24.151,
p=.000, respectively).

Conclusion: These findings suggest that WB-EMS may help to improve the muscular activity of the
RF muscle, and the muscle thickness of the RF muscle and deep muscles such as the TrA and IO
muscles.
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electromyostimulation.

Introduction

Electromyostimulation (EMS) is used in the phys—
ical therapy field as a method to rehabilitate muscles
after an injury or surgery. Indeed, it has been com-
monly used to strengthen the extremities of patients
who have had orthopedic surgery. The use of EMS
can also prevent injuries, especially for individuals
who are susceptible to injuries of the lower back,
knees, shoulders, and muscles. It has been reported

that EMS represents a new form of therapy that in—
creases efficiency and universality by combining the
medical device which induces muscle contraction by
providing electrical stimulation to clothes (Kemmler
and von Stengel, 2013).

Initial EMS studies generally reported on effects
resulting from the local application of EMS to in-
dividual muscles (Porcari et al, 2002). With further
technical advances, only recently has a targeted vest
system been developed for EMS that can be applied
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to multiple muscle groups simultaneously; this is
known as whole body (WB)-EMS. WB-EMS in-
volves the use of a wearable device that activates
muscles through electrical stimulation and can be
applied to subjects for muscle strength enhancement,
body correction, and diet through various frequencies
and waveforms. These wearable WB-EMS devices
are being developed in designs and forms that.

Recently, WB-EMS has overcome inconveniences
from past systems with advances in functions. In
addition, the wire connecting the electrode to the
EMS system has been changed to a wireless sensor
via Bluetooth technology. This wireless WB-EMS
system provides rehabilitation services quickly and
easily to a variety of patients (Kemmler et al 2016;
von Stengel et al 2015). Furthemore, Filipovic et al
(2012) reported that WB-EMS was capable of in—
creasing both muscle strength and mass in athletes;
this was later substantiated a positive change to im-—
prove muscle strengthening in elderly, sedentary per—
sons and patients with chronic heart failure
(Fritzsche et al, 2010; Kemmler et al, 2010; Kemmler
and von Stengel, 2013; Kemmler et al, 2014; van
Buuren et al, 2013; van Buuren et al, 2014).

Electrophysiologically, electrical stimulation was
first used to prevent muscle atrophy by causing in—
voluntary contractions of the muscles resulting in the
recruitment of fast-twitch fibers (Lexell et al, 198R).
High frequency stimulation above 70 Hz can further
stimulate deep muscles by activating small motor
neurons, and low frequency stimulation can induce
muscle contraction of surface muscles by activating
large motor neurons (Doucet et al, 2012). Electrical
stimulation resulting in muscle contraction has the
advantage of enabling efficient exercise performance
because it can activate fast-twitch fibers with less
effort (Gregory and Bickel, 2005). In addition, these
electrical stimulation methods mediate their various
effects by controlling the waveform, frequency, in-
tensity, and on-off ratio for the main purpose of
muscle strengthening and muscle re-training (Doucet
et al, 2012, Maffiuletti et al, 2014).
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Specifically, an electric pad of the WB-EMS, lo—
cated on the inner side of the vest, activates the
functional performance of the body; this electric pad
transmits a current to the muscle in contact with the
skin, and subsequently induces muscle contraction
(Maffiuletti et al, 2000). Such an electrical stimulus
has an advantage in that the electrical stimulus can
be continuously provided when performing dynamic
movement as well as in a static state. In addition, it
has been reported that it is possible to improve effi—
ciency by providing electric stimulation in addition to
active muscle contraction as well as passive muscle
contraction (Lieber et al, 1996). Pichon et al (1995)
reported that EMS was effective not only in iso—
metric contraction, but also in isotonic contraction, as
well as reporting an overall improvement in muscle
strength in training using EMS.

However, while some studies have examined the
efficacy of WB-EMS, very few studies have quanti—
tatively measured the effects of WB-EMS training
combined with dynamic movement. In particular,
there are few studies that use objective instruments,
such as surface electromyography (EMG) for meas—
uring the muscle activity of superficial muscles, and
ultrasonographic (US) imaging for measuring the
muscle thickness of deep muscles. Therefore, this
study aimed to objectively investigate the changes in
abdominal muscles and lower extremity muscles by
using WB-EMS for dynamic motions such as
sit-to-stand exercise using surface EMG and US.

Methods

Subjects

In total, 46 healthy adults were randomly assigned
to the experimental group, comprising 23 subjects
who were prescribed sit-to—stand with WB-EMS, or
the control group, consisting of 23 subjects who
sit-to-stand without WB-EMS
(Figure 1). Informed consent was obtained from all

were prescribed

the subjects, and this study was approved by the
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Assessed for eligibility
Enrollment iy

Pre test for
EMG muscle activation(Rectus femoris muscle),
muscle thickness(Rectus femoris, Abdominal muscle)

Randomized (N=46) ‘

Experimental group(n;=23)

Sit—to—stand
with whole body
electromyostimulation
(30 min)

Allocation

Control group(n,=23)

Sit—to—stand
(30 min)

Post test for
EMG muscle activation(Rectus femoris muscle),
muscle thickness(Rectus femoris, Abdominal muscle)

Figure 1. Study design.

university ethics and institutional review board
(approval number: KYU-2019-288-01). The study
subjects were free from any known medical prob-—
lems, and the inclusion criteria were as follows: 1)
No history of neuromuscular pathology problems, 2)
no abnormal hip, knee, or ankle joint problems, 3) no
pain of lower extremity, 4) no orthopedic disease,
and 5) the ability to perform sit-to-stand exercise
and comprehend instructions.

The target sample size was 46 subjects. This num-—
ber was investigated to yield a power of 85% and an
alpha of .05 to detect large differences in effect size
between the
Randomization was carried out using sealed envelopes,

experimental and control  groups.
and the sealed letters for the experimental group
(WB-EMS with sit-to-stand exercise) and the control

group (only sit-to-stand exercise) were arranged by

the investigator. The investigator prepared group allo—
cation on a sheet of paper and gave it to subjects in
a blinded manner. Subjects were allocated before the
initial assessment, and all of them participated in the
measurements. The physiotherapist who performed the
assessment was also blinded to the group allocation.

Intervention

WB-EMS (Active functional wear, Wave-E,
Peschiera del Garda, Italy) was performed after 30
minutes of exercise each day, 3 days before inter—
vention by two skilled measurers (Figure 2). The
WB-EMS provided 30 minutes feedback for adapta-
tion to electrical stimulation and precise sit-to—stand
movement prior to wearing the WB-EMS. The in-
tensity of the EMS was consistently applied to 70%
of the pain threshold, the frequency ranged from 2 to

Table 1. General characteristics of subjects (N=46)
Variables Experimental group (n;=23) Control group (nz=23) t-value p-value
Age (year) 21.1+£2.2° 21.3£1.7 .092 763
Height (cm) 165.6+17.5 167.8+9.1 1.776 190
Weight (kg) 57.7+9.2 61.4£10.8 185 669
BMI" (kg/m’) 21.1+2.9 21.9£2.9 073 788

“meantstandard deviation, bbody mass index.



Figure 2. WB-EMS (whole body-
electromyostimulation).

200 Hz, and the pulse amplitude range from 50 to
400 ps to allow for comprehensive and individual ad-
justments during the study. The training intensity
and volume were increased according to the overload
principle. EMS training was carried out in accord—
ance with published studies that used the same EMS
system for healthy adults. Each of the subjects un-—
derwent a test run for familiarization before the
study began.

WB-EMS was provided to the rectus femoris
muscle and abdominal muscles during the
sit-to-stand procedure. For correct sit-to-stand pro-
cedure, a straight rod was attached to the back of
the subject, both arms were crossed over the front

of the chest, the subjects stood comfortably with
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their feet placed shoulder width apart on the floor,
and the gym ball was positioned for maintaining a
constant space of both the knee joints, while bending
to the instructed knee joint 90°. The examiner con-
firmed that the performance was representative of
the exact sit-to-stand procedure. In the control
group not wearing the WB-EMS, sit-to-stand move-
ments were performed under the same conditions.
The WB-EMS program was designed to progress
same speed to a sit-to-stand 90" of knee flexion, and
a metronome was used to measure the sitting speed.
Each WB-EMS protocol involved four elements: (1)
eccentric contraction of the knee joint from 180° to
90° for 3 seconds, (2) isometric contraction for 2
seconds to maintain the knee joint at 90°, (3) con-
centric contraction of the knee joint from 90° to 180°
for 3 seconds, (4) relaxation for 2 seconds in the
standing position holding the knee joint at full ex-
tension of 180°. A total of 3 sets, 15 times per set,
were performed. Additionally, a 10 minute warm-up
and a 10 minute cool-down comprising passive range
of motion exercises were included before and after
the EMS program, respectively, and the subjects
were instructed to rest for 1 minute between each of
the four elements of the EMS protocol. Overall, the
EMS protocol took approximately 30 minutes to com-—
plete (Figure 3). One licensed physical therapist (5
years of experience) performed the intervention, and a
single experienced therapist was employed to ensure
standardization of the intervention so as to strictly

Figure 3. Sit-to-stand exercise (A: Experimental group, B: Control group).
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adhere to the treatment protocol described above.

Surface electromyographic recording
and data processing

Surface EMG was used to record the amplitudes
of the contractions of the rectus femoris (RF)
muscle. This measurement was collected for the ex-
perimental and control groups in order to determine
the activation of this muscle during sit-to-stand. In
order to reduce impedance, the skin of each subject
was shaved and an electrode gel was applied. A pair
of active electrodes (inter—electrode distance of 2 cm)
was placed in parallel over the muscle bellies to be
tested. Tape and elastic straps were used to elimi—
nate cable movement artifacts and to fix the elec-
trode patches onto the skin.

The Myo-Research software (TeleMyo 2400T
DTS, Noraxon Inc., Scottsdale, USA) was used to
acquire the EMG signals at a sampling frequency of
1024 Hz, which were processed with a bandpass of
20~450 Hz and a 60 Hz notch filter. The root mean
square (RMS) EMG amplitude for these muscles was
calculated using the average time during the
sit-to—stand exercise, while the sequential activations
of the RF muscle activity were displayed on a com—
puter monitor. Electrode patches with a diameter of 1
cm were placed on the RF muscle at standardized
sites, as described by Gilleard et al (1998). To nor-
malize the EMG signals recorded for the RF muscle,
the RMS of 5 seconds maximal voluntary isometric
contraction (MVIC) was calculated for the RF mus-
cle at the manual muscle testing positions, as rec—
ommended by Kendall et al (2005); all of the EMG
data were averaged over three repetitions of each
measurement. The EMG signals collected were then
expressed as a percentage of the calculated RMS of
the MVIC (%6MVIC).

Ultrasonographic imaging recording
and data processing

The US imaging instrument (MicrUs EXT-11,
TELEMED, Vilnius, Lithuania) was used to assess

the muscle thickness of the RF and abdominal muscle
before and after the intervention. The RF and ab-
dominal muscles, including the external oblique (EO),
internal oblique (I0), and transverse abdominal (TrA)
muscles, were obtained on the dominant side during
the ball was kicked. The RF muscle was respectively
measured in the state of maximum isometric con-
traction of the muscle and in the resting state with
the knee joint extended. The rest state of the RF
muscle was measured with a pressure biofeedback
unit  (Chattancoga Stabilizer Pressure Biofeedback,
Chattanooga/DJO Global Inc., Guildford Surrey, UK) be-
neath the knee joint, and the pressure was maintained
at 70 mmHg. The ultrasound frequency was set at 10 Hz
and the position of the transducer head was measured
at 15 cm upwards from the center of the patella.

The resting thickness of the abdominal muscle
was measured at the end of the tidal volume expira—
tion in the supine position, and the contraction thick—
ness was measured in the straight leg raise position.
The frequency was 7.5 Hz, and the transducer head
was transversely positioned 25 mm anteromedial to the
midway point between the 12th rib and the iliac
crest. The transducer head was maneuvered until the
sharpest images of all of the abdominal muscles (EO,
IO, and TrA) were obtained. Three scans were taken
on the right side of the abdominal muscles in their
relaxed state in reference to a predetermined
benchmark. The scanning location at the pretest was
marked on a transparent sheet for the posttest in or—
der to ensure identical placement throughout the en-—
tire experiment. To control for the potential influence
of respiration on muscle thickness, the images were
consistently acquired at the end of the expiration,
which was determined through visual inspection of
the ultrasound image. The image data acquired were
stored, and the muscle thickness (cm) was measured
using an on screen caliper. The thicknesses of all
three muscles were defined by drawing a vertical
reference line that was located 25 cm from the left
edge (the muscle - fascia junction) of the TrA
(Whittaker, 2008). An immediate readout of the mus—



Table 2. EMG muscle activity of the rectus femoris muscle at pre-post test
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(N=46)

. Experimental group
Variable 8

Control group

Group effect Time effect Interaction effect

(n1=23) (n2=23) F(1,44) p F(1,44) p F(1,44) p
Muscle Pretest 39.35+16.24" 43.26+18.52 66.314 000 206 559 20212 000
activity (%) Posttest 70.04£16.26 50.43+20.74 ’ ' ' ’ ’ '
*mean*standard deviation.
Table 3. Rectus femoris muscle thickness at rest and ratio at pre- and post-intervention (N=46)

Experimental group Control group

Group effect Time effect Interaction effect

Variabl
antabie (n,=23) (n:=23) FA44) p Fa4) p Fa4d) p
a Pretest 6.69+1.86 6.95+2.60
RF® at rest (mm)POSttest 71849 49 65342 61 .082 776 024 877 3.895 055
. Pretest 14.34+10.22 14.24+10.66
c (g
RF Ratio® (%) Posttest 3056+12.18 97 09+9 24 183 671  187.688 .000 8.071 007

P) T N B
rectus femoris, "meantstandard deviation, ‘ratio (contraction-rest/rest).

cle thickness was displayed on the screen and stored
for further analysis. Data that were unacceptable due
to movement artifact were discarded, and the scan
was then repeated. The ratio calculation gave the
percentage change in the thickness. In this study, for
the RF and all listed abdominal muscles were calcu-
lated by muscle contraction-muscle rest/muscle rest.

Statistical analysis

The results are expressed as meantstandard
deviation. The normal distribution of the sample was
tested using the Kolmogorov—Smirnov test, which
showed a normal distribution for all variables.
Two-way analysis of variance was used to assess
the main effects (group and time effects) and the in-
teraction effects on the muscle activation of the RF
muscle and the muscle thickness of the RF and ab-
dominal muscles, including the TrA, 10, and EO mus—
cles at pre- and post-test of intervention, respectively.
The collected data were analyzed using SPSS ver.
180 (SPSS Inc., Chicago, IL, USA). The level of stat-
istical significance was set at a p<.0o.

Results

There was a significant interaction effect (F=30.212,
p=.000), group effect (F=66.314, p=.000), and time ef-

fect (F=0.296, p=589) for RF muscle activation in
sit-to-stand exercise with WB-EMS (Table 2). These
results indicate that the EMG muscle activity of the
RE showed remarkable improvement compared to that
without the WB-EMS, that was attributable to
sit—to—stand using WB-EMS.

Significant differences in RF muscle thickness at
ratio (contraction to rest) were found in the inter-
action effect (F=8.071, p=.007), group effect (F=.183,
p=671), and time effect (F=187.688 p=.000) between
the two groups (Table 3). This finding suggests that
the muscle thickness of the RF showed effective
gains in increase, which in turn further supports the
neuromuscular
WB-EMS.

No significant differences in abdominal muscle

strengthening  training of  the

thickness at the rest position were found between
the two groups (Table 4). However, significant dif-
ferences in the TrA and IO of the abdominal muscle
thickness at ratio were found between the two
groups (Table 5). TrA muscle thickness at ratio
were found in interaction effect (F=5.474, p=.024) and
time effect (F=398.440, p=.000), IO muscle thickness
at ratio were found in interaction effect (F=24.151,
p=.000) and time effect (F=251.365, p=.000) (Table 5).
This finding suggests that the deep muscle of the
abdominal muscle, such as the TrA or IO, in the
sit-to-stand with WB-EMS showed improvement
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Table 4. TrA, 10, EO muscle thickness at rest position in pre-post test

(N=46)

Experimental grou
Variable P group

Control group

Group effect Time effect Interaction effect

(11=23) (n2=23) F144) p FU44) p F(1,44) D
TrA® at Pretest 3.36+.74° 3.53+.76
rest (m) Postiest 245+ 93 3774 07 1134 293 2295 137 487 489
10° at Pretest 8.48+1.99 8.68+2.57
rest (mn) Dosttest Q4849 17 8694951 104 749 001 972 .000 996
EOY at  Pretest 5.59+1.28 6.40+1.43
rest (mm) Posttest 5834110 668164 4519 039 5265 027 023 880

rectus femoris, Pmeanzstandard deviation, “internal oblique, dexternal oblique.

compared to that without the WB-EMS in terms of
the ratio of the muscle contraction.

Discussion

This study aimed to measure the muscle activity
of the RF muscle, representing a muscle of the lower
extremity and sit-to—stand movement, and the mus-—
cle thickness in the RF muscle and abdominal mus-
cles before and after sit-to-stand exercise with
WB-EMS. As anticipated, our results demonstrated a
positive effect of the muscle activity of the RF mus-—
cle, and the muscle thickness ratio of the RF and
the deep muscle of the abdominal muscle, such as
the TrA or IO, in the experimental group wearing
the WB-EMS.

In this study, improved muscle activity was ob-—
served to a greater extent in the experimental group
after EMS training. The present muscle activity pa-
rameter findings showed that the RF muscle (39%
MVIC — 70% MVIC) improved by approximately
79% after intervention. Additionally, in the control

Table 5. TrA, 10, EO muscle thickness at ratio in pre—post test

group without EMS, the RF muscle activity was in—
creased by 16%6. Importantly, the muscle activity of
the RF is in line with the finding by Babault et al
(2007), who demonstrated that the strengthening ef-
fect of sit-to-stand training improved by 23% in
rugby players after a 12-week EMS with weight
training. In general, muscle activity and muscle
strengthening are known to be strongly correlated
(Husted et al, 2018). The improvement in muscle ac-
tivity of the quadriceps after 6 weeks of low—fre—
quency EMS training has been previously reported to
be 11% (Deley and Babault, 2014). Additionally,
Herrero et al (2010) found that groups with weight
training combined with 4-week EMS had a 9% in-
crease in the strength of the quadriceps muscle.
Kemmler et al (2016) showed that leg-extensor
strength was similar to the group after 16 weeks of
WB-EMS training combined with resistance exercise.

It can be extrapolated that improvement in the ac—
tivation of type II muscle fiber may have been the
result of the recruitment rate of motor unit changes
when electrical stimulation was combined with mus-
cle contraction, neurophysiologically (Maffiuletti et al,

(N=46)

Experimental group Control group

Group effect Time effect Interaction effect

Variable (n1=23) (=23)  F(lA4) p F44) p Fl4d)  p
TrA® Ratio (%) lfgsetﬁsstt gg:%igﬁgb gg:ggig:gg 137 713 398440 000 5474 024
I0° Ratio (%) Ifg;tésstt gi:giig:gg ;g:ggig:gg 472 496 251365 000 24151 000
EO! Ratio (%) gjttfesstt }giggigigg }?gig:gi 005 943 307 582 466 498

rectus femoris, "meanzstandard deviation, internal oblique, ‘external oblique.



2000). Indeed, despite the evidence that electrical
stimulation combined with muscle contraction can
promote inactivation or tired motor mechanisms
(Riley et al, 2008), in terms of time efficiency, the
muscle strength improvement effect of rapidly in-—
creasing muscle contractility in a short time is in-—
creasing the interest in WB-EMS.

The effectiveness of EMS training can be also
elucidated by quantitative US measurement. The
thicknesses of the RF muscle at the ratio before the
intervention were approximately 14%, and increased
by approximately 30% after the intervention (114%
improvement). Intervention related changes in altered
muscle thickness were successfully quantified by US.
This morphological improvement in muscle thickness
was paralleled with increased activity of the RF
muscle after WB-EMS intervention.

The improvements in muscle activity and muscle
thickness in the experimental group may be ex-—
plained by the transfer effect as a result of the
strengthening of the leg muscles after EMS training.
Importantly, the muscle cross-sectional area of the
quadriceps muscle is in line with the finding by
Nastsume et al (2018) and Gondin et al (2005) who
demonstrated an increase in muscle morphological
change as a result of the EMS training. The in-
crease in quadriceps muscle thickness after neuro-—
muscular electrical stimulation training in patients in
an intensive care unit for 4 weeks has been pre-
viously reported to be 5% by Gruther et al (2010).
Similarly, Deley and Babault (2014) reported that the
muscle thickness of the quadriceps muscle was in—
creased by 3% after 10 Hz low-frequency EMS
training for 6 weeks (Deley and Babault, 2014).
Furthermore, Raja et al (2019) found that the use of
WB-EMS for 8 weeks resulted in a 10% increase in
1RM squat strength, and approximately a 209 in-
crease in the 1RM torso rotational strength.

The thickness of the abdominal muscle showed
changes at the contraction ratio of the deep core
muscles, including the TrA and IO muscles. These
findings further indicate that WB-EMS training may
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have biomechanically affected the RF muscle and se—
lectively stimulated the deep core muscle of the ab-—
dominal muscle during sit—to-stand movement, thus
leading to lumbar stabilization, which is a key con-—
tributor to sit to standing. Moreover, in agreement
with the results of the current study, Coghlan et al
(2008) found that the TrA muscle thickness was in-
creased by 22% after EMS training. The increase in
the thickness of the TrA and IO muscles after neu-
romuscular electrical stimulation training was re—
ported to be 2 Hz—22%, 5 Hz-33%, and 8 Hz-21%
(TrA), and 2 Hz-20%, 5 Hz-22%, and 8 Hz-19% (IO)
by Cho et al (2016). The results of this study
showed that there was significant change in deep
abdominal wall thickness, including the TrA and IO
muscles, despite the characteristics in the short ap—
plication time of this study.

There are several limitations to this study. First,
methodologically, the size of the ball placed between
the knee joints of the subject during the sit-to—stand
was uniformly applied without adapting to each sub-—
ject’s physical characteristics. Second, we could not
observe a sufficient shape change of the muscles by
only using a 30 minute intervention time and electric
stimulation of 20 to 200 Hz. Third, this study in-
volved a relatively small number of subjects. Lastly,
this study did not have a follow—up; thus, we cannot
say whether the benefit was retained. Therefore, a
study investigating the effects of WB-EMS training
on a large number of subjects with longer inter—
ventions is needed in order to fully elucidate the

clinical benefits for a wide range of subjects.

Conclusion

In conclusion, most of the previous EMS studies
have relied on the use of only a few measurements,
without considering the need for more scientific and
quantitative measurements. Therefore, this study
sought to investigate the effects of wearable
WB-EMS devices on muscle activity using EMG
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and muscle thickness using US measurement tools.
The results demonstrated a positive effect of muscle
activity of the RF muscle of one of the lower ex—
tremity muscles, the muscle thickness of the con-—
traction ratio of the RF muscle, and the deep ab-—
dominal muscles, the TrA and IO, after WB-EMS

intervention.
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