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Physiological Effect of Exercise Training with Whole Body Electric
Muscle Stimulation Suit on Strength and Balance in Young Women:
A Randomized Controlled Trial
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Many studies about Electrical muscle stimulation (EMS) have been performed to de-
termine the effectiveness of EMS. However, most studies enrolled only elderly patients.
Moreover, only a few studies have verified the effect of a whole body (WB)-EMS suit
on young healthy women. Thus, the main purpose of this study was to verify the physio-
logical effects of exercise training with a WB-EMS suit in young women. During the
study periods, 24 young women were randomly assigned into two groups: 1) the
WB-EMS training group, and 2) the control. All participants in the two groups per-
formed the same low-intensity resistance exercise three times a week for 6 weeks at
a training center. Group 1 used an electric current for WB-EMS suit which was switched
on during the exercise period. Outcome measures were body composition, body circum-
ference of hips and abdomen, isokinetic muscle function of knees, balance functions,
Magnetic resonance imaging (MRI)s, cardiopulmonary functions, and lipid profiles. All
outcomes were measured before and after the exercise protocol over 6 weeks. A total
of 23 young women (group 1, n=11; group 2, n=12) completed a 6-week exercise regimen.
After exercise, we compared the differences before and after the exercise program in
each group. There were significant differences (p<0.05) in body circumference, car-
diopulmonary function in group 1 and 2. In particular, group 1 that activated WB-EMS
showed significant differences in the isokinetic muscle function on knee flexors and
balance functions. The results of this study show that exercise with a WB-EMS suit
can be considered as an effective exercise addition for young women.
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INTRODUCTION

Electric Muscle Stimulation (EMS) has been used in
therapy to induce muscle contractions artificially through
electrical signals. This stimulation is transmitted to the
surface of the skin to make muscle contracts, which has ef-
fects similar to the real motion of the muscle.' Further EMS
was often used to prevent the atrophy of muscles that oc-
curs when skeletal muscle is denervated since the 1960s.

With advances in EMS technology, EMS has become in-
creasingly popular for treating patients with central nerv-
ous system impairment secondary to brain injuries.? In
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1977, Kot, a Russian scientist, reported that current train-
ing was effective in promoting muscle strength in normal
adults. EMS training has also been used to prevent muscle
atrophy and improve muscle strength.3 Since then, re-
searchers have been studying effective muscle stimulation
methods and training for therapeutic purposes.”

In recent years, Whole Body-Electric Muscle Stimula-
tion (WB-EMS) suits as a new therapeutic technology have
been developed. It is an attractive and effective training
method. It is also a time-saving alternative form of train-
ing.” WB-EMS training is designed to maximize the effect
of exercise by adjusting electric stimulation according to
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the amount and extent of the insulator material, such as
fat. It is also known to improve the balance of muscles and
blood flow, strengthen the heart, relieve pain, increase
muscle activity, power, and exercise performance, as well
as improve the body composition.®’

As to the components, WB-EMS devices usually consist
of a suit, a controller, and an application that operates the
suit and controller. The suit is made up of stretchable
material. It consists of a pad that carried the EMS signal
inside the suit. EMS signals are activated by the applica-
tion and delivered to the skin and muscles by the controller
and panels inside the suit. Further the EMS mimics the
way the nervous system initiates and simulates muscle
activity. Thus, manufacturers of WB-EMS devices insist
that EMS training with WB-EMS suit can be accompanied
by stronger muscle contractions to provide efficient ex-
ercise with less time.”

Many studies have determined the effect of EMS and re-
vealed that EMS is effective in improving muscle endur-
ance, muscle mass, muscle strength, and waist circum-
ference.®!! However, there is still some debates as to the
effect of EMS. Porcari et al.* investigated the effects of EMS
on 27 college-aged students after training for 8 weeks and
concluded that the effectiveness of EMS for healthy in-
dividuals was not supported. Deley and Babault™ reported
that EMS training has limitations because the EMS de-
vices only stimulates muscles closed to electrodes.

Therefore, it is necessary to examine effects of EMS
training closely. Most studies were performed on elderly
patients. Only a few studies with randomized controlled
trials have been performed on young people.? Therefore,
the purpose of this study was to investigate effects of
WB-EMS on muscle mass, strength, decrease of fat, obesity
index, balance function, and exercise capacity including
cardiopulmonary function in women aged 20 to 30 year.

MATERIALS AND METHODS

1. Design

Participants were randomized with a single blinded
-outcome assessor blinded- method to compare effects be-
tween WB-EMS training and general training in our center
from July 1%, 2019 to September 30, 2019.

2. Participants

This study was approved by Chonnam National Univer-
sity Institutional Review Board (CNU IRB number: 1040198-
190320-HR-016-02).

We screened 65 participants who voluntarily applied to
our Healthcare-wear R&BD Center at Chonnam National
University for two months. Inclusion criteria were: 1) wom-
en aged 20 to 40 years, 2) BMI of 23 or above. Exclusion cri-
teria were: 1) those who had contraindications to whole-
body EMS training (medical implants, liver disease, preg-
nant women, and neurological disorders), 2) those who re-
fused electrical stimulation, 3) those who were under treat-
ment for diseases during the study period, and 4) those who
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had previous surgical history.

Among them, 35 participants failed to meet the inclusion
criteria. After excluding them, we explained our study to
eligible participants. Six subjects declined to participate.
Finally, 24 participants were included in this study (Fig.
1).

We used a randomization allocation software program
developed by M. Saghaei, MD (Department of Anesthesia,
Isfahan University of Medical Sciences, Isfahan, Iran) to
implement the random allocation sequence. Participants
were randomly allocated into a WB-EMS training group
(12 participants, group 1) and a control group (12 partic-
ipants, group 2). The randomization process was per-
formed by a person who was not involved in any other study
procedure.

3. Interventions

Each participant performed exercise sessions three
times a week of 20 minutes in duration for 6 weeks for a total
of 18 times at our training center. Evaluation of partic-
ipants was performed by one doctor and one physical thera-
pist before training and after six weeks of training. The in-
vestigator who performed pre- and post- treatment out-
come measurements remained blind to group allocation.
Exercise sessions were performed by the other trainer who
was not engaged in the evaluation. Participants in this
study did not know which group they were assigned to.

During each training session, all participants wore the
WB-EMS Suit (Bodyfriend, Seoul, Korea) (Fig. 2) and per-
formed the low-intensity resistance exercise protocol guid-
ed by the trainer.'"® The suit was selected because it was
necessary to verify the effect as a new development. The
suit was operated by the controller and the application. The
WB-EMS Suit is equipped with 20 conductive panels lo-
cated on the shoulder (2 panels), arms (4 panels), chest (2
panels), back (4 panels), abdomen (2 panels), buttocks (2
panels), and legs (4 panels) to stimulate the muscle belly
of brachialis, triceps of arm, pectoralis major, latissimus
dorsi, rectus abdominis, gluteus maximus, rectus femoris,
biceps of thigh, semitendinosus, and so on. Specifications
of the suit material are shown in Fig. 2. The protocol of
WB-EMS device was set by the controller and application;
duration of 20 min, frequency of 80 Hz, pulse duration of
5 sec, and pulse pause of 3 sec. The intensity was adjusted
and set before each exercise only for group 1.

Dynamic stretching was performed before and after
main exercises and the overall exercise lasted for 20 mi-
nutes in both groups. Main exercises were designed with
squats, lunges, crunches, and planks.u’14 Squats and lung-
es are typical lower body exercises that can strengthen the
quadriceps, gluteus maximus, and hamstrings. Crunches
are an abdominal exercise that can strengthen the upper
rectus abdominis. Planks are the most basic exercises for
core muscle that strengthen core muscles around the spine.
Squats, lunges, and crunches were performed 20 times
each and the plank exercise was performed for 1 minute
with qual intensity in both groups.
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Participants assessed for eligibility
(n=65)

- BMI was 23 or above
- No surgical history

Inclusion criteria

- Women aged from 20 to 40 years

- No previous medical history and routine medication
for treatment of others diseases

A 4

Excluded (n=41)

— - Not meeting inclusion criteria (n=35)
- Declined to participate (n=6)

Week 0

(n=12)

Measured body composition, body circumference, blood sampling, exercise capacity,
balance function, and respiratory gas analysis

Randomised (n=24)

(n=12)

WB-EMS training group
+ Participants wore the WB-EMS suit

Controlled group
+ Participants wore the WB-EMS suit

Discontinued study * The protocol of WB-EMS suit: * The protocol of WB-EMS suit Discontinued study
due to personal <  duration 20 min, frequency 80 Hz, was not activated L »  due to personal
reasons (n=1) pulse duration 5 sec, pulse pause 3 sec  *Stretching and low-intensity reasons (n=0)

+ Stretching and low-intensity resistance
exercise for 20 minutes
»3 days per week

A4

resistance exercise for 20 minutes
+3 days per week
*6 weeks

A4

Week 6

(n=11)

Measured body composition, body circumference, blood sampling, exercise capacity,
balance function, and respiratory gas analysis

Randomised (n=23)

(n=12)

FIG. 1. Design and flow showing the selection of participants for this study.

In group 1, the electric current for WB-EMS suit was
switched on during exercise. In group 2, the electric current
was switched off. Whole-body EMS training electrical vari-
ables are shown in Fig. 1. In both groups, exercise was de-
signed to stop when participants felt dizziness, chest dis-
comfort, muscle soreness, or other medically related symp-
toms.

4. Outcome measures

We excluded participants who performed less than 15 of
the 18 sessions. All outcome measures were checked before
starting the exercise protocol and after finishing the ex-
ercise protocol.

1) Physical examination / body composition analysis: To
evaluate the physique and body mass index, an InBody370
(InBody, Seoul, Korea) was used. During the test, partic-
ipants took off their shoes and put on a light dress in an up-
right position. They were measured for about 45 seconds.
Body weight, skeletal muscle mass, body fat mass, and BMI
were all measured.

2) Body circumference: All body circumferences were
measured using a tape measure with relaxed posture.
Waist circumference at the thinnest part of the waist
(WCIT), waist circumference at umbilicus level (WCIU),
and hip circumference at the widest part of the hip (HC)
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were measured with their legs gathered, their arms placed
on both shoulders, and breathing out.

3) Lipid profile of laboratory finding: Blood sampling was
conducted with participants keeping NPO(nothing per or-
al) for at least 8 hours. Levels of total cholesterol, trigly-
ceride, HDL-cholesterol, and LDL cholesterol were also
checked.

4) Magnetic resonance imaging (MRI) scan: Transverse
MR images were acquired using a 1.5 Tesla Magnetom
Vision system (Siemens, Erlangen, Germany), and the par-
ticipants were instructed to void their bladder and bowels
before imaging. To avoid tension on the anterior abdominal
wall during imaging, participants were positioned in su-
pine position with their knees and hips resting on a foam
wedge. The imaging volume was then oriented to be per-
pendicular to the anterior abdominal wall and consisted of
10 slices at a thickness of 6 mm with an inter-slice distance
of 0.5 mm.

A couple of separate observers who were unaware of this
study evaluated the volume of muscle around anterior ab-
dominal wall. During offline image processing, the image
slice placed at or closest to the center of the umbilicus was
chosen for analysis. If the scanning region was positioned
off-center, two slices superior and inferior to the target po-
sition were chosen for analysis. Bilateral cross-sectional



E Detailed specifications of the suit material

Main fabric

Conductive panel fabric

Conductive yarn

Material

Density

Mass

Thickness
Elongation recovery
Elongation

Tenacity

Resistance

Yarn count

Nylon 76.5%
Polyurethane 23.5%

Wale: 148.0 cm
Course: 218.6 cm
217.1 gim’
0.7 mm

Wale: 97.5%
Course: 96.0%

73%

Wale: 328.6 N
Course: 392.7 N

Nylon 100%
Metal plated 99%
pure silver

Wale: 92.6 cm
Course: 91.6 cm

106.4 g/m’
0.4 mm

Wale: 80.0%
Course: 75.0%

50%

Wale: 136.2 N
Course: 228.7 N

0.7Q

Nylon 59%, metal plated

99% pure silver
Polyurethane 35%
Polyester 6%

22%

92N
(61.6%)

1.8Q
Nylon: 250 d/10

Polyurethane: 560 d/3

Polyester: 150 d/2

area (CSA) measurements were conducted for the rectus
abdominis, and anterolateral abdominal muscles (exter-
nal oblique, internal oblique, transversus abdominis) (Fig.
3). Two examiners conducted all measurements. The 2nd
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FIG. 2. Whole-body electric muscle stim-
ulation suit (WB-EMS Suit). (A) The
front of the WB-EMS Suit, (B) The back
of the WB-EMS Suit, (C) The controller
connecting the suit and the application,
(D) The application to operate the suit
and controller, (E) Specifications of suit
materials.

FIG. 3. Representative images of RA
(Rectus abdominis) and IABD (Antero-
lateral abdominal) for body morpho-
metric analysis. (A) MRI scan before
WB-EMS training, (B) MRI scan after
WB-EMS training.

staging surveys were performed independently 3 days
apart.

The intraobserver reliability of the measurements was

high (intraclass correlation coefficients; range, 0.92, 0.99
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for each muscle; 2 repeated measurements of one image
from each subject). The interobserver reliability of the
measurements was also high (interclass correlation co-
efficients; 0.96 between two examiners for each muscle).

5) Isokinetic muscle function assessment

In this study, we compared peak torques of the quad-
riceps and hamstring muscles using a HUMAC NORM
502140 (Computer Sports Medicine, Inc., Stoughton, USA).
During the measurement, participants were accustomed
to the evaluation through two preliminary exercises. The
number of repetitions was controlled regularly at five times
at 60 deg/sec and 180 deg/sec, respectively.

6) Balance function evaluation

Balance function was evaluated using I Balance S (Cyber-
medic Co., Iksan, Korea). Measurements were taken while
participant was standing firmly on both feet on the balance
pad. Images on the computer monitor were placed just in
front of the platform. Participants were asked to keep bal-
ance on soft pad with eyes open (OO) and eyes closed (OC).
Balance function was assessed by checking the distance of
sway.

7) Cardiopulmonary function test

To evaluate exercise effect and energy expenditure of
participants, we used a K4b2 portable metabolic analyzer
(COSMED, Rome, Italy) and a cardiopulmonary function
analyzer. We also measured total exercise time, test mode,
VO2max, HRmax, BPmax, and METs (Metabolic equiv-
alent or a unit of sitting oxygen uptake).

For the gas analysis, participants rode a bicycle ergo-
meter (CASE & E-bike, Ge healthcare, USA) and con-
ducted a gradual test following the ACSM guideline."

5. Sample size and statistical analysis

In this study, sample size was referred to other similar
studies.*™ Assuming a dropout rate of 10%, we recruited
24 participants per group. The sample size for the present
study was calculated based on Cohen’s formula. The num-
ber of groups was set as two, the number of measurements
was two, the effect size was 0.9, the significance level was
0.05, and the statistical power was 0.5. The total sample
size required for a analysis of variance, calculated using
G*power, was 22 (eleven/group). All data were analyzed us-
ing SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Mean
Value (M) and standard deviation (SD) were calculated to
present descriptive statistics of body composition, blood in-
dex, and physical fitness variables in group 1 and group 2.
For items with the interaction, Mann-Whitney test and
Wilcoxon signed rank test was performed. The significance
level (p-value) of all statistical analysis was set at p< 0.05.

RESULTS

In this study, we compared each item with the differ-
ences before and after exercise program in each group.

1. Participant demographics
During the period, no complications related to the
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WB-EMS Suit was observed in either group. A total of 24
participants were assigned to the study protocol. Only one
participant refused to follow up the study protocol for per-
sonal reasons. Therefore, 23 participants completed the
study (11 participants in group 1 and 12 participants in
group 2). Baseline demographics and clinical character-
istics of the subjects by mean standard deviation are pre-
sented in Table 1. The two groups were matched well in
baseline characteristics. There was no statistically sig-
nificant difference in analyzed parameters between the
two groups.

2. Physical examination/ body composition analysis

Results of physical examination and body composition
analysis are shown in Table 2. In each group, there were
no significant differences between before exercise (BE) and
after exercise (AE) in body weight, skeletal muscle mass,
body fat mass, or BMI. There were also no significant differ-
ences in any parameters either in intergroup analysis of BE
or AE.

3. Body circumference

Results of body circumference are shown in Table 2. In
group 1, WCIT (BE: 75.82+4.21, AE: 73.82+5.53; p<0.05),
WCIU (BE: 84.73+4.17, AE: 81.64+5.79; p<0.05), and HC
(BE: 101.23+4.96, AE: 98.77+4.15; p<0.05) were signifi-
cantly lower after 6 weeks of training program compared
to initial assessment. In group 2, WCIU (BE: 87.21+8.14,
AE: 84.04+6.62; p<0.05) and HC (BE: 101.79+7.50, AE:
100.50+6.32; p<0.05) were significantly lower after 6weeks
of training program compared to initial assessment. There
were no significant differences in any body circumferences
in intergroup analysis of BE or AE.

4, Lipid profile of laboratory finding

Results of lipid profile of laboratory finding are shown
in Table 2. In both groups, there was no significant differ-
ence in total cholesterol, triglyceride, HDL cholesterol, or
LDL cholesterol. There were no significant differences in
lipid profiles in intergroup analysis of BE or AE.

TABLE 1. General characteristics

Group 1 Group 2
(n=11) (n=12) p-value
Mean+S.D. Mean+S.D.
General characteristics
Age (years) 23.5+4.2 25.2+5.7 0.379
Height (cm) 162.5+4.7 163.4+5.2 0.928
Weight (kg) 65.1+5.8 67.9+10.5  0.695
BMI (kg/m®) 24.6+1.2 25.3+3.0 0.880
Right-handedness (n (%)) 11 (100%) 11 (91.7%)

Group 1 : WB-EMS (whole body - electric muscle stimulation)
training group, Group 2 : control group.
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TABLE 2. Differences between group 1 and group 2 for changesin body composition, body circumference, and lipid profile

Group 1 Group 2 p-value
Variable Before After Before After Before After
training training p-value training training p-value training training
Mean+S.D. Mean+S.D. Mean+S.D. Mean+S.D. (intergroup) (intergroup)

Physical examination/ Body composition analysis

Weight (kg) 65.08+5.78 63.88+5.15  0.286 67.85£10.49 66.93+9.65 0.126 0.695 0.525

Skeletal muscle mass (kg) 22.71+2.62 22.59+2.54  0.789 23.04+2.49 22.73+2.25  0.238 0.833 0.976

Body fat mass (kg) 23.33+2.89 22.26+2.85 0.138 25.37+7.62 25.04+7.41  0.563 0.695 0.566

BMI (kg/m?) 24.64+1.23 24.15+0.94  0.202 25.33+3.03 25.98+2.67  0.099 0.880 0.695
Body circumference

WCIT (cm) 75.82+4.21 73.82+5.53  0.036*  77.75+6.82 76.50+£7.49  0.106 0.379 0.347

WCIU (cm) 84.73+4.17 81.64+5.79  0.045%  87.21+8.14 84.04+6.62  0.013* 0.566 0.235

HC (cm) 101.23+4.96 98.77+4.15  0.011* 101.79+7.50 100.50+6.32  0.029* 0.833 0.740
Lipid profile

TC (mg/dl) 177.73£11.96 182.64+19.42 0.398  187.00+23.64 179.92+29.21 0.308 0.347 0.487

Triglyceride (mg/dl) 79.27+22.09 97.55+40.59 0.075 94.92+56.60 103.67+42.84 0.347 0.740 0.487

HDL_C (mg/dl) 52.64+5.90 54.45+6.68 0.411 59.83+13.16  58.33+11.47 0.476 0.104 0.413

LDL_C (mg/dl) 111.27+10.14 113.64+18.42 0.592  109.92+16.75 107.75+21.12 0.814 0.740 0.347

WCIT: Waist circumferencein the thinnest part, WCIU: Waist circumference in umbilicus, HC: Hip circumference, T_C: Total cholester-

ol, HDL_C: HDL cholesterol, LDL_C: LDL cholesterol.

5. Magnetic resonance imaging (MRI) scan

The results of magnetic resonance imaging (MRI) scan
are shown in Table 3. The CSA after low-intensity resist-
ance training was significantly increased for the RA muscle
on the right in both groups (group 1 BE 5450.92+903.90,
AE 5785.68+1071.74; p<0.05; group 2 BE 5118.19+813.94,
AE 5558.34+584.67; p<0.05) and RA muscle on the left in
group2 (BE: 5337.22+546.36, AE: 5613.26+486.28; p<0.05).
However, there was no significant difference in intergroup
analysis of BE and AE.

6. Isokinetic muscle function assessment

Results of isokinetic muscle function assessment are
shown in Table 4. In group 1, only the strength of the left
leg was significantly improved with knee flexed at 180 d/s
(Value: BE, 17.36+8.49; AE, 21.82+10.83; p<0.05; % Body
Weight :BE, 27.27+14.16; AE, 35.18+18.59; p<0.05) after
exercise. In group 2, there was no significant difference in
isokinetic muscle function in either leg. There was no sig-
nificant difference in isokinetic muscle function in inter-
group analysis of BE or AE.

7. Balance function evaluation

Results of balance function evaluation are shown in
Table 4. Only in group 1, OO score (sway distance on soft
pad with eye open) was significantly lower after 6weeks of
training compared to initial score (BE: 214.36+36.88, AE:
192.91+43.23; p<0.05). However, there was no significant
difference in balance function in intergroup analysis of BE
or AE.

8. Cardiopulmonary function evaluation
Results of cardiopulmonary function are shown in Table

5. There was no significant difference in gas analysis. In
both group, blood pressure and heart rate were sig-
nificantly decreased after exercise. In group 1, blood pres-
sure and heart rate were decreased at stage 1 and 2, and
heart rate was decreased at stage 3 with significantly
difference. In group 2, blood pressure was decreased at
stage 1 and 2, and blood pressure and heartrate were de-
creased with significantly different at stage 3. Heart rate
at pretest was decreased in group 1 and intergroup analysis
of before training with significantly difference (BE:
84.40+9.45, AE: 78.40+3.65; p<0.05).

DISCUSSION

In this study, body circumferences for the participants’
waists and hips decreased in both exercise groups, al-
though there was no significant difference between the two
groups after exercise. Although each group showed sig-
nificant differences in different items, mean scores of
WCIT, WCIU, and HC were reduced after exercise in both
groups. Many studies have determined the effect of re-
ducing WC by exercise and suggested that exercise might
be potentially beneficial in reducing central obesity.'®*®
Likewise, in this study, body circumferences seem to be im-
proved after exercise in both groups.

In this study, participants’ body compositions including
skeletal muscle mass, fat mass, and BMI and lipid profile
makers were not significantly different in intergroup anal-
ysis of BE or AE. There is some debate about changes of
body composition and blood profile after exercise.*'***

Various observations have suggested that specific ex-
ercise programs can affect muscle mass and fat mass.****
However, other observations negated the possibility of im-
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TABLE 3. Differences between group 1 and group 2 for changes in MRI, isokinetic muscle function, balance, and cardiopulmonary function

Group 1 Group 2 p-value
Variable Before training After training Before training After training Be.fo'r N Aft(?r
Mean+S.D. Mean+S.D. p-value Mean+S.D. Mean+S.D p-value . training . training
(intergroup) (intergroup)
MRI scan image
RA
Right 5450.92+903.90 5785.68+1071.74  0.016* 5118.19+813.94  5558.34+584.67 0.010% 0.413 0.880
Left 5542.48+804.18 5470.38+1865.75  0.286 5337.22+546.36  5613.26+486.28 0.023* 0.487 0.740
TIABD
Right 15773.77+1395.35 15804.11+1242.93  0.534 15686.53+1993.64 15856.70+2606.69  0.530 0.651 0.608
Left 16996.43+2412.12 16489.42+1437.24  0.722 15994.24+2463.10 16466.65+2556.08 0.272 0.449 0.651
Isokinetic muscle function
180 d/s
Rt
Ex
Value 32.18+19.28 34.36+19.97 0.759 34.17+13.76 41.33+19.40 0.182 0.695 0.413
%BW 48.91+27.71 54.27+32.87 0.570 51.42+19.44 61.42+29.94 0.169 0.608 0.487
Fl
Value 17.91+10.04 19.73+10.44 0.507 21.83+10.78 25.67+12.70 0.176 0.316 0.260
%BW 217.55+16.26 31.36+17.82 0.507 32.75+16.25 38.25+19.02 0.168 0.379 0.347
Lt
Ex
Value 29.00+17.02 34.00+15.86 0.201 30.58+22.90 37.83+19.21 0.289 0.928 0.566
%BW 44.82+26.26 53.73+27.48 0.169 43.08+26.68 54.75+25.94 0.306 0.740 0.880
Fl
Value 17.36+8.49 21.82+10.83 0.040* 20.17+12.27 24.17+12.36 0.107 0.449 0.651
%BW 27.27+14.16 35.18+18.59 0.035* 29.75+16.30 34.75+17.37 0.125 0.651 0.976
60 d/s
Rt
Ex
Value 86.73+19.95 89.00+12.29 0.114 80.50+21.57 87.58+16.10 0.306 0.566 0.976
%BW 128.27+26.85 138.09+20.36 0.123 118.33+25.00 129.25+23.46 0.205 0.316 0.347
Fl
Value 48.91+13.85 47.64+13.19 0.755 49.50+14.71 50.83+13.40 0.423 0.833 0.608
%BW 75.36+20.83 75.09+23.04 0.919 73.33+20.44 73.67+13.82 0.594 0.786 0.928
Lt
Ex
Value 71.03+26.11 83.45+13.85 0.262 76.17+12.78 80.92+12.41 0.304 0.740 0.608
%BW 123.91+12.82 29.36+21.52 0.539 112.75+14.61 119.50+20.90 0.245 0.044* 0.347
Fl
Value 45.82+10.34 49.82+11.36 0.450 46.00+9.35 47.75+10.57 0.398 0.786 0.413
%BW 71.00+17.16 77.64+20.89 0.386 68.58+13.69 70.75+£12.88 0.397 0.651 0.235
Balance - OO 214.36+36.88 192.91+43.23 0.041% 205.50+40.41 188.42+39.57 0.182 0.413 0.695
Balance - OC 323.55+54.90 321.64+118.71 0.894 326.50+125.12 280.00+86.82 0.077 0.740 0.379
Cardiopulmonary function test
Pretest
HR 84.40+9.45 78.40+3.65 0.006* 81.73+9.51 79.27+11.20 0.350 0.027* 0.976
Stage 1
BP 127.91+12.18 117.91+£14.76 0.033* 126.25+14.04 116.33+£12.10 0.045% 0.608 0.976
HR 105.80+19.27 101.80+9.09 0.036* 105.36+9.71 99.00+14.58 0.125 0.079 0.740
VO2 744.91+131.89 687.80+86.49 0.213 747.02+91.89 681.88+135.81 0.099 0.786 0.928
METS 3.279+0.57 3.086+0.41 0.534 3.208+0.53 2.952+0.70 0.209 0.928 0.449
Stage 2
BP 142.09+17.63 132.18+11.81 0.038* 138.75+12.31 115.67+37.99 0.012% 0.525 0.260
HR 124.20+22.04 119.20+8.93 0.026* 123.27+10.47 118.55+12.78 0.239 0.079 0.786
VO2 1054.96+124.99 1015.02+185.64 0.477 1007.12+112.70 918.29+237.74 0.347 0.413 0.211
METS 4.658+0.70 4.576+1.05 0.722 4.337+0.73 3.983+1.20 0.433 0.608 0.104
Stage 3
BP 152.55+16.75 144.00+15.52 0.139 153.17+17.50 129.33+43.49 0.003* 0.833 0.449
HR 145.20+19.69 136.40+9.50 0.006* 148.09+12.96 140.91+11.81 0.033* 0.347 0.786
VO2 1368.87+193.08 1272.66+216.45 0.182 1251.09+238.29  1137.00+282.29 0.308 0.235 0.169
METS 6.023+0.80 5.726+1.178 0.248 5.401+1.31 4.951+1.50 0.347 0.151 0.051

RA: Rectus abdominis, IABD: Anterolateral abdominal, Rt: Right, Lt: Left, Ex: Extensors, FI: Flexors, OO: sway distance on soft pad with eye open,

OC: sway distance on soft pad with eye closed.

82



Hyeng-Kyu Park, et al

TABLE 4. Differences between group 1 and group 2 for changesin isokinetic muscle function and balance function

Group 1 Group 2 p-value
Variable Before training  After training Before training  After training Before After
Mean (S.D.) Mean (S.D.) p-value Mean (S.D.) Mean (S.D). p-value (intergroup) (intergroup)
Isokinetic muscle function
180 d/s
Rt
Ex
Value 32.18 (19.28) 34.36 (19.97)  .730 34.17 (13.76) 41.33(19.40) .139 778 406
%BW 48.91 (27.71) 54.27 (32.87)  .590 51.42 (19.44) 61.42(29.94) .162 .803 591
Fl
Value 17.91 (10.04) 19.73 (10.44)  .572 21.83 (10.78) 25.67 (12.70)  .147 .378 .237
%BW 217.55 (16.26) 31.36 (17.82)  .478 32.75 (16.25) 38.25(19.02)  .168 452 .382
Lt
Ex
Value 29.00 (17.02) 34.00 (15.86)  .269 30.58 (22.90) 37.83(19.21) 171 .854 .609
%BW 44.82 (26.26) 53.73 (27.48)  .206 43.08 (26.68) 54.75(25.94)  .140 877 928
Fl
Value 17.36 (8.49) 21.82(10.83)  .023*  20.17 (12.27) 24.17 (12.36)  .093 .535 .634
%BW 27.27 (14.16) 35.18 (18.59)  .016*  29.75(16.30) 34.75(17.37)  .137 702 .955
60 d/s
Rt
Ex
Value 86.73 (19.95) 89.00 (12.29)  .316 80.50 (21.57) 87.58 (16.10)  .200 714 .816
%BW 128.27 (26.85)  138.09(20.36) .244  118.33(25.00) 129.25(23.46)  .202 .368 .348
Fl
Value 48.91 (13.85) 47.64 (13.19) .764 49.50 (14.71) 50.83 (13.40)  .708 .922 571
%BW 75.36 (20.83) 75.09 (23.04)  .967 73.33 (20.44) 73.67(13.82)  .950 .816 .858
Lt
Ex
Value 71.03 (26.11) 83.45(13.85)  .224 76.17 (12.78) 80.92 (12.41)  .215 .550 .648
%BW 123.91(12.82) 129.36 (21.52)  .467  112.75(14.61) 119.50(20.90) .273 .066 278
Fl
Value 45.82 (10.34) 49.82(11.36)  .328 46.00 (9.35) 47.75(10.57)  .369 .965 .656
%BW 71.00 (17.16) 77.64 (20.89)  .306 68.58 (13.69) 70.75 (12.88)  .482 711 .348
Balance - OO 214.36 (36.88) 192.91(43.23) .023* 205.50(40.41) 188.42(39.57) .159 .590 797
Balance - OC 323.55(54.90) 321.64(118.71) .952  326.50(125.12) 280.00 (86.82)  .109 .943 .345

Rt: Right, Lt: Left, Ex: Extensors, Fl: Flexors, OO: sway distance on soft pad with eye open, OC: sway distance on soft pad with eye closed.

provement in body composition or detected a spot improve-
ment according to the type of exercise.”* In the literature
related to lipid profile, Hammond et al.'” and Yildirim et
al.® showed no significant differences in lipid profile after
6 weeks or 8 weeks of exercise compared to baseline. On the
other hand, Kostrzewa-Nowak et al.”' reported a signifi-
cant difference in lipid profile for an over-weight exercise
group after 12 weeks exercise compared to baseline.
Studies investigating effects of exercise on body compo-
sition and lipid profiles have shown different results de-
pending on nutrition, type of exercise, duration of exercise,
and intensity of exercise.”?"® In the present study, partic-
ipants’ dietary habits without diet program and short dura-
tion of exercise for 6 weeks might have led to the no effect
of exercise on body composition and lipid profiles.
Measurement using the MRI method is helpful to eval-
uate muscle mass provided by the cross-sectional area.”*’

In this study, MRI measurement was used to evaluate the
effects of EMS training. And the CSA of RA muscle on the
right was increased in group 1, while CSA of RA on both
side was increased in group 2. The increase in CSA of the
muscle by the exercise has also been emphasized by other
studies.”*? In this study, the difference in muscle increase
of RA and TABD within both groups might be due to the posi-
tion and size of the electric panel attached to the WB-EMS
Suit. However, the methods used to measure the correct
volume of muscle may not be accurate, although the inter-
observer and intraobserver ICC were every high. There-
fore, these may have acted as variables in this study. Fur-
ther study is required.

As to the muscle function, especially in group 1, sig-
nificant differences were found when the left leg was flexed
at 180 d/s while muscle function was improved but not sig-
nificantly different in group 2. In this study, EMS was ap-
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TABLE 5. Differences between group 1 and group 2 for changes in cardiopulmonary function test

Group 1 Group 2
Variable  Before training ~ After training Before training  After training Be.fo.r © A.ft(?r
Mean (S.D.) Mean (S.D.) p-value Mean (S.D.) Mean (S.D). p-value . training . training
(intergroup) (intergroup)
Pretest
HR 84.40 (9.45) 78.40 (3.65) .161 81.73 (9.51) 79.27 (11.20) .390 .610 .869
BP 127.91 (12.18) 117.91 (14.76) .024* 126.25 (14.04) 116.33 (12.10) .045% .766 .781
Stage 1
HR 105.80 (19.27) 101.80 (9.09) .642 105.36 (9.71) 99.00 (14.58) 216 .964 701
VO2 744.91(131.89)  687.80 (86.49) .155 747.02(91.89) 681.88(135.81) .061 .965 .903
METS 3.279 (0.57) 3.086 (0.414) 252 3.208 (0.533) 2.952 (0.704) .110 761 .589
BP 142.09 (17.63) 132.18 (11.81) .037* 138.75 (12.31) 115.67 (37.99) .088 .601 182
Stage 2
HR 124.20 (22.04) 119.20 (8.93) 591 123.27 (10.47) 118.55 (12.78) .298 909 920
VO2 1054.96 (124.99) 1015.02 (185.64) .484 1007.12 (112.70) 918.29 (237.74) .186 .345 292
METS 4.658 (0.695) 4.576 (1.046) 757 4.337(0.730) 3.983 (1.199) .266 .292 .223
BP 152.55 (16.75) 144.00 (15.52) .075 153.17 (17.50) 129.33 (43.49) .044%* .932 .303
Stage 3
HR 145.20 (19.69) 136.40 (9.50) 175 148.09 (12.96) 140.91 (11.81) .048% 730 .468
VO2 1368.87 (193.08) 1272.66 (216.45) .184 1251.09 (238.29) 1137.00 (282.29) .282 .210 213
METS 6.023 (0.799) 5.726 (1.177) .364 5.401 (1.311) 4.951 (1.504) .365 .189 .186

plied to both extensor and flexor muscles. This might have
affected both extensor and flexor. Significant differences
were present only in the left lower limb. When the loading
of 180 d/s and 60 d/s are compared at the same period, load-
ing with 180 d/s is greater. So the effect of muscle strength-
ening may have affected the result with 180 d/s more than
that with 60 d/s. Although there is no significant difference
in intergroup analysis, this result suggests that EMS
might have affected the muscle function of the non-domi-
nant side.

Some articles have reported that exercise of the domi-
nant limb can affect the strength of both dominant limb and
non-dominant limb due to resistance of the contralateral
stabilization bar.” In the study, resistance of the con-
tralateral stabilization bar was also applied when EMS
was activated. In general, a dominant limb is more acti-
vated during exercise. In this study, only in group 1, the
EMS suit was activated. Thus, dominant and non-domi-
nant limbs were activated simultaneously. This might
have affected the balance scale. Not only the limb, but also
core muscles were activated bilaterally. Core muscles are
mainly composed of abdominal muscles and back muscles
including latissimus dorsi muscle and rectus abdominis
muscle where panels are placed in this study. Many studies
have reported that core muscle training can improve mus-
cle strength and balance of torso.**** Although we did not
evaluate the core muscle, EMS stimulation might have af-
fected core muscles. Although the value of balance function
was not significantly different between the two groups,
sway distance on soft pad with eye open showed a sig-
nificant difference after exercise only in group 1. This result
might be due to the effect of muscle stimulation of EMS as
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an effective stimulation in strengthening core muscles.

In this study, systolic blood pressure and heart rate im-
proved significantly in both groups after exercise with dif-
ferent stage and different items. This result was com-
parable to another study that explored exercise efficiency.*
However, in our study, all participants were healthy young
women and the exercise protocol did not consider cardiac
function that could influence exercise capacity and the pro-
tocol was applied during short periods such as 6weeks. We
did not consider life style, nutrient plans, or others that
might affect cardiopulmonary function.*** And in the
EMS group, we could not exclude the possibility of the effect
on cardiac function with EMS stimulation. Thus, further
studies considering cardiac function are needed.

This study had some limitations. The major limitation
of this study was the same intensity of exercise, which was
conducted without considering participants’ motor skills.
The intensity of exercise should be designed considering in-
dividual’s age, health, and athletic condition in the future.
However, the intensity of both groups was matched to meet
all conditions except for EMS stimulation. In addition, we
trained participants for a short period of six weeks without
a diet program. Hence, further studies considering diet,
long-term follow-up, and exercise intensity are needed.

In this study, the body circumferences were decreased
and muscle mass, and cardiopulmonary function were in-
creased with a low-intensity resistance training for 6
weeks. While, body circumferences decreased and muscle
strength, muscle mass, cardiopulmonary function, and
balance function improved with WB-EMS training. Though
we cannot conclude which one is better in this study, it could
be considered as a way to improve body composition and



physical strength of young women. As a result, the WB-
EMS Suit can be considered as an effective exercise and a
time-efficient tool for end users of young women. However,
further study is needed to clarify the effect of WB-EMS
training for different ages, genders, and health conditions.
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