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ABSTRACT

Background. While the increased interest in exercise programs combined with whole-body vibration training (WBVT)
and those using blood flow restriction (BFR) has prompted various ongoing studies, most of these studies are fragmentary.
Obijectives. The study aims to investigate the effect of WBVT with BFR on lower limb muscle activity and hemodynamic
variables to maintain muscle strength and prevent degenerative loss of skeletal muscle. Methods. Twenty-one
undergraduate students were randomized into Group | (n=10), performing a squat exercise with WBVT, and Group I,
(n=11), performing a squat exercise with WBVT with BFR at the 140-mmHg pressure level. The intervention was applied
twice daily and 4 times weekly for 6 weeks. Both groups took the anthropometric, body mass, and lower limb muscle
activity measurements before and after the intervention. Results. In the within-group comparison before and after the
intervention, significant differences in rectus femoris muscle (RFM), biceps femoris muscle (BFM), and gastrochemius
muscle activities were found for Groups | (p<0.05) and Il (p<0.05). The between-group comparison found significant
differences in RFM and BFM activities (p<0.05). There were no significant differences in hemodynamic variables both
within and between groups. Conclusions. The WBVT with BFR increased the RFM and BFM activities for lower limbs,
while no variation in hemodynamic parameters was detected. The intervention is thus an effective strategy that can be
applied in practice. Based on the findings, the scope of the intervention should be extended to include non-healthy
individuals. Further studies of the multidimensional approach should also be conducted with additional variables to
provide supporting evidence for the discussion of hemodynamic responses.
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INTRODUCTION

Adequate physical abilities are essential in
healthy living, and, to maintain healthy levels of
physical abilities, an emphasis is placed on the
performance of regular resistance exercise (1). In
general, approximately 8-12 weeks is necessary for
muscle fiber development with an effect on muscle
strength (2). For exercise intensity, a minimum of
70% repetition maximum (RM) is required (3),
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although individuals with low muscle strength may
find it challenging to increase their muscle strength
and achieve hypertrophy through high-intensity
exercise. To resolve this drawback, whole body
vibration training (WBVT), an exercise for muscle
strengthening, has been recently suggested in
exercise therapy. The WBVT is a method that
applies safe levels of vibration frequency and
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amplitude to stimulate muscles and nerves (4). It is
also a method to prevent muscle fatigue from
enhancing muscle endurance (5). In WBVT, the
skeletal muscles change length during the
stimulation to promote the excitation of the spinal
reflex (6), while the positive effect is exerted not
only on the area of direct stimulation but also on the
surrounding muscles (7). In addition, as the method
effectively reduces muscle fatigue by increasing the
blood flow volume and rate to increase peripheral
blood circulation, methods combining WBVT with
other forms of exercise have been suggested (8).

Recently, blood flow restriction (BFR) has been
suggested to ensure the efficient use of limited
exercise opportunities. The performance of
resistance exercise using BFR has been promoted as
a practical exercise to increase muscle strength,
endurance, and hypertrophy in many individuals
(9). The basic principle of BFR is the performance
of exercise with a cuff to increase blood pressure in
the arm or leg (10). The resulting partial obstruction
to the blood flow is known to effectively induce
structural changes in muscles at only 20% 1RM
(11). In general, high-intensity exercises are known
to have a notable impact on the recruited fast-twitch
fibers (12), and low-intensity BFR training was
shown to recruit the fast-twitch fibers despite the
low intensity due to the acidification of the
intracellular environment caused by restricted blood
flow, which elicits the type Il and 1V chemical
stimulations of the afferent neurons of muscles (13).

While the increased interest in exercise
programs combined with WBVT and those using
BFR has prompted various ongoing studies, most
of these studies are fragmentary. Considering that
the WBVT leads to a level of muscle activation
equivalent to the level in low-load exercise (14)
and that the BFR leads to increased recruitment of
muscle fibers (15) and metabolic responses (16),
it was hypothesized that combining WBVT and
BFR would have a positive effect on the muscle
activity and hemodynamic parameters.

This study thus aimed to investigate the effect of
WBVT with BFR on the lower limb muscle activity
and hemodynamic parameters in healthy individuals
and to verify whether the effect on muscle activation
and hemodynamic responses is additional to the
effect of WBVT alone to provide the basic clinical
data to contribute in future interventions.

MATERIALS AND METHODS
Participants. This study was approved by the
Institutional Review Board (SH-IRB 2021-70)
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and conducted on male students at S University
located in Jeolla-nam-do, South Korea, from
April-October, 2021. The inclusion criteria were
individuals with no medical or surgical disease,
with no musculoskeletal disease, with systolic
blood pressure (SBP) below 140 mmHg and
diastolic blood pressure (DBP) below 90 mmHg
and with no hypertensive diabetes, and
individuals who had no regularly performed an
exercise for over six months. The participants
were instructed to maintain at least 12 hours of
fasting before measurements and were prohibited
from excessive smoking or alcohol drinking.
Twenty-one participants who understood the
purpose of this study and voluntarily agreed to
participate were included as subjects in this study.

Procedures. Ten participants were assigned to
Group | to perform a squat exercise with WBVT,
and 11 were assigned to Group Il to perform a
squat exercise with WBVT with BFR at the 140-
mmHg pressure level. Each group performed the
respective exercise 20 times per set for two sets,
with 1 minute’s rest between each set. The
intervention was applied twice daily and four
times weekly for 6 weeks. Before the
intervention, muscle activities were measured
using surface electromyography (EMG), and
hemodynamic parameters were measured using a
hemadynamometer. The same items were
measured once again after the intervention for
comparative analysis.

Anthropometric And Body  Mass
Measurements. Anthropometric and body mass
measurements were taken using the BSM370,
Inbody (South Korea). The participants were
instructed to take off any heavy outerwear, shoes,
wristwatches, and others to ensure the measured
weight approximated their actual body weight,
then to gaze ahead in a standing position with
arms relaxed on the side and without exerting any
force in a comfortable posture, while the
measurements were taken.

Lower Limb Muscle Activity
Measurement. Lower limb muscle activity was
measured using the MP150 surface EMG
(Biopac System Inc., Santa Barbara, CA, USA),
and the converted digital signals were processed
using the Acknowledge 3.91 software. Before
the measurements, hair was removed from the
participants’ skin to minimize the resistance to
EMG signals. Thin sandpaper was used to
remove dead cells from the skin, which was kept
clean using an alcohol swab. The sampling rate
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was set to 1,000 Hz with a 60 Hz notch filter and
a 10-500 Hz band pass filter to minimize the
noise.

EMG signals were collected from the rectus
femoris muscle (RFM), biceps femoris muscle
(BFM), tibialis anterior muscle (TAM), and
gastrocnemius muscle (GM) to measure the
lower limb muscle activity. The EMG cable was
attached to the RFM, BFM, TAM, and GM
muscle bellies in parallel to the muscle fiber and
2 cm intervals. The cable was fixed in position
to prevent excessive movement. The
participants were instructed to perform the
maximal voluntary contraction (MVC) prior to
taking measurements by sitting on a backrest
chair with their hip and knee joints at 90°
flexion and holding the edge of the chair for
further stabilization. To measure the MVC of
the RFM (knee extension), a non-elastic belt
was used for fixation, and the thigh was tied, the
target thigh was fixed in position by the hand of
the therapist, and the participant was instructed
to pull the belt and maintain the posture for 10
sec to perform the extension. To measure the
MVC of the BFM (knee flexion), a non-elastic
belt was used for fixation, and the thigh was
tied, the target thigh was fixed in position by the
hand of the therapist, and the participant was
instructed to pull the belt and maintain the
posture for 10 sec to perform the flexion. To
measure the MVC of the TAM (dorsiflexion),
the participant was instructed to place the feet in
a neutral position while the therapist used one
hand to fix the target calf and the other hand to
apply resistance to the top of the foot and
instructed the participant to push the hand on the
foot to perform the MVC of dorsiflexion and
maintain it for 10 sec. To measure the MVC of
the GM (plantar flexion), the participant placed
the feet in a neutral position while the therapist
used one hand to fix the target calf and the other
hand to apply resistance to the sole and
instructed the participant to push the hand to
perform the MVC of plantar flexion and
maintain it for 10 sec.

For each muscle, triplicate measurements
were taken with a minute’s rest between each
measurement. To elicit maximum effort from the
participant, verbal encouragement was given
during the MVC. The mean of triplicate
measurements was applied rather than the highest
value among the three for normalizing the EMG
data (17).

Blood Flow Restriction. For an exercise
combined with BFR, a low-intensity resistance
exercise is often performed. However, the
suitable cuff pressure remains unclear for a
novice to perform a WBVT combined with BFR.
Previous studies set the initial cuff pressure at 140
- 160 mmHg (18). For safety reasons and to
ensure all participants complete the protocol, the
cuff pressure in this study was set to 140 mmHg
(19). The participant was guided to rest in a stable
sitting position for 10 min. An elastic cuff
restricts the blood flow in the lower limbs during
BFR with a 50-mm width and a 24-inch length
(Kaatsu-master, Sato Sports Plaza, Tokyo, Japan)
that allows the digital control of air pressure. The
cuff was applied to the most muscular part of each
thigh with adjustments at a preset pressure level
(20).

Whole-Body Vibration Training. For the
WBVT, the therapist guided the participant to
practice the training on a vertical vibration
platform for 2 min before the intervention to
control the squat type and timing. The participant
was guided to perform an isometric squat at a
120° knee angle, with the head and the eyes
directed forward and an equal force on each foot.
Three sets were performed with a 120-sec rest
between the first and second sets and a 60-sec rest
between the second and third sets (21). The
vibration frequency was set to 30 Hz to induce an
adequate level of muscle activation. During the
exercise, the participant remained bare-footed to
prevent any potential buffering effects of the
shoes, while the vibration amplitude was set to 4
mm (22).

WBVT with BFR. For the WBVT with BFR,
the same exercise protocol as the WBVT was
performed by each participant. An elastic cuff
restricted the blood flow in the lower limbs during
BFR with a 50-mm width and a 24-inch length
(Kaatsu Nano, Japan Co., Ltd.) that allows the
digital control of air pressure. The cuff was
applied to the most muscular part of each thigh
with adjustments at a preset pressure level (20).
The cuff pressure was set to 60% of each
individual’s arterial occlusion pressure (AOP).
For the entire session, including the rest time, the
AOP was recorded for each leg of each participant
in a standing position. The mean absolute occlusal
pressure during the exercise was 140+15 mmHg
(23, 24).

Data analysis. The data in this study were
analyzed using the SPSS 20.0 for Windows. The



Shapiro-Wilk test was performed to test the
normality of subjects’ general characteristics,
and the homogeneity was tested using Levene’s
test. Paired t-test was performed to analyze the
within-group RFM, BFM, TAM, and GM
activities and the hemodynamic parameters. For
between-group  comparison, analysis  of
covariance was applied to the between-group
post-test results after controlling the pre-test
results by setting them as covariates. The level
of significance (o) was set to p < 0.05.
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RESULTS

Table 1 presents the general characteristics of
the participants in this study. In the within-group
comparison before and after the intervention,
significant differences in RFM, BFM, and GM
activities were found for Groups | (p<0.05; Table
2) and 11 (p<0.05; Table 3). In the between-group
comparison, significant differences were found in
RFM and BFM activities (p<0.05; Table 4). There
were no significant differences in hemodynamic
variables both within and between groups.

Table 1. General characteristics of the participants (Mean + SE)

Experimental group I

Experimental group II

Items (n=10) (n=11) P
Age (years) 24.7242.46 23.83+2.99 0.411
Height (cm) 175.78+4.81 176.17 £5.23 0.245
Weight (kg) 71.82+7.31 73.13 +8.89 0.184
BMI (kg/m2) 23.24+2.64 2413 £3.12 0.424
SBP (mmHg) 113.17+11.84 115.67+10.14 0.629
DBP (mmHg) 81.3945.12 82.82+8.23 0.781
Table 2. Comparison of changes within the experimental group | (Mean + SE)
Experimental group I (n = 10)
pre-test post-test t P

Rectus Femoris 33.13+7.91 45.72+£11.5 -8.398 0.032*

Biceps Femoris 25.6+6.01 38.89+6.85 -5.923 0.043*

Tibialis Anterior 13.45+3.78 15.47+1.45 -1.556 0.235

Gastrocnemius 5.66+2.65 13.16+3.99 -4.454 0.041*

SBP (mmHg) 113.17+11.84 115.43+10.15 -1.947 0.266

DBP (mmHg) 81.391£5.12 84.38+7.28 -1.412 0.414

MAP (mmHg) 92.14+6.81 94.12+6.15 -1.824 0.387

PP (mmHg) 37.1445.94 35.36+8.42 2.143 0.262

HR (bpm) 67.25+12.81 74.31+13.83 -3.882 0.092

DP (bpm/mmHg) 7943.38+1513.65 8321.54+1927.98 -4.842 0.071

SBP, systolic blood pressure. DBP, diastolic blood pressure. MAP, mean arterial pressure. PP, pulse pressure. HR, heart rate. DP, double

product.
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Table 3. Comparison of changes within the experimental group 11 (Mean + SE)

Experimental group II (n =11)

t p
pre-test post-test
Rectus Femoris 33.62+9.51 49.03+11.84 -11.698 0.008*
Biceps Femoris 21.43+5.91 39.99+7.73 -10.974 0.013*
Tibialis Anterior 17.43+3.84 20.44+4.09 -2.275 0.384
Gastrocnemius 6.62+1.69 14.04+2.63 -6.871 0.028*
SBP (mmHg) 115.67+10.14 113.83+9.85 1.347 0.388
DBP (mmHg) 82.8248.23 85.44+7.09 -2.140 0.257
MAP (mmHg) 92.3846.73 95.13+8.28 -3.011 0.159
PP (mmHg) 32.6846.77 29.86+7.29 2.755 0.232
HR (bpm) 71.45+10.28 75.45x17.28 -4.882 0.087
DP (bpm/mmHg) 8003.25+2135.12 8241.84+2335.24 -5.842 0.064
SBP, systolic blood pressure. DBP, diastolic blood pressure. MAP, r&qean arterial pressure. PP, pulse pressure. HR, heart rate. DP, double
product.

Table 4. Comparison of changes between groups (Mean + SE)
Experimental group I (n =10)

Experimental group II (n =11)

pre-test post-test pre-test post-test F P
Rectus Femoris 33.13+7.91 45.72+11.5 33.62+9.51 49.03+11.84 3.925 .038*
Biceps Femoris 25.61£6.01 38.8916.85 21.43+5.91 39.99+7.73 3.125 .047*
Tibialis Anterior 13.45+3.78 15.47£1.45 17.43+3.84 20.44+4.09 2.218 0.154
Gastrocnemius 5.66+2.65 13.16+3.99 6.62+1.69 14.04+2.63 2.154 0.184
SBP (mmHg) 113.174£11.84 115.43£10.15 115.67£10.14 113.831£9.85 2.047 0.284
DBP (mmHg) 81.39+5.12 84.38+7.28 82.82+8.23 85.44+7.09 1.324 0.414
MAP (mmHg) 92.14+6.81 94.12+6.15 92.38+6.73 95.13+8.28 1.241 0.324
PP (mmHg) 37.14+5.94 35.36+8.42 32.68+6.77 29.86+7.29 1.489 0.241
HR (bpm) 67.25+12.81 74.31+13.83 71.45£10.28 75.45+17.28 1.332 0.407
DP (bpm/mmHg)  7943.38+£1513.65 8321.54+1927.98 8003.25+2135.12  8241.84+2335.24 2128 0.221

SBP, systolic blood pressure. DBP, diastolic blood pressure. MAP, mean arterial pressure. PP, pulse pressure. HR, heart rate. DP, double
product.

was determined. The discussion based on the
results is as follows.

The training using BFR has been shown to
improve musculoskeletal development, including

DISCUSSION

In this study, an intervention of WBVT with
BFR was performed, and the effect on lower limb
muscle activity and hemodynamic parameters



muscle mass and strength (25), while varying the
systemic effects of different application methods
(26). Among the related previous studies, Kang et
al. (27) recruited 17 undergraduate students and
investigated the effect of a 6-week intervention of
weight-based exercise with BFR on muscle
function and thigh circumference, and reported
significant  differences in the maximum
torque/weight (%) of the hamstring of each thigh
and the circumference of each thigh to suggest
that the weight-based exercise with BFR could be
an effective method to improve the lower limb
muscle strength and hypertrophy in clinical
settings. In Ramis et al. (28), 28 younger adults
followed an 8-week intervention of high-intensity
resistance training and low-intensity resistance
training with BFR, and the muscle strength and
activity were compared. The results showed that
muscle thickness and activity increased to equal
levels in both groups suggesting that low-
intensity resistance training with BFR could be a
clinically useful method to increase muscle
strength and activity. In a study by Scarpelli et al.
(29), male older adults with sarcopenia and knee
arthritis performed BFR training. The cross-
sectional area and thickness of the vastus lateralis
muscle were assessed using ultrasound, and the
results showed an increase in muscle mass to
suggest that BFR training is an effective method
for individuals who may not be able to perform an
exercise. Centner et al. (30) recruited 50 healthy
female subjects to examine the effects of BFR and
WBVT on muscle function, and after a 10-week
intervention, the cross-sectional area of the
muscles showed a greater increase in the
WBVT+BFR group than in the WBVT group.
The results indicated advantages for muscle
strengthening for individuals prohibited from
performing high-load training.

In this study, likewise, both groups;
WBVT+BFR and WBVT, displayed significant
improvements in RFM, BFM, and GM activities
(p<0.05), and the between-group comparison
showed significant differences in RFM and BFM
activities (p<0.05) to lend support to the previous
studies. Based on the result, the squat exercise on
the vibration platform was shown to have led to the
overall strengthening of lower limb muscles, while
the effect of the WBVT with BFR was notably
higher. The higher level of muscle strengthening
via the WBVT with BFR compared to the WBVT
alone may be due to the delayed blood flow to the
arteries and veins via BFR (31), which may induce
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the cardiovascular drift to increase the metabolites
(32). Although the precise mechanism of
muscular, functional improvement is unknown, it
is possible that type 1l muscle fibers are improved
(33) or an endocrine response is induced by
increased growth hormones (34). Meanwhile, Lin
et al. (35) applied a local vibration with BFR to
eight healthy male adults, and the result of
examining the changes in muscle activity showed
that the GM and BFM had not significantly
changed, while only the RFM had significantly
increased. It was in contrast to the present
investigation, which could be because the subjects
in Lin et al.’s study (35) did not perform a squat
exercise but maintained a sitting position during
measurements so that the GM and TAM remained
almost without any contraction or shortening. At
the same time, the level of BFR may fall upon the
same cuff pressure if the thigh circumference
exceeds the calf circumference, which is thought to
be a result of the lack of effect of BFR on calf
muscle activation during the local vibration.

The BFR training seems to demand a careful
approach as it may elicit negative results from
exercise because the increased pressure due to the
cuff pressure could reduce the blood flow and
increase cardiovascular responses (36). Kumagai
et al. (37) and Loenneke et al. (38) performed
studies in which BFR was combined with aerobic
exercise, and the results showed significant
differences in SBP, DBP, and MAP. Staunton et
al. (39) examined the acute hemodynamic
responses to a BFR-combined aerobic exercise.
They reported that the experimental group with
BFR displayed greater significant differences
compared to the control group without BFR,
which did not vary between younger and older
adult participants. Such hemodynamic changes
are closely associated with aerobic exercise as
determined by the VO2amax (40), and it can be
concluded that the combination with BFR leads to
changes in hemodynamic responses more
efficiently without cardiovascular risk.

In this study, no significant variation was found
between the WBVT+BFR and WBVT groups for
all hemodynamic parameters, which concurs with
previous studies. Most participants were shown to
maintain normal blood pressure and heart rate so
that, despite the lack of significant variation across
all variables of hemodynamic parameters, the
method of WBVT with BFR is potentially safe and
effective in maintaining normal levels of
hemodynamic factors overall.
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Meanwhile, the MAP, a known predictor of
cardiovascular disease, plays a crucial part in
determining the rate of blood flow through
systemic circulation, as it is the mean blood
pressure upon blood transport to all tissues (41). An
increase in MAP was also reported to confer
positive effects (42). Scott et al. (43) measured the
blood pressure in 15 female older adults who
performed a low-load exercise, a low-load exercise
combined with BFR, and a high-load exercise. The
results showed that the low-load exercise with
BFR, compared to the high-load and low-load
exercises, led to a higher level of MAP, while the
low-load exercise with BFR and the high-load
exercise were similar to implicate a potential
application of BFR training to healthy older adults.
Kambic et al. (44) likewise reported a significant
fall in SBP but not in the DBP or the heart rate at
rest in the BFR group after the intervention when
the acute effect of resistance training with BFR (30-
40% 1-RM) was investigated across 24 patients
with coronary artery disease. In the present
investigation, the MAP did not vary significantly
between the WBVT+BFR and WBVT groups after
the 6-week intervention, but a gradual increase was
observed, which is presumed to be due to a positive
effect on the hemodynamic responses.

Compared with previous studies, the results in this
study indicate that the combination of WBVT with
BFR has an additional effect on lower limb muscle
activation. It may be applied in further studies to
develop various exercise programs using BFR.

The limitations of this study were as follows:
first, all participants were male undergraduate
students, so it is difficult to generalize the results
to all age and gender groups. Second, all
participants were individuals of the general
population rather than patients, which implies
potential confounders arising from the difficulty
of controlling the factors of daily activities.

CONCLUSION

This study was conducted on undergraduate
students to determine the effect of WBVT with
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