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A single use of a vibration foam roller likely increases the range of motion (ROM)
without decreasing muscle strength and athletic performance. However, to date, no study
compared the effects of a vibration roller with and without rolling on various parts of the
plantar flexor muscle. Therefore, this study aimed to compare the effects of the vibration
foam roller with rolling or without rolling at the muscle-tendon junction (MTJ) or the
muscle belly on dorsiflexion (DF) ROM, passive torque at DF ROM, shear elastic modulus,
muscle strength, and jump performance. Fifteen healthy young males performed the
following three conditions: (1) vibration rolling over the whole muscle-tendon unit, (2) static
vibration on muscle belly, and (3) static vibration on MTJ for three-set 60-s vibration in
random order. In this study, DF ROM, passive torque, shear elastic modulus, muscle
strength, and single-leg drop jump were measured before and immediately after the
interventions. The DF ROM and passive torque at DF ROM were increased after all
three conditions, whereas the shear elastic modulus was decreased after vibration rolling
and static vibration on the muscle belly, but not following static vibration of the MTJ. In
addition, there were no significant changes in muscle strength and jump performance
in any group. Our results showed that vibration with rolling or static vibration on muscle
belly could be effective to improve ROM and muscle stiffness without adverse effects of
muscle strength and athletic performance.

Keywords: shear elastic modulus, maximal voluntary isometric contraction, concentric strength, drop jump, foam
rolling

INTRODUCTION

In sports and rehabilitation settings, various approaches are performed to increase joint flexibility
[i.e., range of motion (ROM)] and decrease passive muscular stiffness. Static stretching is a typical
approach; however, in recent years, self-massage treatment using foam rollers, sticks, or balls has
become a popular technique to increase ROM. In addition, a meta-analysis study indicated foam
rolling (FR) intervention as effective as static stretching to increase ROM (Wilke et al., 2020)
without decreasing muscle strength or athletic performance (Sullivan et al., 2013; Lee et al., 2018;
Wiewelhove et al., 2019; Phillips et al., 2021). As reported in many previous studies, certain duration
static stretching intervention could decrease the muscle strength, the so-called stretch-induced
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force deficit (Kay and Blazevich, 2012; Behm et al., 2016; Konrad
etal, 2021). Thus, FR intervention is considered as an approach
that could increase flexibility without decreasing muscle strength.

With regard to the effect of FR intervention on muscle
stiffness, it could decrease muscle stiffness in the hamstring
(Morales-Artacho et al., 2017) or anterior thigh (Baumgart et al.,
2019) and no changes in muscle stiffness (Baumgart et al., 2019;
Nakamura et al., 2021a,b) or hardness (Yoshimura et al., 2020)
in medial gastrocnemius (MG) muscle. However, Reiner et al.
(2021) showed that vibration FR intervention could decrease
muscle stiffness rather than FR intervention without vibration
(Reiner et al., 2021). No consensus exists on the superior effect
of vibration FR intervention to FR without vibration (Garcia-
Gutiérrez et al., 2018; Lee et al., 2018); however, a meta-analysis
has speculated that vibration FR interventions could induce a
greater increase in ROM than FR intervention alone based on
less evidence (Wilke et al., 2020). A possible superior effect
of vibration FR intervention over FR intervention alone could
be attributed to greater changes in mechanoreceptors due to
vibration (Behm and Wilke, 2019).

Generally, FR interventions are performed by using rolling
foam rollers, sticks, or balls; however, achieving performance
safety is difficult, especially when using foam rollers with
vibration. A previous study by Wilke et al. (2018) compared
rolling and static compression (without vibration) of myofascial
trigger points, which showed that only static compression of
myofascial trigger points increased the pain pressure threshold.
Thus, it can be assumed that when using a vibration foam
roller, only static compression of the vibration foam roller
could effectively increase ROM and decrease muscle stiffness.
In addition, previous studies investigating the massage effect
showed that intervention near the muscle-tendon junction (MTJ)
has greater ROM improvement rather than intervention on the
muscle belly (Huang et al., 2010; Akazawa et al., 2016). Akazawa
et al. (2016) suggested that massage intervention near the MTJ
might affect neighboring neural pathways and decrease stress
on the peripheral nerves, which may contribute to the change
in stretch tolerance. Also, our previous studies showed that the
increase in ROM after FR intervention could be related to a
change in stretch tolerance, not to a change in muscle stiffness
(Nakamura et al., 2021a,b). Therefore, static compression caused
by vibration is possibly more effective for an increase in ROM
(but likely not for a decrease in muscle stiffness) at MTJ than at
the muscle belly.

Thus, this study aimed to compare the effects of vibration
with rolling and static vibration on muscle belly or MTJ on
dorsiflexion (DF) ROM, passive torque at DF ROM, the shear
elastic modulus of MG, muscle strength [maximal voluntary
isometric (MVC-ISO), concentric contraction torque (MVC-
CON)], and jump performance.

METHODS

Experimental Design

A randomized repeated measures experimental design was used
to compare the effects of (1) vibration rolling (on the whole
muscle-tendon unit) and (2) static vibration on muscle belly or

vibration on MTJ on DF ROM, passive torque at ROM, the shear
elastic modulus of MG, muscle strength, and single-leg drop
jump performance in the dominant leg (preferred kicking ball).
Participants were instructed to visit the laboratory three times
with an interval of >72h and were exposed to the following three
conditions: (1) vibration rolling condition (ROLL), (2) vibration
on muscle belly condition (Muscle Belly), and (3) vibration
on MTJ condition (MT]) for three-set 60-s vibration with 30-s
intervals between each set. All outcome variables were measured
before (PRE) and immediately after the intervention (POST). In
both PRE and POST measurements, (1) DF ROM and passive
torque, (2) shear elastic modulus, (3) MVC-ISO, (4) MVC-CON,
and (5) single-leg drop jump performance were measured in
this order.

Participants

A total of 15 healthy untrained male adults participated in
this study (age: 22.5 &+ 3.1 years, height: 169.8 £+ 4.8cm,
and body weight: 62.2 + 5.3kg). Inclusion criteria were as
follows: no regular resistance training within the past 6 months,
neuromuscular disease, and history of lower-limb orthopedic
injuries. All participants provided written informed consent after
being fully informed of the study procedures and purposes. After
calculating the sample size required for a two-way repeated
measures ANOVA [effect size = 0.40 (large), o error = 0.05,
and power = 0.80] using G* power 3.1 software (Heinrich Heine
University, Diisseldorf, Germany) based on a previous study
(Reiner et al., 2021), >14 participants were determined to be
required in this study. This study was conducted in accordance
with the Declaration of Helsinki and was approved by the Niigata
University of Health and Welfare, Niigata, Japan.

Assessment of the DF ROM and Passive

Torque
Participants were secured in a seated position on the chair of an
isokinetic dynamometer with a knee angle of 0° (i.e., anatomical
position). Moreover, the trunk and pelvis of the participant were
fixed with a belt while the participant was reclined (hip angle at
70°) to prevent tension at the back of the knee. Thereafter, the
footplate of the dynamometer was passively and isokinetically
dorsiflexed at a speed of 5°/s from 30° plantar flexion position to
DE stopping just before the participant started to feel discomfort
or pain. Before DF ROM and passive torque assessment, two
cycles of passive DF motion were performed so that participants
can familiarize the procedure and prevent passive stretching to
induce a conditioning effect on muscle-tendon stiffness (Konrad
and Tilp, 2014; Hirata et al., 2017). After familiarization trials,
participants stopped the dynamometer by activating a safety
trigger when they started to feel discomfort or pain, with the
angle just before this point defined as DF ROM (Nakamura et al.,
2020, 2021d; Sato et al., 2020b). In addition, passive torque at
DF ROM (maximum ROM angle) was defined as the stretch
tolerance (Gajdosik et al., 2007; Weppler and Magnusson, 2010;
Mizuno et al., 2013).

Throughout the passive DF test, participants were requested
to completely relax and not make any voluntary contraction.
We confirmed the absence of a voluntary contraction of
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the MG by monitoring the muscle activity through surface
electromyography (FA-DL-720-140; 4Assist, Tokyo, Japan).
Surface electrodes (Blue Sensor N, Ambu A/S, Ballerup,
Denmark) were placed on the muscle belly of the MG. All data
were confirmed to be collected during a relaxed state (i.e., no
muscle activity exceeding 5% of the MVC-ISO) (Nakamura et al.,
2011). Muscle activity was filtered using a band-pass filter at 10—
1,000 Hz before being digitally stored (10-kHz sampling rate) on
a personal computer for offline analysis. Analysis was performed
using PowerLab 8/30 (AD Instruments, Colorado Springs, CO,
United States) and LabChart 7 (AD Instruments); then, root-
mean-square (RMS, 50 ms window) values were calculated.

MG Shear Elastic Modulus Assessment

This study measured the shear elastic modulus of MG using
ultrasonic shear wave elastography (Aplio 500, Toshiba Medical
Systems, Tochigi, Japan) with a 5-14 MHz linear probe at a
10° DF position with a knee angle of 0°, similar to DF ROM
measurement. The shear elastic modulus of MG was measured at
30% of the lower leg length from the popliteal crease to the lateral
malleolus (Sato et al., 2020a; Nakamura et al., 2021b). Ultrasound
image measurements were performed twice using the long-axis
image of the MG. Shear wave speed analysis on ultrasound images
was performed using image analysis software (MSI Analyzer
version 5.0; Rehabilitation Science Research Institute, Japan). The
largest possible area in MG was set as the region of interest (ROI)
for shear wave speed (Vs) measurement, with the average vs.
value inside the ROI being obtained. The shear elastic modulus
was calculated as o (kPa) = pVs?, where p is muscle mass
density (1,000 kg/m?). The average value of shear elastic modulus
obtained from two ultrasound images was used for analysis.

MVC-ISO and MVC-CON
MVC-ISO and MVC-CON torque
conducted using a dynamometer, with a similar position
for DF ROM and shear elastic modulus assessment. Moreover,
MVC-ISO of the plantar flexors was measured at the ankle joint
in the neutral position (0°). MVC-ISOs were performed for 5s
over two sets with a 60-s rest between each set. The average
MVC-ISO value was used for analyses. Similarly, plantar flexor
MVC-CON torque was measured from 10° of DF to 20° of
plantar flexion, with an angular velocity of 30°/s. Additionally,
maximal concentric contractions were performed three times
in each sequence. Throughout the measurement, participants
were verbally encouraged during muscle contraction to promote
maximal efforts by investigators. Maximum torque was adopted
over three concentric contractions as MVC-CON torque.

measurements were

Single-Leg Drop Jump Height

Single-leg drop jumps were performed from a 20-cm box onto
a set of mat switches (Jump mat system; 4Assist, Tokyo, Japan).
After three familiarization repetitions, three sets of single-leg
drop jumps were performed and measured. For single-leg drop
jump measurements, participants were instructed to step off the
box and immediately perform a maximal vertical jump using the
dominant side of the ankle plantar flexors only without using the
knee and hip muscles upon landing. Both hands were crossed

in front of the chest. The maximal vertical jump height over
three jump measurements was then calculated using the flight
time method.

ROLL or Muscle Belly, or MTJ

The vibration was applied over plantar flexors using a foam
roller (Vyper 2.0, Hyperice, Irvine, CA, USA) with a frequency
of 48 Hz (Nakamura et al., 2021c). In all conditions, the physical
therapist instructed the participants to use the foam roller and
practice using the foam roller on the non-intervention leg for a
familiarization session just before the intervention. Participants
were instructed to perform 60-s bouts of intervention for
three sets, with a 30-s rest between each set. In ROLL, one
rolling cycle from the Achilles tendon to the popliteal fossa,
especially on the medial portion of plantar flexors, was performed
with a frequency of 15 cycles/min using a metronome (Smart
Metronome; Tomohiro Thara, Japan). In Muscle Belly and MTJ
conditions, static vibration on the muscle belly of MG where is
similar location for shear elastic modulus measurement and MT]J
of MG, which was found by ultrasound, was performed using
the same foam roll. In all three conditions, vibration foam roller
intervention was performed unilaterally in a seated position with
the knees extended and the ankle in a plantar flexion but relaxed.
Participants were instructed to place as much body mass on the
roller as tolerable.

Test-Retest Reliability of Measurements
The test-retest reliability of the DF ROM measurement, passive
torque at DF ROM, shear elastic modulus, MVIC-ISO, MVIC-
CON, and drop jump height for seven healthy men (age, 22.7 &
1.3 years; height, 170.4 & 5.3 cm; and weight, 61.8 + 4.4 kg) was
determined using the coeflicient variation (CV) and intraclass
correlation coeflicient (ICC), with 5-min rest interval between
two measures in the similar protocol in this study. The CV of
measurements for DF ROM, passive torque at DF ROM, shear
elastic modulus, MVIC-ISO, MVIC-CON, and drop jump height
were 3.4 £ 3.8%, 5.7 == 3.1%, 5.8 £ 4.8%, 1.4 £ 0.6%, 2.8 &= 2.2%,
and 2.9 = 1.7%, respectively, and the ICC (1, 1) for measurements
were 0.99, 0.93, 0.90, 0.98, 0.86, and 0.93, respectively.

Statistical Analysis

Statistical analyses were conducted using Statistical Package for
the Social Sciences version 24.0 (IBM Corp., Armonk, NY, USA).
Skewness, kurtosis, Q-Q plots, and Shapiro-Wilk tests were
assessed to confirm the normality of data distribution. For all
variables, a two-way repeated measures ANOVA [time (PRE
vs. POST) and condition (ROLL vs. Muscle Belly vs. MTJ)]
was performed to analyze the interaction and main effects. On
confirming a significant interaction or main effect, Bonferroni
post-hoc was performed to compare PRE and POST values in each
condition. Changes from PRE to POST values were calculated,
and Bonferroni post-hoc was conducted to compare these changes
if a significant interaction effect was found. The effect size was
calculated as a difference in the mean value between PRE and
POST divided by the pooled SD (Cohen, 1988), with an ES of
0.00-0.19, 0.20-0.49, 0.50-0.79, and >0.80 considered trivial,
small, moderate, and large, respectively. A p-value of <0.05
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TABLE 1 | Changes in dorsiflexion range of motion (DF ROM), passive torque at DF ROM, and shear elastic modulus before (PRE) and immediately after vibration rolling
(ROLL) or vibration on the muscle belly (Muscle Belly) or vibration on muscle-tendon junction (MTJ) intervention (POST).

ROLL Muscle Belly MTJ Interaction effect
PRE POST PRE POST PRE POST P-value n;‘;
DF ROM (°) 241 +75 29.4 £ 7.4* 251 +8.3 28.2 + 8.4* 229+8.2 26.2 £ 7.7 p = 0.304 0.081
Effect size d= 0.705 d= 0.365 d= 0.423
Passive torque at DF ROM (Nm) 21.9+6.3 28.4 £ 7.2* 240+ 7.7 26.6 £ 7.4* 216+£7.6 26.2 £ 7.8 p < 0.01 0.284
Effect size d= 0.956 d= 0.352 d= 0.596
Shear elastic modulus (kPa) 24.8 +11.1 21.4 +9.2* 19.2+9.4 13.8 £ 7.5 21.6+15.1 21.7 £ 18.1 p=0.011 0.261
Effect size d= 0.338 d= 0.640 d= 0.003

Data are presented as mean + SD. *p < 0.05, **p < 0.01, significant difference between PRE and POST.

indicated statistical significance. Descriptive data were reported
as mean =+ SD.

RESULTS

Table 1 shows the changes in DF ROM, passive torque at DF
ROM, and shear elastic modulus of MG at pre- and post-
intervention in three conditions. The two-way repeated measures
ANOVA showed no significant interaction effect for DF ROM (F
= 1.24, p = 0.30, and 7712J = 0.081), but a main effect for time (F

= 66.55, p < 0.01, and 17[2, = 0.83). The post-hoc test showed a
significant increase in DF ROM after all interventions (ROLL: p
< 0.01, d = 0.705; muscle belly: p < 0.01, d = 0.365; and MTJ: p
< 0.01, d = 0.423). Moreover, a significant interaction effect was
found for passive torque at DF ROM (F = 6.0, p < 0.01, and r]lz, =
0.284). The post-hoc test showed a significantly increased passive
torque at DF ROM after all interventions (ROLL: p < 0.01, d
= 0.956; Muscle Belly: p = 0.03, d = 0.352; and MTJ: p < 0.01,
d =0.596).

Moreover, a significant interaction effect was found for shear
elastic modulus (F = 5.3, p = 0.11, and nf, = 0.261), whereas
the post-hoc test showed a significantly decreased shear elastic
modulus after ROLL (p < 0.01 and d = 0.338) and Muscle Belly (p
< 0.01 and d = 0.640); however, there was no significant change
in MTJ (p = 0.977 and d = 0.003). According to the post-hoc test,
no significant difference was found in absolute change in shear
elastic modulus between ROLL and Muscle Belly (p = 0.25 and
d=0.461).

Figure 1 shows the absolute change in passive torque at DF
ROM and shear elastic modulus from before intervention to
after intervention. The post-hoc test revealed absolute changes
in passive torque at DF ROM in ROLL as significantly higher
than Muscle Belly condition (p < 0.01, d = 0.93), whereas no
significant differences were found between ROLL and MT] or
Muscle Belly and MT] conditions.

Results for MVC-ISO, MVC-CON, and drop jump height
are presented in detail in Table 2. Two-way repeated measures
ANOVA showed no significant interaction effect (F = 0.88, p
= 0.43, and r]f, = 0.05) and main effect of time (F = 0.05, p =

0.83, nf, < 0.01) for MVC-ISO torque. Regarding the MVC-CON
torque, a significant main effect was found for time (F = 4.99, p =

0.04, and n?, = 0.227); however, there were no significant changes
from PRE to POST in all conditions. As for drop jump height, a
significant interaction effect was found (F = 4.25, p = 0.02, and
r]IZ) = 0.200), whereas there were no significant changes from PRE
to POST in all conditions.

DISCUSSION

Our results showed that vibration with and without rolling, i.e.,
static compression of the muscle belly or MT] could increase
ROM, whereas vibration with rolling and static compression
of the muscle belly could decrease muscle stiffness, but not
after static compression of MTJ. In addition, vibration with and
without rolling could not induce changes in muscle strength
and jump performance. Results of this study showed that static
compression for vibration FR intervention sufficiently increased
ROM; however, vibration with rolling or static compression on
the muscle belly was necessary to decrease muscle stiffness. To
the best of our knowledge, this is the first study that thoroughly
investigates the effects of vibration with and without rolling.

With regard to DF ROM changes, it was found to be
significantly increased after the vibration FR intervention, which
is consistent with that of previous studies (Cheatham et al., 2018;
Garcia-Gutiérrez et al., 2018; Lee et al., 2018). In addition, our
results showed static compression of the muscle belly or MTJ
with vibration, which could expand findings from a previous
study showing that static compression of myofascial trigger
points could increase the pain pressure threshold (Wilke et al.,
2018). However, no significant differences were found in the
increased DF ROM between vibration with and without rolling.
Thus, if the goal is to increase ROM, static compression of
vibration could sufficiently increase ROM since FR intervention
with rolling is difficult to perform. However, previous studies
showed the cross-transfer effect of FR and vibration FR (Garcia-
Gutiérrez et al., 2018; Nakamura et al., 2021a), and it was the
possibility that the familiarization trial on the non-intervention
side could increase the DF ROM on the intervention side.
Further study is needed to investigate the cross-education effect
of vibration with and without rolling, i.e., static compression of
the muscle belly or MT] on ROM.

Our results showed that passive torque was increased after
vibration with and without rolling, inducing the modification in
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FIGURE 1 | Normalized changes in passive torque at dorsiflexion range of motion (DF ROM) (A) and shear elastic modulus (B) from before (PRE) to immediately after
intervention in three conditions, namely, vibration rolling, vibration on muscle belly, and vibration on the muscle-tendon junction (MTJ). “*p < 0.01.
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TABLE 2 | Changes in maximal voluntary isometric contraction torque (MVC-ISO), concentric torque at 30°/s (MVC-CON), and single-leg drop jump height before (PRE)
and immediately after vibration rolling (ROLL) or vibration on the muscle belly (Muscle Belly) or vibration on muscle-tendon junction (MTJ) intervention (POST).

ROLL Muscle Belly MTJ Interaction effect
PRE POST PRE POST PRE POST P-value ng
MVC-ISO (Nm) 161.3 + 26.8 160.4 + 24.7 169.0 + 22.1 157.6 £ 22.3 169.0 + 26.5 160.7 + 26.6 0.425 0.049
Effect size d= 0.035 d= 0.065 d= 0.064
MVC-CON (Nm) 129.8 +£18.9 126.0 + 16.0 129.5 +16.0 126.9 + 141 128.4 +18.8 1262+ 185 0.922 0.005
Effect size d= 0.218 d= 0.171 d= 0.172
Drop Jump (cm) 19.9+ 3.2 195+27 19.9+1.9 20.6 £2.3 20.2+29 202 £ 2.7 0.022 0.2
Effect size d= 0.149 d= 0.34 d= 0.002

Data are presented as mean + SD.

stretch tolerance. A previous study suggested that increased ROM
after vibration FR intervention could occur due to the changes
in pain perception (Cheatham et al., 2018), which supported our
results. In addition, the change in passive torque at DF ROM
in the ROLL condition was significantly higher than that in the
muscle belly condition (Figure 1A). Thus, the change mechanism
in pain perception is unclear; however, vibration with rolling or
static compression of MT] could possibly significantly change the
pain perception and stretch tolerance.

Interestingly, the shear elastic modulus of MG was decreased
after vibration with rolling and static compression of the muscle
belly. Previous studies also reported that FR intervention for MG
did not change the muscle hardness (Yoshimura et al., 2020)
and shear elastic modulus (Nakamura et al., 2021b). Conversely,
our findings showed that vibration with rolling and static
compression of the muscle belly, which is assumed to induce

greater changes in mechanoreceptors (Behm and Wilke, 2019),
promoted a decrease in shear elastic modulus of MG. In addition,
previous studies hypothesized that musculoskeletal structures
respond to vibration because the tissue was required to adapt
to or modulate the muscle tonicity to accommodate the wave
of vibration (Musumeci, 2017; Germann et al., 2018). Similarly,
with vibration application, Konrad et al. (2020) investigated the
effect of percussive massage treatment at 53 Hz and suggested
that percussive massage treatment could decrease muscle stiffness
(Konrad et al., 2020). Therefore, vibration application, especially
in the muscle belly area, not on the MTJ area, is assumed
to decrease muscle stiffness, and a future study is needed to
clarify the change mechanism of shear elastic modulus after local
vibration application.

Surprisingly, no significant changes were observed in the
muscle strength (MVC-ISO and MVC-CON) and drop jump
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height after vibration with rolling and static compression, which
is partly consistent with those presented in previous studies
(Garcia-Gutiérrez et al., 2018; Lee et al.,, 2018). Theoretically,
mechanical vibration applied to the muscle belly or tendon
can elicit a tonic vibration reflex contraction of the target
muscle (Germann et al., 2018). This mechanism is stimulated
by a sequence of rapid muscle stretching that occurs when
applying vibration and triggering muscle spindles, thereby
causing an involuntary production of strength (Pamukoff et al.,
2014; Germann et al., 2018). However, no significant changes
were found in muscle strength and jump performance after
vibration intervention. This study used vibration at 48 Hz;
however, its effect on muscle strength and jump performance
widely differs depending on the vibration frequency. Moreover,
future studies should investigate the effect of different vibration
frequencies on muscle strength and performance. Also, in
drop jump measurement, joints other than the ankle joint
might be involved. Therefore, further studies are needed
to investigate the effect of vibration with rolling or static
compression for other muscles on the drop jump height and
other performance parameters.

Previous studies have pointed out that poor ROM (Witvrouw
et al., 2001; Backman and Danielson, 2011) and increased
muscle stiffness (Watsford et al., 2010; Pickering Rodriguez
et al., 2017) are the risk factors for sports injuries. In addition,
some previous studies showed that increased muscle stiffness
associated with antagonist muscle contractions could inhibit
joint movement, resulting in higher energetic/metabolic costs
(Ueno et al., 2018; Blazevich, 2019). Thus, static stretching is
commonly used to improve ROM and muscle stiffness, but
the major problem with static stretching during the warm-up
routine is decreased muscle strength and athletic performance
caused by certain duration static stretching intervention (Kay
and Blazevich, 2012; Behm et al., 2016). Our results showed
that vibration with rolling or static compression of vibration
on muscle belly could be effective to improve ROM and
muscle stiffness without adverse effects of muscle strength and
athletic performance. Especially in clinical application, previous
studies showed that the muscle stiffness in patients with patellar
tendinopathy (Zhang et al., 2017) or patients with Medial
Tibial Stress Syndrome (Akiyama et al., 2016) was higher than
healthy control participants. Although the participants were
not athletes but physically inactive male individuals, vibration
with rolling and static vibration on muscle belly could decrease
muscle stiffness. Since static compression of vibration on muscle
belly is safer and easier than a vibration in rolling, the static
compression of vibration on muscle belly is recommended in
rehabilitation settings.

Some limitations of this study are worth noting. Only the
acute effects of vibration intervention on ROM and muscle
stiffness had been investigated in this study. To the best of our
knowledge, previous studies have investigated chronic effects of
FR intervention without vibration (Smith et al., 2019; Kiyono
et al., 2020); however, no study has yet determined the chronic
effects of vibration with and without rolling on ROM and

muscle stiffness; thus, this should be addressed in future studies.
Furthermore, our participants were not athletes but physically
inactive male individuals. Therefore, it is recommended to
prescribe vibration with rolling or static vibration on muscle
belly to decrease muscle stiffness and increase ROM in a clinical
population needing rehabilitation. Moreover, we did not measure
the effect of vibration on tendon property in addition to passive
muscle property. Therefore, the effect of vibration intervention
on muscle and tendon properties should also be investigated.

CONCLUSION

Our results showed that local vibration application with rolling
and static compression could increase ROM and modify stretch
perception, ie., stretch tolerance without changing muscle
strength and jump performance. In addition, vibration with
rolling and static compression of vibration on the muscle belly
could decrease the shear elastic modulus of MG.
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