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This study investigates the effect of vibration foam roller (VFR) applied
to the hamstring, on the quadriceps electromyography (EMG) activity
and hamstring flexibility. A total of 16 subjects were randomly assigned
to either the VFR group (n=8) or the nonvibration foam roller group
(NVFR, n=8). The two groups applied the foam roller or the VFR to the
dominant hamstring, at a rate of 40 times per min, for a total of 200 times
in 5 min. The primary outcome was to measure hamstring extensibility
using the sit and reach test. The EMG activity of the dominant rectus
femoris (RF), vastus lateralis (VL), and vastus medialis (VM) was mea-
sured as the secondary outcome. Results indicate a significant in-
crease in the sit and reach distance after the intervention in both
groups, as compared to preintervention. The sit and reach difference
between VFR and NVFR show no significant difference after the inter-

INTRODUCTION

Along with the quadriceps, hamstring contribute to stable knee
movement and play a significant role in various physical activities
such as walking, running, and jumping. Adaptive shortening oc-
curs more easily in the hamstring than in other muscles, resulting
in loss of hip bone curvature and spine alignment (Lépez-Mifiarro
et al., 2012). Misalignment reduces the neuromuscular efficiency
and range of motion, increases energy expenditure, and is more
likely to put greater strain on the knee.

Methods for resolving shortening of the hamstring causing knee
injuries include rolfing, connective tissue massage, and muscle

energy technique. Foam roller, which are particularly useful for

vention. Significant increases were observed after intervention in the
%maximum voluntary isometric contraction (%MVIC) of VL, VM, and RF
in the VFR group, and RF in the NVFR group, as compared to the prein-
tervention values. Furthermore, %MVIC values of VL and RF, but not the
VM muscle, were significantly different between the two groups. These
findings suggest that regardless of vibration, the application of foam
roller to hamstring may exert a positive effect on hamstring flexibility.
Furthermore, these results indicate that the application of foam roller
with vibrations causes more EMG activation in the antagonists.

Keywords: Vibration foam roller, Electromyography, Hamstring flexibility,
Antagonist

the relaxation of myofascia, serve to apply pressure by using the
limb weight of the patient; this technique has been in the spot-
light recently due to low treatment cost (Wiewelhove et al., 2019).
Further researches on the effect of foam roller are ongoing. Several
studies show that foam roller increase the range of motion, im-
prove neuromuscular function, reduce muscle, myofascia pain and
convulsion, and regulate muscle imbalance. This is reportedly an
outcome of stimulating the mechanical receptors, and changing
the muscle and myofascia. The most direct effect is due to the
thixotropic properties of the myofascia with increased range of
motion. The heat generated by mechanical friction between the
foam roller and the body increases fluidity of the muscles and my-
ofascia component, allowing for an increased range of motion. It is
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suggested that the application of foam roller to the hamstring is
more useful for increasing the range of motion than other stretch-
ing methods (Madoni et al., 2018). It is also reported that com-
pared to other stretching methods, the foam roller has an imme-
diate effect on improving range of motion of the knee with respect
to bending and increasing extension angle of the knee (Su et al.,
2017).

However, to relax the muscles and myofascia to the maximum,
a continuous and thythmic foam roller needs to be applied. This
is often associated with the disadvantage of difficulty in using the
limbs for an extended period of time. Recently, foam roller com-
bining continuous vibration have been commercialized. Improved
range of knee motion has been reported after applying vibration
with the foam roller to the knee flexor muscles, as compared with
using a regular foam roller without vibration (Lee et al., 2018). In
addition, the vibrating foam roller is also reported to improve the
range of motion of the knee flexion joints (Cheatham et al., 2017).
Taken together, foam roller with vibration are more effective than
those without vibration, with respect to increasing the range of
motion.

Increase in the range of motion is explained by various factors,
including the thixotropic properties mentioned above and the de-
gree of activation of the nerve root. The study reporting that a
foam roller applied on the hamstring affects a decrease of electro-
myography (EMG) activity was explained by other mechanisms.
Therefore, further research is required to better determine the ef-
fect of foam roller with respect to the agonistic muscle and antag-
onistic muscle. Additionally, the differences due to vibration have
not yet been fully elucidated thus far.

The primary purpose of this study was to determine if use of vi-
bration foam roller increases flexibility of the hamstring muscle
group. The secondary purpose of this study was to investigate
how the application of foam roller to the hamstring affects the
EMG activity of the antagonistic muscle quadriceps, and to show
any differences due to vibrations. We hypothesized that foam roll-
ing with vibration would result in greater increases in hamstring
flexibility. Furthermore, we expected significant differences be-
tween vibration foam rolling and nonvibration foam rolling.

MATERIALS AND METHODS

Subjects

The present study involved 16 recreationally active persons.
Setting the statistical power, effect size, statistical significance level
to 80%, 1.6, and a.=0.05, respectively, via a 1:1 matching of the
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two groups as a condition, we determined the number of subjects
required was 16 persons (Madoni et al., 2018). Participants with-
out neurological or orthopedic disorders that could affect inter-
ventions, and those who could not apply vibration stimuli were
selected. All subjects were fully informed about the purpose and
procedure of the study, in accordance with the ethical standards of
the Declaration of Helsinki; only those who voluntarily signed the
study participation agreement were enrolled as subjects. Appar-
ently obese subjects were excluded from this study, since we be-
lieved that excessive body covering fat may negatively affect the
foam roller on myofascial. Subjects were asked to avoid drinking
alcohol 2 days prior to this experiment. Subjects were requested
to put on the same footwear for all sessions.

Study design

This study was based on the pretest-posttest comparison group
design. Participants were divided into two groups: the vibration
foam roller (VFR) group (n=8) and the nonvibration foam roller
(NVEFR) group (n=8), by drawing lots for randomization. All
procedures were performed by an examiner who had never partici-
pated in this intervention. The primary outcome was identified as
the sit and reach test, and the secondary outcome was determined
as EMG of the quadriceps.

Foam roller technique

The application of the foam roller method was as follows. Both
groups sat on the floor with the non-dominant leg flexed as the
stabilizer and the dominant leg extended. The foam roller was po-
sitioned perpendicular to the hamstring muscle of the dominant
leg. Using both hands, subjects were asked to lift their hips and
move forward and backward. The hands remained fixed on the
floor and did not move during the foam rolling application. Both
applications involved rolling only the hamstring located between
the gluteal fold and popliteal fossa. Subjects were instructed to
keep maximum weight above the dominant leg. The cycle com-
prised of 40 movements per minute, for a total of 200 movements
in 5 min; after every minute, subjects were rested for 30 sec. The
VER performed the above procedure using a vibrating tool, which
was lacking in the NVFR. A vibration of 32 Hz was applied us-
ing the VFR (Hyperice, VYPER 2.0, Irvine, CA, USA). The same
instrument was used as the NVER, by turning off the vibration
application. The foam roller dimensions were 30 c¢m in length
and 15 cm in diameter. The stop watch used to check a time foam
roller application and resting bout.
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EMG (%MVIC) activity

An 8-EMG (FREEEMG, BTS S.P.A., Milano, Italy) was applied
to measure the muscle activity of quadriceps, with sampling rate
of 1,000 Hz and band pass filter 20-500 Hz. Data were collected
for 5 sec; to reduce the error of the data value, the data was mea-
sured for only 3 sec, excluding the first and last 1 sec. After calcu-
lating root mean square values of the raw knee extensor EMG, all
data were processed for normalizing to the maximum voluntary
isometric contraction (MVIC). The mean value of the EMG data
is represented as a percentage MVIC. To achieve the best EMG
signal conductivity while reducing noise as much as possible, all
skin hairs were removed, and the defoliated area was sterilized
with alcohol before attaching the electrodes. The surface-EMG
signal of the dominant leg was set by requesting the participant
to kick a ball, and was recorded via electrodes placed on the rectus
femoris (RF), vastus lateralis (VL), vastus medialis (VM). Electro-
myographic (EMG) activity of the VL, VM, and RF was moni-
tored during active knee extension in the sitting position. The
electromyogram heads were attached as follows: at the dominant
RE, half-way anterior inferior iliac spine from superior part of the
patella, 9 to 16 cm superior to patella; at the dominant VM, 3 to
4 cm medial to the superomedial patella border, orientated ~55°
to the vertical; at the dominant VL, 6 to 8 cm lateral to the supe-
rior border of the patella, orientated ~15° to the vertical (Rainoldi
etal., 2004).

Sit and reach test

Hamstring flexibility was performed using the sit and reach
test. The participants sat on the floor with dominant leg extended
and the other leg kept flexed. Bare feet were positioned flat against
a box, fixing their foot at 90° angle to the floor. The experimenter
continued extending the dominant knee on the floor. With one’s
hands on the other with hands, and keep subject’s palms facing
the floor, they reached forward along sit and reach instrument. The
subjects were asked to stop if they felt any discomfort or stiffness
on the posterior thigh. This position was maintained for 5 sec, and
the distance covered was recorded in centimeter. Two measurements
were performed at the pre- and postintervention, and the highest
score was used for final data analysis. The validity of the sit and
reach test has previously been corroborated for estimating ham-
string flexibility (r=0.46-0.67) (Mayorga-Vega et al., 2014), and
has a high-reliability estimate (0.96 < R < 0.99) (Jackson and Bak-
er, 1986; Shaulis et al., 1994).
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Table 1. General characteristics of participants

Characteristic VFR NVFR Tvalue  Pvalue
Gender, male:female 5:3 6:2

Dominant, left:right 3 1.7 -
Age (yr) 2037106  2075+1.39 -0.607 0.554
Height (cm) 168.00+9.41  171.63+7.09 -0.870 0.399
Weight (kg) 59.88+879  6725+£1493  -1.204 0.248
BMI (kg/m?) 2085+148  2268+4.19 -1.170 0.262

Values are presented as mean + standard deviation.
VIR, vibration foam roller; NVFR, nonvibration foam roller; BMI, body mass index.

Data analysis

All data were analyzed using the IBM SPSS Statistics ver. 21.0
(IBM Co., Armonk, NY, USA). The general characteristics of the
subjects are expressed as the mean * standard deviation, except for
gender and dominant leg. The Shapiro—Wilks test was used to
verify the normality. Independent r-test examined differences in
the general characteristics of the participants between the two
groups. A paired s-test was used to determine the difference be-
tween the groups before and after the intervention, and an inde-
pendent 7-test was used to examine the differences between the
two groups. Statistical significance was set at 0.05.

RESULTS

General characteristics of subjects

A rtotal of 16 subjects were included in this study. Each group
was allocated eight subjects. General characteristics of the partici-
pants (age, height, body weight, body mass index) were signifi-
cantly not different between the two groups (P >0.05), as present-
ed in Table 1.

Primary outcome

The primary outcome measured the hamstring extensibility by
applying the sit and reach test. The sit and reach distance after in-
tervention in both groups was significantly increased than prein-
tervention (FRV group: 7=2.987, P=0.02; NFRV group: 7=
3.424,P=0.011) (P <0.05). The sit and reach difference between
VER and NVFR showed no significant difference after interven-
tion (r=-0.949, P=0.359) (Fig. 1).

Secondary outcome

The secondary outcome measured the EMG activity of the VL,
VM, and RF during active knee extension in sitting. EMG data
were normalized to the %MVIC. The %MVIC of VL, VM, and
RF after the intervention in the VFR group was significantly in-
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Sitand reach distance (cm)

VFR group

NVFR group

Fig. 1. The comparison of sit and reach distance between VFR and NVFR. VFR,
vibration foam roller; NVFR, nonvibration foam roller. * P<0.05.

Table 2. The comparison of %MVIC in each of the groups at pre- and posttest

Variable Pretest Posttest i 2l Tvalue  Pvalue
value

Rectus femoris

VFR 15.12+7.09 2079+825 567423 3786  0.007

NVFR 16.76+7.39 1942+896 267+208 3631  0.008

T-value 0453 2.781

Pvalue 0.657 0.015

Vastus lateralis

VFR 16.79+6.65 2093+6.16 4.14+284 4120 0.004

NVFR 1715575 16.20+650 -095+181 -1476 0.184

T~value 0.116 4.267

Pvalue 0.909 0.001

Vastus medialis

VFR 14284550 1924+903 496+584 2402 0047

NVFR 1781+738 1808+6.11 026+423 0175  0.866

T~value -1.085 1.843

Pvalue 0.296 0.087

Values are presented as mean + standard deviation.
%MVIC, %maximum voluntary isometric contraction; VFR, vibration foam roller;
NVFR, nonvibration foam roller.

creased, as compared with preintervention values. Similarly,
%MVIC of RF after the intervention in the NVFR group showed
a significant increase as compared to preintervention values. Fur-
thermore, except for the VM muscle, %#MVIC values in VL and
RF were significantly different between the two groups (Table 2).

DISCUSSION

Applying a foam roller causes an increased range of motion and
altered nerve-muscle activity (Wiewelhove et al., 2019). The pri-
mary aim of this study was to determine if the use of foam roller
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with vibration increases the flexibility of the hamstring muscle
group. Since Couture et al. (2015) suggested that a total applica-
tion time of more than 2 min of foam rolling is required to im-
prove the hamstring flexibility, we applied a total of 5 min in this
study. The foam roller was applied to the hamstring to investigate
the effect of the foam roller on the agonistic muscle and antago-
nistic muscle. The secondary aim of this study was to investigate
effect on the muscle through EMG activity of the quadriceps after
application of the foam roller on hamstring.

Foam roller may be more useful for increasing flexibility with-
out reducing the muscle strength ratio identified by the EMG ac-
tivity of the hamstring and quadriceps, as compared with other
stretches (Madoni et al., 2018). Application of both normal foam
roller and VFRSs to patients with hip joint pain revealed improved
range of motion and reduced pain (Han et al., 2017). Another study
that applied a foam roller for different durations reported that the
application of a foam roller for 60 sec to the quadriceps showed
greater benefit than 20-sec application (Cavanaugh et al., 2017).

As determined by primary outcomes, the application of both
VER and NVFR methods to the hamstring area induced a signif-
icant improvement in hamstring flexibility. Regardless of vibra-
tion or nonvibration, the application of foam roller showed im-
proved hamstring flexibility. This finding is consistent with a
previous study, in which FR application to hamstring affected the
hamstring flexibility, as examined by the sit and reach test (Pea-
cock et al., 2015; Sullivan et al., 2013). Peacock et al. (2015) de-
termined the effects of foam roller at the anteroposterior portion
of major joints of the body in mediolateral axis on hamstring flex-
ibility using the sit and reach test. They reported that foam roller
had a significantly greater effect on increasing the sit and reach
distance. Han et al. (2017) suggested that foam roller helped to
increase the range of motion by increasing the extension and flex-
ion of the hip joint.

The reason for increased hamstring flexibility is that the appli-
cation of the foam roller reduces perceived muscle pain, and in-
creases the pain pressure threshold. The range of motion can be
attributed to decreased stiffness of the muscles (Pearcey et al.,
2015). de Souza et al. (2019) suggested that constant pressure on
the soft tissue through the foam roller suppresses the pain sensa-
tion and increases stretch tolerance through the pain-modulatory
system.

Another reason for the effects of FR on hamstring flexibility
would be ascribed to the changed viscoelastic and thixotropic
properties of the fascia. The foam roller increases the muscular
temperature and blood circulation due to the friction between
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connective tissue and a foam roller (Cheatham et al., 2015). Fur-
thermore, the foam roller reduces muscle spasms, stimulates a
deep muscle to stabilize nerves, and improves blood circulation
through muscle relaxation (Cheatham et al., 2015). Hence, the
myofascial, which is comprised of a gelatinous colloidal substance,
would convert to a fluid form when exposed to heat and mechani-
cal stress (de Souza et al., 2019). In addition, the foam roller was
applied by back and forth movements, with the hands fixed to the
floor in the long-sitting position. The sit and reach test to mea-
sure hamstring flexibility was also in the long-sitting position.
The similarity becween the position of test and intervention may
be a factor that improves the actual sit and reach test (Wolpert et
al.,, 2011).

Results from the secondary outcome reveal that foam roller
with vibration increase the muscle activity of quadriceps, more
than general foam roller, especially in muscles of RF and VL. It is
thought that autogenic inhibition is well developed in the ham-
string because the foam roller improves the muscle adhesions of
the connective tissue of the hamstring. With autogenic inhibition
mechanisms, the relaxation of the agonistic muscle through foam
roller application is believed to increase the muscle activity of the
quadriceps. When a foam roller applies pressure on the muscle
tissue, it is known that the Golgi tendon organ (GTO) sends con-
stant tension to the spinal cord to relax the muscles (Moore, 1984).
In particular, the GTO is more sensitive to tension than stretch
(Edin and Vallbo, 1990). The generation of tension through vi-
brations is thought to facilitate relaxation of the hamstring.

However, there have been some contradicting studies. Cavana-
ugh et al. (2017) reported that after the application of a foam roll-
er to the quadriceps, the EMG activity of the biceps femoris was
decreased. The author reported that the foam roller applied to the
hamstring did not affect the muscular activity of quadriceps. They
believe that the reason for decreased EMG activity of the opposing
muscles with a foam roller may be related to the pain pressure
threshold. Other authors have reported that the foam roller ap-
plied to the plantar flexors increases the pain pressure threshold
and acutely decreases the pain perception, thereby increasing the
amount of muscle movement more smoothly (Aboodarda et al.,
2015). However, in the current study, it is considered that the ef-
fects of the pain pressure threshold are not realized, since the foam
roller was applied smoothly at a rate that did not cause pain.
Moreover, the VER helped to improve the EMG activity. When
vibration is applied to the muscles, contractions occur in the mus-
cles to which the vibration is applied due to the appearance of
tonic vibration reflex, which stimulates the sensory nerves
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through vibrations, causing reflex muscle contractions through al-
pha motor neuromuscular fibers (Dallas et al., 2015). This induces
a reflexive contraction and consequently causes relaxation.

Bradbury-Squires et al. (2015) applied a foam roller to agonistic
muscle and examined the effect on the antagonistic muscle. In the
study, the 60-sec conditions applied to quadriceps were higher
than activation for 20 sec. Since quadriceps and hamstring legs are
responsible for stabilizing the knee, cocontraction of muscles is
important to stabilize the joints. Therefore, it is thought that the
frequency and time of continuous application for 1 min also affect
the EMG activity. If the agonist and antagonist are unable to
work effectively together, it is thought that foam roller could be a
useful tool to change simultaneous contraction.

A vibration application study reported that vibration stimulates
the muscles to help them perform better pain reduction and mo-
tor performance (Kasai et al., 1994). However, the reason for lim-
iting the EMG difference according to vibration in this study is
thought to be the vibration frequency range. A single frequency
vibrating foam roller was applied three times a week for 20 min
each, for a duration of 4 weeks (Han et al., 2017). In the compari-
son between VFR and simple foam roller, an increase was ob-
served only in the iliotibial tract of the VFR group. Additionally,
some authors conducted a 2-min mediation regimen between
foam roller and a single frequency vibrating foam rollet, but re-
ported no significant difference in the range of motion of the knee
joint (Cheatham et al., 2017). Therefore, it is considered necessary
to apply different frequencies when applying a vibration stimula-
tion, and also consider the application time. Future research is
needed on various frequencies and application times for vibrating
foam roller.

The limitations of this study are that it is difficult to generalize
to normal adults, and only the immediate effects are examined.
There is a need to continue the studies that diversify subjects and
examine the long-term effects. Based on the results of this study,
although the application of a foam roller to the hamstring helps
to increase the EMG activity of quadriceps and flexibility of ham-
string, VFRs are beneficial in overcoming limitations. If thera-
pists want to relax the hamstring and change coactivation of knee
joint, it will be helpful to apply a foam roller to the hamstring.
Further studies are required to elucidate the extent and variety of
neural responses to VFRs. Findings from the current study indi-
cate that rolling the hamstring affects quadriceps activation. Giv-
en these results, changes in muscle activation following vibration

foam rolling need to be recognized.
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