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Abstract: Roller massage has been recognized as an effective intervention for managing various
conditions. However, data on the effects of roller massage on the dynamic mechanisms of the
myofascial and soft tissues of the lower back are limited. This study aimed to examine the effect of
the self-myofascial release of the lower back on myofascial gliding, lumbar flexibility, and abdominal
trunk muscle strength using a roller massager. This crossover study included 24 college athletes
who underwent three interventions—roller massage, static stretching, and control (rest). Before and
after the intervention, lumbar and fascial gliding were evaluated using ultrasonography. Long-seat
anteflexion (lumbar flexibility) and abdominal trunk muscle strength were assessed. The movement
velocities of the subcutaneous tissue and the multifidus muscle over time were calculated using echo
video analysis software, and gliding was estimated using the cross-correlation coefficient between
the velocities. Gliding, lumbar flexibility, and abdominal trunk muscle strength showed significant
intervention-by-time interactions. Roller massage significantly improved gliding, lumbar flexibility,
and abdominal trunk muscle strength. The self-myofascial release of the lower back using a roller
massager improved the lumbar/fascia gliding, lumbar flexibility, and abdominal trunk muscle
strength compared to static stretching.

Keywords: self-conditioning; core muscle strength; gliding; massage roller; echo

1. Introduction

Sports often have positive effects on health [1]; moreover, warming up and taking care
of the body is important for athletes because they are often exposed to mechanical strain.
Lumbar dysfunction in athletes can lead to withdrawal from training and competitions,
poor performance, and a poor quality of life [2]. Thus, there is a need for an established
method of caring for the lower back and maintaining trunk function in athletes. Myofascial
release is often used for warm-ups and post-workout in sports [3]. Despite the popularity
of myofascial release, its physiological effects are still being studied, and no consensus
exists regarding the optimal program for a range of motion, recovery, and performance [4].
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Myofascial release is performed to improve gliding between soft tissue layers, reduce pain,
increase flexibility, and improve functional performance [5]. Mechanical stimulation has
been previously reviewed for its biomechanical, physiological, neurological, and psycho-
logical effects [6]. A systematic review suggested that roller massage (RM) may be an
intervention that increases joint range of motion without negatively impacting muscle
performance [2]. However, most of these studies focused on the lower extremities. Data on
the effects of RM on the dynamic mechanisms of myofascial and soft tissues in the lower
back are limited. Currently, there are no reports on observed changes in gliding using echo
video analysis. Although changes in gliding due to RM interventions can affect overall
trunk function, the resulting changes in trunk muscle strength are unclear.

In contrast to myofascial release, static stretching (SS) has been the most common
warm-up and care method used by athletes for several years [7]. This reduces the risk
of injury by ensuring a sufficient joint range of motion for optimal exercise activity and
muscle compliance [8]. A previous study that compared the effects of myofascial release
to those of SS in the lower back showed that myofascial release improved trunk extensor
strength, endurance, and range of motion more than SS [9]. Core stabilization exercises
have been shown to improve core stability, endurance, and spinal mobility when combined
with myofascial release with RM compared with core stabilization exercises alone [10].
The myofascial release of the lumbar region may affect the function of the deep trunk,
stabilizing muscles attached to the spine via the thoracolumbar fascia; however, this is yet
to be thoroughly investigated.

This study aimed to clarify the effects of self-myofascial release and SS interventions on
the lower back, including the thoracolumbar fascia, using echo video analysis software and
an abdominal trunk muscle strength measuring device. Previous studies have suggested
that the greater the change in joint angle and the longer the moment arm of the muscle, the
more the musculotendinous unit is stretched [11]. The moment arm of the lumbar multi-
fidus muscle, the target of this study, is short during trunk movements [12]. This structural
disadvantage makes it less effective in generating joint movements using the SS technique.
Myofascial release increases the temperature of the skin, fascia, and muscle tissues owing
to friction; furthermore, shear stress may be generated by applying direct and sweeping
pressure. Thus, in college athletes, we hypothesized that RM would directly improve
myofascial gliding, lumbar flexibility, and abdominal trunk muscle strength compared to
SS. This study provides evidence of the dynamic mechanisms of both myofascial release
and SS in the lumbar fascia and soft tissue. Athletes can easily perform self-myofascial
release using RM. If self-myofascial release has a beneficial effect, this technique can be
used as core conditioning to optimize lumbar and trunk functions. This may be useful for
planning training programs, injury prevention strategies, or rehabilitation protocols, not
only for athletes but also for older adults and patients requiring rehabilitation.

2. Materials and Methods
2.1. Participants

In this study, students who were members of a university indoor sports club (either
basketball, volleyball, or futsal) were recruited by notification on a group social networking
site, and those who were willing to participate were asked to volunteer. These students
were chosen because they share a common involvement in sports that require running,
jumping, a rapid change of directional movements, and high athleticism while moving
around on an indoor court. They exercised for 2–3 h, at least 2–4 times weekly. The
exclusion criteria were as follows: the presence of low back pain, a history of neurological
disease, a history of trunk and lumbar orthopedic disease, and surgery within 6 months
before the initiation of this study. The sample size had a medium effect size (f = 0.25,
α = 0.05, β = 0.80) after using G * Power 3.1.9 (Franz Faul, University of Kiel, Kiel, Germany)
based on a previous study that analyzed the effect of SS on tissue stiffness [13]. After
calculating the dropout rate, 24 participants were included.
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2.2. Ethics

This study was approved by the Ethics Committee of the Daiichi Institute of Tech-
nology (21-002) and conducted in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants.

2.3. Procedures

This was a crossover study in which three conditions (RM, SS, and control (CON))
were applied on three separate days (Figure 1). The participants were not divided into
groups; all 24 participants were assessed for the RM, SS, and CON conditions on separate
days. The order of the intervention was set randomly using a random number table with a
washout period of ≥48 h [14]. The analytical indicators included lumbar fascial gliding,
lumbar flexibility, and abdominal trunk muscle strength. The immediate effect was verified
using pre- and post-assessments. The warm-up comprised 3 min of basic trunk movements:
flexion, extension, lateral flexion, and rotation.

Figure 1. Flowchart of the crossover study: RM = roller massage; SS = static stretching; CON = control.

2.4. Intervention

A roller massager (7 × 45 × 7 cm, thermoplastic rubber + latex-free materials; Muscle
Hand Roller, Balance1, Taiwan) was used for the RM intervention (Figure 2a). The roller
massager was grasped with both hands in a sitting position on a 40 cm chair, and rolling
was performed on the thoracolumbar fascia region, including the lumbar multifidus muscle
(from L1 to the sacrum) [15]. The participants were instructed to hold their pelvic spine in
a neutral position. The rolling on the target region was repeated for 2 s using a metronome
(ME-150, Yamaha, Shizuoka, Japan) set at 60 bpm. The movement involved going up
and down in the target region for 2 s each time [14]. The intervention included three
30 s sessions for a total of 90 s, with an interval of 30 s [16]. The pressure was set at 7/10
using a numerical rating scale (0 = no discomfort and 10 = maximum discomfort) [17]. SS
was performed on the trunk extensor muscles, including the lumbar multifidus muscle,
in the supine position with the knees held with both hands (Figure 2b) [9]. To minimize
the potential effect of stretching on muscle strength, each participant remained in the
final position for 30 s while maintaining a stretch intensity of 7/10 on a numerical rating
scale [18]. The total intervention time was the same as that of the RM, with three sets of
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30 s each and an interval of 30 s. Participants in the CON group remained seated on a chair
for 2 min and 30 s.

Figure 2. Intervention conditions: (a) roller massage; (b) static stretching.

2.5. Measurement Method of Lumbar Myofascial Gliding

Myofascial gliding in the lumbar region was evaluated using an ultrasonic diagnostic
imaging device (SonImage MX1; KONICA MINOLTA, Tokyo, Japan). The participants sat
on a 40 cm chair, extended one leg forward in a pelvic neutral position, bent forward to reach
their toes, and then returned to the starting position (Figure 3a). Using the metronome, the
participants bent forward for 3 s, held the position for 2 s, and then returned to the starting
position in 3 s; thus, a total of 8 s of motion were repeated three times. The measurements
were performed after completing the timing practice.

Figure 3. The movement of the myofascial membrane of the lower back is imaged with an ultrasonic
diagnostic imaging device. (a) The movement of the lower back when the trunk bends forward and
returns is measured; (b) the probe is attached to the low back with a fixation device created with a
3D printer.

Ultrasound motion images were captured in B-mode using a high-sensitivity wide-
band linear probe (L11-3; KONICA MINOLTA, Tokyo, Japan). The target area was set to
2 cm outside the spinous process of L4. The long axis was imaged [19], and the sampling
frequency was set at 30 Hz. To prevent the probe from moving during the intervention, a
probe fixation device was drawn using a computer-aided design (Rhino7, Robert McNeel &
Associates, Seattle, WA, USA) and created using a 3D printer (Form2, Formlabs, MA, USA)
(Figure 3b). In this study, one experienced physical therapist performed the ultrasound
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echo manipulation and analysis. The measurement environment and methods were tested
in advance.

Echo video analysis software (Echolizer, GLAB, Hiroshima, Japan) was used to quan-
tify the movement velocity of the muscles and other soft tissues in the echo images (Figure 4).
This software uses the Farneback method (frame offset: 3), which calculates the optical flow
by layering images [20]. The validity and reliability of the Echolizer software in quantifying
tissue motion using ultrasound images have been previously reported [21]. Excellent
accuracy has been demonstrated with a relative error of 0.2% after applying regression
equations within the program. The location and size of the region of interest (ROI) were
defined using a grid that overlaid the ultrasound images for reproduction. In the ROIs, the
X-axis was defined as head–lower limbs, and the Y-axis was defined as abdomen–back. The
ROIs were set with the thoracolumbar fascia as the boundary at the following two locations:
the superficial region, which was the subcutaneous tissue (x-axis, 36 mm × y-axis, 2 mm),
and the deep region, which was the multifidus muscle (x-axis, 36 mm × y-axis, 5 mm).
The average velocity along each X-axis (head–lower limb direction) was then calculated.
The cross-correlation coefficient between the time series of the subcutaneous tissue and
the multifidus muscle movement velocities was calculated, and the average of three trials
was adopted as the representative value. A high cross-correlation coefficient indicated that
the two tissues moved similarly and gliding was reduced, whereas a low cross-correlation
coefficient indicated that the two tissues moved independently and gliding increased.
These indications were based on a previous study investigating both the vastus lateralis
and subcutaneous tissue gliding during knee movement [22].

Figure 4. Echo video analysis software quantifying the rate of movement of the subcutaneous tissue
and multifidus muscles on echo images.

2.6. Measurement Method of Flexibility

The sit-and-reach test was performed using a long-seat anteflexion measuring instru-
ment (SH; TOEI I LIGHT, Saitama, Japan) to evaluate the flexibility of the lower back
muscles and fascia. The measurement was performed in the limb position with both feet
separated by approximately 25–30 cm [23]. During the evaluation, the participants placed
their fingertips on top of each other, touched the yardstick, extended their arms, dropped
their heads, slowly pushed forward, and held the position for 2 s. The same examiner
confirmed that the participant’s knees remained extended. After one or two practice trials
with minimal movements to obtain a better understanding of the measurement behavior,
three measurements were taken, and the mean value was calculated.

2.7. Measurement Method of Abdominal Trunk Muscle Strength

Abdominal trunk muscle strength was measured (Figure 5a) using an abdominal trunk
muscle strength-measuring device (RECORE, Sigmax, Tokyo, Japan). The measurements
were taken isometrically and statically in the sitting position, with both upper limbs
crossing in front of the chest at the pelvic–spinal midline. After wrapping a cuff around the
abdomen and applying an approximate pressure of 5 kPa to the abdominal wall (baseline
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pressure), the participants were instructed to maximize the abdominal pressure (peak
pressure), and the amount of change in pressure (peak pressure–baseline pressure) was
then measured as the abdominal trunk muscle strength (Figure 5b). A previous study
reported that this abdominal trunk muscle strength-measuring device promoted muscle
activity in the diaphragm, rectus abdominis, internal and external abdominal oblique,
transversus abdominis, and pelvic floor muscles [24]. After no fewer than two practice
trials with minimal force to better understand how to apply force, three measurements
were taken, and the mean value was calculated.

Figure 5. Abdominal trunk muscle strength measurement: (a) measured by wrapping the cuff around
the abdomen; (b) the difference between the peak pressure and the baseline pressure is calculated.

2.8. Statistical Analysis

Data for each item of the RM, SS, and CON are presented as means and standard devi-
ations. The data distribution of each item was determined to follow a normal distribution
using the Shapiro–Wilk test. To examine the effects of repeated measures with pre- and
post-intervention as one factor and the three conditions (RM, SS, and CON) as another
factor, we conducted a two-way analysis of variance for gliding, lumbar flexibility, and
abdominal trunk muscle strength. The sphericity test was based on Mauchly’s test, and
the Greenhouse–Geisser correction was used if the sphericity was significant. When an
interaction was observed, post hoc comparisons were made using a paired t-test with pre-
and post-intervention values for each condition (RM, SS, CON). A change in the value
obtained by subtracting the value before the intervention from the value after the inter-
vention was considered positive. The reliability of the ultrasonic echo gliding coefficient,
lumbar flexibility, and abdominal trunk muscle strength was analyzed using the intraclass
correlation coefficient (ICC1,3) and was measured three times. Statistical analysis software
(SPSS version 27.0, IBM, NY, USA) was used for processing, and the significance level
was set at p < 0.05. The effect size (d), calculated for comparison before and after each
intervention, corresponded to the following criteria: trivial, <0.2000; small, 0.2000–0.5000;
medium, 0.5000–0.8000; and large, >0.8000 [25]. The effect size (partial η2) calculated for
the analysis of variance was classified according to the following criteria: trivial, <0.0099;
small, 0.0099–0.0588; medium, 0.0588–0.1379; and large, >0.1379 [26].

3. Results

Table 1 presents the intervention results for the three conditions. The gliding coef-
ficient showed a significant interaction (F = 5.358, p = 0.008, partial η2 = 0.189: large),
and a post hoc comparison showed that the cross-correlation coefficient decreased only
with RM and improved gliding (−0.080, p = 0.004, d = 0.66: medium). Lumbar flexibility
showed a significant interaction (F = 5.135, p = 0.010, partial η2 = 0.183: large), and the post
hoc comparison showed improved lumbar flexibility only with RM (+1.27 cm, p = 0.001,
d = 0.77: medium). Abdominal trunk muscle strength also showed significant interactions
(F = 6.081, p = 0.005, partial η2 = 0.209: large), and post hoc comparisons showed im-
provement in abdominal trunk muscle strength only with the RM (+1.56 kPa, p < 0.001,
d = 0.85: large). The ICC (1,3) of the cross-correlation coefficient between the subcutaneous
tissue and the multifidus muscle, which indicates gliding, was 0.828–0.941 (95% confidence
interval = 0.663–0.972, p < 0.001), indicating significant reproducibility. The ICCs (1,3)



Sports 2023, 11, 147 7 of 11

of lumbar flexibility and abdominal trunk muscle strength measured three times were
0.995–0.998 (95% confidence interval = 0.991–0.999, p < 0.001) and 0.975–0.983 (95% confidence
interval = 0.952–0.992, p < 0.001), respectively. Furthermore, both showed high reliability.

Table 1. Comparison of each condition before and after intervention.

Pre-
Intervention

Post-
Intervention

Change Value
[95% CI]

ES Interaction ES

d F P Partial η2

Gliding

RM 0.73 ± 0.13 0.65 ± 0.15 −0.08 ± 0.12 **
[−0.13, −0.03] 0.66

5.358 0.008 ** 0.189SS 0.71 ± 0.11 0.70 ± 0.11 −0.01 ± 0.12
[−0.06, 0.04] 0.08

CON 0.70 ± 0.13 0.72 ± 0.13 0.01 ± 0.09
[−0.03, 0.05] 0.15

Lumber flexibility
(cm)

RM 37.0 ± 10.6 38.3 ± 10.1 1.27 ± 1.65 **
[0.57, 1.96] 0.77

5.135 0.010 * 0.183SS 37.8 ± 10.4 38.5 ± 10.3 0.67 ± 1.70
[−0.05, 1.38] 0.39

CON 37.6 ± 10.3 37.3 ± 10.0 −0.23 ± 1.31
[−0.78, 0.32] 0.18

Abdominal trunk
muscle strength

(kPa)

RM 20.4 ± 6.2 22.0 ± 6.2 1.56 ± 1.82 **
[0.79, 2.33] 0.85

6.081 0.005 ** 0.209SS 21.6 ± 6.3 22.1 ± 6.0 0.54 ± 1.56
[−0.12, 1.20] 0.34

CON 21.5 ± 5.6 21.2 ± 5.9 −0.24 ± 1.92
[−1.05, 0.57] 0.13

Mean ± standard deviation, 95% CI = 95% confidence interval, ES = effect size, RM = roller massage, SS = static
stretching, CON = control, ** p < 0.01, * p < 0.05 at post hoc test.

4. Discussion

This study examined the effects of the self-myofascial release of the lower back mus-
cles, including the thoracolumbar fascia, on changes in muscle/fascia dynamics, lumbar
flexibility, and abdominal trunk muscle strength. Only the RM intervention improved
gliding, lumbar flexibility, and abdominal trunk muscle strength.

In previous studies that used ultrasonic echo video analysis software, improved
gliding between the subcutaneous tissue and the vastus lateralis muscle after a greater
trochanteric fracture was associated with improved lateral thigh pain [22]. The effect of
a decrease in the cross-correlation coefficient between subcutaneous tissue and muscle
was similar to that observed in our study. The deep layers of subcutaneous adipose tissue
form a mobile layer that facilitates smooth movement in the musculoskeletal system and
plays an important role in inter-tissue gliding [27]. Hyaluronic acid has been suggested
to play a role in fascia-to-muscle gliding [28]. As the shear rate increases, the hyaluronic
acid molecules do not quickly return to their undisturbed shape and become less vis-
cous [29]. This study showed significant improvement in gliding with RM intervention.
The constant rate of pressure with RM may have increased fluid pressure, tissue tem-
perature, and gliding; reduced viscosity between tissues; and improved gliding between
myofascial layers.

Only the RM intervention showed a significant increase in lumbar flexibility. This
result is consistent with recent evidence of the positive effects of RM interventions [14].
Fascia release is a method of direct pressure application that reduces fascia densification
and strain and has been mechanically and neurophysiologically proven to induce fascial
fiber changes, cellular responses, piezoelectric effects, and blood flow [5]. Previous studies
have also reported that RM interventions alter spinal excitability and affect the range of
motion [30]. Lumbar dysfunction is characterized by deep trunk weakness and overactivity
of superficial muscles, including the erector spinae muscles [31,32]. In contrast, myofascial
release directly acts on muscles and soft tissues and decreases the resting activity of
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the paraspinal muscles of the lumbosacral spine [33]. In our study, RM interventions
were performed on the lower back, which may have directly improved lumbar flexibility.
However, no significant improvement in lumbar flexibility was observed with the SS
intervention. The multifidus muscle, located in the lumbar region of the trunk, causes trunk
extension, ipsilateral lateral flexion, and contralateral rotation; however, the movement
of the lumbar facet joint during exercise is <6◦ [34]. Stretching can be difficult because
of the relationship between the origin and insertion of the multifidus muscle and muscle
length [35].

RM intervention in the lumbar region improved abdominal trunk muscle strength.
Previous studies have reported that reduced stiffness of the thoracolumbar fascia caused
by fascia release and subsequent relaxation allows the trunk extensors to function more
efficiently [9]. A synergistic effect was observed between the multifidus and transversus
abdominis muscles. Those who performed isometric contraction of the multifidus muscle
showed 4.5 times higher transversus abdominis muscle contraction than those who per-
formed poorly, and poor multifidus muscle contraction correlated with poor transversus
abdominis muscle contraction [36]. The trunk-stabilizing muscles, including the internal
oblique, transversus abdominis, and multifidus muscles, are attached to the spine via
the thoracolumbar fascia and contribute to trunk stability [37]. These myofascial muscles
work together to create a corset-like system with balanced tension [38]. Synergistic ef-
fects between the core muscles have been reported in systematic reviews [39]. Increased
thickness during the transversus abdominis muscle contraction has been shown in healthy
participants after an invasive intervention on the lumbar multifidus muscle [40]. Results
from cadaveric and animal studies suggest that structural and molecular changes in my-
ofascia affect force transmission during exercise [41]. Previous studies have shown that
massage increases skin and intramuscular temperatures [42], which increases muscle out-
put [43,44]. The RM intervention in this study may have affected the force transfer of
the abdominal trunk muscles owing to the myofascial coupling of the core musculature
via the multifidus muscles. In our study, muscle strength did not improve after SS in-
tervention, which is consistent with the results of a previous study [9]. No decrease in
muscle strength was observed, possibly because effective stretching is difficult to perform.
Therefore, routine self-myofascial release with RM may provide proper care for myofas-
cial structures and contribute to performance improvements and injury prevention in
college athletes.

This study had some limitations. First, it only included young college athletes without
low back pain; therefore, it is unclear whether the results apply to other age groups or
people with low back pain. Second, we did not assess the changes in body temperature
or the autonomic nervous system. Third, the participants were subjected to subjective
intensity in the RM and SS interventions; therefore, individual differences in intensity are a
potential limitation. Fourth, the myofascial gliding measurements and sit-and-reach tests
included movements in which the hamstrings were extended, which could have affected
the results of this study, although there was no direct intervention on the hamstrings.
Fifth, due to the absence of blinding among participants and researchers, the possibility of
introducing bias or influencing the results cannot be ruled out. Sixth, the same procedures
were used for each intervention, with appropriate warm-up exercises, and the participants
were encouraged to give their maximum effort each time. Nevertheless, the participant
expectations and the warm-up exercises may have had an impact on the results. Finally,
although the immediate effects were investigated, the long-term effects were not; therefore,
future research is needed.

5. Conclusions

The results of this study suggest that the RM intervention immediately improves
myofascial gliding, lumbar flexibility, and abdominal trunk muscle strength. RM may
be useful for the self-myofascial release of the lumbar back. We recommend that college
athletes incorporate this technique into their daily core conditioning routine to optimize
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lumbar and trunk functions. This may contribute to the prevention of back organic disor-
ders and physical performance. RM may also be helpful in planning training programs
and rehabilitation protocols for individuals with low back pain due to myofascial issues
and those who wish to improve it.

Author Contributions: Conceptualization, Y.N.; data curation, R.K.; formal analysis, K.O., R.M. and
M.K.; investigation, Y.T., T.M. and S.A.; methodology, Y.N., K.O., R.M., M.K., Y.T., T.M. and S.A.;
project administration, Y.N.; writing—original draft, Y.N. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by JSPS KAKENHI (grant number: JP21K17531) awarded to Y.N.
The Article Processing Charges were also funded by JSPS KAKENHI.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Daiichi Institute of Technology (protocol
code 21-002, 1 September 2021).

Informed Consent Statement: Informed consent was obtained from all participants included in
the study.

Data Availability Statement: The datasets generated and/or analyzed in the current study are
available from the corresponding authors upon reasonable request.

Acknowledgments: The authors thank Kanta Nagao for providing administrative support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Heneweer, H.; Staes, F.; Aufdemkampe, G.; van Rijn, M.; Vanhees, L. Physical Activity and Low Back Pain: A Systematic Review

of Recent Literature. Eur. Spine J. 2011, 20, 826–845. [CrossRef] [PubMed]
2. Mortazavi, J.; Zebardast, J.; Mirzashahi, B. Low Back Pain in Athletes. Asian J. Sport. Med. 2015, 6, e24718. [CrossRef]
3. Cheatham, S.W.; Kolber, M.J.; Cain, M.; Lee, M. The Effects of Self-Myofascial Release Using a Foam Roll or Roller Massager on

Joint Range of Motion, Muscle Recovery, and Performance: A Systematic Review. Int. J. Sport. Phys. Ther. 2015, 10, 827–838.
4. Ajimsha, M.S.; Shenoy, P.D. Improving the Quality of Myofascial Release Research—A Critical Appraisal of Systematic Reviews.

J. Bodyw. Mov. Ther. 2019, 23, 561–567. [CrossRef] [PubMed]
5. Beardsley, C.; Škarabot, J. Effects of Self-Myofascial Release: A Systematic Review. J. Bodyw. Mov. Ther. 2015, 19, 747–758.

[CrossRef] [PubMed]
6. Weerapong, P.; Hume, P.A.; Kolt, G.S. The Mechanisms of Massage and Effects on Performance, Muscle Recovery and Injury

Prevention. Sport. Med. 2005, 35, 235–256. [CrossRef]
7. McHugh, M.P.; Cosgrave, C.H. To Stretch or Not to Stretch: The Role of Stretching in Injury Prevention and Performance. Scand. J.

Med. Sci. Sport. 2010, 20, 169–181. [CrossRef]
8. Behm, D.G.; Blazevich, A.J.; Kay, A.D.; McHugh, M. Acute Effects of Muscle Stretching on Physical Performance, Range of Motion,

and Injury Incidence in Healthy Active Individuals: A Systematic Review. Appl. Physiol. Nutr. Metab. 2016, 41, 1–11. [CrossRef]
9. Fonta, M.; Tsepis, E.; Fousekis, K.; Mandalidis, D. Acute Effects of Static Self-Stretching Exercises and Foam Roller Self-Massaging

on the Trunk Range of Motions and Strength of the Trunk Extensors. Sports 2021, 9, 159. [CrossRef]
10. Ozsoy, G.; Ilcin, N.; Ozsoy, I.; Gurpinar, B.; Buyukturan, O.; Buyukturan, B.; Kararti, C.; Sas, S. The Effects of Myofascial Release

Technique Combined with Core Stabilization Exercise in Elderly with Non-specific Low Back Pain: A Randomized Controlled,
Single-Blind Study. Clin. Interv. Aging 2019, 14, 1729–1740. [CrossRef]

11. Maganaris, C.N.; Baltzopoulos, V.; Sargeant, A.J. In Vivo Measurement-Based Estimations of the Human Achilles Tendon Moment
Arm. Eur. J. Appl. Physiol. 2000, 83, 363–369. [CrossRef]

12. Masaki, M.; Ji, X.; Yamauchi, T.; Tateuchi, H.; Ichihashi, N. Effects of the Trunk Position on Muscle Stiffness That Reflects
Elongation of the Lumbar Erector Spinae and Multifidus Muscles: An Ultrasonic Shear Wave Elastography Study. Eur. J. Appl.
Physiol. 2019, 119, 1085–1091. [CrossRef] [PubMed]

13. Whatman, C.; Knappstein, A.; Hume, P. Acute Changes in Passive Stiffness and Range of Motion Post-stretching. Phys. Ther.
Sport 2006, 7, 195–200. [CrossRef] [PubMed]

14. Nakamura, M.; Konrad, A.; Kiyono, R.; Sato, S.; Yahata, K.; Yoshida, R.; Yasaka, K.; Murakami, Y.; Sanuki, F.; Wilke, J. Local
and Non-local Effects of Foam Rolling on Passive Soft Tissue Properties and Spinal Excitability. Front. Physiol. 2021, 12, 702042.
[CrossRef]

15. Willard, F.H.; Vleeming, A.; Schuenke, M.D.; Danneels, L.; Schleip, R. The Thoracolumbar Fascia: Anatomy, Function and Clinical
Considerations. J. Anat. 2012, 221, 507–536. [CrossRef] [PubMed]

https://doi.org/10.1007/s00586-010-1680-7
https://www.ncbi.nlm.nih.gov/pubmed/21221663
https://doi.org/10.5812/asjsm.6(2)2015.24718
https://doi.org/10.1016/j.jbmt.2019.03.011
https://www.ncbi.nlm.nih.gov/pubmed/31563370
https://doi.org/10.1016/j.jbmt.2015.08.007
https://www.ncbi.nlm.nih.gov/pubmed/26592233
https://doi.org/10.2165/00007256-200535030-00004
https://doi.org/10.1111/j.1600-0838.2009.01058.x
https://doi.org/10.1139/apnm-2015-0235
https://doi.org/10.3390/sports9120159
https://doi.org/10.2147/CIA.S223905
https://doi.org/10.1007/s004210000247
https://doi.org/10.1007/s00421-019-04098-6
https://www.ncbi.nlm.nih.gov/pubmed/30747266
https://doi.org/10.1016/j.ptsp.2006.07.002
https://www.ncbi.nlm.nih.gov/pubmed/21663832
https://doi.org/10.3389/fphys.2021.702042
https://doi.org/10.1111/j.1469-7580.2012.01511.x
https://www.ncbi.nlm.nih.gov/pubmed/22630613


Sports 2023, 11, 147 10 of 11

16. Halperin, I.; Aboodarda, S.J.; Button, D.C.; Andersen, L.L.; Behm, D.G. Original Research Roller Massager Improves Range of
Motion of Plantar Flexor Muscles without Subsequent. Int. J. Sport. Phys. Ther. 2014, 9, 92–102.

17. Krause, F.; Wilke, J.; Niederer, D.; Vogt, L.; Banzer, W. Acute Effects of Foam Rolling on Passive Stiffness, Stretch Sensation and
Fascial Sliding: A Randomized Controlled Trial. Hum. Mov. Sci. 2019, 67, 102514. [CrossRef]

18. Behm, D.G.; Kibele, A. Effects of Differing Intensities of Static Stretching on Jump Performance. Eur. J. Appl. Physiol. 2007, 101,
587–594. [CrossRef]

19. Masaki, M.; Aoyama, T.; Murakami, T.; Yanase, K.; Ji, X.; Tateuchi, H.; Ichihashi, N. Association of Low Back Pain with Muscle
Stiffness and Muscle Mass of the Lumbar Back Muscles, and Sagittal Spinal Alignment in Young and Middle-Aged Medical
Workers. Clin. Biomech. 2017, 49, 128–133. [CrossRef]

20. Farnebäck, G.; Motion, T.-F. Two-Frame Motion Estimation Based on Polynomial Expansion. In Image Analysis; Lecture Notes in
Computer Science; Springer: Berlin/Heidelberg, Germany, 2003; Volume 2749, pp. 363–370. ISBN 978-3-540-40601-3.

21. Yamashita, T.; Ozawa, K.; Gamada, K. Validity and Reliability of Velocity Measurements on Ultrasonography Using Custom
Software with an Optical-Flow Algorithm. J. Phys. Ther. Sci. 2020, 32, 130–139. [CrossRef]

22. Kawanishi, K.; Kudo, S.; Yokoi, K. Relationship between Gliding and Lateral Femoral Pain in Patients with Trochanteric Fracture.
Arch. Phys. Med. Rehabil. 2020, 101, 457–463. [CrossRef] [PubMed]

23. Hui, S.S.; Yuen, P.Y. Validity of the Modified Back-Saver Sit-and-Reach Test: A Comparison with Other Protocols. Med. Sci. Sport.
Exerc. 2000, 32, 1655–1659. [CrossRef] [PubMed]

24. Kato, S.; Murakami, H.; Inaki, A.; Mochizuki, T.; Demura, S.; Nakase, J.; Yoshioka, K.; Yokogawa, N.; Igarashi, T.;
Takahashi, N.; et al. Innovative Exercise Device for the Abdominal Trunk Muscles: An Early Validation Study. PLoS ONE 2017,
12, e0172934. [CrossRef] [PubMed]

25. Cohen, J. Statistical Power Analysis for the Behavioral Science; Routledge: London, UK, 1988; ISBN 9781134742707.
26. Richardson, J.T.E. Eta Squared and Partial Eta Squared as Measures of Effect Size in Educational Research. Educ. Res. Rev. 2011, 6,

135–147. [CrossRef]
27. Nakajima, H.; Imanishi, N.; Minabe, T.; Kishi, K.; Aiso, S. Anatomical Study of Subcutaneous Adipofascial Tissue: A Concept of

the Protective Adipofascial System (PAFS) and Lubricant Adipofascial System (LAFS). Scand. J. Plast. Reconstr. Surg. Hand Surg.
2004, 38, 261–266. [CrossRef]

28. Stecco, C.; Stern, R.; Porzionato, A.; Macchi, V.; Masiero, S.; Stecco, A.; De Caro, R. Hyaluronan within Fascia in the Etiology of
Myofascial Pain. Surg. Radiol. Anat. 2011, 33, 891–896. [CrossRef]

29. Cowman, M.K.; Schmidt, T.A.; Raghavan, P.; Stecco, A. Viscoelastic Properties of Hyaluronan in Physiological Conditions.
F1000Research 2015, 4, 622. [CrossRef] [PubMed]

30. Young, J.D.; Spence, A.J.; Behm, D.G. Roller Massage Decreases Spinal Excitability to the Soleus. J. Appl. Physiol. 2018, 124,
950–959. [CrossRef]

31. Chen, Y.H.; Chai, H.M.; Shau, Y.W.; Wang, C.L.; Wang, S.F. Increased Sliding of Transverse Abdominis during Contraction after
Myofascial Release in Patients with Chronic Low Back Pain. Man. Ther. 2016, 23, 69–75. [CrossRef]

32. Claus, A.P.; Hides, J.A.; Moseley, G.L.; Hodges, P.W. Different Ways to Balance the Spine in Sitting: Muscle Activity in Specific
Postures Differs between Individuals with and without a History of Back Pain in Sitting. Clin. Biomech. 2018, 52, 25–32. [CrossRef]
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