European Journal of Sport Sciences
WWW.ej-sport.org

RESEARCH ARTICLE

Effect of Different Foam Rolling Sensitivities
on the Amount of Change in Range of Motion:
A Randomized Controlled Trial

Hiroto Kobune, Yoshiaki Kubo, Yasushi Fukuda, Yuto Matsuura, Takeyuki Kato, and Koji Koyama

ABSTRACT

Foam rolling (FR) is an easy-to-perform self-care activity to improve the
range of motion in patients with injuries. However, even if FR is performed
at the same intensity, the feeling differs depending on the patient. In
addition, FR affects the contralateral side. This phenomenon is called cross
education. Therefore, the main purpose of this study was to examine the
relationship between FR sensitivities and FR efficacy. The secondary
purpose was to determine how FR intensity perception influences cross
education. In this study, FR sensitivity was calculated using the Visual
Analogue Scale (VAS). The difference in the effect of FR sensitivity was
evaluated using the correlation between the amount of change in PRE-test
to POST- test ROM and VAS. The experimental procedure in this study
first measures ankle dorsiflexion range of motion (ROM) on the left and
right leg. Immediately after measurement, 3sets of FR were performed on
one random leg. Participants wrote the VAS of FR for each set during the
rest period of each FR intervention set. Immediately after 3 sets of FR, the
ROM was measured in the left and right legs. Statistical analysis
performed Two-way repeated measures ANOVA in group comparison. As
a result, two-way ANOVA did not show a significant effect of group (F =
0.003, P = 0.95) or interaction effect (F = 2.28, P = 0.14). In contract, time
had a significant effect (F = 39.65, P = 0.001). Post hoc result in [Dominant
leg] PRE: 19.7 £7.6° POST: 22.2 +£7.3° P = 0.001 A = 0.33. [Non-dominant
leg] PRE: 20.0 + 7.8° POST: 21.6 + 7.8° P = 0.01, A = 0.21). On the other
hand, Pearson’s correlation coefficient was used for the correlation
between the amount of change in ROM and VAS. As a result, a dominant
leg significant negative correlation was observed between the 3dr set of FR
VAS score and the amount of change in ROM (r = -0.38, P = 0.04). Non-
dominant leg significant correlations were observed third set of FR VAS
score and amount of change in ROM (r = 0.41, P = 0.03). The result of this
study suggested that it is necessary to perform FR with a comfortable
stimulus on the dominant leg to maximize the effect of FR.
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Injuries, such as fractures and dislocations, are often treated with immobilization using casts. In Japan,

such treatment is performed not only by doctors but also by judo therapists (A Japanese traditional
therapist). Long term immobilization can cause range of motion (ROM) restriction. ROM restriction also
increases the risk of injury. Various studies reported that ankle dorsiflexion restriction can cause ankle
sprains (de Noronha et al., 2006; Fong et al., 2011; Hoch & McKeon, 2010). Therefore, it is important to
improve ROM restriction during rehabilitation. The ROM restriction involves ankle dorsiflexion of the
triceps surae, knee flexion of the quadriceps, straight leg rising (SLR) of the hamstrings and elbow flexion
of the triceps. Therefore, antagonist muscles influence ROM restriction.

Stretching has been proven effective in improving ROM restriction. Stretching was found more effective
at high stimulation than at low stimulation (Kataura et al., 2017; Nakamura et al., 2021a). Foam rolling
(FR) is a potential technique to improve ROM (Fig. 1). FR is a self-care tool that uses foam rollers and
recently, it has gained popularity as it is easy to perform independently on a daily basis. Various effects of
FR have been examined. For example, several researchers have reported improvements in ROM. These
include ankle dorsiflexion, SLR, sit and reach, and heel-buttock distance (Grabow et al., 2018; Hodgson et
al., 2018; Nakamura et al., 2021b; Smith et al., 2018; Yoshimura et al., 2020). In these studies, FR was
performed on the antagonist muscle. In addition, FR is effective not only on the intervening side but also
on the non-intervening side. This phenomenon is called the crossover effect or cross-transfer (Garcia-
Gutiérrez et al., 2018; Kelly & Beardsley, 2016; Killen et al., 2019). However, it is not clear how much
stimulus intensity can induce the crossover effect and cross transfer.
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Fig. 1. Stick type foam roller.

Additionally, FR improves performance in countermovement jumps (Lin et al., 2020; Richman et al.,
2019) and vertical jump heights (Peacock et al., 2014; Smith et al., 2018). In addition to the benefits of
improving jump performance, previous studies suggested that athletes use FR for a variety of reasons
including to increase ROM and flexibility, as a warm-up or cool-down activity enhances recovery and
reduce muscle soreness and muscle stiffness during pre- and post- workout activities. However, FR exhibits
a variety of stimulation intensities. Perceived pain of 7/10 on a visual analog Scale (VAS-10). Within the
ranges of 15-25%, 32-52%, and 24.2% of their body weight, respectively. (Grabow et al., 2018; Medeiros
et al., 2020; Nakamura et al., 2021b; Okamoto et al., 2014; Yoshimura et al., 2021). Therefore, the
stimulation intensity of the FR varied depending on the study. Despite this, the ROM improved in all cases.

Therefore, we believe that participants’ sensitivity was more important than the intensity of the stimulus.
We hypothesized that the stronger the participants’ perceived FR stimulation, the greater the improvement
in ROM after FR. Second, cross-education appeared more prominent as participants experienced a high
stimulation of FR. The main purpose of this study was to examine the effect of the difference in the
perception of FR on the amount of change in ankle dorsiflexion ROM from PRE-test to POST-test, that is,
before and after FR. The secondary purpose was to determine how FR intensity perception influences the
crossover effect. In addition, in most previous studies, the foam roller was used with body weight (Fig. 2);
there have been few reports on the effectiveness of stick-type foam rollers (Fig. 1). Therefore, in this study,
the effects of a stick-type foam roller were examined.

it

StretchPole.

Fig. 2. Put body weight on the foam roller.

Il. METHOD

A. Study Design

In this randomized controlled trial, ankle dorsiflexion before and after foam rolling was compared using
the following procedure: (1) The left and right ankle dorsiflexion was measured; (2) three sets of foam
rolling intervention were performed; (3) the participant completed a VAS during the rest period after each
FR intervention set; and (4) immediately after (1)—(3), ankle dorsiflexion was measured again on the left
and right sides (Fig. 3).

(1) PRE — test

Ankle dorsiflexion

(Dominant
( 30 second 3 set) Non — Dominant leg)

(Dominant leg and
Non — Dominant leg)

Fig. 3. The experimental procedure.
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B. Participants

Thirty healthy university students including 14 males (20.1 + 1.4 years, 172.3 = 3.9 cm, 65.3 + 4.8 kg)
and 16 females (20.1 = 1.9 years, 158.1 + 4.7 cm, 52.9 £ 6.3 kg) were recruited. The purpose of the
experiment was explained orally to all participants, and they were informed of the benefits and risks of the
investigation prior to signing an institutionally approved informed consent document to participate in the
study. All the participants provided written informed consent. This study was approved by the Tokyo
Avriake University of Medical and Health Sciences (Ethics approval number: 370). None of the participants
performed routine strenuous exercise. Inclusion criteria were no injuries to the ankle and triceps surae in
the previous year (i.e., ankle sprain and pulled muscle). Patients who had undergone surgery on their lower
limbs were excluded.

C. Measurement
1) Ankle Dorsiflexion

To measure the ankle dorsiflexion of the dominant and non-dominant legs, participants were positioned
supine with their hips and knees flexed at 90° on a bed. The stationary arm of the goniometer was placed
parallel to the long axis of the lower leg between the fibular head and the lateral malleolus, and the moving
arm was placed at the fifth metatarsal. The ankle dorsiflexion was measured using the goniometer, before
and after the FR intervention. The median values of three measurements were calculated. All measurements
were performed by an individual who was not involved in the study design.

2) Visual Analogue Scale (VAS)

The VAS was used to evaluate the sensitivity of each foam roller set. The score ranges from 0 mm
(painless) to 100 mm (the greatest conceivable pain) (Fig. 4) and is marked by the participants during rest
between the FR sessions. During each measurement, the mark of the previous set is hidden to avoid bias.
After the intervention, the written paper was placed in an envelope so that it could not be viewed by the
interventionist. Later, it was measured using a digital caliper of length t marked on a 100 mm line by the
participant, and the average of three measurements was taken. All measurements were performed by an
individual who was not involved in the study design.

0 100

Comfortable Discomfort

Fig. 4. VAS: 0 mm (painless) ~ 100 m (Conceivable the greatest pain)

D. Intervention
1) Foam Rolling

Immediately following the PRE-test, a stick-type foam roller (Tiger Tail, USA) was used for the
intervention. It has plastic handles on both ends and has a length of 45.5 cm, a diameter 3.5 cm, and a
circumference 11 cm. The intervention side was determined using an allocation table created from a random
number table generated in Latin 390 (Block Size 4%2 and Block Size 2x2) by a person who had no contact
with the participant. The order of allocation is shown in Fig. 5. The intervention side was blinded by the
investigator. In this study, the examiner applied the same amount of force to the participants while they
were in a prone position on the bed; the amount of force used was consistent with the force applied by the
participants. The target area was the medial gastrocnemius head (Calucaneus ridge popliteal fossa). The
foam rolling was applied in 3 sets of 30 seconds each with 30 seconds rest between each set. The foam
roller is rolled over the muscle within 2 seconds with the surface of the roller in contact with the skin. This
involves 1 second for distal to proximal and 1 second for proximal to distal movement; the entire motion is
repeated for 30 seconds (Nakamura et al., 2021a).
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Eligibility (n=15)

= Exclusion (n=0)

v
Randomization (n=30)

|
g Right leg intervention (n=15) Left leg intervention (n=15)
é Received intervention (n=15) Received intervention (n=15)
% Received no intervention (n=0) Received no intervention (n=0)
o l l
% Untraceable (n=0) Untraceable (n=0)
) . . . . . .
2 Unable to continue intervention (n=0) Unable to continue intervention (n=0)
f
g Analysis (n=15) Analysis (n=15)
:% Exclude from analysis (n=0) Exclude from analysis (n=0)

Fig. 5. Depiction of the order of participant allocation.

E. Statistical Analysis|

All data were described as average + standard deviation (SD). All statistical analyses were performed
using the SPSS v.23 software. The statistical significance level was set at 0.05.

The dominant and non-dominant legs were compared using two-way ANOVA (time x group) with
repeated measures.

If a main effect of time was observed in a two-way ANOVA comparing the dominant and non-dominant
legs with repeated measures, a post hoc comparison was conducted using the Wilcoxon single-rank test to
compare the pre- and post-intervention values of ankle dorsiflexion in the dominant and non-dominant legs.
The relationship between foam rolling sensitivity and the amount of change in ROM from the PRE-test to
the POST-test was determined using Pearson’s correlation coefficient. Additionally, the effect size (ES)
was calculated from the results of the Wilcoxon signed-rank tests using Cohen’s A. These were classified
as 0.2 < small < 0.5, 5.0 < medium < 0.8, and 0.8 < large.

I1l. RESULTS

This study was conducted between June and July. Dominant leg and non-dominant leg statistical analyze
were performed in randomized numbers. No adverse events due to FR were observed in this study.

A. Ankle Dorsiflexion

Two-way repeated-measures ANOVA did not show a significant main effect of group (F = 0.003, p =
0.95) or an interaction effect (F = 2.28, p = 0.14). However, time had a significant effect (F = 39.65, p =
0.001). There was no significant difference between the dominant and non-dominant legs before foam
rolling. (Dominant leg: 19.7 + 7.6°, Non-dominant leg: 20.0 = 7.8°, p = 0.73; see Table I).

Ankle dorsiflexion of both the dominant and non-dominant legs significantly increased after the FR
(Dominant leg: PRE: 19.7 = 7.6 °, POST: 22.2 + 7.3°, p = 0.001, A = 0.33; Non-dominant leg: PRE: 20.0
+7.8°, POST: 21.6 £ 7.8°, p=0.01, A = 0.21; see Table II).

TABLE I: COMPARISON OF DOMINANT AND NON-DOMINANT LEG DORSIFLEXION ON PRE-TEST
Dominant leg Non-dominant leg p-value
Ankle dorsiflexion (°) 19.7+7.6 20.0+7.8 0.73
Note. Data showed mean + SD.
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TABLE II: COMPARISON OF PRE- AND POST-TEST ANKLE DORSIFLEXION OF THE DOMINANT AND NON-DOMINANT LEGS

PRE POST p-value Effect size
Dominant leg ankle dorsiflexion (°) 19.7+£7.6 222+73 0.001 A=0.33
Non-dominant leg ankle dorsiflexion (°) 20.0+7.8 21.6+7.8 0.01 A=0.21

B. Visual Analogue Scale (VAS)

Relationship between foam rolling sensitivity and amount of change in ROM from PRE-test to POST-
test. Significant negative correlations were observed between the third set VAS and the amount of change
in ankle dorsiflexion from PRE-test to POST-test of the dominant leg. On the other hand, no significant
correlation was observed between first and second set of VAS scores and the amount of change in ankle
dorsiflexion from PRE-test to POST-test of the dominant leg (first set: r = -0.29, p = 0.12; second set: r =
-0.36, p = 0.05; third set: r = 0.38, p = 0.04; see Fig. 6). Significant correlation was observed between the
third set VAS and the amount of change in ankle dorsiflexion from PRE-test to POST-test of the non-
dominant leg. On the other hand, no significant correlation was observed between the first and second set
VAS scores and the amount of change in ankle dorsiflexion from PRE-test to POST-test dorsiflexion of the
non-dominant leg (first set: r =0.17, p = 0.36; second set: r = 0.17, p = 0.7; third set: r =0.41, p = 0.03; see
Fig. 7).
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Fig. 6. Correlation between the VAS and amount of change in ankle dorsiflexion from PRE-test to
POST-test of dominant leg.
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Fig. 7. Correlation between the VAS and amount of change in ankle dorsiflexion from PRE-test to POST-test of non-dominant leg.

IV. DISCUSSION

In this study, ankle dorsiflexion was compared before and after FR. Second, we investigated the
relationship between foam rolling sensitivity and changes in ROM from PRE-test to POST-test. The
dominant and non-dominant legs showed a significant increase after foam rolling. In addition, the
relationship between FR sensitivity and the amount of change in ROM from PRE-test to POST-test was
significant. This is the first study to show that FR sensitivity is significantly associated with changes in
ankle dorsiflexion.

A. Ankle Dorsiflexion ROM

The results of this study are similar to those of previous studies that used body weights placed on a foam
roller (Nakamura et al., 2021a; Smith et al., 2019). Therefore, we also thought that stick-type foam rollers
would have the same effect as the body weight placed on the foam roller. However, ES (A) observed was
small in this study (Comparison of PRE-test and POST-test in dominant leg showed A = 0.33, non-dominant
leg showed A =0.21). Therefore, a significant difference was observed between groups. However, the
observed effect size (A) was small. We believe that this was due to the large variation in data and small
changes in ROM in healthy subjects.

In this study, an increased non-dominant leg ROM was observed. This is called the crossover effect or
cross-education (Garcia-Gutiérrez et al., 2018; Kelly & Beardsley, 2016; Killen et al., 2019). In this study,
the results were similar to those of previous studies. The reason for the increase in ROM is increased stretch
tolerance (Behm et al., 2016; Hodgson et al., 2018; Konrad et al., 2022).

In contrast, a recent study suggested that the FR mechanism is influenced by changes in the muscle fiber
viscosity. This change in viscosity is commonly referred to as thixotropy (Garcia-Gutiérrez et al., 2018;
Kelly & Beardsley, 2016). Thixotropy is caused by the application of pressure stimulation to muscle fibers,
which liquefy as a result of pressure stimulation. However, thixotropy has not been reported in any studies.
An ultrasound device can be used for observation. The advantage of using ultrasound devices is that they
can be performed non-invasively, eliminating the influence of invasiveness on the experimental results. A
previous study evaluated the pinnate angle of the triceps surae using an ultrasound device to evaluate the
effect of FR (Yoshimura et al., 2020). Before conducting this study, we attempted to evaluate changes in
the muscle fiber elongation rate using ultrasound, referring to a previous study; however, the same images
could not be obtained before and after the intervention. Therefore, we believe that the evaluation of
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thixotropy using ultrasound is unreliable. We believe that it is necessary to establish a thixotropy evaluation
method by repeating these experiments in the future.

B. Visual Analogue Scale (VAS)

The main finding of the present study was that FR sensitivity was significantly associated with the degree
of change in ankle dorsiflexion. In this study, we evaluated the relationship between foam rolling
sensitivities and the amount of change in ROM from PRE-test to POST-test, which revealed significant
negative correlations between the third set VAS and the amount of change in ankle dorsiflexion from PRE-
test to POST-test of the dominant leg. However, a negative correlation was observed overall and not only
in the third set. This result contradicted our hypothesis.

The same examiner performed all interventions. Therefore, the magnitude of the stimulation was the
same. However, individuals exhibit different FR sensitivities. Our study revealed a negative correlation
between the participants’ perceived pain, as measured by their VAS score for FR, and the extent of their
ROM changes. This finding indicates that as participants perceive FR to be more painful, its effectiveness
in improving ROM decreases. On the contrary, it has been reported that the higher the intensity of
stretching, the better the ROM (Kataura et al., 2017; Nakamura et al., 2021a). Stretching is thought to
improve the ROM by increasing stretch tolerance. Stretching is performed to stretch the muscles. In
contrast, FR is applied to the muscle as a pressure stimulus. This mechanical stimulus differs from
stretching.

The pressure stimulus is painful. Thus, we thought that this was due to the flexion caused by the
stimulation of nociceptors by FR. Consequently, the flexors of the triceps surae became tense. Therefore,
the triceps surae extension rate and ROM decreased.

However, a significant difference was observed in the non-dominant leg. This phenomenon is known as
cross-education (Garcia-Gutiérrez et al., 2018; Kelly & Beardsley, 2016). The crossover effect and cross-
education were evaluated in a previous study. However, this study is the first to evaluate the relationship
between the amount of change in ROM and FR sensitivity. In previous studies, cross-education was thought
to involve the central nervous system (Garcia-Gutiérrez et al., 2018; Kelly & Beardsley, 2016). This was
considered the result of the crossed extensor reflex, which causes an accelerated contraction of the extensor
muscles in non-dominant leg. We believe that this contributed to ROM improvement in non-dominant leg
and the ROM improved in non-dominant leg as the participant felt that the stimulus was stronger. Thus, the
improvement in ROM in non-dominant leg is also called cross-education. However, the stimulus intensity
required to generate cross-education remains unclear. Therefore, we believe that this study will help
generate a stable cross-education.

We believe that the results of this study can be applied in the clinic. Some of the current clinical issues
are joint contracture and ROM restriction due to long-term immobilization. Performing FR on the affected
limb to improve ROM may be painful at times. In such cases, we hypothesized that the ROM of the affected
limb can be improved by performing FR on the unaffected limb. In the future, we will investigate whether
a decrease in ROM can be prevented by performing FR during immobilization.

V. CONCLUSION

This study investigated the effect of different foam rolling sensitivities on the change in the ROM. FR
had less of an effect, and the participants felt that the FR stimulus was stronger in the dominant leg. On the
other hand, non-dominant leg improved ROM, and the participant felt that the stimulus was stronger. Based
on the results of this study on the dominant leg, it is necessary to perform FR with a comfortable stimulus
to maximize the effect of FR. Therefore, we believe that future interventions in the study of FR will be
most effective if the subjects perform FR using a comfortable stimulus. Therefore, we believe that this will
be useful for determining the stimulation intensity in FR interventions.

The amount of change in ankle dorsiflexion ROM was very small, and the participants’ ROM was highly
variable. Therefore, it is necessary to recruit more participants to increase data reliability. The participants
in this study were mainly young individuals. Therefore, the results of this study may not be applicable to
all age groups.

We would like to this opportunity to thank the researchers and participants involved in this study. There
are no conflicts of interest to disclose in this study.

REFERENCES

Behm, D. G., Cavanaugh, T., Quigley, P., Reid, J. C., Nardi, P. S., & Marchetti, P. H. (2016). Acute bouts of upper and lower body
static and dynamic stretching increase non-local joint range of motion. European Journal of Applied Physiology, 116(1), 241-
249.

de Noronha, M., Refshauge, K. M., Herbert, R. D., Kilbreath, S. L., & Hertel, J. (2006). Do voluntary strength, proprioception, range
of motion, or postural sway predict occurrence of lateral ankle sprain? British Journal of Sports Medicine, 40(10), 824-828.

DOI: http://dx.doi.org/10.24018/ejsport.2023.2.5.93 Vol 2| Issue 5 | September 2023



RESEARCH ARTICLE

European Journal of Sport Sciences
WWW.ej-sport.org

Fong, C. M., Blackburn, J. T., Norcross, M. F., McGrath, M., & Padua, D. A. (2011). Ankle-dorsiflexion range of motion and landing
biomechanics. Journal of Athletic Training, 46(1), 5-10.

Garcia-Gutiérrez, M. T., Guillén-Rogel, P., Cochrane, D. J., & Marin, P. J. (2018). Cross transfer acute effects of foam rolling with
vibration on ankle dorsiflexion range of motion. Journal of Musculoskeletal and Neuronal Interactions, 18(2), 262-267.

Grabow, L., Young, J. D., Alcock, L. R., Quigley, P. J., Byrne, J. M., Granacher, U., Skarabot, J., & Behm, D. G. (2018). Higher
quadriceps roller massage forces do not amplify range-of-motion increases nor impair strength and jump performance. Journal
of Strength and Conditioning Research, 32(11), 3059-3069.

Hoch, M. C., & McKeon, P. O. (2010). The effectiveness of mobilization with movement at improving dorsiflexion after ankle sprain.
Journal of Sport Rehabilitation, 19(2), 226-232.

Hodgson, D. D., Lima, C. D., Low, J. L., & Behm, D. G. (2018). Four weeks of roller massage training did not impact range of motion,
pain pressure threshold, voluntary contractile properties or jump performance. International Journal of Sports Physical Therapy,
13(5), 835-845.

Kataura, S., Suzuki, S., Matsuo, S., Hatano, G., lwata, M., Yokoi, K., Tsuchida, W., Banno, Y., & Asai, Y. (2017). Acute effects of
the different intensity of static stretching on flexibility and isometric muscle force. Journal of Strength Conditioning Research,
31(12), 3403-3410.

Kelly, S., & Beardsley, C. (2016). Specific and cross-over effects of foam rolling on ankle dorsiflexion range of motion. International
Journal of Sports Physical Therapy, 11(4), 544-551.

Killen, B. S., Zelizney, K. L., & Ye, X. (2019). Crossover effects of unilateral static stretching and foam rolling on contralateral
hamstring flexibility and strength. Journal of Sport Rehabilitation, 28(6), 533-539.

Konrad, A., Nakamura, M., Paternoster, F. K., Tilp, M., & Behm, D. G. (2022). A comparison of a single bout of stretching or foam
rolling on range of motion in healthy adults. European Journal of Applied Physiology, 122(7), 1545-1557.

Lin, W. C,, Lee, C. L., & Chang, N. J. (2020). Acute effects of dynamic stretching followed by vibration foam rolling on sports
performance of badminton athletes. Journal of Sports Science and Medicine, 19(2), 420-428.

Medeiros, F. V. A., Bottaro, M., Martins, W. R., Ribeiro, D. L. F., Marinho, E. B. A., Viana, R. B., Ferreira-Junior, J. B., & Carmo,
J. C. (2020). The effects of one session of roller massage on recovery from exercise-induced muscle damage: A randomized
controlled trial. Journal of Exercise Science & Fitness, 18(3), 148-154.

Nakamura, M., Onuma, R., Kiyono, R., Yasaka, K., Sato, S., Yahata, K., Fukaya, T., & Konrad, A. (2021a). The acute and prolonged
effects of different durations of foam rolling on range of motion, muscle stiffness, and muscle strength. Journal of Sports Science
and Medicine, 20(1), 62-68.

Nakamura, M., Konrad, A., Kiyono, R., Sato, S., Yahata, K., Yoshida, R., Yasaka, K., Murakami, Y., Sanuki, F., & Wilke, J. (2021b).
Local and non-local effects of foam rolling on passive soft tissue properties and spinal excitability. Frontiers in Physiology, 12,
702042.

Okamoto, T., Masuhara, M., & lkuta, K. (2014). Acute effects of self-myofascial release using a foam roller on arterial function.
Journal of Strength and Conditioning Research, 28(1), 69-73.

Peacock, C. A., Krein, D. D., Silver, T. A., Sanders, G. J., & VON Carlowitz, K. A. (2014). An acute bout of self-myofascial release
in the form of foam rolling improves performance testing. International of Journal of Exercise Science, 7(3), 202-211.

Richman, E. D., Tyo, B. M., & Nicks, C. R. (2019). Combined effects of self-myofascial release and dynamic stretching on range of
motion, jump, sprint, and agility performance. Journal of Strength and Conditioning Research, 33(7), 1795-1803.

Smith, J. C., Pridgeon, B., & Hall, M. C. (2018). Acute effect of foam rolling and dynamic stretching on flexibility and jump height.
Journal of Strength and Conditioning Research, 32(8), 2209-2215.

Smith, J. C., Washell, B. R., Aini, M. F., Brown, S., & Hall, M. C. (2019). Effects of static stretching and foam rolling on ankle
dorsiflexion range of motion. Medicine & Science in Sport & Exercise, 51(8), 1752-1758.

Yoshimura, A., Schleip, R., & Hirose, N. (2020). Effects of self-massage using a foam roller on ankle range of motion and
gastrocnemius fascicle length and muscle hardness: A pilot study. Journal of Sport Rehabilitation, 29(8), 1171-1178.

Yoshimura, A., Sekine, Y., Schleip, R., Furusyo, A., Yamazaki, K., Inami, T., Murayama, M., & Hirose, N. (2021). The acute
mechanism of the self-massage-induced effects of using a foam roller. Journal of Bodywork and Movement Therapies, 27, 103-
112.

DOI: http://dx.doi.org/10.24018/ejsport.2023.2.5.93 Vol 2| Issue 5 | September 2023 n



