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Abstract  
“Foam Rolling” has been used in sports settings to increase range 
of motion and decrease muscle stiffness without decreasing mus-
cle strength and athletic performance. However, there has been 
no study investigating the acute and prolonged effect of different 
durations of foam rolling intervention on muscle stiffness, and the 
minimum foam rolling intervention duration required to decrease 
muscle stiffness is unclear. Therefore, the purpose of this study 
was to investigate the acute and prolonged effect of different du-
rations of foam rolling intervention on ROM, muscle stiffness, 
and muscle strength. The 45 participants were randomly allocated 
to 1 of 3 groups (30 s × 1 times group vs 30 s × 3 times group vs 
30 s× 10 times group). The outcome measures were dorsiflexion 
range of motion, shear elastic modulus of medial gastrocnemius, 
and muscle strength before, 2 min and 30 min after foam rolling 
intervention. There were no significant differences before and 2 
min after foam rolling intervention in 30 s×1 time group, whereas 
dorsiflexion range of motion was increased in both 30 s×3 times 
group (p = 0.042, d = 0.26) and 30 s× 10 times group (p < 0.01, d 
= 0.33). However, the increase in dorsiflexion range of motion 
was returned to baseline value after 30 minutes in both 30 s × 3 
times group and 30 s × 10 times group. In addition, there were no 
significant changes in shear elastic modulus and muscle strength 
in all groups. This study suggested that foam rolling for more than 
90 s or more of foam rolling was effective in order to increase the 
range of motion immediately without changing muscle stiffness 
and muscle strength. 
 
Key words: Shear elastic modulus, gastrocnemius muscle, dorsi-
flexion, isometric muscle strength. 

 
 
Introduction 
 
Generally, it is believed that flexibility is an important 
component of sport performance and injury prevention. In 
particular, it has been reported that low range of motion 
(ROM) (Backman and Danielson, 2011; Witvrouw et al., 
2001) lead to risk of sport injury. Therefore, an increase in 
ROM could be an effective approach for prevention of in-
jury and recurrence. For that reason, in various situations, 
e.g., athletic and rehabilitation settings, stretching and 
some intervention are performed to increase ROM. How-
ever, concerning static stretching for ≥ 60 s per muscle ten-
don unit (especially without a comprehensive warm-up) 
caution should be taken, since detrimental effects on mus-
cle performance were reported (Behm et al., 2016).  

Recently, “foam rolling” has been used in sports settings to 
increase ROM and decrease muscle stiffness as a compo-
nent of the warm-up routine. Yoshimura et al. (2019) re-
ported that 180-second foam rolling intervention increased 
ROM but did not change the morphology (fascicle length 
and aponeurosis displacement during passive stretching) of 
muscle. In addition, MacDonald et al. (2013) reported that 
120 s foam rolling intervention could increase ROM with-
out decreasing muscle strength. Moreover, a recent meta-
analysis by Wiewelhove et al. (2019) showed that foam 
rolling intervention resulted in a small improvement in 
sprint performance (+ 0.7%, effect size = 0.28) and flexi-
bility (+ 4.0%, effect size = 0.34), whereas the effect on 
jump (-1.9%, effect size = 0.09) and strength performance 
(+ 1.8%, effect size = 0.12) was negligible. Furthermore, 
Wilke et al. (2020) in their meta-analysis showed that foam 
rolling intervention had a large magnitude in ROM but was 
not superior to stretching intervention. Interestingly, Mo-
rales-Artacho et al. (2017) investigated the effect of foam 
rolling on hamstring muscle stiffness by measured shear 
wave elastography (SWE), and showed a decrease in mus-
cle stiffness after foam rolling intervention. To summarize 
these previous studies, it is assumed that foam rolling in-
tervention could increase ROM and decrease muscle stiff-
ness without decreasing muscle strength and athletic per-
formance. 

The previous studies showed that there was a dose-
response relationship between static stretching duration 
and the effect on ROM or muscle stiffness. In fact, many 
studies have reported that longer duration static stretching 
resulted in a greater increase in ROM and decrease in pas-
sive stiffness (Boyce and Brosky, 2008; Nakamura et al., 
2019; Nakamura et al., 2013). Similarly, it is possibility 
that there is a dose-response relationship between foam 
rolling duration and the effect on ROM. Phillips et al re-
ported that 300 s foam rolling intervention was more effec-
tive in increasing ROM than 60 s foam rolling intervention 

(Phillips et al., 2018)．In addition, Sullivan et al. (2013) 
investigated the effect of different durations of foam roll-
ing interventions on sit and reach test, and showed that the 
sit and reach test was increased significantly after more 
than 5 second foam rolling intervention, and there was a 
trend for 10 second rolling duration to increase sit and 
reach test more than 5 second rolling duration. However, 
Bradbury-Squires et al. (2015) investigate the effects of 
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100 second and 300 second foam rolling interventions on 
knee flexion ROM, and showed that there was a trend for 
300 second rolling duration to increase knee flexion ROM 
rather than 100 second rolling duration. Moreover, a sys-
tematic review by Hughes and Ramer (2019) investigated 
the dose-response relationship of foam rolling duration, 
and concluded that more than 90 s foam rolling could 
achieve a reduction in pain/soreness but the data were in-
sufficient to draw a dose-response relationship between 
foam rolling duration and the effect on ROM. Therefore, 
revisiting the effect of different duration foam rolling in-
tervention on ROM and muscle strength is warranted. Alt-
hough e.g. Morales-Artacho et al. (2017) found a decrease 
in overall muscle stiffness, to best of our knowledge, there 
has been no study investigating the acute effect of espe-
cially different durations of foam rolling intervention on 
muscle stiffness, and the minimum foam rolling interven-
tion duration required to decrease muscle stiffness is un-
clear. In addition, although the increase in ROM after 
stretching intervention might be involved an increase in 
passive torque (stretch tolerance) (Magnusson et al., 
1996; Nakamura et al., 2018), as well as changes in the 
stiffness of muscle tendon unit (Kubo et al., 2001; Morse 
et al., 2008), the mechanism of increase in ROM after 
foam rolling intervention is also unclear. Moreover, while 
the prolonged effect of foam rolling intervention is im-
portant for athletes, coaches, and therapists, the prolonged 
effect of different durations of foam rolling intervention is 
unclear. Therefore, the purpose of this study was to inves-
tigate the acute and prolonged effect (after 30 minutes) of 
different durations of foam rolling intervention on ROM, 
muscle stiffness, and muscle strength. We have hypothe-
sized that the longer duration of foam rolling intervention 
could have a greater and sustained effect of increasing 
ROM and decreasing muscle stiffness because there might 
be a dose-response relationship with the foam rolling ef-
fect. 
 
Methods 
 
Experimental Design 
A randomized measured experimental design was used to 
investigate the acute and prolonged effects of different du-
rations of foam rolling on ROM, shear elastic modulus of 
medial gastrocnemius (MG), and muscle strength in the 
dominant leg (the preferred leg for kicking a ball). Dorsi-
flexion (DF) ROM, passive torque, shear elastic modulus, 
and isometric muscle strength were measured before and 
after foam rolling for the plantar flexor muscle group. The 
participants were randomly allocated to 1 of 3 groups (30 s 
× 1 time group vs 30 s × 3 times group vs 30 s × 10 times 
group) in a 1:1 ratio using the alternation method 
(Nakamura et al., 2017). Based on a previous study (Kay 
and Blazevich, 2009), all measurements were taken prior 
to (PRE), 2 min after foam rolling (POST), and 30 minutes 
after foam rolling (30 min). In both 2 min and 30 min, par-
ticipants remained resting in a sitting position on the isoki-
netic dynamometer (Biodex system 3.0; Biodex Medical 
Systems, NY, USA) after foam rolling intervention. 
 

Participants 
This study included 45 sedentary healthy adults volunteers 
(23 male: age 21.3 ± 1.9 years; height 1.73 ± 0.05 m; body 
mass 62.3 ± 7.9kg, 22 female: age 20.7 ± 0.5 years; height 
1.58 ± 0.05 m; body mass 52.8 ± 6.7kg). Subjects with a 
history of neuromuscular disease or lower extremity mus-
culoskeletal injury were excluded. Before this experiment, 
subjects did not performed regular resistance training and 
stretching of the lower limbs for more than 3 months. All 
subjects were fully informed of the procedures and purpose 
of the study, and all provided written informed consent. 
The study was approved by the ethics committee at the Ni-
igata University of Health and Welfare, Niigata, Japan 
(Procedure 18304). Using G* power 3.1 software (Hein-
rich Heine University, Düsseldorf, Germany), the sample 
size required for a split-plot analysis of variance (ANOVA) 
(effect size = 0.40 (large), α error = 0.05, and power = 0.80) 
was calculated, and the required number of participants 
was more than 12 participants in each group. 
 
Assessment of DF ROM 
The subjects were secured in seated position in the chair of 
an isokinetic dynamometer with the knee angle at 0° (i.e., 
anatomical position). In addition, the trunk and the pelvis 
were fixed with the belt, and subjects were reclined (hip 
angle at 70°; 0° full extension) to prevent tension at the 
back of the knee. In this study, the footplate of the dyna-
mometer was passively and isokinetically dorsiflexed at a 
speed of 5°/s from neutral anatomical position to the dorsi-
flexion angle just before the subjects started to feel discom-
fort or pain (Akagi and Takahashi, 2013; Nakamura et al., 
2020; Sato et al., 2020). The subjects stopped the dyna-
mometer by activating a safety trigger when they started to 
feel discomfort or pain, and the angle just before this point 
was defined as DF ROM. The measurement was done 
twice, and the average value was used for future analysis. 
We confirmed that there was no heel raise during DF ROM 
measurements. In addition, passive torque at DF ROM was 
defined as the stretch tolerance (Gajdosik et al., 2007; 
Mizuno et al., 2013; Weppler and Magnusson, 2010). 
Throughout the passive dorsiflexion test, participants were 
requested to relax completely and not offer any voluntary 
resistance. We confirmed that there was no voluntary con-
traction by watching the passive torque-angle curve during 
DF ROM measurements. 
 
Assessment of shear elastic modulus of MG 
In this study, we measured shear elastic modulus of MG by 
ultrasonic SWE (Aplio 500, Toshiba Medical Systems, 
Tochigi, Japan) with a 5-14 MHz linear probe at 10° dorsi-
flexion, similar to the positions during the DF ROM meas-
urement. Shear elastic modulus of MG was measured at 
30% of the lower leg length from the popliteal crease to the 
lateral malleolus near the point at which the maximal cross-
sectional area in the lower leg is located (Akagi and 
Takahashi, 2013; Nakamura et al., 2014). Ultrasound im-
age measurements were performed twice in the state of the 
long axis image of MG. The analysis of shear wave speed 
in ultrasound images was performed using image analysis 
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software (MSI Analyzer version 5.0; Rehabilitation Sci-
ence Research Institute, Japan). The measurement of shear 
wave speed (Vs) was set as the region of interest (ROI) in 
the area as large as possible in MG, and the average value 
of shear wave speed inside the ROI set was obtained. The 
shear elastic modulus was calculated as µ (kPa) = ρVs

2, 
where ρ is muscle mass density (1000kg/m3). The average 
value of shear elastic modulus obtained from 2 ultrasound 
images was used for future analysis. 
 
Assessment of Maximum Voluntary Isometric Contrac-
tion torque 
The measurement of maximum voluntary isometric con-
traction (MVIC) torque was carried out using the dyna-
mometer (Biodex System 3.0, Biodex Medical Systems, 
Inc., Shirley, NY, USA). The measurement position was 
similar to the DF ROM and shear elastic modulus assess-
ment, and MVIC of the plantar flexors was measured with 
the ankle joint at the neutral position (0°). MVICs were 
performed for 5 s, and this was repeated two times with 60 
s rest between each trial. The average value of two MVICs 
was used for analyses. Strong, verbal encouragement was 
provided to promote participants’ maximal effort during 
contractions. 
 
Foam rolling intervention 
Foam rolling was applied over gastrocnemius muscle using 
a foam roller (Gold's Gym 18 Foam Roller, Logan, UT, 
USA) with a total diameter of 12.7 cm consisting of a 5-
mm thick hollow plastic core covered with a 12-mm layer 
of dense foam(Richman et al., 2019). The subjects were in-
structed to perform 30-second foam rolling bouts. In the 30 
s × 1 time group, the subjects performed only 1 set of foam 
rolling intervention. Moreover, in the 30 s × 3 times group 
and 30 s × 10 times group, the subjects performed 3 sets or 
10 sets of foam rolling intervention with 30 s rest between 
each set. In this study, 1 cycle of foam rolling intervention 
was defined as one distal rolling plus 1 subsequent proxi-
mal rolling movement, and the frequency in this study was 
30 cycles per 1 min using a metronome (Smart Metronome; 
Tomohiro Ihara, Japan). In detail, the subjects completed a 
total of 15 cycles for each set, in which adjusting the fre-
quency seemed easy for them because everyone could do 
it. Foam rolling was performed unilaterally in a seated po-
sition with knees extended but relaxed. With the dominant 
lower leg laying on the foam roller, the non-dominant 
lower leg was put on the dominant lower leg and the par-
ticipants used both hands on the floor to support their 
weight. Based on a previous studies (Kiyono et al., 2020; 
Krause et al., 2019), pressure was subjectively controlled 
with a target numerical rating scale rating of 7/10 (0 repre-
senting no discomfort and 10 representing maximal dis-
comfort) during the intervention for both medial and lateral 
gastrocnemius muscle. 
 
Statistical analysis 
SPSS (version 24.0; SPSS Japan Inc., Tokyo, Japan) was 
used for statistical analysis. The distribution of the data was 
assessed using the Shapiro-Wilk test, and we confirmed 
that the data followed a normal distribution. Among groups 
differences in characteristics were assessed using one-way 

ANOVA. For DF ROM, passive torque at DF ROM, shear 
elastic modulus, muscle strength, a split-plot ANOVA us-
ing 2 factors (time [PRE vs POST vs 30 min] and group 
[30 s × 1 time group vs 30 s × 3 time group vs 30 s × 10 
time group]) was used to determine the interaction and 
main effects. Furthermore, as a post hoc test, the significant 
differences among PRE, POST, and 30 min were deter-
mined using a paired t-test with Holm correction in each 
group. In addition, significant differences among each 
group were determined using an unpaired t-test with Holm 
correction in each time period. Spearman’s rank correla-
tion coefficients (rs) were computed to quantify the linear 
relationship between the change in DF ROM and changes 
in passive torque at DF ROM (stretch tolerance) and the 
shear elastic modulus between PRE and POST in each 
group. Differences were considered statistically significant 
at an alpha of P < 0.05. Descriptive data are shown as mean 
± standard deviation. 
  
Results 
 
The characteristics of study participants are reported in Ta-
ble 1. There were no significant differences in age, height, 
or body mass between the 3 groups. 
 
Table 1. Characteristics of participants in 3 groups. 

 30s × 1 time 
group 

30s × 3 time 
group 

30s × 10 
time group

P value

Age (years) 20.7 ± 0.8 20.9 ± 0.5 21.4 ± 2.3 0.461
Height (m) 1.66 ± 0.10 1.65 ± 0.09 1.66 ± 0.07 0.912
Weight (kg) 59.3 ± 10.0 59.0 ± 9.3 55.1 ± 6.3 0.366
Male : Female 8 : 7 7 : 8 8 : 7 
Data presented as mean ± standard deviation. 
 

All variables in all groups are presented in Table 2. 
The split-plot ANOVA indicated a significant interaction 
for the DF ROM (p < 0.01, F = 5.414, ηp

 2 = 0.213). As a 
result of the post hoc test, there were no significant differ-
ences among times in 30 s×1 time group, whereas in both 
30 s × 3 times group and 30 s × 10 times group, the DF 
ROM at POST values were higher than PRE and 30 min 
values (30 s × 3 times group: p = 0.042, d = 0.26, and p = 
0.18, d = 0.20; 30 s × 10 times group: p < 0.01, d = 0.33, 
and p < 0.01, d = 0.37, respectively). However, there were 
no significant differences among each group in every time 
period. 

In addition, there were no significant interaction ef-
fects for passive torque at DF ROM, shear elastic modulus 
and muscle strength (passive torque at DF ROM: p = 0.072, 
F = 2.244, ηp

2 = 0.101, shear elastic modulus: p = 0.953, F 
= 0.048, ηp

2 = 0.001, muscle strength: p = 0.29, F = 1.266, 
ηp

2 = 0.060, respectively). In addition, there were no signif-
icant main effects for time (passive torque at DF ROM: p 
= 0.136, F = 2.045, ηp

2 = 0.049, shear elastic modulus: p = 
0.808, F = 0.214, ηp

2 = 0.005, muscle strength: p = 0.521, 
F = 0.657, ηp

2 = 0.016, respectively). 
The relationship between change in DF ROM and 

change in passive torque at DF ROM were shown in Figure 
1. Although there was no significant correlation between 
change in DF ROM and change in passive torque at DF 
ROM in 30 s × 1 time group (rs = 0.468, p = 0.079), there 
was significant correlation between change in DF ROM 
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and change in passive torque at DF ROM in both 30 s × 3 
times group and 30 s × 10 times group (rs = 0.679, p < 0.01, 
rs = 0.704, p < 0.01, respectively). However, there was no 
significant correlation between change in DF ROM and 

change in shear elastic modulus (30 s × 1 time group: rs = 
-0.064, P = 0.82, 30 s × 3 time groups: rs = -0.168, p = 0.55, 
30 s × 10 times group: rs = 0.004, p = 0.99, respectively). 

  
 
Table 2. Variables before and after 2 min or 30 min foam rolling intervention 
 30s × 1time group 30s × 3 times group 30s × 10 times group 
 PRE POST 30 min PRE POST 30 min PRE POST 30 min 
DF ROM (°) 25.8 ±7.6 25.2± 6.7 25.2± 6.4 25.4± 7.7 27.2±6.4*# 25.9±6.9 26.3±9.7 29.6±10.2*# 26.1±8.6 
Passive torque at DF 
ROM (Nm) 

27.4±9.9 26.1±10.1 26.9±11.3 24.9±11.1 25.1±9.3 23.9±8.8 23.5±6.5 25.0±6.9 22.4±5.7 

Shear elastic modulus 
of MG (kPa) 

24.9±10.9 25.1±10.7 25.3±11.7 15.5±9.0 14.7±9.0 17.5±9.3 19.9±8.1 20.4±9.6 20.2±8.3 

MVIC (Nm) 139.1±38.5 137.0±40.8 140.3±41.1 131.4±30.6 127.1±29.4 128.8±32.6 122.5±26.4 123.4±24.5 122.9±29.7
* p < 0.05: significant difference between PRE and POST, # p < 0.05: significant difference between POST and 30 min PRE, before foam rolling 
intervention; POST, 2 min after foam rolling intervention; 30 min, 30 min after foam rolling intervention; DF ROM: dorsiflexion range of motion; MG: 
medial gastrocnemius, MVIC, maximum voluntary isometric contraction. Data presented as mean ± standard deviation. 
 

 

 
 

        Figure 1. The relationship between change in DF ROM and change in passive torque at DF ROM. 
 
Discussion 
 
In this study, we investigated the acute and prolonged ef-
fect of different durations of foam rolling intervention (30 
s×1time vs 30 s×3 times vs 30 s×10times) on DF ROM, 
shear elastic modulus of MG, and MVIC. Our results 
showed that there were significant increases in DF ROM in 
30 s × 3 times group and 30 s × 10 times group, but the 
increase in DF ROM was returned to baseline following 30 
min after foam rolling interventions. In addition, our results 
revealed that the increase in DF ROM was involved with 
changes in passive torque at DF ROM (i.e., stretch toler-
ance) in both 30 s × 3times group and 30 s × 10 times group 
(rs = 0.679, p < 0.01, rs = 0.704, p < 0.01, respectively). On 
the other hand, there were no significant changes for shear 
elastic modulus and MVIC in all foam rolling groups. To 
the best of our knowledge, this is the first paper to investi-
gate the effect of different foam rolling durations in detail, 

and to clarify the minimum duration of foam rolling inter-
vention required to increase ROM. 

As mentioned above, our results showed that there 
was no significant change in DF ROM in 30 s× 1 time 
group (30 s), whereas there were significant increases in 
DF in 30 s × 3times group (90-second) and 30 s × 10 times 
group (300-second). Previous studies showed an increase 
in ROM after foam rolling intervention (MacDonald et al., 
2013; Wiewelhove et al., 2019; Yoshimura et al., 2019), 
which is partially consistent with our results. However, 
there were no significant differences of DF ROM between 
PRE and 30 min in 30 s × 3times group and 30 s × 10 times 
group. Therefore, our results suggested that the increase in 
DF ROM after foam rolling intervention returned to base-
line relatively rapidly. Mizuno et al investigated the pro-
longed effect of 300 s static stretching intervention on DF 
ROM and showed that DF ROM returned to baseline 
within 30 to 60 min (Gajdosik et al., 2007; Mizuno et al., 
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2013; Weppler and Magnusson, 2010). Since a meta-anal-
ysis review showed that there was no significant difference 
in ROM increase between foam rolling and stretching 
(Wilke et al., 2020), it was suggested that the prolonged 
effect of increasing ROM in foam rolling intervention was 
less than the effect of static stretching. Future studies are 
needed to clarify the mechanism of this difference between 
foam rolling and static stretching. 

Interestingly, our results suggested that the increase 
in DF ROM could be involved with the change in passive 
torque at DF ROM, i.e., modification in stretch tolerance. 
In this study, we adopted the foam rolling intervention in-
tensity of NRS = 7/10 (0 representing no discomfort and 
10 representing maximal discomfort) based on a previous 
studies (Kiyono et al., 2020; Krause et al., 2019). There-
fore, foam rolling intervention could change the pain 
threshold (stretch tolerance), and result in increased DF 
ROM. The previous studies suggested that change in ROM 
after stretching intervention is related to changes in toler-
ated passive torque, also known as stretch tolerance 
(Magnusson et al., 1996; 1997). In addition, Kay et al. 
(2015) reported that an increase in ROM after isometric 
contraction, static stretching, and contract-relax proprio-
ceptive neuromuscular facilitation stretching could be in-
volved with a change in stretch tolerance. The mechanism 
of change in stretch tolerance after foam rolling interven-
tion is unknown, but our results extended the results of a 
previous study (Kay et al., 2015) on the effect of foam roll-
ing intervention. 

Interestingly, our results suggested that the mini-
mum duration of foam rolling intervention required to in-
crease DF ROM was 90 s. A previous study showed that 5-
second foam rolling intervention significantly increases the 
sit and reach (Sullivan et al., 2013), which is inconsistent 
with our results. The discrepancy between the previous 
study and our results might be involved with differences in 
target muscle (hamstring muscle or plantar flexor) and/or 
the outcome measurement method (multiple joint ROM 
test or single-joint ROM test). Previous studies have re-
ported that longer duration static stretching resulted in a 
greater increase in ROM and a decrease in passive stiffness 
(Boyce and Brosky, 2008; Nakamura et al., 2013; 2019). 
In addition, the systematic review by Hughes et al investi-
gating the dose-response relationship of foam rolling dura-
tion concluded that more than 90 s foam rolling could 
achieve a reduction in pain/soreness (Hughes and Ramer, 
2019). As described above, taken together with the fact that 
an increase in DF ROM was involved with the change in 
stretch tolerance, 90 s or more of foam rolling intervention 
could be necessary to change pain/soreness or stretch tol-
erance. These results should provide useful information for 
athletes, coaches, and therapists to perform, or prescribe 
foam rolling intervention. However, since the increase in 
DF ROM was dissipated within 30 min, foam rolling inter-
vention could be insufficient for injury prevention. 

Our results showed that there were no significant 
changes in shear elastic modulus in all foam rolling groups. 
These results were consistent with the results of a previous 
study showing that 180 s foam rolling intervention did not 
change morphology of muscle or muscle hardness 
(Yoshimura et al., 2019; 2020). By contrast, Morales-

Artacho et al showed a decrease in shear elastic modulus 
of hamstring muscle after foam rolling intervention 
(Morales-Artacho et al., 2017). In addition, Baumgart et al. 
(2019) investigated the effect of foam rolling intervention 
on the anterior thigh and calf muscles using myomechano-
graphic technique, and muscle stiffness of the rectus fem-
oris was decreased after foam rolling intervention, whereas 
there was no significant change in muscle stiffness of MG. 
These results and our results suggested that muscle stiff-
ness of thigh muscle could be decreased after foam rolling 
intervention, whereas muscle stiffness of calf muscle could 
not be changed after foam rolling intervention. Because of 
the difference in weight between the thigh and the lower 
leg, the discrepancy of changes in muscle stiffness between 
thigh muscle and plantar flexors might be involved with the 
differences in intervention intensities (Yoshimura et al., 
2020). Further study is needed to clarify the possibility that 
the effect of foam rolling intervention on muscle stiffness 
differs depending on the muscle. In addition, higher muscle 
stiffness could lead to sport injury (Pickering Rodriguez et 
al., 2017; Watsford et al., 2010); foam rolling intervention 
for calf muscle could be insufficient for injury prevention. 

Our results showed that there were no significant 
changes in MVIC in all foam rolling groups. A meta-anal-
ysis for foam rolling intervention showed that foam rolling 
resulted in a small improvement in sprint performance, 
whereas the effect on jump and strength performance was 
negligible (Wiewelhove et al., 2019), which was consistent 
with our results. Taken together with the change in DF 
ROM, because more than 90 s foam rolling intervention 
could increase DF ROM without decreasing muscle 
strength, incorporating more than 90-second foam rolling 
intervention into the warm-up routine is considered to be a 
good warm-up routine. Although the effect of more than 90 
s foam rolling intervention on jump or sprint performance 
is still unclear, future study is needed to clarify this point. 

There were some limitations in this study. Because 
the participants in this study were young healthy subjects, 
it is not clear whether similar changes occur in athletes. In 
addition, we investigated the effect of foam rolling on MG, 
and the possibility that the effect of foam rolling interven-
tion on muscle stiffness differs depending on the muscle. 
Therefore, investigating foam rolling intervention on vari-
ous muscles in athletes is needed. Moreover, this study in-
vestigated only the acute and prolonged effects of foam 
rolling intervention, but not the effect of incorporating 
foam rolling into the warm-up routine (i.e., prior aerobic 
activity or subsequent sport-specific activity; Behm et al., 
2016). Therefore, the investigation of the effect of warm-
up routine including the foam rolling intervention on 
ROM, muscle stiffness, and muscle strength is warranted. 

 
Conclusion 
 
In this study, we investigated the acute and prolonged ef-
fect of different durations of foam rolling intervention on 
DF ROM, shear elastic modulus, and muscle strength. This 
study suggested that foam rolling for more than 90 seconds 
(30 s × 3times) was effective in order to increase the DF 
ROM immediately, but the increase in DF ROM dissipated 
within 30 minutes. In addition, our results showed that an 



Nakamura et al. 

 
 

 
 
 

67

increase in DF ROM was not involved with any change in 
shear elastic modulus (muscle stiffness) of MG, but with 
passive torque at DF ROM (stretch tolerance). As an appli-
cation in the sports field, from the standpoint of perfor-
mance, it was suggested that foam rolling intervention for 
more than 90 seconds could be a useful technique before 
exercise because it increases ROM while not changing 
maximum torque. However, from the viewpoint of injury 
prevention, since it was shown that foam rolling interven-
tion did not reduce shear elastic modulus, foam rolling in-
tervention might be not an effective warm-up method for 
injury prevention. 
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Key points 
 

 Dorsiflexion range of motion was increased after 90 
s or 300 s foam rolling intervention, but not follow-
ing 30 s foam rolling.  

 There were no significant changes in shear elastic 
modulus after 30s, 90s and 300s foam rolling. 

 The increase in range of motion after foam rolling 
could be contributed with change in stretch toler-
ance. 
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