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Abstract
Foam rolling (FR) is a common intervention used as a warm-up
to increase the range of motion (ROM) of a joint, without changes
in subsequent performance. It has been shown that, in similar
techniques (e.g., stretching), an additional intense warm-up can
lead to performance potentiation. However, to date, it is not clear
if this also holds true for FR, and if this effect is similar in both
sexes. Thus, the purpose of this study was to compare the effects
of an intense warm-up either before or after FR with the effects
of FR without any additional intense warm-up, in both females
and males. In total, 27 volunteers (14 male, 13 female) visited the
laboratory on three separate days. Each participant was randomly
assigned to one of the three interventions. ROM was assessed
with a Sit n’ Reach box, and countermovement jump (CMJ)
height with a force plate, both before and after the interventions.
In addition, maximum voluntary isometric contraction (MVIC)
peak torque and maximum voluntary dynamic contraction
(MVDC) peak torque were assessed with a dynamometer. ROM
increased to the same extent following the interventions in all
groups, with a large magnitude of change (P < 0.001; d = 1.12 to
1.83). In addition, male participants showed significantly higher
increases in ROM when the intense warm-up was performed after
FR (P < 0.001; d = 1.44), but not without the intense warm-up (P
= 0.45; d = 0.57) or when the intense warm-up was performed
before FR (P = 0.24; d = 0.69). No significant changes in CMJ
height, MVIC peak torque, or MVDC peak torque were observed
(P > 0.05). We therefore conclude that the time-efficient athlete
might skip further intense warm-up, besides FR, when the goal is
to increase ROM and to sustain performance parameters.
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Introduction
A single foam rolling (FR) application can increase the
range of motion (ROM) of a joint immediately after the
treatment (Nakamura et al., 2021; Wilke et al. 2020), and
the effect can last for more than 30 min (Monteiro et al.
2018). With regard to the acute effects of FR on performance, a recent meta-analysis (Wiewelhove et al. 2019) reported a tendency for immediate improvement (P = 0.06)
in sprint performance (+0.7%; ES = 0.28), but negligible
effects in jump or strength performance. Hence, according
to this meta-analysis (Wiewelhove et al. 2019), and also
other reviews (Cheatham et al. 2015), a single bout of a FR
exercise is likely to neither increase nor decrease

performance.
In contrast, when a long duration of stretching is
used as a warm-up (i.e., ≥60 s per muscle group), decreases
of strength and power performance have been consistently
reported (Behm et al. 2016, 2021; Behm and Chaouachi
2011; Kay and Blazevich 2012). To counteract any such
possible detrimental effect on performance, or even induce
performance potentiation, Behm et al. (2016) suggested
that an intense warm-up be implemented following a single
stretching exercise. This finding has been supported by
various studies that showed a post-stretching potentiation
effect (Reid et al. 2018; Samson et al. 2012), or at least no
negative effect (Blazevich et al. 2018; M. Reiner et al.
2021) when static, dynamic, or proprioceptive neuromuscular facilitation (PNF) stretching exercises were followed
by intense warm-up activities (e.g., butt kick run or high
knee run with high velocity). Interestingly, further studies
(Takeuchi et al. 2021; Takeuchi and Nakamura 2020) have
reported an increase in performance when light aerobic exercise (10-min on a stationary bike at 60 W) was conducted
after static stretching, but a decrease in performance when
aerobic exercise was performed before static stretching.
This indicates that the chronological organization of an additional warm-up, i.e., either before or after a flexibility
treatment, can affect the outcome.
Although beneficial effects of intense post-stretching activities (Reid et al. 2018; Samson et al. 2012) and
post-stretching aerobic warm-up (Takeuchi et al., 2021)
have been reported, to date, it is unclear if such activities
can induce acute performance potentiation when also applied after a single FR treatment. Since isolated FR likely
has no detrimental effect on performance parameters
(Wiewelhove et al. 2019), it can be assumed that an additional intense warm-up post-FR can increase performance.
However, based on the findings for stretching, if the warmup is applied prior to FR, no such increase in performance
can be expected.
Therefore, the purpose of this study was to investigate and compare the effects of a 2-min bout of FR of the
hamstring muscles on ROM and performance parameters,
with either an intense warm-up: 1) before the FR exercise,
2) after the FR exercise, or 3) without any additional intense warm-up. A secondary goal was to investigate if there
was a difference in the effects between male and female
participants in the respective interventions.
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Figure 1. Schematic schedule of the study. Range of motion (ROM), maximum voluntary isometric contraction (MVIC), maximum voluntary dynamic contraction (MVDC), countermovement jump (CMJ), foam rolling (FR).

Methods
Study design
Participants were asked to visit the laboratory on three appointments within seven days (separated by ≥48 h), to
complete the three interventions (“intense warm-up + FR”,
“FR + intense warm-up” or “FR only”) in a randomized
order (by picking cards). Every session started with a 5min warm-up on a stationary bike (Monark, Ergomedic
874 E, Sweden) at 60 rev. min-1 and 60 W (Konrad et al.
2020). Before and after the interventions, a sit and reach
test was conducted. Maximum voluntary isometric contraction (MVIC) peak torque and maximum voluntary dynamic contraction (MVDC) peak torque of the hamstring
muscles were also recorded, along with countermovement
jump (CMJ) height. A schematic schedule is presented in
Figure 1.
Participants
An a priori sample size calculation (primary outcome variable: knee extension ROM) for a repeated-measures
ANOVA based on data from Lee et al. (2018) (alpha =
0.05, beta = 0.8, f = 0.4) suggested a necessary group size
of at least 15 participants. To be safe and to account for
possible dropouts, we recruited 27 recreational to welltrained male and female soccer players (14 males; age: 23.6
± 2.7 years; body mass: 77.8 ± 8.4 kg; height: 183. 0 ±
5.0 cm; 13 females; age: 19.3 ± 4.1 years; body mass: 57.4
± 5.3 kg; height: 167.2 ± 4.7 cm). Prior to the study the
investigator checked the participants’ health status with
various standardized questions. All participants confirmed
that they had no current musculoskeletal pain or other orthopedic diseases in the lower extremity as well as other
nonspecific musculoskeletal disorders (e.g., fibromyalgia).
Especially no history of hamstring muscles injuries was reported. There was no history of surgery or other orthopedic
injury in the back or lower extremities and participants

confirmed that there was no neurological disorder, no metabolic disorder, and they took no medication that affects
perception or proprioception. Moreover, participants were
informed about the test procedure, but were naive to the
hypotheses of the study. Participants or (if under 18) their
legal representatives, signed a written informed consent
form. Ethical approval was obtained from the Ethics Committee of the University of XX (approval code GZ.
39/68/63 ex 2020/21). The study was conducted in accordance with the Declaration of Helsinki.
Procedures
Sit and reach test
A sit and reach test was performed to assess maximal hip
flexion ROM. For the test procedure, a Sit n’ Reach Trunk
Flexibility Box (Fabrication Enterprises; Baseline Model
12-1086, New York, USA) was used. The participant was
asked to sit on the ground, with their hips flexed and knees
in parallel and fully extended. The participant’s feet were
placed firmly against the Sit n’ Reach box, with the ankle
joints in a neutral position (90°). For the starting position,
the participant was asked to sit upright, holding both arms
parallel to the ground, in front of their trunk. The index fingers of both hands were touching each other, and the legs
were completely extended and relaxed. After the starting
command, the participant was asked to bend forward and
push the stretch indicator on the Sit n’ Reach box as far
away as possible. The participant was not allowed to bend
their knees or push the stretch indicator with just one hand,
to minimize trunk rotation during the measurement. If any
evasive movement with the legs or trunk was detected, the
trial was repeated. Furthermore, the participant was asked
to move slowly, to avoid triggering a reflexive muscle activation (Kubo et al., 2002). Each participant was tested
three times, with a 15 s break in between the trials. The average of the three trials was taken for further analysis (Konrad et al. 2021).
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Maximum Voluntary Isometric Contraction (MVIC)
peak torque
The MVIC knee flexor peak torque measurements were
performed using an isokinetic dynamometer (Con-Trex
MJ, CMV AG, Dübendorf, Switzerland). The participant
was seated on the dynamometer, with the hip and knee angle of the dominant leg (test leg) at 80° and 110° (Hatano
et al. 2019), respectively. A custom-made laser device was
used to align the center of rotation of the dynamometer
with the anatomical knee joint axis. During the first MVIC,
the participant’s exact position was recorded to ensure the
same positioning during all the subsequent assessments on
the dynamometer. The trunk and test leg were fixed with
straps, to minimize evasive movements. The lever arm fixation was set about 2 cm above the medial malleolus (Morales-Artacho et al., 2017). The participant was asked to
cross their arms in front of their chest and to perform two
knee flexor MVICs for 5 s each. Moreover, the participant
was asked to push as hard as possible and received strong
verbal encouragement during the measurements. Between
the two MVICs, the participant rested for 1 min. The attempt with the highest torque value was considered for further analysis.
Maximum Voluntary Dynamic Contraction (MVDC)
peak torque
The MVDCs were performed in the same position as the
MVIC trials. The leg was moved in a range of 90° to 130°
knee flexion for three cycles with a velocity of 60°/s. The
participant was asked to stay relaxed when the leg was
moved into the knee extension position, but to contract the
knee flexors as hard as possible while moving into the knee
flexion position. Two trials were performed, and the one
with the highest peak values within the three cycles was
considered for further analysis.
Countermovement Jump (CMJ) height
A mobile force platform (Quattro Jump, Kistler GmbH,
Winterthur, Switzerland) with a sampling frequency of
500 Hz was used to test CMJ height. The participant was
asked to get into an upright hip-wide standing position on
the plate. On command, the participant was asked to make
a downward movement while bending their knees and hips
to a position of personal choice (Heishman et al. 2019). After reaching the individual deepest position, the participant
was instructed to jump as explosively and as high as possible. The hands were held on the hips during the whole procedure, to prevent a further accelerating impulse. The participant was asked to perform two jumps. Between each attempt, a 1-min break was scheduled. The values for the
jump height (in cm), as measured and generated by the
Kistler software, were saved, and the highest attempt was
taken for further analysis.
Foam Rolling (FR) Intervention
A foam roller (Blackroll Standard foam roll, Bottighofen,
Switzerland) was used for the intervention. The same FR
protocol was followed in all three groups (i.e., “intense
warm-up + FR”, “FR + intense warm-up”, or “FR only”).
The rolling was applied unilaterally for 2 min on each posterior thigh, starting with the left leg, and followed by the

right leg (= test leg for MVIC and MVDC). A metronome
provided auditory signals to pace the movement, and the
participant was asked to reach the starting position every
4 s (every 2 s from distal to proximal and every 2 s from
proximal to distal), as suggested in a previous review
(Behm et al. 2020). The starting position was always proximal to the knee, and the turn point was close to the ischial
tuberosity. The participant was asked to move linearly forward and backward, and to add pressure on the middle region of the thigh. The participant rolled with their own bodyweight, and was asked to put as much pressure as possible
on the tissue (i.e., to the point of discomfort; 7/10 on a visual analogue scale (VAS)).
Intense warm-up intervention for the hamstring muscles
Depending on the group allocation, the FR was conducted
with either an intense warm-up performed before the FR (=
intense warm-up + FR), after the FR (= FR + intense warmup), or without any intense warm-up (= FR only). To account for the time of the warm-up, a 4-min break (i.e.,
standing position) was conducted after the FR in the FR
only group. The intense warm-up consisted of two exercises, in which each exercise was performed in three sets,
with a 15-s break in between each set. The first exercise
was butt kicks, which were performed as quickly as possible for 30 ground contact times, with the right and left legs
alternating. For the second exercise, the participant was instructed to lie in a prone position on the floor. The investigator placed a Swiss ball on the back of the participant, at
the lumbar portion of the spine, and the participant was
asked to kick the Swiss ball with their heels as quickly as
possible, with the right and left legs alternating (see Figure
2).

Figure 2. Swiss ball kicking exercise.

Statistical analyses
SPSS (version 26.0, SPSS Inc., Chicago, Illinois) was used
for all the statistical analyses. The variables tested were the
results of the sit and reach test, MVIC peak torque, MVDC
peak torque, and CMJ height. To determine the inter-day
reliability of all parameters, intraclass correlation coefficients (ICCs, 2-way mixed-effect model, absolute agreement definition) of the pre-values of all conditions were
used. To verify the normal distribution of the variables, a
Shapiro-Wilk test was used.
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Table 1. Pre and post mean values (± SD) of range of motion (ROM), countermovement jump (CMJ) height, maximum voluntary isometric contraction (MVIC) peak torque, and maximum voluntary dynamic contraction (MVDC) peak torque.
Intense warm-up + FR
FR only
FR+ intense warm-up
Pre
Post
Pre
Post
Pre
Post
33.89
± 4.85
35.83 ± 4.13* 33.89
± 4.77
35.63
± 4.18* 34.00 ± 5.06 36.00 ± 4.12*
ROM (cm)#
43.19
± 9.43
43.66
± 9.39 43.12
± 9.37
43.56
± 9.34
42.92 ± 9.18 43.21 ± 8.94
CMJ (cm)
128.36 ± 38.63 129.38 ± 38.86 130.17 ± 38.19
134.8
± 37.29 125.03 ± 33.71 127.91 ± 33.01
MVIC (Nm)
MVDC (Nm) 135.69 ± 35.14 138.53 ± 35.64 137.99 ± 35.15 141.64 ± 33.47 134.02 ± 35.23 135.09 ± 33.99
FR = foam rolling. # indicates a significant time effect, as well as a significant time × sex effect. * indicates a significant difference between pre and
post values.

If the data showed a normal distribution, a threeway repeated-measures ANOVA [factors: time (pre vs.
post); intervention (intense warm-up + FR vs. FR + intense
warm-up vs. FR only); sex (male vs. female)]. Otherwise,
a Friedman test was used to test the effects of the three different interventions (intense warm-up + FR vs. FR + intense warm-up vs. FR only). If there were significant results in the ANOVA with repeated measures or the Friedman test, post hoc tests such as a paired t-test or a Wilcoxon
test (with both Bonferroni corrected) was performed with
the pre and post values, respectively. Moreover, to check
for possible differences between the interventions, a paired
t-test or Wilcoxon test (both Bonferroni corrected) was performed with the delta values (pre−post), respectively. If
there were significant results for sex, a paired t-test or a
Wilcoxon test (both Bonferroni corrected) was performed
with the delta values (pre−post) of the respective parameters of the male and female participants. Moreover, to
check for baseline differences between the sexes, either a
paired t-test or a Wilcoxon test (both Bonferroni corrected)
was performed. Cohen’s d was calculated following the
suggestions of Cohen (1988). The effect size d was defined
as 0.2, 0.5, and 0.8 for a small, medium, and large effect
size, respectively. The statistical power and power analysis
were calculated with G*Power open-source software. The
alpha level was set to 0.05.

The pairwise comparison showed a significant increase in ROM, with a large magnitude of change of 5.7%
(d = 1.51), 5.9% (d = 1.12), and 5.1% (d = 1.83) in the intense warm-up + FR only group, FR + intense warm-up
group, and FR only group, respectively.
The delta value (pre−post) comparison of ROM between the male and female participants showed a significant difference for the FR + intense warm-up group
(P<0.001; d = 1.44), but not in the intense warm-up + FR
group (P = 0.24; d = 0.69), or FR only group (P = 0.45; d
= 0.57) (see Figure 3).

Results
The Pre and post values (±SD) for all the groups and parameters are presented in Table 1.
Reliability of the parameters
The ICC values (and coefficient of variation) between the
pre-measurements of all test days ((i.e., “intense warm-up
+ FR”, “FR + intense warm-up”, or “FR only”) for ROM,
CMJ, MVIC, MVDC were 0.98 (14.1 to 14.9%), 0.99 (21.4
to 21.8%), 0.97 (27.0 to 30.1%), 0.93 (25.4 to 26.3%), respectively.
Range of Motion
The three-way repeated-measures ANOVA for ROM
showed a significant time effect (F1,12 = 67.67; P < 0.001;
r = 0.85) and a significant time × sex effect (F1,12 = 11.56;
P = 0.005; r = 0.49), but no group effect (F2,11 = 2.34; P =
0.14; r = 0.29), no sex effect (F1,12 = 4.37; P = 0.06; r =
0.27), no group × sex effect (F2,11 = 1.24; P = 0.33; r =
0.18), no time × group effect (F2,11 = 0.46; P = 0.64; r =
0.08), and no time × group × sex effect (F2,11 = 3.16; P =
0.083; r = 0.37).

Figure 3. Changes in range of motion (ROM) presented as
separate male and female participants in the respective
groups. * indicates a significant difference between the male and female
participants.

The baseline sex comparison showed significantly
higher ROM in females compared to males, in all three
conditions (see Table 2).
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Table 2. Pre mean values (± SD) of the male and female participants for range of motion (ROM), countermovement jump
(CMJ) height, maximum voluntary isometric contraction (MVIC) peak torque, and maximum voluntary dynamic contraction
(MVDC) peak torque.
Intense warm-up + FR
FR only
FR + intense warm-up
Male
Female
Male
Female
Male
Female
31.86
± 5.32
36.08
± 3.22* 31.68
± 5.26
36.28
± 2.70* 31.46 ± 5.15 36.73 ± 3.33*
ROM (cm)
51.04
± 5.07
34.73
± 3.94* 50.71
± 5.32
34.95
± 4.45* 50.28 ± 5.18 34.99 ± 4.71*
CMJ (cm)
159.91 ± 25.61
94.38 ± 10.52* 161.19 ± 24.28 96.77 ± 13.76* 154.50 ± 16.10 93.31 ± 8.82*
MVIC (Nm)
MVDC (Nm) 163.66 ± 22.46 105.58 ± 15.32* 167.47 ± 17.44 106.24 ± 15.53* 159.56 ± 28.06 106.52 ± 16.02*
FR = foam rolling. * indicates a significant difference between the male and female participants. Please note that all the significant differences have a
large magnitude of difference, with Cohen’s d ranging from 0.95 to 4.66.

Countermovement jumps
The three-way repeated-measures ANOVA for CMJ height
showed a significant sex effect (F1,12 = 63.42; P < 0.001;
r = 0.84), but no group effect (F2,11 = 0.65; P = 0.54; r =
0.11), no time effect (F1,12 = 3.78; P = 0.08; r = 0.24), no
group × sex effect (F2,11 = 1.25; P = 0.32; r = 0.19), no
time × group effect (F2,11 = 0.06; P = 0.94; r = 0.11), no
time × sex effect (F1,12 = 0.12; P = 0.74; r = 0.01), and no
time × group × sex effect (F2,11 = 0.19; P = 0.83; r = 0.03).
The baseline sex comparison showed a significantly higher
CMJ height in males compared to females, in all three conditions (see Table 2).
Maximum Voluntary Isometric Contractions
The Friedman test revealed no significant effect for the
MVIC peak torque (X2 = 9.94; P = 0.08).
The baseline sex comparison showed significantly
higher MVIC peak torque in males compared to females,
in all three conditions (see Table 2).
Maximum Voluntary Dynamic Contractions
The Friedman test revealed no significant effect for MVIC
peak torque (X2 = 6.63; P = 0.25).
The baseline sex comparison showed significantly
higher MVDC peak torque in males compared to females,
in all three conditions (see Table 2).

Discussion
The purpose of this study was to compare the effects of a
2-min bout of FR of the hamstring muscles with either an
intense warm-up performed before or after the FR exercise,
or no intense warm-up. We measured the effect on ROM
and performance parameters, i.e., CMJ height, MVIC peak
torque, and MVDC peak torque. While no changes between pre and post intervention were found in any group,
in CMJ height, MVIC peak torque, and MVDC peak
torque, the ROM significantly increased to the same extent
following the intervention in all groups (intense warm-up
+ FR, FR + intense warm-up, and FR only). The baseline
values for the male participants showed significantly lower
ROM, but higher CMJ height, MVIC peak torque, and
MVDC peak torque, compared to the values for the female
participants. In addition, male participants showed significantly higher increases in ROM compared to female participants following the FR + intense warm-up, but not following the intense warm-up + FR or FR only.
Increased ROM following a single bout of FR only
was recently reported by a meta-analysis (Wilke et al.
2020). Moreover, according to the analysis of Wilke et al.

(2020), the muscles treated in our study (i.e., hamstrings)
showed the highest effect size (ES = 1.00), compared to
other muscles (e.g., triceps surae ES = 0.43), for an acute
increase in ROM. Such differences in the changes in ROM
between joints/muscles might be explained by a more limited ROM of the ankle joint compared to the hip or knee
joints, due to the bone and ligament structures (Brockett
and Chapman 2016; Halperin et al. 2014). Hence, this
probably limits the potential for a substantial increase in
ankle joint flexibility after FR. A further subgroup analysis
performed by Wilke et al. (2020) showed that there was a
significant increase in studies dealing with female participants or both sexes (ES = 0.95), while only a non-significant increase was reported for male participants (ES =
0.35). Hence, we assumed that there would be higher increases of ROM in female compared to male participants,
at least in the FR condition without any intense warm-up.
However, our data showed no significant difference between male (+2.0 cm) and female (+1.4 cm) participants in
the ROM increases following the FR only intervention (see
Figure 3). Surprisingly, when an intense warm-up was included after the FR intervention, male participants showed
a significantly higher increase in ROM (+3.0 cm) than female participants (+0.9 cm). In addition, although not significant (P = 0.08), male participants showed higher increases in ROM (+2.4 cm) when the intense warm-up was
conducted before FR, compared to the female participants
(+1.4 cm). Absolute changes in ROM were higher in males
compared to females, following all interventions. Since female participants already had a significantly higher sit and
reach ROM than male participants before the intervention
(see Table 2), male participants likely had greater potential
for an increase in ROM. Controversially, Nakamura et al.
(2021b) reported no significant differences between male
and female participants in ankle joint ROM increases following a single bout of FR, although females also had
higher baseline ROM values than males in their study.
In addition, our results showed that all three interventions (intense warm-up + FR, FR + intense warm-up,
and FR only) increased ROM similarly. This has also been
reported in similar studies of stretching, both with and
without post-stretching (M. Reiner et al. 2021) or prestretching (Takeuchi et al., 2021) warm-up activities. This
indicates that it is not necessary to include further warmup exercises, besides stretching and FR, if the goal is to
acutely increase ROM.
Potential mechanism for the acute increases in
ROM in all three groups in (intense warm-up + FR, FR +
intense warm-up, and FR only) may be attributed to decreased muscle stiffness (Reiner et al. 2021) and/or an
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increased stretch tolerance (Nakamura et al., 2021) as reported following a single FR exercise. Additionally, thixotropic effects might be related to the increase in ROM following foam rolling (Behm and Wilke 2019). The applied
friction or tension on the treated muscle, skin, and fascia
could have an impact on fluid viscosity and hence, lead to
less resistance to a movement (Behm 2018; Behm and
Wilke 2019).
No significant changes in performance parameters
were detected in any group when comparing pre and post
values. This is in line with the current literature on single
FR treatments (Cheatham et al. 2015; Nakamura et al.,
2021; Wiewelhove et al. 2019). Meanwhile, studies with
additional warm-up, with the goal to induce potential performance enhancement, have not been conducted to date.
However, it has to be noted that studies which have combined the effects of FR with dynamic stretching (i.e., movements with a high amplitude over a full ROM) have reported either significant increases (Peacock et al. 2014) or
no significant changes (Richman et al., 2019) in performance. The goal of our study, however, was to induce an
activation of the target muscle (i.e., hamstrings) with quick
movements, rather than slower dynamic stretching movements, throughout the whole ROM (i.e., dynamic stretching).
Although, to date, no studies have investigated the
effects of an additional intense warm-up for FR, some studies of stretching, where a warm-up was performed after
stretching, reported either no change or even an increase in
performance (Blazevich et al. 2018; Reid et al. 2018; M.
Reiner et al. 2021; Samson et al. 2012; Takeuchi et al.
2021; Takeuchi and Nakamura 2020). Samson et al. (2012)
found an increase in sprint performance after the combination of stretching (static or dynamic) and intense poststretching activities. Moreover, another study showed a favorable effect in strength and jump height following several static stretching conditions of various durations (30 s,
60 s, 120 s) with intense post-stretching activities, compared to the same stretching conditions without intense
post-stretching activities (Reid et al. 2018). Even light aerobic activity (60 W for 10 min) performed after a static
stretching exercise increased the subsequent torque output
(Takeuchi et al., 2021). However, when the aerobic activity
was performed before the stretching, a decrease in torque
was reported (Takeuchi et al., 2021). Furthermore, Reiner
et al. (2021) reported no change in MVIC peak torque
when intense post-stretching activities were performed after a PNF stretching exercise. However, a decrease in
MVIC torque was reported when PNF stretching was performed without intense post-stretching activities. Combining the present results with those from the literature on FR
and stretching, it appears that an additional warm-up, especially following the intervention, is able to counteract the
detrimental effects of stretching, but is not able to increase
performance following FR.
A possible reason for the lack of performance potentiation after FR might be that our outcome and treatment
were mainly based on the hamstring muscles. The aforementioned studies dealing with stretching and warm-up applied the intervention either on multiple muscles (e.g., Reid
et al. 2018; Samson et al. 2012) or on the plantar flexors
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only (M. Reiner et al. 2021; Takeuchi et al. 2021; Takeuchi
and Nakamura 2020). Hence, it cannot be ruled out that
performance potentiation might be possible when FR is
combined with an intense warm-up for some muscles (e.g.,
triceps surae, quadriceps), but not all muscles (e.g., hamstrings). Future studies will have to take this into account,
and should investigate potential differences between the
various leg muscles when an intense warm-up is added to
an FR protocol.
A possible limitation of this study was that different
pressures between the sessions of the FR exercise can influence the results. Thus, we have placed great value to remember the participants at every session to apply pressure
until the point of discomfort imaging a 7 out of 10 visual
analogue scale (VAS). However, even if there would have
been slight variations between the pressures applied between the sessions within a single participant, this would
have been likely cancelled out since we have chosen a randomized cross-over trial with a high sample size. Future
studies should take those possible pressure variations into
account by e.g., using force plates for monitoring the force
applied during the foam rolling exercises.

Conclusion
In conclusion, this study was the first to investigate the effects of adding an intense warm-up (either before or after
FR) on ROM and performance parameters (MVIC peak
torque, MVDC peak torque, CMJ height). Although we observed an increase in ROM in all groups, no such changes
could be detected in the performance parameters. Male participants showed a higher increase in ROM compared to
female participants when the warm-up was performed after
the FR exercise. Hence, athletes with time restrictions
might skip further intense warm-up, besides FR, when the
goal is to increase ROM and to sustain performance parameters.
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Key points
 An intense warm-up either performed before or after FR did
not change performance parameters.
 The ROM increased to the same extent following the intense
warm-up + FR, FR + intense warm-up, and FR only.
 Baseline values for males showed significantly lower ROM,
but higher CMJ height, MVIC peak torque, and MVDC
peak torque, compared to females.
 Males showed significantly higher increases in ROM following the FR + intense warm-up, but not after the intense
warm-up + FR or FR only.
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