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Abstract

A single bout of foam rolling (FR) can acutely increase joint range of motion (ROM) without detrimental effects on sub-
sequent muscle performance. Similarly, long-term FR training can increase ROM, while muscle performance seems to be
unaffected. Although the acute and long-term effects of FR on the treated muscle are understood, the impact of FR on the
contralateral side is not well known. Therefore, this scoping review aims to summarize the current evidence on the acute and
long-term effect of FR on the ipsilateral limb on ROM and muscle performance (i.e., maximum force, rate of force develop-
ment, jump height) for the contralateral (non-treated) limb. Potential explanatory mechanisms are also discussed. There is
evidence that a single bout of FR on the ipsilateral limb increases ROM of the contralateral limb; however, evidence is limited
for long-term effects. The most likely mechanism for contralateral ROM increases is a reduced perception of pain. With
regard to isolated muscle contractions, no changes in muscle performance (i.e., maximum voluntary isometric contraction,
maximum voluntary dynamic contraction) were found in the contralateral limb after a single bout of FR on the ipsilateral
limb. Notably, only one study reported large impairments in rate of force development of the contralateral limb following
FR on the ipsilateral leg, possibly due to decreased motor unit recruitment. Furthermore, to date there are only two studies
examining the long-term FR training of the ipsilateral limb on performance (i.e., maximal strength and jump performance)
which reported moderate improvements. Although, trivial to very large changes on a variety of parameters were found in
this study, the functional and practical relevance of our findings should be interpreted with caution.

Keywords Self-massage - Myofascial system - Myofascial release - Cross-education - Cross-over effect

Abbreviations FR Foam rolling
CI Confidence intervals MVDC Maximum voluntary dynamic contraction
ES Effect size MVIC  Maximum voluntary isometric contraction

RFD Rate of force development
ROM Range of motion
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A single session of foam rolling (FR) can increase the
range of motion (ROM) of a joint immediately after the
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exercise (Wilke et al. 2020; Nakamura et al. 2021b), and
this increase can last for more than 30 min post-exercise
(Monteiro et al. 2018; Kasahara et al. 2022a). With regard
to the acute effects of FR on different performance meas-
ures, a meta-analysis (Wiewelhove et al. 2019) reported
a tendency for improvements (P =0.06) in sprint per-
formance (+0.7%; ES =0.28), but negligible effects in
jump or strength performance. The studies reporting that
a single bout of FR does neither increase nor decrease
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performance in the treated body region are supported
by another review (Cheatham et al. 2015). In addition,
Wiewelhove et al. (2019) showed that a single bout of FR
can reduce muscle pain and induce faster recovery.

With regard to the training (i.e., chronic, long-term)
effects of FR, a recent meta-analysis reported that FR
can increase ROM in the long term (ES =0.82), but only
under specific circumstances, such as being performed for
more than 4 weeks and when applied on the quadriceps
and hamstrings (but not the triceps surae) (Konrad et al.
2022c). With regard to performance parameters, a recent
meta-analysis reported no changes following FR training
(ES=0.294; p=0.281) (Konrad et al. 2022a).

Although, in recent years, the evidence on the effects
of FR on various parameters, such as ROM, is growing,
to date, there is no clear consensus on the contralateral
effects of FR. Such a potential cross-over effect of FR
from the treated (i.e., ipsilateral) muscle to the contralat-
eral homologous muscle—as seen after stretching (single
session: (Chaouachi et al. 2017); stretch training: (Panidi
et al. 2021; Nakamura et al. 2022b)) or strength train-
ing (Munn et al. 2004; Carroll et al. 2006; Cirer-Sastre
et al. 2017)—could be beneficial for, e.g., the treatment
of unilateral injuries, and hence for optimizing sports per-
formance. Since the tissue of the contralateral limb is not
stressed during exercising the ipsilateral limb, it can be
assumed that the effects on the contralateral limb do not
occur due to changes in muscle structure/morphology,
but rather due to neurological adaptations. The increase
in strength of the contralateral limb after several weeks
of unilateral resistance training, for example, is likely
explained by an enhancement of motor unit recruitment
rather than changes in muscle volume (Narici et al. 1989;
Munn et al. 2004). Similarly, in stretch training, the acute
and chronic changes in muscle function (i.e., increase in
ROM) in the contralateral limb can likely be explained
by changes in pain perception (i.e., resistance to stretch)
(Behm et al. 2021a; Nakamura et al. 2022b) rather than
changes in muscle structure, such as muscle stiffness, as
it occurs in the ipsilateral limb (Konrad et al. 2017; Naka-
mura et al. 2021c¢).

According to recent meta-analyses, there are no differ-
ences between stretching and FR with regard to the effects
on acute (Konrad et al. 2022b) and long-term (Konrad
et al. 2022c) changes in ROM of the ipsilateral leg.
Hence, it may be assumed that, as with stretching (Cha-
ouachi et al. 2017; Panidi et al. 2021), FR also affects
the contralateral limb through central neural adaptations.

However, to the best of our knowledge, no study has
summarized the current evidence concerning the con-
tralateral effects of FR on ROM and performance param-
eters. Therefore, the purpose of this scoping review is
to provide an overview of the whole scope of the acute
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and long-term contralateral effects of FR, and to discuss
potential mechanisms underlying changes in ROM and
performance parameters.

Methods

Due to the high heterogeneity of the included studies in
terms of e.g., muscles tested, FR duration as well as the
lack of control groups in those studies a scoping review
was conducted. Consequently, this review is based on the
recommendations of Munn et al. (2018) with regard to
scoping reviews. The aims of such a scoping review are
to identify the available evidence and potential knowledge
gaps. The electronic literature search was performed in
three databases (PubMed, Scopus, and Web of Science)
using the following search terms/keywords: (non-local OR
unilateral OR contralateral OR ipsilateral OR crossover
OR remote) AND (“foam rolling” OR “self-myofascial
release” OR “roller massage” OR “foam roller”). There
was no time restriction for the publication date of the
studies. The date of extraction of all the literature from
the databases was 10 August 2022. Any studies investigat-
ing the contralateral effects of a single bout of FR (only
immediate effects, such as 0—5 min post-intervention) or
FR training (=2 weeks) on ROM and muscle performance
in any population (e.g., patients, athletes) were included
in this review. Only studies in English, German, Greek,
and Japanese language were included in this review.

In total, 176 studies were identified. After removing
duplicates (n =98), the remaining studies were screened
independently by two researchers (AK, MN) by title or,
if necessary, by abstract, to identify the studies to be
included in this review. Following this blind screening
process, the researchers compared their findings and dis-
cussed potential mismatches. Overall, 78 studies were
screened and 11 met the inclusion criteria. No further eli-
gible studies were detected from the authors’ own librar-
ies or through an additional search of the references of the
11 already included papers. A detailed illustration of the
search process is provided in Fig. 1. The characteristics
of the included papers are presented in Table 1.

The weighted mean percentage changes (pre to post)
and the 95% confidence intervals (CIs) (i.e., unweighted
means) of the ROM and performance parameters are pre-
sented in the subsequent sections. In addition, accord-
ing to previous suggestions (Hopkins 2004; Behm et al.
2016), we defined the magnitude of the calculated per-
centage mean changes in the parameters (ROM, per-
formance), i.e., we defined <0.5%, 0.5% to<2%, 2%
t0<5%, 5% to< 10%, and > 10%, as trivial, small, mod-
erate, large, and very large, respectively.
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Contralateral effects of foam rolling
on range of motion

Acute contralateral effects of foam rolling on range
of motion

In total, eight studies investigated the acute and contralateral
effects of a single FR exercise on the ROM of various joints.
While four studies assessed dorsiflexion ankle ROM after
FR on the triceps surae muscles (Kelly and Beardsley 2016;
Daskalaki et al. 2020; Nakamura et al. 2021a; Yoshimura
et al. 2021), three assessed the ROM of the knee joint after
FR on the hamstrings (Ye et al. 2019; Killen et al. 2019;
Ruggieri et al. 2021), and one after FR on the quadriceps
muscles (Young et al. 2018). Out of these eight studies, nine
ROM measures were extracted, since one study analyzed
both vibration FR and FR without vibration (Ruggieri et al.
2021) (for more information, see Table 2).

Eight out of the nine individual studies investigating
ROM measures reported a significant increase (individual
results of the studies as a pre-post comparison) in ROM of
the contralateral limb following FR exercise on the ipsilat-
eral limb (significant changes marked with a ‘a’ in Table 2).

The mean change of all nine measures included in our
analysis shows a large magnitude of improvement of 5.60%
(CI (95%) 3.65-8.19%). In particular, the results of FR
on the triceps surae muscles (four measures, four studies)

showed a large magnitude for the mean increase in contralat-
eral ankle ROM of 5.78% (CI (95%) 3.93-11.39%). More-
over, FR of the hamstrings (four measures, three studies)
revealed a large magnitude for mean change in knee exten-
sion ROM of 5.26% (CI (95%) 1.63-7.02%) for the con-
tralateral limb. In the future, when more data are available, a
meta-analytic approach should be used to test if one muscle
group might be more ‘sensitive’ to ROM changes after FR
compared to other muscle groups of the contralateral limb.
For the ipsilateral limb, Wilke et al. (2020) reported ROM
increases after triceps surae (ES =0.43) and hamstrings FR
(ES=1.0), but no significant changes after quadriceps FR
(ES =0.83), which is in line with the findings of this study.
However, the findings in Wilke et al. (2020) were similar
to our findings based on only a few effect sizes. Thus these
authors concluded that the large variability rather than the
ineffectiveness to increase ROM reflected the insignificant
results for the quadriceps (Wilke et al. 2020).

Although we found a large increase in ROM in the
contralateral limb after a single bout of FR, it should
be mentioned that the duration of the FR application
varied throughout the included studies (mean: 200 s;
S.D. 100.7 s; min: 90 s; max: 340 s). A meta-analysis
on stretching reported a tendency of higher increases in
ROM of the contralateral limb after > 240 s of stretching
(ES=1.24), compared to < 120 s (ES=0.72) (Behm et al.
2021a). In the future, when more studies (especially with
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Table 2 Summary of the results of the studies which investigated the acute effect and chronic effects of foam rolling on range of motion in the

ipsilateral and the contralateral leg

Muscle/body area

Study

Outcome: range of motion

Ipsilateral limb

Contralateral limb

pre-post pre-post
Acute effects
Triceps surae Daskalaki et al. (2020) Weight-bearing lunge test +8.41%" +3.89%"
Kelly and Beardsley (2016) ~ Weight-bearing lunge test +8.79%" +5.55%*
Nakamura et al. (2021a) Dorsiflexion ROM + passive torque +19.66%" +13.87%*
(dynamometer)
Yoshimura et al. (2021) Passive ankle ROM +6.55%" +9.98%
Hamstrings Killen et al. (2019) Passive SLR Not measured +6.87%"
Ruggieri et al. (2021) Passive SLR FR +3.38%" +1.53%*
Vibration FR  +2.64%* +1.91%*
Ye et al. (2019) Passive SLR Not measured +7.17%*
Quadriceps Young et al. (2018) Modified Thomas test +3.19%* +6.64%"
Chronic effects
Triceps surae Kasahara et al. (2022b) Ankle dorsiflexion FR +16.95%* +13.82%*
Vibration FR  +31.60%" +29.52%"

Quadriceps

Hamstrings

Hodgson et al. (2018)

Kneeling lunge position, passive knee
ROM

Passive SLR

3/week FR: —17.58%
6/week FR: —0.25%

3/week FR: +4.02%
6/week FR: +1.53%

3/week FR: —12.22%
6/week FR: —14.49%

3/week: +4.64%
6/week: +0.54%

+indicates increase in range of motion (ROM)
—indicates decrease in ROM
FR foam rolling, SLR straight leg raise test

Significant change between pre and post within the study

control groups) are available, the parameter of FR dura-
tion should be considered in a meta-analysis, subgroup
analysis, or meta-regression analysis.

It has been shown by a recent meta-analysis that the
ROM of the ipsilateral limb can be increased after a sin-
gle bout of FR (Wilke et al. 2020). In addition, further
meta-analyses have shown that a single bout of stretching
or FR are similarly effective in increasing the ROM of
the treated limb acutely (Wilke et al. 2020; Konrad et al.
2022b). The literature on stretching suggests that, after a
single bout of ipsilateral limb stretching, the contralateral
or even the non-local ROM increases (Chaouachi et al.
2017; Behm et al. 2021b). According to our findings, it is
very likely that an FR exercise on the ipsilateral limb can
increase the ROM of the contralateral limb. However, it
should be mentioned, by comparing the contralateral limb
to the ipsilateral limb, that a 3.16% (CI (95%) — 0.65% to
4.77%) more pronounced increase in ROM was found in
the ipsilateral limb in our analysis. Consequently, to opti-
mize the acute ROM increase after a single FR exercise,
it should be recommended that the FR exercise should
be applied on the ipsilateral side when a ROM increase
is desired.

@ Springer

Acute contralateral effects of foam rolling on range
of motion in a fatigued muscle

It has been shown that a single FR exercise on a fatigued
muscle can restore ROM locally (Nakamura et al. 2020).
However, some studies which have explored the effects of
an FR intervention of the ipsilateral limb on the contralateral
fatigued muscle have reported a beneficial effect on ROM
for the ipsilateral limb, compared to the contralateral limb
(Jay et al. 2014; Yanaoka et al. 2021). Furthermore, Jay et al.
(2014) reported no significant contralateral effect on ROM
when comparing pre- to post-muscle fatigue. However,
another study reported the beneficial effects of vibration FR
on ROM of the contralateral fatigued muscle (Nakamura
et al. 2022a). These conflicting results might be due to the
high heterogeneity of the methods used (e.g., muscles, FR
duration).

Potential mechanism for the acute changes in range
of motion of the contralateral limb

Considering the mechanisms of ipsilateral ROM increases, it
is suggested that, besides increased stretch tolerance, either
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changes in the muscle structure (i.e., decreased muscle
stiffness) or thixotropic effects should be considered as the
main mechanism for the increase in ROM after a single bout
of FR (Behm and Wilke 2019; Reiner et al. 2021; Konrad
et al. 2022b). However, since no mechanical load is applied
on the contralateral limb during unilateral FR, changes in
the muscle structure (i.e., muscle stiffness) or thixotropic
effects are unlikely. Consequently, most of the studies on
this topic have suggested changes in stretch tolerance as
the main mechanism for the contralateral ROM increases
following unilateral FR (Ye et al. 2019; Killen et al. 2019;
Daskalaki et al. 2020). This hypothesis was confirmed by
a study which reported that the increase in ROM of the
contralateral ankle following FR was due to an increased
tolerance of pain (i.e., higher tolerated torque during dorsi-
flexion), and not due to changes in muscle stiffness or spinal
excitability (Nakamura et al. 2021a). Furthermore, various
other studies have reported higher tolerated pain measured
via pressure pain threshold or visual analog scale after FR
on the contralateral limb (Aboodarda et al. 2015; Cavanaugh
et al. 2017; Cheatham and Baker 2017; Cheatham and Kol-
ber 2018; Nakamura et al. 2021a; Yoshimura et al. 2021),
with no significant difference with the ipsilateral limb in
pain tolerance (Aboodarda et al. 2015; Cheatham and Baker
2017; Cheatham and Kolber 2018; Nakamura et al. 2021a).
Consequently, adjusted perception of pain, either on a global
level and/or on the contralateral homologous muscle, can be

Fig.2 Potential mechanism for
the changes in range of motion

suggested as the main mechanism for the increased ROM in
the contralateral limb. A graphical illustration of the main
effects and potential mechanism is provided in Fig. 2.

Long-term contralateral effects of foam rolling
on range of motion

With regard to the long-term effects of FR in the loaded
(i.e., ipsilateral) limb, a recent meta-analysis reported that
an FR intervention can increase the ROM of the associated
joint in the long term, and especially if FR is performed
for >4 weeks and on the thigh muscles (Konrad et al. 2022c¢).
The authors also reported no significant difference between
FR and stretching training effects on ROM. Since stretch-
ing training for several weeks can also induce contralateral
effects on ROM (Panidi et al. 2021; Nakamura et al. 2022b),
mainly through altered pain perception, it can be assumed
that similar changes will occur in the contralateral limb fol-
lowing FR.

However, according to our systematic search, to date,
only two studies have investigated the long-term (i.e., train-
ing) effects of FR of the ipsilateral limb on the contralat-
eral limb (see Table 2). Kasahara et al. (2022b) performed a
6-week FR intervention for three times a week with 3 X 60 s
bouts of FR on the triceps surae muscles. They randomly
assigned the participants to either a conventional or a vibra-
tion FR intervention. The results showed similar significant

Contralateral Effects of Foam Rolling

(ROM) and muscle performance Performance Range of Motion
in the contralateral (CL) limb
following either a single bout of Acute CL effects Acute CL effects
foam rolling (FR) or FR training = RFD ¥ but not MVC = ROM /N very likely
on the ipsilateral limb Likely mechanism for decrease: Likely mechanism:
* Relaxation parasympathetic * Increased stretch tolerance
nervous system * Conditioning effects

* Mental energy deficit

Long-term CL effects

Likely mechanism:

- Performance A not unlikely

* Increased strength of involved
muscles during foam rolling

Contralateral limb “

Foam Roller

@ Springer
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increases in ankle dorsiflexion ROM after the FR interven-
tions in both the ipsilateral and contralateral limbs (see
Table 2). Moreover, it should be noted that there was no
significant difference between the effects of the conventional
and the vibration FR (Kasahara et al. 2022b). A further
study performed a four-week unilateral FR training of the
quadriceps and hamstrings, either three or six times a week,
where each training consisted of 430 s of FR (Hodgson
et al. 2018). Although no interaction effect was reported by
the authors, the passive ROM for the quadriceps showed a
tendency toward a decrease in both the ipsilateral as well as
the contralateral limb. Controversially, for the hamstrings, a
tendency of an increase in ROM was reported (see Table 2)
(Hodgson et al. 2018).

With regard to the mechanism for an increase in ROM
in the contralateral leg after FR training for several weeks,
altered perception of pain or stretch is also likely. This was
confirmed by the study of Kasahara et al. (2022a, b), who
reported a higher tolerated torque at the end ROM (i.e.,
stretch tolerance), but no changes in muscle stiffness. In con-
trast, Hodgson et al. (2018) reported no significant changes
in ROM, and consequently no changes in the pressure
pain threshold of the hamstrings and quadriceps muscles.
According to the current evidence, it can be suggested that,
after FR training, a contralateral increase in ROM is associ-
ated with increased pain tolerance (see Fig. 2).

Contralateral effects of foam rolling
on performance parameters

Acute contralateral effects of foam rolling
on performance parameters

In total, four studies (Cavanaugh et al. 2017; Ye et al.
2019; Killen et al. 2019; Ruggieri et al. 2021) investigated
the acute effects of a single FR exercise on the contralat-
eral performance parameters, such as maximum volun-
tary isometric contraction (MVIC), maximum voluntary
dynamic contraction (MVDC), or rate of force develop-
ment (RFD) of either the triceps surae or hamstrings. Out
of these four studies, eight performance measures were
extracted (see Table 3).

The results of the individual studies indicate that three
out of the eight measures showed a significant decrease in
performance (individual results of the studies as a pre—post
comparison) in the contralateral limb following a single
bout of FR on the ipsilateral limb (marked with a ‘a’ in
Table 3).

Out of these eight measures, pre-to-post changes were
only reported for seven measures. Consequently, the mean
change from these seven measures, which were included
in our analysis, was a very large magnitude of impairment

Table 3 Summary of the results of the studies which investigated the acute effect and chronic effects of foam rolling on performance in the ipsi-

lateral and the contralateral leg

Muscle/body area Study Outcome: performance

Ipsilateral limb pre-post Contralateral limb pre-post

Acute effects

Triceps surae Cavanaugh et al. (2017) Plantar flexor MVIC
Hamstrings Killen et al. (2019) Knee flexion MVIC
Ye et al. (2019) Knee flexion MVIC
RFD 0-50 ms
RFD 0-100 ms
RFD 0-200 ms

Ruggieri et al. (2021) Knee flexion MVDC

Chronic effects

Whole body Hodgson et al. (2018) Countermovement jump height
Quadriceps Knee extension MVIC
Hamstrings Knee flexion MVIC

Triceps surae Kasahara et al. (2022b) Plantar flexor MVIC

—5.16%

Not measured

-1.25%
+3.68%

No significant change—raw data
not reported

Not measured

Not measured -31.2%"

Not measured —16.8%

Not measured -10.1%
FR —9.94%* —3.34%*
Vibration FR —5.44%"* - 1.13%*

FR
Vibration FR

3/week FR: +6.89%
6/week FR: +6.83%

3/week FR: +6.03%
6/week FR: +3.17%

3/week FR: —2.89%
6/week FR: —7.68%

+2.40%
+3.80%

3/week FR: +2.01%
6/week FR: +7.66%

3/week: +6.35%
6/week: +2.50%

3/week FR: +2.51%
6/week FR: —3.84%

+0.64%
+2.02%

+indicates improvement in performance

—indicates decrease in performance

FR foam rolling, MVIC maximum voluntary isometric contraction, MVDC maximum voluntary dynamic contraction, RFD rate of force develop-

ment

Significant change between pre and post within the study
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of —12.08% (CI (95%) — 18.50% to — 1.62%). However, it
should be noted that the main driver for this large magni-
tude of change was the three RFD measures from a sin-
gle study (Ye et al. 2019), which ranged from a decrease
of —31.2% (RFD 0-50 ms) to—10.1% (RFD 0-200 ms).
Thus, when only considering MVIC and MVDC (four
measures), in contrast, there was almost no change (0.04%
(CI (95%)—2.79% to 2.45%)). Since these analyses were
based only on a small sample size and the reports are con-
flicting, conclusions should be taken with caution.

According to the results of a previous meta-analysis
of FR on the ipsilateral limb (Wiewelhove et al. 2019), a
decrease in performance in the contralateral limb would
not have been expected. Wiewelhove et al. (2019) even
reported a tendency of a small improvement in sprint
performance after a single bout of FR on the lower leg
muscles. However, it was not possible to investigate the
contralateral effects of FR on sprint performance and
to compare our findings with the findings of Wiewel-
hove et al. (2019). The authors also reported negligible
effects in jump and strength performance. Similarly, we
only found a small decrease in strength (i.e., MVIC and
MVDC), but this was based on a small sample size.

When considering unilateral stretching, one study
reported that, besides the decrease in strength of the ipsi-
lateral limb (— 6.7%; ES =0.35), strength also decreased
in the contralateral limb (—4.0%; ES =0.22), but with a
small magnitude of change (Behm et al. 2021c). Since a
favorable warm-up effect of FR over stretching on perfor-
mance parameters exists, at least for the ipsilateral limb
(Konrad et al. 2021), the decrease after stretching in the
contralateral limb (Behm et al. 2021c¢) and the almost no
change in performance in the contralateral limb after FR
seen in our analysis seems to be coherent with the stretch-
ing literature.

However, it has to be noted that the four included studies
varied in terms of FR duration (mean: 195 s; S.D. 121.2 s;
min: 90 s; max: 300 s). According to the assumption of
a dose—response effect, especially in stretching (Kay and
Blazevich 2012; Behm et al. 2015, 2021d), it can be assumed
that those studies which performed a very high volume as
a warm-up (10x 30 s Ye et al. 2019; Killen et al. 2019)),
would have reported a decrease in performance compared to
the lower-volume warm-up (3 X 30 s Cavanaugh et al. 2017;
Ruggieri et al. 2021)). Although the one high-volume study
reported a decrease in RFD parameters (but not in MVIC)
(Ye et al. 2019), the other study even reported a tendency for
an increase in performance in the contralateral limb (Killen
et al. 2019). Thus, a dose-response effect, as seen in stretch-
ing of the ipsilateral limb (Kay and Blazevich 2012; Behm
et al. 2015, 2021d), might not occur in the contralateral limb
after FR. Indeed, no such dose-response effect after FR on
the ipsilateral limb on performance parameters was reported

in the plantar flexion MVIC when comparing FR durations
of 1x30svs.3%x30svs. 10x30s (Nakamura et al. 2021b).

Moreover, not much evidence is available concerning FR
of the contralateral fatigued muscle. Although it has been
shown that FR on a fatigued muscle can restore muscle per-
formance locally (Kaya et al. 2020; Nakamura et al. 2020),
no such effects have been detected on the contralateral
fatigued muscle (Nakamura et al. 2022a).

The included studies either reported no change or a
decrease in performance in the contralateral limb after uni-
lateral FR. A potential mechanism for such a decrease in
performance in the contralateral limb must be related to the
central nervous system, since no stimulus happens on the
tissue locally. It is likely that, due to the decrease in pain per-
ception of the homologous contralateral muscle (Nakamura
et al. 2021a), a further relaxation in the parasympathetic
nervous system might happen (Behm and Wilke 2019),
which would potentially result in a lower recruitment of
motor units. Additionally, a further study suggested that an
ipsilateral fatiguing exercise can decrease the mental energy
(e.g., focus or concentration) of the subsequent task on the
contralateral side (Halperin et al. 2015) (see Fig. 2).

Long-term contralateral effects of foam rolling
on performance parameters

Our systematic search of the training effects of FR on the
contralateral limb resulted in the same two eligible studies
(Hodgson et al. 2018; Kasahara et al. 2022b), as reported
in Sect. 3.2 (i.e., long-term effects on ROM). In total, eight
performance measures (countermovement jump height and
MVICs) for the contralateral limb were presented by these
two studies (see Table 3). Although no significant changes
were reported in the individual studies, a mean increase of
2.31% (CI (95%) 0.19-4.74%) was seen for these eight meas-
ures in the contralateral limb and a similar increase was seen
in the ipsilateral limb (2.15% (CI (95%) — 1.45% to 5.33%)).
With regard to the ipsilateral limb, it should be noted that
a recent meta-analysis reported no change in performance
parameters after FR training over several weeks, based on
eight studies (Konrad et al. 2022a). Thus, it can be assumed
that there will likely be no long-term effect on performance
in the contralateral limb as well.

However, the potential increase in performance in the
contralateral limb, which has been shown by our analysis,
was likely not based on the FR stimulus itself, but might
have resulted from the plank position participants per-
formed while rolling the triceps surae muscles (Kasahara
et al. 2022b) or the thigh muscles (Hodgson et al. 2018).
Zahiri et al. (2022) showed that the muscle activity (i.e.,
electromyography) of the core muscles during a plank or
reverse plank position is similar to that with quadriceps and
hamstrings FR, respectively. Prior studies have also reported
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co-activation of the lumbar/core and the dorsal thigh mus-
cles, which are linked via connective tissue (Wilke et al.
2016; Krause et al. 2016), during frequently used physical
tests aimed at mainly targeting the core muscles (Demoulin
et al. 2006; Champagne et al. 2008; Gabriel et al. 2022).
Consequently, enhanced core strength might have led to an
increase in MVIC in the lower limb and jump performance
in the studies of Kasahara et al. (2022a, b) and Hodgson
et al. (2018) (see Fig. 2).

Discussion and conclusion

This scoping review summarized the available literature
on the acute and long-term contralateral effects of FR on
ROM and performance parameters. While there is evidence
that a single bout of FR on the ipsilateral limb will likely
increase the ROM of the contralateral limb (e.g., Killen
et al. 2019; Daskalaki et al. 2020)), the long-term effects
are not well known (Hodgson et al. 2018; Kasahara et al.
2022b). A potential mechanism for the increase in ROM of
the contralateral limb, especially following a single bout of
FR, could be an increase in non-local and/or contralateral
pain tolerance (e.g., Aboodarda et al. 2015; Nakamura et al.
2021a)). With regard to isolated and controlled muscle con-
tractions measured with a dynamometer (MVIC, MVDC),
no changes in muscle performance can be expected in the
contralateral limb after a single bout of FR on the ipsilat-
eral limb (e.g., Cavanaugh et al. 2017; Killen et al. 2019)).
However, one study on RFD reported a big impairment in
performance (Ye et al. 2019), which might be based on a
relaxation in the parasympathetic nervous system (Behm
and Wilke 2019) and hence results in a lower recruitment of
motor units. Over the long term, FR on the ipsilateral limb
might increase performance (Hodgson et al. 2018; Kasa-
hara et al. 2022b), but this is very likely to be linked to the
repeated strength training when performing FR on the pos-
terior or anterior chain of the lower leg muscles in a plank
position (Zabhiri et al. 2022).

Although, we have found changes in ROM and muscle
performance in both acute and long-term FR interventions
in the contralateral limb, caution should be taken not to over-
emphasize the results. Thus, the functional as well as practi-
cal relevance of our findings can be debated.

The main limitation of the current evidence is that the
included studies investigated the contralateral effects of FR
on the leg muscles only, while to date, to the best of our
knowledge, there is no evidence for the upper limbs. It is
likely that a contralateral effect in the lower limbs on ROM,
as reported by Kasahara et al. (2022a, b), only occurs since
the contralateral side of the lower limb muscles aims to com-
pensate for the ROM increase of the ipsilateral side during
daily life tasks such as walking. Hence, future studies should

@ Springer

emphasize exploring muscles which are not that frequently
used in daily life, such as the upper limb muscles.

Moreover, future studies should investigate the contralat-
eral effects of FR on the various parameters by including a
control group. This would allow a meta-analytic approach
to be performed in future reviews. Subsequently, moderator
analyses within a meta-analysis could give more insights
as to which parameters, such as the various muscles, FR
duration, or type of FR (e.g., vibration FR vs. conventional
FR), are crucial for potential contralateral effects. With
regard to the long-term effects of FR, high-volume dura-
tions (e.g., > 30 min a week for > 8 weeks) should be inves-
tigated, as it has been seen in stretching studies that sustain-
able contralateral effects can occur with such a high-volume
approach (Panidi et al. 2021).
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