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Objective: To conduct a systematic review with meta-analysis assessing the effects of foam rolling on
range of motion, laboratory- and field-based athletic measures, and on recovery.
Data sources: MEDLINE, PubMed, EMBASE, SPORTDiscus and Science Direct were searched (2005eJune
2018).
Study selection: Experimental and observational studies were included if they examined the effects of
foam rolling on measures of athletic performance in field or laboratory settings.
Data extraction: Two investigators independently assessed methodologic quality using the Physio-
therapy Evidence Database (PEDro) Scale. Study characteristics including participant age, sex and
physical activity status, foam rolling protocol and pre- and post-intervention mean outcome measures
were extracted.
Data synthesis: A total of 32 studies (mean PEDro ¼ 5.56) were included in the qualitative analysis, which
was themed by range of motion, laboratory-based measures, field-based measures and recovery. Thir-
teen range of motion studies providing 18 datasets were included in the meta-analysis. A large effect
(d ¼ 0.76, 95% CI 0.55e0.98) was observed, with foam rolling increasing range of motion in all studies in
the analysis.
Conclusions: Foam rolling increases range of motion, appears to be useful for recovery from exercise
induced muscle damage, and there appear to be no detrimental effect of foam rolling on other athletic
performance measures. However, except range of motion, it cannot be concluded that foam rolling is
directly beneficial to athletic performance. Foam rolling does not appear to cause harm and seems to
elicit equivalent effects in males and females.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Fascia is described as a key component of connective tissue
(Threlkeld, 1992), where myofascial wraps and encases muscles,
forming connective chains running from the cranium to the toes
(Myers, 2013). It has been proposed that when negatively altered
through modified muscle function, i.e. from overstress, injury,
imbalance or fatigue (MacDonald et al., 2013a), fascia can stiffen as
a result of the development of fascial crosslinks and can conse-
quently generate uneconomical movement patterns (Bushell et al.,
2015; Kaltenborn, 2006). The change in fascia quality is suggested
pton, NN1 5PH, UK.
.uk (B. Skinner).
to negatively influence sporting performance (MacDonald et al.,
2013b).

Myofascial release is a therapeutic intervention for releasing soft
tissue from areas of abnormally tight fascia (Miller and Rockey,
2006; Prentice, 2003). Myofascial release treatment involves tar-
geted, directional low loading mechanical forces aimed at restoring
optimal tissue length and improving function (Ajimsha et al., 2015).
High or sustained pressure applied via myofascial release is sug-
gested to cause golgi tendon organs to detect sensations of altered
tension in the musculature, eliciting relaxation of muscle fibres
(Miller and Rockey, 2006). A popular approach to self-myofascial
release (SMFR) has emerged in the form of foam rolling, a tech-
nique whereby individuals use their own body mass to exert
compressive rolling forces along targeted musculature, following
the orientation of the specific muscle being mobilized (Pearcey
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Table 1
MEDLINE (Ovid format) search strategy.

1 Foam roll$.mp.
2 Self-myofascial release.mp.
3 Self-massage.mp.
4 1 or 2 or 3
5 exp Athletic performance/
6 exp Range of motion, articular/
7 Range of movement
8 Flexibility
9 exp Muscle strength/
10 exp Muscle tonus/
11 MVIC
12 Muscle adj6 power
13 Muscle adj6 activation
14 Peak torque
15 Speed
16 Acceleration
17 VO2 max
18 Maximal oxygen uptake
19 Agility
20 Reaction time
21 exp Muscle fatigue/
22 Muscle adj6 soreness
23 Muscle adj6 damage
24 exp Lactic acid/
25 exp Muscle, skeletal/
26 5 or 6 or 7 or 8 or 9 or 10 or 11 or

12 or 13 or 14 or 15 or 16 or 17 or 18 or 19
or 20 or 21 or 22 or 23 or 24 or 25

27 4 and 26
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et al., 2015).
The use of foam rollers in athletic and recreationally active

populations has seen notable increases in recent years due to
myofascial release being associated with performance enhance-
ments (Barnes, 1997; MacDonald et al., 2013b; Renan-Ordine et al.,
2011). Advocates of foam rolling contend that it can assist in cor-
recting muscular imbalances, improve neuromuscular efficiency,
improve range of motion and improve markers of strength and
power (Curran et al., 2008; Peacock et al., 2014, 2015; �Skarabot
et al., 2015; Swann and Graner, 2002). While conflicting evidence
has been reported into the efficacy of foam rolling in these areas
(Healy et al., 2015; Peacock et al., 2014; Roylance et al., 2013),
importantly, it is suggested that the benefits reported have
occurred without negative effects on physical performance
(Halperin et al., 2014; Sullivan et al., 2013).

Since 2013, there has been a proliferation of literature published
that evaluates the effects of foam rolling on a variety of markers of
athletic performance and has included evaluation pre- and post-
exercise (Cavanaugh et al., 2017; D'Amico and Paolone, 2017;
Janot et al., 2013; MacDonald et al., 2013a; Pearcey et al., 2015). As
an indication of the contemporary interest in this area, three re-
views have been published since 2015 (Beardsley and �Skarabot,
2015; Cheatham et al., 2015; Wiewelhove et al., 2019), howe-
verthese reviews have not focused solely on the application of foam
rollers, have included other modalities (for example roller massage,
stick, blades, tennis ball) or have included broad outcomemeasures
beyond markers of athletic performance, for example on arterial
function. To the best of our knowledge, no quantitative synthesis
via meta-analysis specifically focusing on the effects of foam rolling
has been conducted to date and therefore the pooled effects are
unknown. Given the wide uptake of foam rolling among recrea-
tional and professional athletes, meta-analysis of this topic would
strengthen the ability to specifically draw conclusions on the
effectiveness of foam rolling as an intervention which will be
beneficial to both users and healthcare practitioners. Therefore, the
purpose of this study was to;

1) critically appraise the current evidence specific to foam rolling
on markers of athletic performance and recovery via qualitative
synthesis

2) establish the effect of this treatment intervention via meta-
analysis

3) establish if harmful effects of the application of foam rolling
have been published
2. Methods

A protocol for this study was registered with PROSPERO
(Hammond et al., 2015).

2.1. Search strategy

MEDLINE, PubMed, EMBASE, SPORTDiscus, and Science Direct
databases were searched for English language, peer reviewed
sources. The search strategy for MEDLINE is presented in Table 1. In
addition, Current Controlled Trials and the WHO International
Clinical Trials Registry Platform for ongoing and recently completed
trials were searched, as well as the table of contents of the
following journals: British Journal of Sports Medicine, Medicine
and Science in Sports and Exercise, Journal of Athletic Training, The
Journal of Strength and Conditioning Research and Strength &
Conditioning Journal. All searches were conducted from 2005 to
June 14, 2018. Following the search, reference lists were reviewed,
and subsequently electronic forward citation searches were
conducted in Google Scholar for all relevant articles located. Ex-
perts and colleagues working in the subject area were also asked to
notify the authors on the existence of new or ongoing studies,
which were also considered for inclusion.
2.2. Inclusion and exclusion criteria

Randomized controlled trials, clinical trials, cross-over studies
and quasi-experimental studies evaluating the use of self-
myofascial release via a foam roller in laboratory or field settings
for athletic performance in male or female adolescents (>15 years)
and adults were included in this review. Studies were included in
which at least one group in the trial comprised participants treated
with foam rolling before or after exercise. Foam rolling was defined
as self-myofascial release involving a repetitive rolling action over a
muscle group using any type of foam roll e.g. dense or rigid. Studies
including single or multiple bouts of foam rolling within a single
session or over more than one day were included. The authors
aimed to include trials that compared the use of foam rolling versus
a passive or control intervention (rest, no treatment or placebo
treatment) or active interventions including, but not limited to,
warm up, cool-down, stretching, massage baseline measures or
exercise. It also aimed to include trials that compared different
durations or dosages of foam rolling.

Studies involving injured participants and sedentary individuals
and studies focusing on other myofascial modalities (static trigger
point massage with an implement, therapist applied roller massage
or myofascial release, and therapist or self-applied instrument
assisted myofascial techniques) were excluded. Trials that did not
report any of the primary outcomes were also not included in the
review.
2.2.1. Primary outcomes

1) Flexibility, range of motion
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2) Muscle contractile properties (e.g. maximal voluntary isometric
contraction (MVIC), muscle power, muscle strength/activation,
peak torque)

3) Maximal oxygen uptake
4) Markers of fatigue (e.g. lactate)
5) Speed, acceleration, agility, reaction time
6) Exercise-induced muscle damage, delayed onset muscle sore-

ness (DOMS)
2.2.2. Secondary outcomes

1) Adverse effects of foam rolling
2) Differences of effects between males and females

2.3. Study selection

Two review authors (BS, RM) independently selected trials for
inclusion. After the removal of duplicates, the titles and abstracts of
publications obtained by the search strategy were screened, and
any study that was obviously outside the scope of the review was
removed. The full text of any papers that potentially met the review
inclusion criteriawere obtained. The same two review authors then
independently selected trials for inclusion in the review according
to the inclusion and exclusion criteria, using a standardized form to
record their choices. In the event of disagreement between the
review authors, this was resolved by consensus or by third party
adjudication (LH).

2.4. Quality assessment

To assess for risk of bias in the included studies, two review
authors (BS, RM) independently assessed risk of bias of studies
meeting the inclusion criteria using the PEDro scale (http://
www.pedro.org.au/english/downloads/pedro-scale/). To mini-
mize bias in the interpretation of this scale, prior to assessing
the included studies, the review authors assessed three unre-
lated studies that were not included in the current review;
disparities in judgements were reviewed and discussed before
any of the included studies were evaluated. Each of the
included studies was graded for risk of bias by being assigned
a score from 0 to 10 (criterion 1 was excluded from the score
according to PEDro guidelines), and were considered to be
moderate to high quality if achieving a score of �6 (http://
www.pedro.org.au/english/downloads/pedro-statistics/). Any
disagreements between review authors regarding the risk of
bias assessment were resolved by consensus or by adjudication
of the third author (LH).

2.5. Data extraction

A customized form was created for data extraction (to
obtain study details on methodology, eligibility criteria, in-
terventions including detailed characteristics of the exercise
protocols and the foam rolling protocol employed, compari-
sons, outcome measures and participant characteristics
including age, sex and sporting level). Subsequently, one re-
view author (LH) independently extracted relevant data for the
remaining included papers. Data were extracted for immedi-
ately post-foam rolling, as well as further follow up times
where reported. For studies involving DOMS, the typical
follow-up times of up to 1, 24, 48, 72, 96 and more than 96 h
post intervention were used. Primary authors were contacted
to obtain or clarify any omitted data.
2.6. Statistical analysis

All of the data extracted were examined by the review authors
in order to determine their suitability for meta-analysis. For range
of motion, 18 data sets from 13 studies that were deemed compa-
rable were identified and these data were included in the meta-
analysis. For each of these, Cohens d and Confidence Intervals
(95% CI) were calculated to establish the effect size from pre-to
immediately post-foam rolling. For all studies with the exception
of one (Couture et al., 2015), an increase in score indicated a posi-
tive effect of the treatment. For Couture et al. (2015), in which an
increase in score corresponded to a negative effect of treatment, the
effect size was multiplied by �1 to ensure all scales pointed in the
same direction (Leard et al., 2007). Assessment of heterogeneity
between comparable trials was evaluated with I2 statistics. Values
of I2 were interpreted as follows: 0%e40% might not be important;
30%e60% may represent moderate heterogeneity; 50%e90% may
represent substantial heterogeneity; and 75%e100% may represent
considerable heterogeneity (Leard et al., 2007). Results of the
comparable trials were pooled using a random-effects model. The
choice of the model was guided by the moderate heterogeneity
identified (Neyeloff et al., 2012). For all other thematic areas there
were insufficient trials, or studies were too heterogenous (in both
application of foam rolling and outcomes measure recorded) in
order to perform meta-analysis.

3. Results

3.1. Included studies

Two hundred and thirty-four potential articles were identified
from the search (Fig. 1). Of these, 197 were excluded based on the
title or abstract. Thirty-two articles met the inclusion criteria. All
included studies were published over a five-year period
(2013e2018), indicating the contemporary interest in this area. The
mean PEDro score of these papers was 5.56 (Table 2). The papers
were organised into the following themes for analysis: range of
motion (Behara and Jacobson 2015; Bushell et al., 2015; Cheatham
et al., 2017; Couture et al., 2015; Garcia-Guti�errez et al., 2017;
Griefahn et al., 2017; Junker & St€oggl; Kelly and Beardsley 2016;
MacDonald et al., 2013b; Macgregor et al., 2018; Markovic, 2015;
Mohr et al., 2014; Monterio et al., 2018; Morales-Artacho et al.,
2017; Morton et al., 2015; Peacock et al., 2015; Roylance et al.,
2013; �Skarabot et al. (2015); Su et al., 2016; Vygotsky et al., 2015),
laboratory based measures (Behara and Jacobson, 2015; Cavanaugh
et al., 2017; D'Amico and Paolone, 2017; Garcia-Guti�errez et al.,
2017; Healy et al., 2015; Jones et al., 2015; Janot et al., 2013;
MacDonald et al., 2013b; Macgregor et al., 2018; Monterio et al.,
2017; Morales-Artacho et al., 2017; Morton et al., 2015; Su et al.,
2016), field based measures (Behara and Jacobson, 2015; Healy
et al., 2015; Jones et al., 2015; Peacock et al., 2014, 2015) (Table 3)
and recovery (Fleckenstein et al., 2017; Kal�en et al., 2017;
MacDonald et al., 2013a; Pearcey et al., 2015; Romero-Moraleda
et al., 2017) (Table 4). The thematic grouping of field based mea-
sures was defined as practically applied tests that have higher
external validity compared to laboratory tests that tend to
demonstrate higher reliability. As such, some outcomes e.g. force,
power, velocity appear in both groupings but are measured differ-
ently. Of the 20 studies identified that focussed on foam rolling and
range of motion, eight were subsequently excluded from the meta-
analysis due to an inability to calculate an effect size for the study as
raw data were unavailable (MacDonald et al., 2013b; Peacock et al.,
2014, 2015; Roylance et al., 2013; Kay and Blazevich, 2012;
Macgregor et al., 2018; McHugh and Cosgrave, 2010; Morales-
Artacho et al., 2017), due to methodological heterogeneity
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Fig. 1. PRISMA search strategy flow chart.
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(Vygotsky et al., 2015) and one where the intervention was applied
for recovery purposes (MacDonald et al., 2013a).

3.2. Range of motion studies

The largest number of studies located (n ¼ 20, pooled mean age
22.72 ± 3.32 years) investigated effects of foam rolling on range of
motion. The mean PEDro score was 5.60. Thirteen studies investi-
gated range of motion measured in degrees (Behara and Jacobson,
2015; Bushell et al., 2015; Cheatham and Baker, 2017; Couture et al.,
2015; MacDonald et al., 2013b; Macgregor et al., 2018; Mohr et al.,
2014; Monterio et al., 2018; Morales-Artacho et al., 2017; Morton
et al., 2015; Su et al., 2016; Vygotsky et al., 2015) and nine studies
investigated muscle length measured in centimeters (Garcia-
Guti�errez et al., 2017; Junker and St€oggl, 2015; Kelly and
Beardsley, 2016; Peacock et al., 2014, 2015; Roylance et al., 2013;
Su et al., 2016; Vygotsky et al., 2015), with all studies involving foam
rolling to the lower limb or trunk. Only two of these studies
included investigations of effects of range of motion taking place
over more than one day (3 days [Macgregor et al., 2018] and 3
weeks [Bushell et al., 2015]).

Seven of the identified studies included a comparator modality
(Garcia-Guti�errez et al., 2017; Markovic, 2015; Mohr et al., 2014;
Monterio et al., 2018; Roylance et al., 2013; �Skarabot et al., 2015; Su
et al., 2016) and seven included a control group (Bushell et al., 2015;
Griefahn et al., 2017; Junker and St€oggl, 2015; Kelly and Beardsley,
2016; Macgregor et al., 2018; MacDonald et al., 2013b; Morales-
Artacho et al., 2017).
The majority of studies identified a positive increase in RoM
following the application of foam rolling compared to baseline
measurements or control (Garcia-Guti�errez et al., 2017; Griefahn
et al., 2017; Junker and St€oggl, 2015; Kelly and Beardsley, 2016;
MacDonald et al., 2013b; Markovic, 2015; Mohr et al., 2014;
Monterio et al., 2018; Morton et al., 2015; Peacock et al., 2015;
Roylance et al., 2013; Su et al., 2016). Eight of fourteen studies with
a comparator modality, such as instrument assisted soft tissue
therapy or roller massage, demonstrated no significant difference
in RoM between groups with the application of only foam rolling
(Behara and Jacobson, 2015; Bushell et al., 2015; Cheatham et al.,
2017; Couture et al., 2015; Morales-Artacho et al., 2017; Roylance
et al., 2013; �Skarabot et al., 2015; Vygotsky et al., 2015).

Only one study (Markovic, 2015) found a greater improvement
in RoM with the application of instrument assisted soft tissue
therapy compared to foam rolling.

The meta-analysis included eighteen effect sizes from thirteen
studies reflecting a total of 330 participants (see Fig. 2). All effect
sizes were positive, indicating an improvement in range of motion
following foam rolling, and the weighted mean effect size was
d ¼ 0.76, 95% CI (0.55e0.98), representing a large effect.

3.3. Laboratory based measures

Thirteen studies investigating a wide range of laboratory-based
outcomes, including torque, velocity, power, impulse, force, tendon
stiffness, maximal voluntary contraction, electromechanical delay,
half relaxation time, EMG and tetanus, were identified. Twelve of



Table 2
PEDro ratings for included studies.

Study Methodological Quality Criteria Quality
Score

1 2 3 4 5 6 7 8 9 10 11

Behara and Jacobsen (2015) 1 1 1 1 0 0 0 1 1 1 1 7
Bushell et al. (2015) 1 0 0 1 0 0 0 1 1 1 1 5
Cavanaugh et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7
Cheatham et al. (2017) 1 1 0 1 1 0 1 1 1 1 1 9
Couture et al. (2015) 1 0 0 1 0 0 0 0 1 1 1 4
D'Amico and Paolone (2017) 1 1 0 1 1 0 0 1 1 1 1 8
Fleckenstein et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7
Garcia-Guti�errez et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7
Griefahn et al. (2017) 1 1 1 1 0 1 1 1 1 1 1 10
Healey et al. (2015) 1 1 0 1 0 0 0 0 1 1 1 5
Janot et al. (2013) 1 1 0 1 0 0 1 1 1 1 1 7
Jones (2015) 1 0 0 1 0 0 0 0 1 1 1 5
Junker and St€oggl (2015) 1 1 0 1 0 0 0 0 1 1 1 5
Kal�en et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7
Kelly and Beardsley (2016) 1 1 0 1 0 0 0 1 1 1 1 6
MacDonald et al. (2013a) 0 1 0 1 0 0 0 0 0 1 1 4
MacDonald et al. (2013b) 1 1 0 1 0 0 0 1 1 1 1 6
Macgregor et al. (2018) 1 1 0 1 0 0 0 1 1 1 1 7
Markovic (2015) 1 1 0 1 0 0 0 0 0 1 1 4
Mohr et al. (2014) 0 1 0 1 0 0 0 0 0 1 1 4
Monteiro et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 7
Monteiro et al. (2018) 1 1 0 1 0 1 1 1 1 1 1 9
Morales-Artacho et al. (2017) 1 1 0 1 0 0 0 1 1 1 1 6
Morton et al. (2015) 0 1 0 1 0 0 0 0 0 1 1 4
Peacock et al. (2014) 1 0 0 1 0 0 0 0 0 1 1 3
Peacock et al. (2015) 0 0 0 0 0 0 0 0 0 1 1 2
Pearcey et al. (2015) 0 1 0 1 0 0 0 0 0 0 1 3
Romero-Moraleda et al. (2017) 1 1 0 1 1 1 1 1 1 1 1 10
Roylance et al. (2013) 1 1 0 1 0 0 0 1 1 1 1 6
�Skarabot et al. (2015) 1 1 1 1 0 0 0 0 0 1 1 5
Su et al. (2016) 1 1 0 1 0 0 0 1 1 1 1 7
Vygotsky et al. (2015) 1 0 0 1 0 0 0 1 1 1 1 5
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these studies involved recreational athletes and one study was
performed with elite collegiate athletes (Behara and Jacobson,
2015) (pooled mean age 22.70 ± 3.30 years). Seven studies
involved male participants, one involved female participants and
the remaining five investigated males and females together. The
mean PEDro score was 5.85. The majority of papers focused on
acute responses, with two studies investigating foam rolling over
more than one day (3 days [Macgregor et al., 2018] and 4 days
[Monterio et al., 2017]). Twelve studies provided control or
comparator groups (e.g. dynamic stretch, passive stretch, planking)
for comparison. Within these studies incidences of no significant
differences between groups were reported in seven studies (Behara
and Jacobson, 2015; D'Amico and Paolone, 2017; Garcia-Guti�errez
et al., 2017; Healy et al., 2015; Janot et al., 2013; Jones et al., 2015;
Morton et al., 2015) with two studies (Macgregor et al., 2018; Su
et al., 2016) reporting significantly improved outcomes following
the use of foam rolling between groups. One study included a
comparator group but made no analytical comparison within the
study findings reported (Cavanaugh et al., 2017), and one study
included no comparator or control (Monterio et al., 2017). No
studies were identified that investigated the effect on maximal
oxygen uptake.
3.4. Field based measures

In the five studies included for analysis of field-based measures,
outcomes investigated included power, speed, velocity, strength,
force and agility. All five investigations were conducted with
physically or recreationally active individuals to lower limb mus-
cles, (pooled mean age of 22.02 ± 1.93 years) with only one
investigation including female subjects (Healy et al., 2015). The
mean PEDro score of these studies was 4.20 which is the lowest
methodological quality identified for this review. No field-based
studies were identified that investigated the effect of foam rolling
on field-based measures over more than one day. Four of the
studies provided control or comparator groups (e.g. dynamic
stretch, planking, dynamic warm up) for comparison. Three of the
studies (Behara and Jacobson, 2015; Healy et al., 2015; Jones et al.,
2015) reported no differences between groups, with one study
(Peacock et al., 2014) reporting significant improvements in per-
formance following foam rolling compared to a dynamic warm up.

3.5. Measures of recovery

Five studies were located that investigated the effect of foam
rolling on recovery from exercise (See Table 4). All were conducted
in young participants (pooledmean age 23.36 ± 2.91 years), and the
mean PEDro score of these papers was 5.6. Two studies used the
same muscle damage protocols to induce DOMS, and measured
performance parameters at pre-test, post 0 h, post 24 h, post 48 h,
post 72 h (MacDonald et al., 2013a; Pearcey et al., 2015), whereas
Romero-Moraleda et al. (2017) took measurements at baseline,
immediately post- and 48 h post-damaging exercise, with the foam
rolling delivered at 48 h post-exercise. Two further studies exam-
ined the effect of foam rolling on recovery, but not from eccentric,
damaging exercise; Fleckenstein et al. (2017) considered the effects
on neuromuscular fatigue 5 min after a fatiguing protocol, and
Kal�en et al. (2017) looked at lactate clearance following a simulated
water rescue in lifeguards. All studies included a comparator (e.g.
running, neurodynamic mobilisation) (Kal�en et al., 2017; Romero-
Moraleda et al., 2017) or control group (Fleckenstein et al., 2017;
MacDonald et al., 2013a; Pearcey et al., 2015) with findings indi-
cating that foam rolling attenuated the effects of muscle damage in
comparison to control groups.

3.6. Adverse effects of foam rolling

No studies included within this review identified any adverse or
harmful effects from the application of foam rolling.

4. Discussion

This systematic review and meta-analysis present a novel set of
findings on the effects of foam rolling on a range of important
athletic measures. This work represents a new synthesis of
contemporary evidence for this popular tool.

4.1. Effect of foam rolling on range of motion

This review shows that foam rolling has a large, positive effect
upon range of motion immediately following application (d ¼ 0.76,
95% CI (0.55e0.98)), and that the positive effects of foam rolling on
range of motion are elicited irrespective of the measurement
method, the foam rolling dosage application or the sex of the par-
ticipants. Foam rolling has been shown to consistently bring about
an increase in both joint range of motion and muscular length. For
an athletic population, the importance of a change in range of
motion is dependent upon multiple factors such as the joint
involved, individual baseline measurement and/or the specific de-
mands of a given sporting activity. The minimum clinically
important difference for hip flexion for example, has not yet been
established however the values found in this analysis are in
agreement with published evidence within this field (Hammer
et al., 2017). The increase in range of motion observed may be
attributed to a number of factors including tissue extensibility,
temperature, perfusion, fatiguing factors, and realignment of tissue



Table 3
Performance measures summary.

Author & Date Sample FR Protocol Control/Comparator
Group

Muscle Group Performance Measure Outcome/Significant Narrative Grouping

Behara and Jacobson (2015) N ¼ 14
NCAA Division 1
Offensive Linesmen
20.04 (±1.41) years old,
6 years þ participation
in organized sport

1min per muscle group
(bilaterally) totalling
8 min s.

Comparator group,
Dynamic Stretch (same
muscles)
Control group, no
intervention

Hamstrings
Quadriceps
Gluteals
Gastrocnemius

Tendo Speed Analyser
of Counter-Movement
Jump (x3) for Power
(W) and Velocity
(m�s�1); Baseline
Bubble Inclinometer for
Hip Flexion pRoM (�);
Biodex System 4 Pro®
dynamometer for Peak
and Average Isometric
Torque in Knee Flexion
and Extension (N�m)

1. No significant
differences
between groups

2. Peak CMJ
Power ¼ No
Significant Diff

3. Average CMJ
Power ¼ No

4. Peak CMJ
Velocity ¼ No

5. Average CMJ
velocity ¼ No

6. Peak Torque (Knee
Ext) ¼ No

7. Average Torque
(Knee Ext) ¼ No

8. Peak Torque (Knee
Flex) ¼ No

9. Average Torque
(Knee Flex) ¼ No

10. pRoM ¼ Significant
Increase
(p ¼ 0.0001)

Field, Laboratory
and ROM

Bushell et al. (2015) N ¼ 31, physically
active (min 1.5 h s p/
wk), 21.35 (±2.44)
years old, n ¼ 19 males,
n ¼ 12 females

3 � 1min (30sec rest)
between lunges of
sessions 1&2 and for 5
separate unsupervised
sessions occurring on
different days in the
week between sessions
1 and 2.

Control group, no
intervention

Quadriceps Hip Extension Angle (�)
via Dartfish software

1. No Significant diff
between control
and intervention
groups immediately
or across all 6 lunges

2. Yes e within group
(intervention) e
Significant increase
in hip extension
within session 2
(p ¼ �0.05;
r ¼ �0.11)

3. No significant diff
within group) in hip
extension from
baseline to session 3

ROM

Cavanaugh et al. (2017) N ¼ 18, recreationally
active, males n ¼ 10,
25 ± 4.6, females n ¼ 8,
21.75 ± 3.2

4 � 45 s (15 s rest) Control group, no
intervention

Quadriceps and
Hamstring

EMG (mV)
Perceived Pain (VAS)

1. Significant decrease
in Bicep Femoris
activation
(P ¼ 0.015)

2. No significant sex-
based interactions

3. Significant
interaction between
perceived pain and
muscle group rolled
(P < 0.001)

4. No comparator
conclusions made

Laboratory

Cheatham et al. (2017) N ¼ 45, n ¼ 28 males,
n ¼ 17 females, 26 ± 6.5

1 � 2 min s Comparator group,
instruction of foam

Quadriceps (left only) Pressure Pain
Threshold (kPa)
ROM (�)

1. Significant increase
in PPT in all
conditions

ROM
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rolling
No control group

2. Significant increase
in ROM

3. No significant dif
between ROM and
PPT.

Couture et al. (2015) N ¼ 33, recreationally
active, 20 (±1.5) years
old, n ¼ 19 males,
n ¼ 14 females

4 � 30sec “long sets”
(30sec rest) and
2 � 30sec “short sets”
(30sec rest)

Comparator group,
different application
time of foam rolling

Hamstrings Passive knee extension
test (�) via inclinometer

1. No significant diffs
across all conditions
or between genders

2. No comparator
conclusions made

ROM

D'Amico and Paolone (2017) N ¼ 16 trained males,
20.5 ± 3.3

1 � 30 s per muscle
group

Control group, 30min
passive rest

Glut, Hip flexors, Quads,
ITBS, Adductors,
Gastrocnemius

Run time (mins)
Stride length and hip
extension
VCO2

Blood Lactate (mmol)

1. No significant effect
of FR on any
variables

2. No significant
differences between
groups for run time

Laboratory

Garcia-Guti�errez et al. (2017) N ¼ 38, n ¼ 19 males,
21.8 ± 2.7, n ¼ females,
19.5 ± 7.2,
recreationally active

3 � 20sec Control group, no foam
roll or vibration

Tricep Surae ROM (cm)
MVIC (kg)

1. Significant increase
in ROM in FR and
FR þ vibration
groups

2. No significant
difference in MVIC
between groups

ROM and Laboratory

Griefahn et al. (2017) N ¼ 38, n ¼ 13 males,
n ¼ 25 females
23.34 ± 2.58, active for
3 h s per week

3 � 30sec per muscle Control group, no
intervention

Glut Max, Erector
Spinae, Latissimus
Dorsi

ROM (MMST) (cm)
Fascial Mobility (mm)

1. No significant
different in lumbar
flexion

2. Significant increase
in fascial mobility
(P < 0.001)

3. No significant
difference in
mechanosensitivity

4. FRG (1.7915 mm) to
the CG
(0.0139 mm), this
show also a highly
significant result
(p < 0.001).

ROM

Healey et al. (2015) N ¼ 26, healthy college,
(21.56 ± 2.04 years,
n ¼ 13 men, n ¼ 13
women), recreationally
active

1 � 30sec on each
muscle

Comparator group,
Planking exercise

Quadriceps;
Hamstrings; ITB;
Gastrocnemius;
Latissimus Dorsi;
Rhomboids

Vertec Vertical Jump for
Height (cm) and Power
(W) (3xrapid jumps);
Isometric Squat Force
(N) (10sec) via force
plate; Pro Agility -5-10-
5 test (sec);

1. No significant diffs
in Power, Height,
Force, Agility.

2. No significant diffs
between groups

Field, Laboratory

Janot et al. (2013) n ¼ 23;
20.3 ± 1.4
Healthy adults (n ¼ 9
male, n ¼ 14 female)

3 � 30sec Control group, no
intervention
Comparator group,
Static Stretching (SS)

Gluteals, Quadriceps,
Hip Flexors,
Hamstrings,
Gastrocnemius,
Adductors, ITB

Peak Power Output
(PPO) (W), Percent
Power Drop (PPD) (%),
Max Power (MPO) (W),
Av. Power (APO) via
Wingate Test (W)

Whole sample analysis
showed -
1. No significant diffs

in PPD, PPO, MPO or
APO or between
groups

Gender split analysis
showed -
1. Significant increase

in Male PPO
(p¼<0.05) in FR & SS
groups

2. Female PPD
significant

Laboratory

(continued on next page)
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Table 3 (continued )

Author & Date Sample FR Protocol Control/Comparator
Group

Muscle Group Performance Measure Outcome/Significant Narrative Grouping

decreased
(p¼<0.05)

3. Male PPD significant
increased (p¼<0.05)

4. Absolute PPO was
not significantly
(p > 0.05) affected
following MFR
compared to the
control trial in
women

5. Relative PPO,
absolute and
relative MPO, and
absolute and relative
APO were not
significantly
(p > 0.05) altered by
either treatment
modality compared
to the control trial in
both men and
women

Jones et al. (2015) N ¼ 20 recreationally
trained males, 24.05
(±2.02) years old

1 � 30sec per muscle
(bilaterally); 40 rolls
per min

Control group, rolling
skateboard

Gastrocnemius;
Quadriceps;
Hamstrings; Gluteals

Vertical Jump Height
(cm), Impulse (N*s-1),
Ground Reaction, Force
(N*Kg-1), Take off
Velocity (m*s-1) via
force plate

1. No significant diffs
in all tests

2. No significant diffs
between conditions

Field and Laboratory

Junker and St€oggl (2015) N ¼ 40, healthy males,
31.3 (±9.2) years old

3 � 30-40sec (10 reps
per leg) applied
bilaterally

Control group, no
intervention

Hamstrings Sit and reach test (cm) 1. Significant increase
between Foam Roll
and Control group
(p ¼ 0.033)

2. Significant increase
within Foam Roll
group (p ¼ 0.001)

ROM

Kelly and Beardsley (2016) N ¼ 26, control group
n ¼ 13 5 males 8
females 24.4 ± 1.7, FR
group n ¼ 13 8 males, 5
females, 24.8 ± 2,
recreationally active

3 � 30 s (10 s rest)
Dominant side only

Control group, no
intervention on
contralateral limb

Tricep Surae ROM (cm) 1. No significant
between group
effects

2. Significant within
group effects of FR
of both rolled and
contralateral limbs
(p ¼ 0.00)

ROM

Macgregor et al. (2018) N ¼ 16, recreationally
active males 25 years
(±4.4) yrs

2 min of foam rolling on
3 consecutive days

Control group, rest Quadriceps Tensiomyography
(mechanical properties)
(mm/s), modified active
kneeling lunge (�)

1. Foam rolling
protected decline of
MVC compared to
rest

2. Statistically reduced
EMG post-foam roll-
ing compared to rest

3. Greater radial
displacement of
muscle belly in foam
rolling condition
compared to rest

ROM, Laboratory
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4. No change in ROM
across time or
between condition

MacDonald et al. (2013b) N ¼ 11 healthy
university males 22.3
(±3.8) years old

2 � 1min (30sec rest), 3
e4 reps per minute

Control group, no foam
rolling

Quadriceps RFD (N*s-1), Force (N),
MVC (N) via
Wheatstone Bridge
stain gauge (BioPac
Systems); Twitch Force
via DS7AH Digitimer),
Tetanus, Muscle
Inactivation, ½
relaxation time

1. No Significant diff in
Force, RFD or
Muscle Activation
between groups

2. Significant increase
in ROM post foam
rolling at post 2 and
10 min (p ¼ 0.001)

3. Significant -ve
correlation between
quad force and knee
ROM (p ¼ 0.01) pre-
test, no longer pre-
sent post-test at 2 &
10min in Foam Roll
group,

4. Significant -ve
correlation
remained (p ¼ 0.05)
for control group) at
2 & 10min

Laboratory and ROM

Markovic (2015) N ¼ 20, regional level
male soccer players, 19
(±2) yrs

n ¼ 10 2 � 1min per
muscle

Comparator group,
instrument assisted soft
tissue therapy

Quadriceps;
Hamstrings

Supine Passive Knee
Flexion (�); Passive
Straight Leg Raise (�)
via digital inclinometer
before, immediate and
24 h s

1. Significant increase
in immediate knee
and hip range of
motion

2. Effects were higher
for the FAT group
(pre-to post-test
gains in knee and
hip ROM: 13.1� and
15.2�; or 10% and
19%) vs. FR group
(pre-to post-test
gains in knee and
hip ROM: 6.6� and
7.0� , or 5% and 9%)

ROM

Mohr et al. (2014) N ¼ 40, 22 (±3.8) yrs,
healthy but with less
than 90 (�) hamstring
flexibility

n¼ 10, 3� 1min (30sec
rest), 1sec inferior e 1 s
superior cadence

Control group, no
intervention

Hamstring Passive Hip Flexion (�)
via bubble inclinometer

1. Significant increase
in passive hip-
flexion ROM
(p ¼ 0.001)

2. Combined FR/Static
Stretch had a
greater change in
passive hip-flexion
ROM compared with
the Static Stretching
(p ¼ 0.04), FR
(p ¼ 0.006), and
control (p ¼ 0.001)

3. There were no
significant
differences between
any of the other
treatments
(P > 0.09)

ROM

Monteiro et al. (2017) ITB, Lpatissimus dorsi Laboratory

(continued on next page)
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Table 3 (continued )

Author & Date Sample FR Protocol Control/Comparator
Group

Muscle Group Performance Measure Outcome/Significant Narrative Grouping

N ¼ 20 recreationally
active, resistance
trained females, 26.2
(±6.4) yrs

1 � 30 s, 1 � 60 s,
1� 90 s, 1� 120 s (total
300 s) on each side over
4 consecutive days

No control group or
comparator modality

Functional Movement
Screen Overheat deep
squat

1. FMS overhead deep
squat improved
significantly after 90
and 120 s of ITB
foam rolling in FR
only group

2. No other statistically
significant
differences were
observed

Monteiro et al. (2018) N ¼ 18 recreationally
active, resistance
trained males, 26.5
(±4.2) yrs

1 � 120 s set Comparator group,
roller massage

Quadriceps Passive hip flexion and
extension (�)

1. Hip flexion
statistically
increased
immediately after
foam rolling and
maintained the
increase at 10, 20
and 30 min post-
foam rolling

2. Hip extension
statistically
increased
immediately after
foam rolling and
maintained the
increase at 10 and
20 min post-foam
rolling

3. FR was statistically
superior in
improving hip
extension ROM as
compared to RM
immediately post
intervention relative
to the baseline
values

4. Greater statistical
increases in hip
flexion ROM were
also achieved in the
FR condition as
opposed to RM
immediately post
intervention and at
10- and 30-min post
intervention

ROM

Morales-Artacho et al. (2017) N¼ 14 physically active
males, 26.6 (±4.5) yrs

1-min bilateral set
followed by 10 � 1 min
sets on alternating leg,
with 30 s rest between
sets (total time 15 min)

Control group, rest
Comparator group,
Cycling
Mixed (Cycling þ FR)

Hamstrings Passive knee extension
on isokinetic
dynamometer at 2�/
seconds, passive torque
(N�m), muscle stiffness
(Pa)

1. No significant
difference in range
of motion after foam
rolling

2. Cycling (5min) and
Mixed (5 & 30min)
increased ROM

3. No significant
changes in torque

ROM, Laboratory
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observed in foam
rolling condition

4. Reduction in
stiffness at 5min
post FR, Cycling and
Mixed maintained
up to 30 min

5. Significant reduction
in torque at 5min in
Cycling and Mixed
compared to no
changed in control
and FR groups

Morton et al. (2015) N ¼ 19, male, 22 (±3)
yrs, recreationally
active

4 reps x 1min (15e30 s
rest between reps)

Comparator group,
Static stretch

Hamstrings Passive Knee Extension
(�) via Biodex
dynamometer, Rate of
Torque Development
(N�m), Peak Passive
Torque (N�m), Muscle
Stiffness (Pa), MVIC
(Nm)

1. Significant increase
in passive ROM over
time (p ¼ 0.001)

2. Cohen's d effect size
value for the pooled
means (d ¼ 0.64)
suggests a moderate
to high practical
significance for ROM
with no diff between
conditions

3. Significant increase
in peak passive
torque (p ¼ 0.03), no
diff between groups

4. Reduction in muscle
stiffness post FR
(p ¼ 0.02), no diff
between groups

5. MVIC and RTD
(d ¼ 0.13) low
practical significance

ROM, Laboratory

Peacock et al. (2014) N¼ 11 physically active
males 22.18 (±2.18) yrs

1 � 5 rolls per 30sec Comparator group,
dynamic warm up
(DWU)

Erector spinae;
Multifidus; Gluts;
Hamstrings; Calf;
Quads; Hip flexors;
Pectoralis major &
minor

V Jump - vertec (cm)
Standing Long Jump
(cm)
Agility - (18.3 pro
agility test) (sec)
1RM bench press (kg)
37 m sprint (sec)

1. Significant increase
in V. Jump
(p ¼ 0.012)
compared to DWU

2. Significant increase
in Standing Long
Jump (p ¼ 0.007)
compared to DWU

3. Significant increase
in Agility
(p ¼ 0.001)
compared to DWU

4. Significant
difference in 37 m
Sprint time
(p ¼ 0.002)
compared to DWU

5. Significant increase
in 1RM (p ¼ 0.024)
compared to DWU

Field

Peacock et al. (2015) N ¼ 16 athletically
trained males,21.9
(±2.0) yrs

Med-Lat 1 � 5 rolls per
30sec
Ant-post 5 rolls per
30sec

No control group M-L group ¼ Erector
Spinae; Gluts;
Hamstring; Pec Major;
Gastroc; Quads

V. Jump vertec (cm)
Broad Jump (cm)
Agility 5-10-5 test (sec)
Bench Press NFL rep out

1. Significant increase
in ROM in
Anteroposterior
group (p ¼ 0.003)

Field and ROM

(continued on next page)
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Table 3 (continued )

Author & Date Sample FR Protocol Control/Comparator
Group

Muscle Group Performance Measure Outcome/Significant Narrative Grouping

A-P group ¼ Lats; Ext
Obliques; Piriformis,
Gluts; Peroneals,
Adductors, ITB

test
Sit and Reach (cm)

2. No significant
differences in all
other tests

Roylance et al. (2013) N ¼ 27 healthy
university students,
n ¼ 14 male, n ¼ 13
female,
22.7 (±2.4) yrs with sit
and reach score
<34.3 cm

10min total Comparator group,
static stretch and
postural alignment
exercise.

Erector spinae, Upper
back, Gluteals
Piriformis, Hamstrings,
Gastrocnemius and
Soleus

Sit and Reach (cm) 1. No change in acute
ROM following FR
in isolation

2. Significant increase
in ROM with FR in
combination with
postural alignment
exercise or static
stretching

3. No comparator
conclusions made

ROM

�Skarabot et al. (2015) N ¼ 11, adolescent,
trained swimmers
(n ¼ 6 males, n ¼ 5
females), 15.3 (±1.0)
yrs

3 sets x 30 s (15-sec rest
between sets)

Comparator group,
static stretching

Gastrocnemius/Soleus Weight bearing lunge
(cm)

1. No increase ROM by
FR alone

2. Significant increase
in ROM when
FR þ SS combined
(p < 0.05)

3. Post hoc testing
revealed increases
in passive ankle
dorsiflexion ROM
between baseline
and post-
intervention by 6.2%
for SS (p < 0.05) and
9.1% for FR þ SS
(p < 0.05) but not for
FR

ROM

Su et al. (2016) N ¼ 30, n ¼ 15 male
21.47 ± 1.77, n-15
females 21.40 ± 1.18

3 � 30sec (per leg) Comparator group,
Static Stretch (SS) and
Dynamic Stretch (DS)

Quadriceps and
Hamstrings

Knee Flexion (�)
Peak Torque (Nm)
Sit and reach (cm)
Modified Thomas test

1. Significant increase
in modified Thomas
test in all conditions
(p < 0.017) with
significant greater
increase with FR

2. Significant increase
in knee extension
peak torque
(P ¼ 0.003)
compared to SS

4. Significant increase
in sit and reach
(P < 0.001) &
compared to SS & DS

5. Significant increase
in Knee Flexion
(P < 0.017)

ROM and Laboratory

Vygotsky et al. (2015) N ¼ 23, healthy
students (n ¼ 7 male,
n ¼ 16 female) 22
(±3.3) yrs

2 sets x 60sec (30sec
rest between sets)

No control group or
comparator modality.

Quadriceps Modified Thomas Test
(�)

1. No significant
increase in ROM

2. No comparator
conclusions made

ROM
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Table 4
Post-exercise recovery summary.

Author & Date Sample EIMD Protocol FR dosage/Protocol Control/comparator
Group

Muscle Group Markers of DOMS/EIMD Findings

Fleckenstein et al.
(2017)

N ¼ 45, 23 males,
24.8 ± 2.3, 22 females
25 ± 2

Functional agility short term
fatigue protocol, involving 3
maximum counter movement
jumps, 20 s step up on a 40 cm
box at 220 beats per minute,
3 � body weight squats, the
pro-agility shuttle; repeated
until participants can no longer
maintain 90% maximum jump
height. The minimum number
of rounds to be performed was
3.

5 min rolling, each
muscle treated
bilaterally for 30 s each
Preventative (prior to
fatiguing) or
regenerative (after
fatiguing)
Baseline, immediately
after fatiguing exercise,
5 min post fatigue

No treatment control
group

Quadriceps,
Hamstrings, Adductors,
ITB, Gastrocnemius

1. Maximum voluntary
force

2. Reactive strength
index

3. Pain (VAS)

No significant differences
between groups over time

Kal�en et al. (2017) N ¼ 12, 24 ± 4.9, Surf
Lifeguards

Running 10 m to water, swim
100 mwith fins, gaining control
of casualty, toeing casualty to
shore, extracting casualty

1min per leg per
muscle. Total rolling
20 min

No treatment control
group
Comparator group,
(25 min sitting) or
running (4 min
walking, 16 min
running, 5 min
walking)

Quadriceps, ITB,
Hamstring, Adductors
and Gluteals

1. Blood Lactate
2. RPE

1. Post recovery lactate levels
were significantly lower for
foam rolling and running
groups compared to passive
recovery

2. No significant differences for
lactate or RPE between
groups

MacDonald et al.
(2013a)

n ¼ 20
Physically active,
resistance trained (3 �
per week or more)
Foam roll: age
25.1 ± 3.6 yr; control:
age 24.0 ± 2.8 yr
Male

10 � 10 repetitions of back
squat at 60% of 1 repetition
maximum, with 2 min rest
between each set

five exercises on both
the right and left legs
for two 60-s bouts each

No treatment control
group

Anterior, Lateral,
Posterior, and Medial
aspect of the thigh,
along with the gluteal
muscles

1. Thigh girth
2. Muscle soreness
3. Muscle activation
4. MVC force
5. Vertical jump
6. Twitch force
7. Electromechanical

delay
8. Rate of force

development
9. Half relaxation

time
10. Quadriceps passive

ROM
11. Hamstrings passive

ROM
12. Hamstrings

dynamic ROM
At pre-test, post 0 h,
post 24 h, post 48 h,
post 72 h

1. TF e Foam Rolling reduced
TF with moderate to large
size effect

2. RFD e Foam Rolling
reduced RFD with large
effect size at 72hr but no
substantial between group
differences

3. Potentiated Twitch Force
(PTF) e between group
differences at 48 and 72hr
with foam rolling reducing
PTF with large and
moderate size effects

4. MVC e no between group
differences

5. Voluntary Activation (VA)
e between group
differences at post 24,48
and 72 h with foam rolling
increasing VA (moderate to
large size effect)

6. ½ relaxation time e no
between group differences

7. Passive Quad ROM showed
increase in ROM with
moderated effect size
between groups at 48 and
72 h

8. Passive Hamstring ROM e

Foam rolling showed
increase in ROM with
moderate effect size at
72 h s

(continued on next page)
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Table 4 (continued )

Author & Date Sample EIMD Protocol FR dosage/Protocol Control/comparator
Group

Muscle Group Markers of DOMS/EIMD Findings

9. Dynamic Hamstring ROM
showed increase in ROM
with moderated effect size
at 24 h s

10. Moderate size effect in
reducing DOMS at 24 h s.

11. Large size effect in reducing
DOMS at 48 h s and 72 h s.

Pearcey et al. (2015) n ¼ 8
Recreationally
resistance trained
males age ¼ 22.1 ± 2.5
years, height ¼
177.0 ± 7.5 cm,
mass ¼ 88.4 ± 11.4 kg

10 � 10 repetitions of back
squat at 60% of 1 repetition
maximum, with 2 min rest
between each set

45 s bout followed by
15 s rest, to a total of
20 min including rest
times. Performed
directly after test
measures, 24 h post,
and 48 h post.

No treatment control
group

Quadriceps, Adductors,
Hamstrings, Iliotibial
(IT) band, and Gluteal
muscles

1. Pressure-pain
threshold of the
quadriceps

1. Sprint speed (30-m
sprint time)

2. Power (broad-jump
distance)

3. Change-of-direction
speed (T-test)

4. Dynamic strength-
endurance
(maximal back 15-
squat repetitions at
70% of 1RM).

At pre-test, post 0 h,
post 24 h, post 48 h,
post 72 h

1. Moderate effect on Sprint
time at 24 h s and 72 h s

2. Small effect on broad jump
at 24 h s but large effect at
72 h s

3. Agility unlikely to be
affected by foam rolling by
an amount greater than the
smallest worthwhile change
post exercise

4. Moderate effect on dynamic
strength-endurance at
48 h s post-exercise. Un-
likely to have any meaning-
ful effect at 24 h s or 72 h s.

5. Moderate effect on the
decline in pressure pain
threshold at 24 h s and a
large effect at 48 h s.
Unlikely to have any
meaningful effect at 72 h s.

Romero-Moraleda et al.
(2017)

N ¼ 32, 21 males, 11
females, age 22.2 ± 2.2
years

100 drop jumps (5 � 20 with
2 min rest) from a 0.5 m high
box

1 session of 5 � 1 min
sets with 30 s rest to the
quadriceps; outcome
measurements
immediately taken at
baseline, after muscle
damage and post foam
rolling (over a 48-h
period)

Comparator group,
Neuro-muscular
treatment (femoral
neurodynamic
mobilization)

Quadriceps 1. Change in numeric
pain rating scale

2. Surface EMG
3. Strength (MVIC)

1. Significant reduction in pain
post foam rolling, with no
significant differences
between groups

2. Strength: After treatment,
only the FR group had a
statistically significant
improvement (p < 0.01) in
strength compared to pre-
treatment.

3. MVIC: vastus medialis and
vastus lateralis improved
significantly in both groups
(p < 0.01); while the rectus
femoris only significantly
improved in the FR group
(p < 0.01) compared to pre-
treatment.

4. Maximal peak activation: no
significant differences
between the groups
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Fig. 2. Forest plot to show the meta-analysis of foam rolling on range of motion.
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fibres (Madding et al., 1987; McHugh and Cosgrave, 2010; Gajdosik,
2001; Wepple and Magnusson, 2010). However, while the acute
effects are evident, the chronic effects are not, and it cannot be
concluded that foam rolling has a positive effect on range of motion
or flexibility over time. It should also be noted that a wide range of
methods were used to assess range of motion, and while these are
well established (e.g. goniometry, inclinometry, isokinetic dyna-
mometry, sit and reach test amongst other) and have generally
shown good to excellent levels of reliability (Charlton et al., 2015;
Drouin et al., 2004; Kolber and Hanney, 2012; Konor et al., 2012),
measurement error could contribute to these positive findings.
4.2. Effect of foam rolling on laboratory-based measures

Findings are equivocal with regards the effects of foam rolling
on laboratory-based measures. Seven investigations found no sig-
nificant improvements (Behara and Jacobson, 2015; D'Amico and
Paolone, 2017; Garciz-Guti�errez et al., 2017; Healy et al., 2015;
Jones et al., 2015; Morales-Artacho et al., 2017; MacDonald et al.,
2013b), and seven studies showing significant positive effects
(peak power output and percentage power drop [Janot et al., 2013],
passive peak torque [Su et al., 2016], rate of torque development,
maximal voluntary contraction and tendon stiffness [Morton et al.,
2015], protecting the decline in MVIC [Macgregor et al., 2018],
reduced EMG [Cavanaugh et al., 2017], improved FMS score
[Monterio et al., 2017], and reduced muscle stiffness and increased
knee extension peak torque (Morales-Artacho et al., 2017). How-
ever, inconsistencies are apparent in the application of the foam
rolling between studies, with protocols ranging from a single 30 s
bout per muscle through to ten sets of 60 s, making direct com-
parison of studies challenging. Nevertheless, findings suggest that
multiple sets of application may be required to elicit an effect, as no
beneficial response from a single set application was consistently
reported (Behara and Jacobson, 2015; D'Amico and Paolone, 2017;
Healy et al., 2015; Jones et al., 2015). This suggests that a dose-
response relationship may be present. There were also no differ-
ences in responses found betweenmale and female participants. To
explain the increases in performance measures, it has been pro-
posed that myofascial release may result in increases in alpha-
motor neuron activity and output, while subjects who undertook
foam rolling are also able to maintain muscle activity due to less
neural inhibition as a result of healthier connective tissue permit-
ting better communication from afferent receptors in the connec-
tive tissue (Janot et al., 2013; MacDonald et al., 2013a).
4.3. Effect of foam rolling on field-based measures

Collectively the evidence suggests that there is no detrimental
effect of up to 120 s of pre-exercise foam rolling on subsequent
field-based measures. Four studies (Behara and Jacobson, 2015;
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Healy et al., 2015; Jones et al., 2015; Peacock et al., 2015) indicated
that lower limb foam rolling had no effect on power, speed and
agility, and Peacock et al. (2014) reported positive responses in
these aspects of athletic measures following foam rolling. These
findings show similarities with the literature on static stretching,
for example, Kay and Blazevich (2012) proposed that short dura-
tions of stretching (<60 s) can be performed pre-exercise without
compromising maximal muscle measures. Further to this, the re-
sults from foam rolling studies reflect positively against reports that
suggest static stretching to single muscles over 100 s (2 sets x 50 s)
may be detrimental to power-based activities e.g. counter move-
ment jump (Cornwell et al., 2001). However, no investigation
included in this analysis has conducted foam rolling dosage greater
than 120 s. The low to moderate quality rating of these studies
indicate that the findings of these studies should be interpreted
with caution. It has been proposed that the variability in effec-
tiveness of foam rolling on field-based performance measures may
lie in the complexity of the test itself (Pearcey et al., 2015); minimal
changes were reported for multidirectional tests (e.g. T-test), which
are associated with greater degrees of motor control, coordination
and multiple muscle interactions, in comparison to the more
notable changes on unidirectional tests e.g. sprint test. As noted in
relation to laboratory-based measures, there is inconsistency on
the dosage of foam rolling applied making direct comparisons be-
tween studies difficult.
4.4. Effect of foam rolling on recovery

All studies identified appeared to show positive effects of foam
rolling in the context of post-exercise recovery; for exercise-
induced muscle damage/DOMS, studies support the use of a daily
bout of foam rolling to lower limb muscles up to 72 h following
damaging exercise, compared to no intervention at all. Foam rolling
attenuated the effects of muscle damage on muscle soreness/pain
threshold, range of motion and performance-based measures of
power and speed. However, there were no beneficial effects found
for swelling, and evoked contractile properties. In their paper,
MacDonald et al. (2013a) considered the possible mechanisms for
the observed beneficial effects of foam rolling and suggest that
foam rolling appears to have a beneficial effect on the connective
tissues, most probably at the myotendinous junction, rather than
being beneficial to muscle recovery; this is suggested on the basis
that there was reduced muscle soreness while also having greater
decrements to evoked contractile properties. They propose that the
decrease in pain may have resulted in less neural inhibition.
Collectively, this appears to make foam rolling helpful for dynamic
movements. Foam rolling was also found to be beneficial compared
to passive recovery for lactate clearance (Kal�en et al., 2017) and
demonstrated a non-significant trend for attenuating the effects of
neuromuscular fatigue, measured by perceived exhaustion, muscle
force and reactive strength index (Romero-Moraleda et al., 2017). In
the wider literature of studies of DOMS, common methods to
attenuate the symptoms include nutritional and pharmacological
strategies, electrical, manual and cryotherapies, and exercise
(Howatson and Van Someren, 2008). No study has compared foam
rolling to these commonly used approaches to reduce the impact of
DOMS, therefore it is not possible to identify whether foam rolling
is any more effective than alternative, commonly adopted modal-
ities. More recently published studies considering foam rolling and
post-exercise recovery (Kal�en et al., 2017; Roylance et al., 2013)
have included comparators other than control (running and
neurological mobilisation respectively), which performed as
effectively as foam rolling in attenuating the effects of the exercise
protocols.
4.5. Limitations of the literature identified and generalizability of
the results

Themethodological quality of the studies performed in this area
remain varied but has improved over time, with 18 of the 32 studies
included in this review being considered as moderate to high
quality, scoring 6 or greater on PEDro quality assessment (Behara
and Jacobson, 2015; Cavanaugh et al., 2017; Cheatham et al.,
2017; D'Amico and Paolone, 2017; Fleckenstein et al., 2017;
Garcia-Guti�errez et al., 2017; Griefahn et al., 2017; Janot et al., 2013;
Kal�en et al., 2017; Kelly and Beardsley, 2016; MacDonald et al.,
2013b; Macgregor et al., 2018; Monterio et al., 2017; Monterio
et al., 2018; Morales-Artacho et al., 2017; Romero-Moraleda et al.,
2017; Roylance et al., 2013; Su et al., 2016). Encouragingly, the
more recently published literature appears to be of higher meth-
odological quality, however, the findings reported in this review
should be interpreted in light of the risk of bias associated with the
studies included. More studies are needed with stronger method-
ological rigour in this area of inquiry.

More specific methodological concerns with the studies in this
review include that some studies involved a large physical contact
area and duration of foam rolling and a large battery of perfor-
mance measures, which has the potential to create inter-
participant differences in both the fatiguing effects of a long bout
of foam rolling, and differences in elapsed time from intervention
to test. It is unclear whether randomization of order of both
application of foam rolling and measurement of outcome tests was
undertaken in order to reduce the chance of order effects influ-
encing the findings. Furthermore, foam rolling is, by its very nature,
a self-limiting activity and it is not possible to normalize or stan-
dardize the degree of pressure exerted by the foam roller on the
muscles when self-administered, as opposed to being administered
mechanically (Bradbury-Squires et al., 2015; Swann and Graner,
2002). Collectively, these factors have the potential to impact on
participant performance measures and therefore, study outcomes.

The studies identified through this systematic review have
focused on lower limb muscles and study populations comprised
mainly of college-aged participants. It is unknown whether the
same effects of foam rolling found within this review are present in
older or pediatric populations, or following foam rolling to the
upper limb muscles. The question of whether foam rolling has
benefits to endurance-based athletes also remains unanswered.
The majority of studies have identified the acute effects of foam
rolling, but whether a dose-response relationship exists is unclear.
The studies that have explored the effects of foam rolling have
looked primarily at the presence of effects but have not considered
in detail why these effects have been brought about.

4.6. Limitations of this review

This is one of the first studies to attempt a meta-analysis of data
from foam rolling literature, however conducting themeta-analysis
was challenging. It was only possible to calculate effect sizes from
pre- to post-intervention, which does not account for control or
comparator, which would be usual for meta-analysis. Additionally,
some papers qualified to be included in the meta-analysis, but the
data could not be accessed, and therefore they were excluded from
the quantitative synthesis.

This review, while narrower than previous reviews conducted
on foam rolling, is still broad in its scope and attempts to compare a
wide range of parameters that have been investigated in a range of
ways. This variation within the published literature was also pre-
sent within the different domains of this analysis, as evidenced
within the range of motion meta-analysis which demonstrated
moderate heterogeneity. Many studies judged as having low
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methodological quality were included, which has the potential to
introduce bias into the conclusions reported here.

5. Conclusion

There is a clear beneficial acute effect of foam rolling on range of
motion, however longer-term effects remain unknown. There ap-
pears to be no detrimental effects of foam rolling on other athletic
performance measures, but it cannot be concluded that foam roll-
ing is directly beneficial to athletic performance markers including
MVIC, muscle power, muscle strength/activation, peak torque,
maximal oxygen uptake, speed, acceleration, agility or reaction
time. Foam rolling appears useful for recovery from activity, but it is
not possible to state whether it is any more or less effective than
other commonly used modalities. Foam rolling does not appear to
be harmful to an athlete through its application and while there are
fewer studies that have included female participants, foam rolling
seems to elicit equivalent effects in males and females. It is note-
worthy that there has been a proliferation of research in this area
since 2013, and this review reflects the infancy of the major
research in this field. In order to develop the evidence base in this
field, future research should be directed towards the following
areas:

1) developing a better understanding of whether there is an
optimal dosage or dose-response relationship

2) investigating the effects of long-term use of foam rolling to
determine if any chronic effects exist

3) comparing the effects of foam rolling on DOMS with other
commonly accepted approaches to recovery from damaging
exercise, in order to better inform that body of evidence

4) conducting work into a more diverse population beyond young,
active males, and considering its application for endurance-
based athletes

5) developing a better understanding of the mechanisms by which
foam rolling has its effect
Clinical relevance

� In practical terms, these studies have demonstrated that it is
neither harmful nor detrimental to performance for male or
female athletes to perform foam rolling before or after activity.

� For athletes seeking an acute increase in muscle flexibility or
joint range of motion, foam rolling is a useful tool to include as
part of a warm up or pre-exercise activity.

� Coupled with the positive effects on muscle and tendon stiff-
ness, this may be of particular use or importance for athletes
involved in ballistic sports for which the stretch-shortening
cycle is important (Morales-Artacho et al., 2017).

� Foam rolling is beneficial for reducing some of the common
symptoms associated with exercise induced muscle damage.

� Given its effectiveness, ease of application and relative comfort
(compared to cold water immersion for example) and relatively
low cost, it may be preferential to athletes over other recovery
modalities that are available.
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