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CORRESPONDING AUTHOR: SUMMARY
Saurabh Sharma Background. Dynamic stretching (DS) and foam rolling (FR) are frequently being
Centre for Physiotherapy and used as warm-up to improve bio-motor ability. The review aimed to compare the acute
Rehabilitation Sciences effects (immediate and five minutes post-intervention) of DS and FR on flexibility,
Jamia Millia Islamia jump height, and muscular strength in the athletic and physically active population.
A Central University Methods. Electronic databases (Medline/PubMed, Web of Science, Scopus, Google
Jamia Nagar Scholar, Cochrane Library, PEDro, and Hooked on evidence databases) were searched
New Delhi, India to obtain relevant studies. The methodological quality of the studies was assessed with
E-mail: ssharma@jmi.ac.in the Physiotherapy evidence database (PEDro) scale. Meta-analysis was performed
using the Rev Man 5.3 software to pool outcomes using the random-effects model,
DOl standardized mean difference (SMD) and 95% confidence interval (CI), and signifi-
10.32098/mltj.01.2023.07 cance level set to p < 0.05.

Results. 406 papers were found and eight were included (n = 174).There was no
significant mean difference between FR and DS on flexibility (immediate) (SMD: 0.15
(95%C10.23-0.52); p = 0.45), flexibility (five-minute) (SMD: 0.11 (95%CI -0.26-0.48);
p = 0.55), jump height (immediate) (SMD: 0.20 (95%CI 0.12-0.53); p = 0.22), leg
extensor strength (immediate) (SMD: 0.28 (95%CI 0.34-0.89); p = 0.37) and leg flex-
or strength (immediate) (SMD: 0.69 (95%CI 0.52-1.91); p = 0.26). The dosimetry
from the qualitative summarization of studies suggests 2 sets (60 seconds each) of each
FR and DS were performed on each muscle of the lower quadrant.

Conclusions. FR and DS exert similar magnitude of effect on flexibility, jump height,
and muscular strength. The findings could help clinicians plan mode of warm-up
for athletes.

Study registration. The study was registered in PROSPERO vide n. CRD42021225107.

LEVEL OF EVIDENCE: 1
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INTRODUCTION steering clear of injury (1). An appropriately planned warm-

Before engaging in any sports activities, warm-up training is ~ Up can have a greater impact on sports performance, increase
of paramount importance as it prepares the body for vigor-  the pace of force-generating quantity of muscle cells (2-5),
ous activities, enhances performance, and contributes to  increase metabolic activity (6) and achieve explosive power
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and coordination to increase flexibility (7). A greater risk of
muscle injury can be a result of lower levels of flexibility (8,
9). Flexibility is an essential part of adequate musculoskeletal
characteristics (10) and is defined as the potential to voluntari-
ly move a joint through its full range of motion (ROM) (11).
Flexibility is an important component for both prevention
and the rehabilitation of musculoskeletal injuries (10) and is
necessary for safe and effective sports participation. Jumping
force is considered one of the primary characteristics and it
greatly influences performance in sports that requires jump-
ing (12). Vertical jumping is a complicated human movement
that desires intense motor integration between upper and
lower body segments (13). A person’s maximum jump height,
which is a measure of leg muscle power, can give important
normative information about a person’s functional capacity
and performance in numerous sports (14). Jumping perfor-
mance ability is controlled by a person’s capacity to use the
elastic and neural profits of the stretch-shortening cycle (15).
The ability to exert force on an external entity or resistance
is known as muscular strength (16, 17). Better jumping,
sprinting and sport-specific success are all linked to muscu-
lar strength. However muscular strength is crucial for athletic
performance and injury prevention (18).

Before sports performance, among different types of
stretching exercises, dynamic stretching (DS) is proposed
for tissue health and performance boosting (19-21). DS
allows entire body movements and requires actively extend-
ing a joint across its ROM without holding the movement at
its endpoint (19, 22). DS provides the sport-specific warm-
up, enhances muscle temperature, decreases muscle stiff-
ness (23), improves nerve conduction, and increases meta-
bolic rates associated with the phosphagen and glycolytic
energy system (24). Studies have demonstrated that DS is
successful in improving lower limb flexibility, maximal
muscle strength, and vertical jump height without detrimen-
tal effects on performance (19, 25, 26).

Foam rolling (FR) has grown in popularity among the gener-
al population (27) and in recent years FR has been includ-
ed in training programs (28). FR is a self-myofascial release
technique where a solid foam cylinder is rolled backward
and forward over the muscle and fascia (27). At the time
of rolling, direct and sweep pressure is applied to the soft
tissue, which results in fascial mobilization and increased
ROM. FR creates friction, breaks fascial adhesions remove
mechanical restrictions from the myofascial tissue, and
restores lower limb flexibility (29-32). Furthermore, the
FR technique aims to improve mobility and ROM, without
detrimental effects on neuromuscular force development
(33). Because of the likely potential physiological mech-
anism, it is accepted that FR helps both athletes and the
physically active population in enhancing sports perfor-
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mance as well as recovery from exhausting physical activ-
ities (34). The benefit of the FR protocol is that it increases
lower limb flexibility without related decreases in explosive
strength, sprint time, or jump height (33).

Some research studies have been conducted to identify the
most prudent warm-up protocol during the pre-exercise
protocol (27, 28, 30). This will assist the athletes, coaches,
and other sports professionals in including the pre-exercise
protocol that benefits the most athlete’s performance. Wilke
et al. (35) conducted a systematic review on the acute effect
of FR on ROM healthy adults and found FR as an effective
method to induce acute improvement in lower limb flexibili-
ty. Opplert and Babault (36) published a review article on the
acute effects of DS on muscle flexibility and performance and
represent DS as a more effective modality than static stretch-
ing to be applied before explosive and high-speed activities.
The present study differentiates itself from other trials in
terms of its objective (present study included studies that
compared the acute effects (immediate and 5 minutes
post-intervention) of DS and FR to enhance muscle strength
and physical performance marker) and its outcomes
measures (lower quadrant flexibility, jump height and
muscular strength of quadriceps and hamstring muscle).
Nevertheless, the evidence to show the impact outcome
effect of FR and DS on lower quadrant flexibility, jump
height, and muscular strength (Quadricep and Hamstring)
is limited and inconclusive. Contrasting results, inadequate
RCTs, and inconsistencies associated with attributes used
in studies across the board could be some of the reasons.
These reasons make it essential to investigate the effect of
FR & DS on physical performance. Over and above, limited
systematic review and meta-analysis could be found which
may have assessed the literature and deliberated the effect
of FR and DS on lower quadrant flexibility, jump height,
and muscular strength (Quadricep and Hamstring).
Therefore, this systematic review and meta-analysis aimed
to investigate the acute effects (immediate and five minutes
post-intervention) of FR and DS on lower quadrant flexi-
bility, jump height, and muscular strength (Quadricep and
Hamstring) in the athletic and physically active popula-
tion. This information regarding the effect of FR and DS
on sports-specific bio-motor abilities in athletic/physically
active populations will provide an understanding of how to
manipulate the sports performance level by using FR and
DS as adjunct warm-up aids.

METHODS

The present systematic review and meta-analysis were
performed following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guide-
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lines. The component of the structured PICO format was
mentioned as follows:

P (Population): Athlete & Physically active

I (Intervention): FR (Immediate and five minutes post-in-
tervention)

C (Comparison): DS (Immediate and five minutes post-in-
tervention)

O (Outcomes): Lower quadrant flexibility (Quadricep femo-
ris, Hamstring, Gluteus maximus, and Gastrocnemius),
Jump height (CMJ), and Muscular strength (Hamstring and
Quadricep femoris).

Search strategy

Studies that were published in the English language
and the studies that inspected the impact of DS and FR
on lower quadrant flexibility, jump height and muscu-
lar strength (Quadriceps femoris and Hamstring) were
included in this study. Literature was searched till Novem-
ber 2021 independently by the four authors through elec-
tronic database searches using Medline/PubMed, Web of
Science (WoS), Google Scholar, Cochrane library, Pedro,
Hooked on evidence, and Scopus databases using several
keywords: (“Dynamic stretching”, “Foam rolling”, “Flexibil-
ity”, “Range of motion”, “Self-myofascial release”, “Self-mas-
sage”, “Myofascial Foam Rolling”, “Dynamic Exercise”,
“Tump Height”, “Vertical jump”, “Muscular Strength”) and
connected by Boolean operator logic (“AND” and “OR”) as
shown in (figure 1). Additionally, we restricted our search to
studies involving the human population and studies which
were published in English. The study selection flow chart is
shown in (figure 2).

Study selection criteria

All four authors (ND, DK, SM and SS) assessed the screen-
ing of the eligible studies to be included in this systematic

1. Dynamic stretching AND Foam rolling AND Flexibility

2. Dynamic stretching AND Foam rolling AND Range of motion

3. Dynamic stretching AND Self-myofascial release AND Flexibility

4. Dynamic stretching AND Self-massage AND Flexibility

5. Dynamic stretching AND Myofascial Foam Rolling AND Flexibility
6. Dynamic Exercise AND Foam rolling AND Flexibility

7. Dynamic stretching AND Foam rolling AND Jump Height

8. Dynamic stretching AND Foam rolling AND Vertical Jump

11. Dynamic stretching AND Foam rolling AND Muscle strength

12. “Dynamic stretching AND Foam rolling” Flexibility

13. “Dynamic stretching AND Foam rolling” Range of motion

14. “Dynamic stretching AND Self-myofascial release™ Flexibility

16. “Dynamic stretching AND Self-myofascial release™ Vertical Jump
17. “Dynamic stretching AND Self-myofascial release™ Muscle strength
18. Dynamic stretching* AND Self-myofascial release™* Flexibility

20. Dynamic stretching® AND Self-myofascial release™ Vertical Jump
21. Dynamic stretching® AND Self-myofascial release® Muscle strength

Figure 1. Search strategies using different keywords.
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Schematic breakdown of literature search results.

review. The evaluation of the articles was primarily based on
the title followed by the abstract. Lastly, if preliminary screen-
ing couldn’t decide the eligibility, then the full text of the arti-
cle was reviewed based on inclusion and exclusion criteria.
Study inclusion and exclusion criteria (table I) are as follows:
Inclusion criteria (studies were included if they met the
following eligibility criteria):

1. Randomized Control Trial studies.

2. Studies that included athletes and the physically active
population (age: 18-40 years).

3. Studies in which FR and DS were compared.

4. Studies that examined the effects of at least one outcome
measure related to lower limb flexibility, jump height, and
muscular strength of quadriceps femoris and hamstring
(immediately and five minutes post-intervention).

5. Studies investigating the human population only.

6. Studies that were published from 2017-2021.

Exclusion criteria (studies were excluded if):

1) Studies that included intervention on lower limb muscu-
loskeletal injury.

2) Non-RCT trials, case reports, meta-analyses, systematic
reviews, or review articles.

3) Studies that were not published in the English language.

Methodological quality assessment
The quality of the included studies was assessed with the
Physiotherapy evidence database scale (PEDro) which

has been revealed to represent high reliability and validi-
ty for this purpose (37). Three authors (ND, DK & SM)
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Table I. Inclusion and exclusion criteria.

Inclusion Criteria

Exclusion Criteria

Athlete & Physically active participants (18-40 years)
Studies in which FR and DS were compared

Studies that examined the effects of at least one outcome measure
related to lower limb flexibility, jump height, and muscular strength

(immediately and five-minute post-intervention)
Studies investigating the human population only
Studies that were published from 2017-2021.

Lower limb musculoskeletal injury studies
Studies that receive only DS or only FR

Studies that don’t examined the effects on lower limb flexibility,
jump height, and muscular strength (immediately and five
minute post-intervention)

Case reports, meta-analyses, systematic reviews or review article

Non- English literature

DS: dynamic stretching; FR: foam rolling.

independently scored the studies, and disagreements were
resolved through discussion with the fourth author (SS).
The methodological quality of included studies was assessed
based on 11 criteria: eligibility criteria, randomized alloca-
tion, concealed allocation, comparable at baseline, blinding
of the subject, blinding of a therapist, blinding of assessors,
adequate follow-up, intention to treat analysis, compara-
ble between groups and point estimates and variability. A
point was awarded, when the criterion of each category is
met, excluding criterion number 1. Criterion number 1 is
not used for the calculation of the total score of the scale.

Therefore, the 0-10 total score was determined by counting
the number of criteria satisfied by each study. Study quality
was rated as poor (PEDro score < 3), fair (PEDro score 4-5),
or high (PEDro score > 5) (38) (table II). Furthermore, this
scale acquires adequate reliability (intra-class correlation
coefficient of 0.68) (39).

Data extraction

For the meta-analysis, we used the Review Manager soft-
ware (version 5.3) of the Cochrane Collaboration to perform
the quantitative analysis. Three authors (ND, DK, SM)

Table Il. PEDro Scoring for Assessment of Methodological Quality.

PEDro scale Behra & Kopec Lopez Pisirici Siebert Smith Somers Su
Jacobson, 2017 et al, 2017 et al.,, 2021 etal,2020 etal., 2020 etal,2018 etal,2019 etal,2017

1. Eligibility criteria + + + + + + + +

2. Randomized + + + + + + + +

allocation

3. Concealed - - + B B +

allocation

4. Comparable + + + + + + + +

at baseline

5. Blinding of subject - - - . B + )

6. Blinding - - - . . B

of therapist

7. Blinding - - + i . 4

of assessors

8. Adequate follow-up + + + + + + + +

9. Intention- to- - - - - B

treat analysis

10. Comparison + + + + + + + +

between groups

11. Point estimates + + + + + + + +

and variability

Total Score 5 5 5 7 5 5 8 5

A total score out of 10 is determined from the number of criteria that are satisfied, except that scale item 1 is not used to generate the total score. + Indi-

cates score 1; - Indicates score 0.
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independently explored and pulled out the data from each
study included for the review and then disagreements were
resolved through discussion with the fourth author (SS). We
contacted the corresponding author if any data was not clear
in the included study. We have selected the Lower quad-
rant flexibility, Vertical jump height, and Muscular strength
of the hamstring and quadriceps femoris as the primary
outcome measures. Lower quadrant flexibility is measured
through Sit and reach test (SRT) in (cm), Modified Thom-
as test (MTT) in degree, Passive hip flexion test (SLRT) in
degree, and Forward lunge technique in cm. The SRT has
a test-retest reliability of above 0.90 (40) and was used to
assess low back and hamstring flexibility (27, 41). MTT is
used to assess the flexibility of quadriceps muscle (42) and
the intraclass correlation coefficient (ICC) of ROM measure-
ments was 0.87 for MTT (43). MTT was assessed using an
inclinometer (43). SLRT was assessed using an inclinometer
and the ICC of ROM measurements was 0.87 for SLRT (44).
A weight-bearing lunge technique was used to assess ankle
dorsiflexion (DF) ROM and the ICC of ROM measurements
was 0.97-0.99 (44). Countermovement jumps (CM]s) were
performed on an infrared jump system according to stan-
dard methodology (45). The ICC for this test was 0.90 (46).
Isokinetic knee extensor and flexor muscle strength were
assessed using the isokinetic dynamometer (28, 41). The
peak torque in N.m was recorded (28, 41, 47). The isoki-
netic quadriceps and hamstrings muscle strength measured
at 60°/second using the Biodex System has high ICC values
ranging from r = 0.88 to r = 0.97 (48). During extraction, the
data for different studies were filtered based on a compari-
son among various variables, including participant charac-
teristics (including sample size and age), intervention charac-
teristics, measurement method, design of the study (author’s
name and year of publication), and the conclusion drawn.
Pre-intervention Mean + Standard deviation (SD) and
Post-intervention Mean + SD of all outcome measures for
DS and FR intervention were also extracted.

Operational group definitions

DS is used as a part of the warm-up phase (28), as DS mimics
the entire body movement pattern performed during exercise
and involves actively moving a joint through its ROM without
holding the movement at its end range (19, 22). DS proto-
col consisted of exercises (straight leg march, forward lunge
with opposite arm reach, forward lunge with elbow to instep,
lateral lunge, trunk rotations, and multidirectional skip-
ping exercises) which target gluteus maximus, quadriceps,
hamstring, and gastrocnemius muscles (27, 28, 30, 41, 49-52).
Each movement was performed continuously for 2 sets each
set for 60 sec (50) with 10 sec of rest between each set (30).
Participants were instructed that the velocity of movement
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had to be slowly increased from 50 to 90% of their maxi-
mal velocity for each exercise (53). DS exercise group includ-
ed studies that used DS protocol and have the potential to
provide the sport-specific warm-up, decrease muscle stiffness
and increase joint ROM (27, 28, 41, 49). We excluded studies
utilizing any other form of stretching interventions (such as
static stretching or ballistic stretching). Studies that used only
the FR group as a comparator were included.

FR is a kind of self-myofascial release technique in which a
dense foam cylinder is used to roll backward and forward
over the muscle and fascia to release adhesion on the surface
of the deep fascia (27). FR was performed with a grid foam
roller device of medium density. FR was applied to the
gluteus maximus, quadriceps, hamstring, and gastrocne-
mius muscles (27, 28, 30, 41, 49-52) for 2 sets each set for
60 sec (50) with 30 sec of rest (27) between each set. Partic-
ipants were instructed to apply pressure to the foam roller
with as much body weight as possible. FR was conducted
at a rate of 30 rolls per minute using a metronome to keep
pace (27). FR group included studies that used FR proto-
col to remove mechanical restrictions from the myofascial
tissue and increase the flexibility of lower quadrant muscles
(27, 28, 41, 49). Studies that used only the DS group as a
comparator were included.

Data analysis

A meta-analysis was performed to compare changes in the
effect size between two intervention (DS and FR) groups.
All analysis was conducted using statistical software Review
Manager (RevMan) (version 5.3) of the Cochrane Collabo-
ration. The mean and intraclass correlation coefficient (SD)
for each intervention were used to calculate the standard-
ized mean difference (SMD) for DS and FR intervention
group. SMD was calculated along with the 95% confidence
interval and significance level set to p < 0.05. We used the
following formula for obtaining the SD (54):

SD = [(square root of the number of participants) x (differ-
ence of upper and lower limit of 95% CI)] / 3.92

The effect size of the outcome variables was interpreted by
the SMD values with a value of 0.2 signifying a small effect
size, 0.5 depicting a medium effect size, and 0.8 reflecting a
high effect size (55). Heterogeneity was established by the
chi-square test and the 12 statistic. The 12 value of 0 to 40%
indicate low, 30% to 60% moderate, 50% to 90% substan-
tial, and 75% to 100% considerable heterogeneity (54). The
results of both intervention groups (DS and FR) included in
this meta-analysis were depicted in forest plots.

Risk of bias assessment

We used the Cochrane risk of bias tool to assess threats to
bias for 5 domains: randomization process, deviation from
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the intended intervention, missing outcomes, and selection
of the reported result (figure 3). Studies were justified to be
of low risk of bias if all domains are judged to be at low risk
of bias, high risk of bias if at least one domain is judged to be
at high risk of bias or if some concern for multiple domains
and moderate risk of bias if at least one domain is judged to
be at some concern.

=
g
=
w
o
a
g
el
L]
T
=
@ 2
B =
o g
.-
R
=
£ =]
g 2
o k=t
i i
8 g
4 A
Behraetal, 2017| 2 ?
Kopec et al, 2017 | 2 ?

Lopez etal, 2021 | o 2

Pisirici et al, 2020

Siebert et al, 2020 | | ? ?

Smith et al, 2018 | 2 ?

o0~ oo @0

Somers et al, 2019

. . . . . . . . Selection of the reported result

®0)® 0068 @)rmmmmmrumom

©/0)0 06 e 6 e ummmuw

Suetal, 2016 | 2 ?

Figure 3. Risk of bias summary review authors’ judgements about
each risk of bias item for each included study (Rev Man 5.3).

+indicate low risk of bias; - indicate high risk of bias; ? indicate some concern.

RESULTS

Literature search results

With the use of the search strategy from the electronic data-
base search engines, a total of 406 potential studies were
retrieved. We screened the titles and abstracts of these studies
in terms of the inclusion and exclusion criteria and identified
26 studies after excluding the rest of the studies. Then, we
assigned these studies to further screening by going through
the full text and removing 18 articles. And then we finally
included 8 studies in this review. Most of the studies were
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excluded based on undesired outcome measures and differ-
ences in the type of intervention. Out of 8 included stud-
ies, 7 studies were analyzed for quantitative analysis. A flow
diagram of the retrieved literature is mentioned in (figure 2).

Participants

The detailed descriptive characteristics of the included
studies and their treatment regimes are given in (tables III,
IV). We have included eight articles collectively within age
groups ranging from 18 to 40 years having 174 participants.
All the studies demonstrated the inclusion of both 102 male
and 72 female individuals.

Description of interventions and protocols

For the FR session, participants foam rolled over the (Quad-
ricep femoris, Hamstring, Gluteus maximus, and Gastroc-
nemius), muscles. In three studies (27, 41, 51) participants
foam rolled on lower quadrant muscles for 3 sets of 30 sec.
In one study (50) participants foam rolled on lower quad-
rant muscles for 2 sets of 60 sec, and three studies (28, 30,
49) participants foam rolled on lower quadrant muscles for
eight-minute and one study (41) foam rolled for 3 minutes.
For the DS session, the participants performed DS of the
Quadricep femoris, Hamstring, Gluteus maximus, and
Gastrocnemius (stretch such as Straight leg march, Forward
lunge with opposite arm reach, forward lunge with an elbow
to instep, lateral lunge, trunk rotations, multidirection-
al skipping, Knee lift, leg swing, lateral shuffle, backpedal,
front kick and downward dog stretch) for 2 sets of 60 sec.
The exercise protocol has been described in (tables ITL, IV).

Outcome measures

Four trials measure the effects on lower quadrant flexibility
immediately after DS and FR intervention (27, 28, 49, 50),
whereas the other three trials measure the effects on lower
quadrant flexibility after the five minutes of intervention (27,
41,51). Four trials measure the effects on vertical jump height
immediately after DS and FR intervention (27, 30, 49, 52).
Two trials measure the effects on knee flexor muscle strength
and knee extensor muscle strength (28, 41). No trials found
measuring the effects of DS and FR on vertical jump height
and knee flexor and extensor muscle strength after five-min-
ute intervention. Flexibility is measured through different
methods, namely, SRT (cm), MTT (degree), Straight leg raise
test (degree), and Forward lunge technique (cm). The verti-
cal jump was measured through the Countermovement jump
(cm) while muscle (Hamstring and Quadricep) strength
through peak torque in Newton-meter (Nm). The smallest
sample size used among searched articles is 11 (49) and the
largest sample size used is 30 (41).

Muscles, Ligaments and Tendons Journal 2023;13 (1)
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Quality assessment

The quality assessment of the eight included studies
(27,28,30,41,49-52) rated fair (score 5) and high (score 7
and 8) quality when scored on the PEDro scale. Table II
shows the scores of the PEDro scale for each article includ-
ed in the review. Two studies (30,50) were deemed to have
high methodological quality and the remaining six studies
(27, 28,41, 49, 51, 52) were deemed to have fair quality.

Risk of bias assessment across studies

Figure 3 shows the overall risk of bias summary of all the
studies. Common methodological shortfalls were lack
of randomization process (n = 6) (27, 28, 41, 49, 51, 52)
and lack of deviation from the intended intervention (n =
8) (27, 28, 30, 41, 49-52). Only two trials (30, 50) report-
ed both randomization and concealed treatment alloca-
tion adequately. Two studies rated a moderate risk of bias
(30, 50) and six studies rated a high risk of bias (27, 28, 41,
49,51, 52).

Risk of bias assessment across lower quadrant
flexibility

Four studies (27, 28, 49, 50) reported the effects of FR and
DS on flexibility immediately after the intervention. Three
studies had a high risk of bias (27, 28, 49) and one study by
Somers et al. (50) had a moderate risk of bias. Two stud-
ies (28, 49) reported there were no statistically significant
differences between DS and FR on the hip flexion ROM
whereas study by Somers ez al. (50) reported there were no
statistically significant differences between DS and FR on
ankle dorsiflexion (50). Study by Smith ez a/. (27), reported
a significant percentage increase in ROM immediately after
FR. Three studies reported the effects of FR and DS on flex-
ibility after five minutes of intervention. All three studies
had a high risk of bias (27, 41, 51). Smith et al. (27) report-
ed there were no statistically significant differences between

DS and FR on the SRT.

Risk of bias assessment across jump height

Four studies (27,30,49,52) reported the effects of FR and
DS on vertical jump height immediately after the inter-
vention. Study by Pisirici et al. (30), had a moderate risk
of bias and three studies had a high risk of bias (27,49,52).
Three studies (30, 49, 52) reported there were no statistical-
ly significant differences between DS and FR on counter-
movement jump (CMJ) whereas study by Pisirici e /. (30)
reported a significant increase in CM]J after DS.

Risk of bias assessment across muscle strength

Two studies (28, 41) reported the effects of FR and DS on
Muscle strength. Both studies had a high risk of bias. Behra
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and Jacobson (28) reported there were no statistically signif-
icant differences between DS and FR on peak knee flexion
and extension isometric torque while Su ez al. (41) report-
ed knee extension peak torque improved significantly after
FR and DS whereas knee flexion peak torque remained
unchanged after FR and DS.

Qualitative summary of strength of evidence
(data synthesis)

To construct the best evidence synthesis, only 2 studies
(30,50) were rated to be of moderate quality. Pisirici e#
al. (30) conducted 8 minutes of FR and DS on each leg,
3 minutes on the hamstring, 3 min on gastrocsoleus, and
2 min on the plantar fascia and observed equal improve-
ment in CMJ for both DS and FR, whereas Somers et al.
(50) conducted 2 sets of FR and 2 sets of DS, each set for
60 seconds on calf muscles and observed both FR and DS
showed an equal increase in ankle dorsiflexion ROM (30,
50). However, there was no low risk of bias study. So, we
have used two studies (30, 50) with a moderate risk of bias
for a qualitative summary. Hence, the result of these stud-
ies should be followed with caution. Therefore, 2 sets of FR
and 2 sets of DS, each set for a duration of 60 seconds on
each muscle group of the lower quadrant are qualitatively
summarized from studies.

Quantitative analysis

The meta-analysis was conducted on the selected studies

by using the software to pool outcomes using the random
effects model, SMD, SD, and sample size.

Quantitative analysis of lower quadrant flexibility
Three RCT studies (27,28,49) (n = 54 participants) supply
information identifying the data associated with the effects
of FR and DS on lower limb flexibility just immediately after
the intervention. Figure 4 reveals that there were no signifi-
cant differences in DS and FR on lower limb flexibility just
immediately after intervention (SMD 0.15 (95% CI -0.23,
0.52); p=0.45,12 = 0%). Three RCT studies (27, 41, 51) (n
= 73 participants) supply information identifying the data
associated with the effects of FR and DS on lower limb flex-
ibility after 5 minutes of intervention. Figure 5 reveals that
there were no significant differences in DS and FR on lower
limb flexibility after 5 minutes of intervention (SMD 0.11
(95%CI -0.26-0.48); p = 0.55, 12 = 20%).

Quantitative analysis of jump height

Four RCT studies (27, 30, 49, 52) (n = 60 participants) supply
information identifying the data associated with the effects of
FR and DS on jump height just immediately after the interven-
tion. Figure 6 reveals that there were no significant differences
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DS FR Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lopez et al, 2021 182 352 11 0.36 28 11 19.9% 0.44 [-0.41,1.29)
Behra etal, 2017 177 13.44 14 10892 1551 14 26.0% 019055, 0.83]
Smith etal, 2018 377 6.8 29 3786 71 29 541% 0.01[-0.50,053]
Total (95% CI) 54 54 100.0% 0.15[-0.23, 0.52]
Heterogeneity: Tau®= 0.00; Chi®= 0.73, df= 2 (P = 0.69); F=10% 1_2 1 5 1 ?l
Testfor overall effect Z=0.75 (P = 0.49) Favours [DS] Favours [FR]

Figure 4. SMD (95%Cl) of the comparison of effects of DS and FR groups on flexibility immediately after the intervention by

pooling data from 3 studies.

SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

DS FR Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Siebert et al, 2020 885 6.7 14 84.22 6.4 14 206% 0.63 [-0.13,1.40] -
Smith etal, 2018 386 6.6 29 382 7 29 39.2% 0.06 [-0.46, 0.57] —
Suetal 2016 3569 1028 30 36.73 1013 30 40.2% -0.10 [[0.61, 0.41] —
Total (95% CI) 73 73 100.0% 0.11 [-0.26, 0.48] ?
Heterogeneity: Tau®= 0.02; Chi*= 2.52, df= 2 (P = 0.28); P= 20% 1_2 51 5 11 21
Testfor overall effect Z=0.60 (P = 0.55) Favours [DS] Favours [FR]

Figure 5. SMD (95%Cl) of the comparison of effects of DS and FR groups on flexibility five minute post-intervention by pool-

ing data from 3 studies.

SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

in DS and FR on vertical jump just immediately after interven-
tion (SMD 0.20 (95%CI -0.12-0.53); p = 0.22, 12 = 0%).

Quantitative analysis of muscle strength

Two RCTs studies (28 ,41) (n = 44 participants) supply infor-
mation identifying the data associated with the effects of
FR and DS on leg extensor strength after the intervention.
Figure 7 reveals that there was no significant difference in

DS and FR on leg extensor strength immediately after the
intervention (SMD 0.28 (95%CI -0.34-0.89); p = 0.37, 12 =
48%). Two RCTs studies (28,41) (n = 44 participants) supply
information identifying the data associated with the effects
of FR and DS on leg flexor strength after the intervention.
Figure 8 reveals that there were no significant differences in
DS and FR on leg flexor strength immediately after the inter-
vention (SMD 0.69 (95%CI -0.52-1.91); p=0.26,12 =85%).

DS FR Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lopez et al, 2021 35459 519 11 3442 7.07 11 14.9% 0.18 [-0.66,1.02]
Pisirici et al, 2020 2457 9.3 14 2078 572 14 185% 0.480.28,1.23] 1T
Kopec etal, 2017 47.75 12.3: 20 47.05 112 20 27.3% 0.06 [-0.56, 0.68] e —
Smith etal, 2018 25.79 76 29 2435 TH 29 394% 0.19[0.33,0.70] b
Total (95% CI) 74 74 100.0% 0.20 [-0.12, 0.53] ’
Heterogeneity Tau®= 0.00; Ch*= 072, df= 3 (P= 0.87), F= 0% :_; 1 t 1 21
Testfor overall effect Z=1.24 (P=022) Favours [DS] Favours [FR]

Figure 6. SMD (95%Cl) of the comparison of effects of DS and FR groups on jump height immediately after the intervention

by pooling data from 4 studies.

SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

DYNAMIC STRETCHING FOAM ROLLING

Std. Mean Difference Std. Mean Difference

Heterogeneity: Tau®=0.10; Chi*=1.91, df=1 {P=017); F= 48%
Testfor overall effect £Z=0.89 (F=0.37)

Study or Subgroup ___ Mean SD__ Total Mean _ SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Behra, stal, 2015 20844 BO.25 14 21401 4885 14 40.9% 010 [-0.84, 054)
Su etal, 2016 8509 332 30 8314 3E 30 590% 0.54 [0.02, 1.06]
Total (95% CI) a4 14 100.0% 0.28 [-0.34, 0.89]

t t
-1 1
Favours D3 Favours FR

Figure 7. SMD (95%Cl) of the comparison of effects of DS and FR groups on leg extensor strength immediately after the inter-

vention by pooling data from 2 studies.

SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.
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DYNAMIC STRETCHING FOAM ROLLING Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean 5D Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CIl
Behra, et al, 2015 126.11 21.83 14 12513 17.43 14 48.0% 0.05 [-0.69, 0.79]
Suetal 2018 158.92 4687 30 1524 5328 30 52.0% 1.29[0.73,1.85] ——
Total (95% CI) 44 44 100.0% 0.69 [-0.52, 1.91]
Heterogengity: Tau®= 0.66; Chi= B.88, o= 1 (P = 0.008); F= §5% 5 4 : 1 7
Testfor overall effect Z=1.12 (P =0.26) Favours DS Favours FR

Figure 8. SMD (95%Cl) of the comparison of effects of DS and FR groups on leg flexor strength immediately after the inter-

vention by pooling data from 2 studies.

SD: standard deviation; CL: confidence interval; DS: dynamic stretching; FR: foam rolling.

DISCUSSION AND IMPLICATIONS

This is amongst the few review studies that compared the
effects of FR and DS on lower limb flexibility, jump height,
and muscular (Hamstring and Quadricep femoris) strength.
The present review aimed to compare the acute effects
(immediate and five minutes post-intervention) between
DS and FR on lower quadrant flexibility, jump height, and
muscular strength (Hamstring and Quadricep femoris) to
help aid coaches, clinicians, and athletes regarding a more
effective protocol for warm-up. The qualitative analysis
described by two moderate-quality studies suggests that
both DS and FR intervention have an equal effect on lower
quadrant flexibility, jump height, and muscular strength
(Hamstring and Quadricep femoris) in defined dosimetry
proportion. Secondly, the results of the quantitative anal-
ysis suggest that there was no significant mean difference
between FR and DS on lower quadrant flexibility, jump
height, and muscle strength (Hamstring and Quadricep
femoris) for the acute effects (immediately and five minutes
post-intervention).

Lower quadrant flexibility

For the acute effects immediate and five minutes post-inter-
vention, we pooled 4 studies (27, 28, 49, 50) and 3 studies
(27,41,51) respectively that used lower quadrant flexibility
as outcome measures. The results showed that DS interven-
tion is not superior to FR for both immediate (p = 0.15)
and five minutes post-intervention (p = 0.11). The previ-
ous literature (50) has found an increase in lower quadrant
flexibility when a comparison was done between FR and
DS. It was found that both DS and FR have equal effects
on lower quadrant flexibility and neither of the interven-
tions produced superior results than the others. Our study
results are also in line with studies that demonstrated DS
and FR are equally effective in terms of increasing lower
quadrant flexibility in athletes and physically active popu-
lation (28,49). It must however be emphasized that these
results may not be generalized owing to the evident hetero-
geneity at the immediate and five minutes post-interven-
tion time points. A previous study has explained that even
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though FR and DS have equal effects on lower limb flexi-
bility, their mechanisms of action were different from each
other (49). An increase in lower limb flexibility after DS
can be supposed to be due to a combination of multidi-
mensional activities (posterior kinetic chain) which leads to
extensive movement and supports ROM through a positive
effect on the stretch-shortening cycle (56, 57). Additional-
ly, an increase in lower limb muscle ROM after DS can be
due to an increase in temperature that leads to a decrease
in the viscous resistance of muscles (58) and enhances
tissue extensibility (without entering pain-tolerated inten-
sity) resulting in greater angular displacement (59, 60). The
foam roller is supposed to place direct and sweeping pres-
sure on the soft tissue to stretch the tissue and give rise to
friction between the soft tissue of the body and the foam
roller, resulting in greater flexibility (29, 61). The friction
created between the fascia and foam roller causes warm-
ing of the fascia and generates fluid gel-like extracellular
substance; the thixotropic property of fascia (21). Changes
in the thixotropic property of fascia, altered tissue stiffness,
and increased tolerance to the stretch may be mechanisms

behind increased lower limb ROM after FR (21, 62).

Jump height

The results showed that FR is not superior to DS when being
examined for vertical jump height. Our study is in line with
study by Pisirici ez al. (30) who investigated 8 minutes of DS
and 8 minutes of FR on recreational active participants and
found DS and FR to be equally effective in improving verti-
cal jumping scores. In contrast study by Kopec et al. (52),
investigated 3 minutes of DS and 3 minutes of FR on phys-
ically active participants and found that neither DS nor FR
significantly improved vertical jump score. Likewise, one of
the studies by Lopez ez al. (49) also investigated 8 minutes
of DS and 8 minutes of FR on tennis players and found
neither DS nor FR significantly improved vertical jumping
scores. This conflicting result may be due to many reasons
such as a lack of agreement on clinical standards for evalua-
tion, intervention, and application dose (63) and also there
is no consensus on type, intensity, pressure applied, cadence
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volume and duration of FR and DS (41). Kopec et al. (52)
explained the reasons why DS had no significant impact on
avertical jump and described that stretch used in their study
may not have been specific for the CMJ. DS negatively influ-
ences the time-to-peak power which may be due to the alter-
ations in the length-tension relationship and force-velocity
relationships which decreases neuromuscular compliance
and attenuates the optimal power production (64). Find-
ings also suggest differences in the application of pace and
amount of pressure applied to the muscles during FR plays
a crucial role in the effect of V] outcome but in some stud-
ies, the participants moved on FR at their own pace, and the
pressure applied to the FR by each participant was also not
standardized (65). This can be the plausible reason why FR
had no significant impact on vertical jumping.

Muscular strength

The results showed that FR intervention is not superior
to DS when being examined for knee extensor and flexor
strength. Our study is per Su et a/. (41) who found the appli-
cation of DS and FR equally effective in increasing knee
extension peak torque with a medium effect size but found
a non-significant increase in knee flexion peak torque after
FR and DS. An increase in knee extension peak torque for
DS may be due to an increase in muscle temperature and
post-activation potentiation (PAP) (66, 67). The improve-
ment in knee extensor muscle strength after DS also may
be a result of the contraction phase instead of the stretch-
ing phase during the DS movement (41). Additionally, the
author described that the rise in knee extension peak torque
after FR might be due to the measurement error (41). Su et
al. (41) clarified that there was a non-significant finding in
knee flexion peak torque as the movements employed for
DS did not provide a chance for repeated contractions of the
hamstrings muscle. Another study by Behra and Jacobson
(28) found no significant difference in the improved peak
knee flexion and extension strength between DS and FR.

Rationale for the results

A feasible explanation for the lack of a significant differ-
ence between two modalities FR and DS is likely based
on the reality that the included studies differ considerably
in their interventions. These variations were primarily in
the DS technique, the FR technique, and treatment dura-
tion (30-180 s) (66). The methodology of selected studies
included in this review for analysis of outcomes used differ-
ent dosages for DS and FR intervention. This difference
in dosages could be the reason behind the non-significant
results. Secondly, types of dynamic movement used, types
of foam roller used (Grid, Ethylene vinyl acetate, High-den-
sity), speed, and amount of pressure applied to the target-
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ed muscles during FR, these factors were not uniform in
all included studies. In addition, the determinants of speed
in the DS protocol, ze., synergy between the lower quad-
rant muscle groups and the duration of the protocol also
play a role in deciding the significance of the physiological
changes and athletic performance (30). The FR interven-
tion duration is also an important determinant for muscle
performance 7.e., short duration time (< 30 sec) has been
reported to be insufficient for performance enhancement.
Therefore, it is advised to apply FR for a longer duration
(60-120 sec), especially when used on large muscle groups
(66). Thirdly, the studies included in this review for analysis
of lower limb flexibility did not utilize a uniform assessment
tool. This heterogeneity might have precluded the result of
the pooled outcome.

Clinical implications

DS intervention plays a vital role as the mainstay interven-
tion in the warm-up protocol for the athlete and physically
active populations. Its efficacy was required to be system-
atically analyzed and compared with the FR interven-
tion. DS and FR increase lower limb flexibility, decrease
muscle stiffness and reduce the risk of lower limb inju-
ry, these components help the athlete to increase perfor-
mance (23, 28, 49). Athletes can confidently execute DS
and FR intervention in their warm-up protocol as a strategy
to increase athletic performance (33, 34). FR intervention
achieves deep tissue release to the targeted muscle group,
while a dynamic stretch promotes tissue lengthening of the
entire posterior chain (30, 49, 52). An athlete can execute
FR if the athlete requires myofascial loosening such as in
the condition of facial adhesion otherwise, the athlete can
execute DS as it requires lesser equipment (30, 49, 52). The
above information stresses the important role of physiolog-
ical changes during the execution of technique in sporting
activities (68).

Strengths, limitations, and future
recommendations

This is one of the few research studies investigating the
acute effects (immediate and five minutes post-intervention)
of FR and DS and the study extracts its strength from the
vigorous search strategy used for the location and identifica-
tion of all the possible studies. We examined the immediate
effect and five-minute post-intervention effects of DS and
FR. The present study involved four authors (ND, DK, SM
& SS) in the review process of the study who identified the
whole literature relevant to the study criteria to avoid indi-
vidual error or bias within the study selection process. This
review encloses data from 174 athletes and physically active
populations. Also, the search and screening of studies were

Muscles, Ligaments and Tendons Journal 2023;13 (1)
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done systematically and according to guidelines to minimize
bias. The results from this present review would be benefi-
cial for the athletes, coaches, and clinicians in helping them
to decide the mode of warm-up.

There are a few limitations of the present study; firstly there
might be a related language bias in this review as we includ-
ed only English language studies. Secondly, we included stud-
ies from limited setup data bases therefore might have missed
including the studies published in other databases thereby,
obtaining a bias. Thirdly, some of the included studies in the
review had a small sample size which might have resulted in
reduced statistical power. Lastly, another limitation might be
the lack of standardized protocol used by included studies like
duration, intensity, speed, controlled pressure, types of foam
roller used, types of DS used and muscle(s) targeted. This could
have impacted the results of the study and therefore the conclu-
sion of this review should be viewed from this perspective.
Further, high-quality studies are recommended in the future
that compare the effect of FR and DS on lower quadrant flex-
ibility, jump height, and muscular strength (Quadricep femo-
ris and Hamstring) using a standardized protocol of FR and
DS. Secondly, there is also a lack of evidence-based study that
compatres the effect of FR and DS on alonger time course after
post-intervention, hence in the future, studies that investigate
the longer time course effect of DS and FR after post-inter-
vention on lower quadrant flexibility and sports performance
can be done. Also, in the future higher-quality RCTs evalu-
ating muscle activity through EMG analysis and the muscle
properties like viscoelastic properties, dynamic stiffness, and
muscle tone should be assessed with a myoton device.

CONCLUSIONS

In conclusion, FR is not superior to DS Ze., both of these
tools of rehabilitation exert and augment similar gains
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in lower quadrant flexibility, jump height, and muscular
strength (Quadricep femoris and Hamstring). Until addi-
tional high-quality studies become available that allow
making specific recommendations regarding (FR: dura-
tion, types of foam roller, applied pressure, intensity and
DS: stretch frequency, stretch duration, stretch velocity and
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