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ABSTRACT

Background: The Functional Movement Screen (FMS™) is a battery of tests designed to assess movement 
competency; the overhead deep squat test, specifically, has been shown to be an accurate predictor of 
overall FMS™ scores. Self-massage (SM) is a ubiquitous warm-up utilized to increase joint range of motion 
and, therefore, may be effective for improving performance of the overhead deep squat test. 

Purpose: To examine how different doses (30, 60, 90, and 120 seconds) of SM of different areas of the body 
(plantar fascia, latissimus dorsi, and lateral thigh) affects the score obtained on an overhead deep squat 
test. 

Methods: Twenty recreationally active females were recruited to be tested on four occasions: sessions one 
and two consisted of baseline testing, session three consisted of SM applied to the lateral thigh, and session 
four consisted of SM applied to the lateral torso and plantar fascia. 

Results: In all SM conditions, at least 90 seconds was required for a change in deep squat score from base-
line; therefore, it is concluded that SM the lateral torso, plantar fascia, and lateral thigh for 90 seconds or 
more are effective interventions for acutely improving overhead deep squat scores.

Conclusion: Self-massage appears to be an effective modality for inducing acute improvements in the 
performance of the FMS™ overhead deep squat in all conditions tested. 

Level of evidence: 2b
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INTRODUCTION
The squat is a fundamental movement pattern that is 
required for numerous activities of daily living, such 
as sitting, lifting, and most sporting activities.1 Fur-
thermore, it is a staple exercise in strength and con-
ditioning programs that has been shown to increase 
performance,2 as well as being used in clinical reha-
bilitation programs.3,4 A prerequisite for more intense 
– that is, loaded – squat activities is the correct and 
consistent performance of a bodyweight squat.5 

The Functional Movement Screen (FMS™) is a pre-
participation screening system comprised of seven 
“fundamental movement patterns” that require both 
stability and mobility, such as the overhead deep 
squat.6 Each movement pattern is given a score from 
0 to 3, with 0 being given in the presence of pain; 1 
if the individual is unable to perform the movement; 
2 if the individual is able to perform the movement, 
but needs to compensate in some way; and 3 if the 
individual is able to perform the movement without 
any compensations.6 

The overhead deep squat component of the FMS™ 
was designed to assess bilateral symmetry (or lack 
thereof) and functional mobility of the hips, knees, 
and ankles. By adding the dowel held overhead, it 
also assesses bilateral, symmetrical mobility of the 
shoulders and thoracic spine, in addition to stabil-
ity and motor control of the core musculature.6 Poor 
performance of this test can be the result of several 
factors including, but not limited to, poor glenohu-
meral and thoracic spine mobility, limited mobility 
in the lower extremity – e.g., poor closed kinetic 
chain dorsiflexion or poor hip flexion – and limited 
stability and/or motor control of the core muscu-
lature.6 Some evidence suggests that the overhead 
deep squat test can predict the overall FMS™ score 
and thus may provide a time-efficient assessment of 
individuals who may require further screening.7 

One of the potential deficits in the performance 
of the squat is limited mobility.1,6 More specifi-
cally, because the overhead deep squat involves 
large angular excursions of the ankles (dorsiflex-
ion), knees (flexion), hips (flexion), and shoulders 
(flexion), competent performance of the overhead 
deep squat is predicated on the mobility of the afore-
mentioned joints to flex and extend through large 

angular excursions. Restrictions to these movements 
may be attributable to extensors around these joints, 
in addition to ligaments, connective tissue, and, in 
some cases, structural variability, which provide 
resistive moments or endpoints; as such, warmups 
that increase the extensibility of these soft-tissues 
may be efficacious for improving the performance 
of the overhead deep squat. It is important to note, 
however, that such interventions may only be effec-
tive for limitations in mobility, but not stability.

Acutely, improvements in mobility can be achieved 
by self-massage (SM); i.e., using a foam roller,8,9 a 
roller massager,10,11 or tennis ball.12 Current litera-
ture on the dose-response of the acute effects of 
SM on changes in range-of-motion (ROM) remains 
equivocal. Sullivan et al.11 and Bradbury-Squires et 
al.10 did not find statistically significant differences 
between different volumes of SM, but noted a trend 
for greater increases with greater volumes. Couture 
et al.13 did not find any difference in ROM changes 
between different volumes. However, in contrast 
to previous studies,10,11 Couture et al.13 also did not 
observe changes in ROM in comparison to baseline. 
This discrepancy may have been a function of the 
tool used, intensity (pressure) of SM, method used 
for ROM assessment, or pace. 

At present, there are two primary, competing 
hypotheses as to the mechanisms by which self-
massage improves ROM. The first is a mechanical 
perspective, which states that the act of self-mas-
sage deforms the tissues to which it is applied, 
which in turn will allow for greater extensibility of 
those tissues.14 The second is a neurophysiologi-
cal perspective, which states that the sensory input 
provided by self-massage, such as noxious stimuli, 
elicits a central neurophysiological response, which 
either modulates perception, allowing for a greater 
ROM,14,15 or, alternatively, that the sensory input 
may decrease efferent drive and neural tone.14 If the 
central neurophysiological mechanism is indeed at 
least partially a driver of changes in joint ROM, then 
changes in ROM will occur at joints foreign to the 
ones being targeted, which has recently been shown 
to occur.16 Implicated by these findings is that mobil-
ity limitations during the overhead deep squat can 
be improved, no matter the structure to which self-
massage is applied.
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Therefore, the purpose of this study was to investigate 
the acute effects of different volumes of self-massage 
applied to the lateral thigh (Experiment 1) and lateral 
torso and plantar surface of the foot (Experiment 2) 
on the performance of the overhead deep squat test 
of FMS™. The lateral thigh was chosen because the 
underlying areas, i.e., iliotibial band and tensor fascia 
latae, have been suggested to be one of the common 
hindrances in the performance of the squat;1 the plan-
tar surface of the foot and lateral torso were chosen 
because the latissimus dorsi may limit shoulder flex-
ion, while, from a fascial perspective, the plantar sur-
face of the foot may be related to ankle dorsiflexion 
ability. However, from a central, neurophysiological 
perspective, the area to which self-massage is applied 
should not matter. Therefore, limited extensibility 
of these areas may be associated with decreased hip 
flexion and/or extension, shoulder flexion, and dorsi-
flexion, respectively, and thus, increasing the exten-
sibility of these areas may help individuals achieve 
greater scores on the overhead deep squat test. If 
shown to be effective, SM could be incorporated into 
corrective exercise programs that are designed to 
improve fundamental movement competency. 

METHODS

Subjects
A convenience sample of twenty recreationally 
active, resistance-trained females were recruited 
and participated in both experiments (Table 1). No 
a priori sample size calculation was conducted due 
to the ordinal nature of FMSTM scores, so a conve-
nience sample of 20 females was recruited. Anthro-
pometric data included body mass (Techline BAL 
– 150 digital scale, São Paulo, Brazil) and height 
(Stadiometer ES 2030 Sanny, São Paulo, Brazil). 
Subjects were included if they had been involved 

in resistance training program for at least one year 
prior to the experiment, for an average of 40-50 min-
utes per session, 3-4 sessions per week, using loads 
with 8-12 repetitions maximum, and rest intervals 
between one and three minutes between sets. That 
way, familiarity with the squatting movement pat-
tern was ensured in order to minimize the effect of 
learning. Participants were excluded if they had any 
experience with SM or a musculoskeletal or neuro-
muscular injury that could have affected their ability 
to perform the overhead squat; furthermore, partic-
ipants were excluded if they scored 0 or 3 on the 
overhead deep squat test. Prior to the study, partici-
pants were provided a verbal explanation of the pro-
cedures and signed informed consent and Physical 
Activity Readiness Questionnaire.17 All procedures 
were in accordance with Declaration of Helsinki and 
the study was approved by the Institutional Review 
Board of University Hospital Clementino Fraga Filho 
of the Federal University of Rio de Janeiro. 

Procedures

Self-massage
SM was performed using The Grid Foam Roller 
(Trigger Point Technologies, 5321 Industrial Oaks 
Blvd., Austin, Texas 78735, USA) and a tennis ball 
(Head Master, Belo Horizonte, Minas Gerais, Bra-
zil). In Experiment 1, foam rolling was performed 
in a decubitus lateral position with the foam roller 
placed under the lateral side of the thigh. The leg 
being treated was extended, while the other was 
crossed over the treated leg in a flexed position. Par-
ticipants were instructed to roll the lateral part of 
their thigh up and down on the foam roller, between 
the greater trochanter and lateral epicondyle of the 
knee, in dynamic motions, while trying to exert as 
much pressure on the foam roller as possible.

*2tnemirepxE*1tnemirepxE
0202N

Age (years) 26.2 ± 6.4 26.3 ± 6.3 
BM (kg) 63.6 ± 10.2 63.4 ± 9.9 
Height (cm) 164.0 ± 6.9 164.0 ± 6.9 
BMI 23.4 ± 2.0 23.5 ± 2.1 
RTE (months) 17.7 ± 3.7 20.0 ± 3.5 
BM = body mass; BMI = body mass index, RTE = resistance training experience. 
*all subjects were females. 

Table 1. Subject characteristics. Data expressed as means ± SD.
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In Experiment 2, the lateral side of the torso and 
plantar surface of the foot were treated. For the 
former, foam rolling was performed in a decubitus 
lateral position. Participants were instructed to roll 
their lateral trunk up and down on the foam roller, 
between the proximal third of the arm and inferior 
part of the ribcage, while trying to exert as much 
pressure on the foam roller as possible. SM on the 
plantar surface of the foot was performed with a ten-
nis ball in a standing position. These methods differ 
slightly from Grieve et al.12, in that Grieve et al.12 
had participants perform SM while seated rather 
than standing, but standing likely results in greater 
pressure and, presumably, a greater effect. Partici-
pants were instructed to roll the tennis ball on the 
sole of the foot between the midfoot and proximal 
phalanges, while trying to exert as much pressure 
on the ball as possible. In both experiments, the 
order of treatment between the left and right limbs 
was randomized. 

FMS™ Overhead Deep Squat 
A full description of the overhead deep squat test 
(Figure 1) has been provided previously.18 Briefly, 
the individual begins standing with his/her feet 
approximately shoulder width apart with the 
dowel pressed overhead while keeping the elbows 
extended. The individual then descends as far into 
a squat as they can while maintaining an upright 
torso, heels on the floor, and the dowel pressed 
overhead. The descended position is then main-
tained for a count of one second before the indi-
vidual is allowed to return to the starting position. 
If the score of ‘3’ has not been achieved (Figure 1, E 
and F), the individual proceeds to perform the same 
test with a 2x6 block under his or her heels. If a 
competent movement pattern is demonstrated, the 
individual receives a score of ‘2’ (Figure 1, C and D). 
Screening was always performed by the same expe-
rienced rater in both experiments. Experienced rat-
ers are expected to achieve acceptable reliability, 
particularly for overhead deep squat test.19 In order 
to ensure that the rater in this present experiment 
was adequate, test-retest reliability and minimum 
detectable change scores were calculated. Standard-
ized test instructions were provided.18 Participants 
were allowed three trials and the best trial was 
recorded. 

Experimental approach to the problem
A randomized (aleatory entry in latin square for-
mat) within-subject design was used for treatment 
(i.e., lateral thigh, lateral torso and plantar surface), 
as well as the experimental protocols. Two experi-
ments were conducted, separated by roughly two to 
three months. For each experiment, the same par-
ticipants visited the laboratory on four occasions at 
similar times during the day to avoid diurnal varia-
tions, with a minimum of ninety-six hours between 
visits. All procedures were performed barefoot and 
no additional warm-up was performed beforehand. 

In Experiment 1 (Figure 2), participants visit the 
laboratory four times with 96-hours between visits. 
Anthropometric data was collected during the first 
visit. On the second and third visits, the participants 
underwent overhead deep squat testing (baseline 1) 

Figure 1. FMS™ for overhead deep squat test.6 A and B = 
score 1; C and D = score 2; E and F = score 3.
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and retesting (baseline 2), respectively. The experi-
mental visit followed and consisted of four different, 
single-set SM with foam rolling protocols treating 
both lateral thighs unilaterally in a randomized order: 
P30 – thirty seconds of foam rolling per side, P60 – 
sixty seconds of foam rolling per side, P90 – ninety 
seconds of foam rolling per side, P120 – 120 seconds 
of foam rolling per side. A fifteen-minute interval 
was employed between each protocol, based on the 
findings that acute increases in ROM following SM 
are persistent for 10 minutes,8 but not longer.9 After 
each protocol, participants were scored on their per-
formance of the overhead deep squat test. 

In Experiment 2 (Figure 3), anthropometric data 
was collected during the first visit followed by 
assessment of the overhead deep squat performance 
on the second visit (baseline). Only a single day of 
testing for the overhead deep squat was performed 
for the second experiment because the data from 
the first experiment showed similar effects of dif-
ferent SM protocols when compared to baseline 1 
and baseline 2 (see Results). On the third and fourth 
visits, participants performed SM of lateral torso 
and plantar surface of the foot, respectively, as per 

 randomization. During each of these two visits, four 
different, single-set SM protocols (P30, P60, P90 and 
P120) were employed in a randomized order with 
a sixty-minute rest interval between each protocol: 
P30 – thirty seconds of self-massage per side, P60 – 
sixty seconds of self-massage per side, P90 – ninety 
seconds of self-massage per side, P120 – 120 seconds 
of self-massage per side. After each protocol, partici-
pants were scored on their performance of the over-
head deep squat test.

Statistical analyses
Reliability was established using the baseline mea-
sures from the first two days of the first experiment 
and calculating test-retest intraclass correlation coef-
ficients (ICC). From the ICCs, a minimum detectable 
change (MDC) at the 95% level was calculated. A 
Friedman nonparametric test was used to determine 
the effects of different experimental conditions on 
the dependent variable. If the null hypothesis was 
not accepted, pairwise comparisons were performed 
with a Bonferroni correction for multiple compari-
sons. All analyses were performed using SPSS (ver-
sion 21, SPSS Inc., Chicago, IL, USA). Statistical 
significance was set at an alpha level of 0.05. 

Figure 2. Study design for Experiment 1 – self-massage of 
the lateral thigh. P30 – thirty seconds of foam rolling per side, 
P60 – sixty seconds of foam rolling per side, P90 – ninety sec-
onds of foam rolling per side, P120 – 120 seconds of foam roll-
ing per side.

Figure 3. Study design for Experiment 2 – self-massage of 
lateral torso and plantar surface of the foot. P30 – thirty sec-
onds of self-massage per side, P60 – sixty seconds of self-mas-
sage per side, P90 – ninety seconds of self-massage per side, 
P120 – 120 seconds of self-massage per side.
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RESULTS
Subject details are provided in Table 1. Using the 
baseline measures on the first two days, a test-retest 
ICC of 0.481 was found, which corresponds to a MDC 
of 1.00. 

Experiment 1 – Lateral Thigh
Participants achieved a statistically greater score on 
the overhead deep squat test with P90 and P120 as 
compared to both the baseline 1 (p = 0.004 and p < 

0.001, respectively) and baseline 2 (p = 0.020 and 
p = 0.001, respectively) values (Table 2, Figure 4). 
No other statistically significant differences were 
observed.

Experiment 2 – Lateral Torso and Plantar 
Surface of the Foot
For both conditions – that is, the plantar surface of 
the foot and lateral torso – participants achieved sta-
tistically greater scores on the overhead deep squat 

Condition Volume Median Interquartile Range Min Max 
Baseline 1  2.0 1–2 1 2 
Baseline 2  2.0 1–2 1 2 

P30 2.0 1.75–2.25 1 3 
P60 2.0 2–3 1 3 

P90*† 2.0 2–3 1 3 

SM 

P120*† 3.0 2–3 2 3 
P30 0.0 0–1 0 1 
P60 1.0 0–1 0 2 
P90* 1.0 0–1 0 2 

Δ from 
Baseline 1 

P120* 1.0 1–1 0 2 
P30 0.0 0–1 -1 1 
P60 1.0 0–1 -1 2 
P90† 1.0 0–1 -1 2 

Δ from 
Baseline 2 

P120† 1.0 0.75–1 0 2 
SM – self-massage of the lateral thigh; P30 – thirty seconds of foam
rolling for each side; P60 – sixty seconds of foam rolling for each side;
P90 – ninety seconds of foam rolling for each side; P120 – 120 seconds
of foam rolling for each side.
*Statistically different from baseline 1;
†Statistically different from baseline 2.  

Table 2. Differences between protocols for Experiment 1. Data expressed as 
medians with interquartile ranges.
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Figure 4. Box and whisker plots of the effects of foam rolling the lateral thigh on FMS™ squat score. * denotes a statistical differ-
ence from both Baseline 1 and Baseline 2.
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test with P90 (p = 0.040 and p = 0.029, respectively) 
and P120 (p = 0.001 and p < 0.001, respectively) 
as compared to the baseline value (Table 3, Figure 
5). Furthermore, participants achieved statistically 
greater scores with P120 as compared to P30 (p = 
0.019 and p = 0.032, respectively). A greater score 
was also achieved when the lateral torso was treated 
for 120 seconds as compared to when the plantar 
surface of the foot was treated for 30 seconds (p = 
0.011). There were no other statistically significant 
differences between conditions.

All statistical changes observed exceeded the calcu-
lated MDC.

DISCUSSION
The main findings of the present study were: 1) 
higher volumes (> 90 seconds) appear to be  superior 
to lower volumes (< 90 seconds) for acutely improv-
ing performance of the FMS™ overhead deep squat 
test; 2) 90 seconds appears to be the necessary 
threshold to achieve these beneficial changes; 3) 
treatment of lateral side of the torso and plantar sur-

face of the foot seem to be equally effective in induc-
ing acute improvements in overhead deep squat test 
if done for sufficient time; i.e., 90 seconds.

Previously, research has not shown there to be a 
statistical difference between different volumes of 
SM for increasing ROM, but has noted a ‘trend’ for 
greater doses potentially inducing greater changes in 
ROM.10,11 The present study extends this observation 
by showing that greater volumes seem to be superior 
for inducing movement performance, which may be 
a result of acute changes in ROM. Moreover, the pres-
ent study showed that 90 seconds appears to be the 
volume-threshold necessary to induce these changes, 
as 30- and 60-seconds were not found to result in a sta-
tistically different performance of the overhead deep 
squat test as compared to baseline. Interestingly, 
Bradbury-Squires et al.10 also found improvements in 
‘movement efficiency’ following SM, as assessed by 
a decrease in electromyography amplitude during a 
lunge. The current findings could be considered in 
agreement with Bradbury-Squires et al.10 in the con-
text that the FMS™ test battery has been suggested 
as an assessment tool for movement competency.18 
In contrast, not only did Couture et al.13 show no 

Condition Volume Median Interquartile Range Min Max 

Baseline  2.0 1–2 1 2 
P30 2.0 1–2 1 3 
P60 2.0 1.75–3 1 3 
P90* 2.0 2–3 1 3 

PF 

P120*†‡ 3.0 2–3 1 3 
P30 0.0 0–0 -1 1 
P60 0.0 0–1 0 1 
P90* 1.0 0–1 -1 1 

Δ PF from Baseline 

P120*†‡ 1.0 1–1 0 2 
P30 2.0 1–2 1 3 
P60 2.0 2–3 1 3 
P90* 2.5 2–3 1 3 

LTO 

P120*†‡ 3.0 2–3 1 3 
P30 0.0 0–1 -1 1 
P60 1.0 0–1 -1 2 
P90* 1.0 0–1 -1 2 

Δ LTO from Baseline 

P120*†‡ 1.0 0.75–1 0 2 
PF – plantar surface of the foot; LTO – lateral torso;
P30 – thirty seconds of self-massage for each side;
P60 – sixty seconds of self-massage for each side;
P90 – ninety seconds of self-massage for each side;
P120 – 120 seconds of self-massage for each side.
*Statistically different from baseline; 
†Statistically different from P30;
‡Statistically different from PF P30.   

Table 3. Differences between conditions and protocols for 
Experiment 2. Data expressed as medians with interquartile 
ranges.
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Figure 5. Box and whisker plots of the effects of foam rolling 
the lateral torso (A) and plantar surface of the foot (B) on FMS™ 
squat score. * denotes a statistical difference from Baseline.
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 statistical difference between SM performed for two 
sets of 10 seconds and four sets of 30 seconds, but 
there were also no statistical differences in ROM as 
compared to baseline. This discrepancy could possi-
bly be a function of the tool and intensity (pressure) 
used as well as methodology of ROM assessment. 
The latter was tightly controlled, as knee extension 
ROM was measured by restricting any contribution 
from other joints.13 Conversely, other studies have 
assessed ROM wherein contribution from other joints 
cannot be excluded.10,11 Similarly, in the present 
study, a complex, multi-joint movement was used, 
and it is unclear as to whether or not the same results 
would have been observed had the experimental pro-
cedure included a single-joint ROM assessment. With 
regard to the type of tool used, both Sullivan et al.11 
and Bradbury-Squires et al.10 used a roller massager, 
while Couture et al.13 used a commercially-available 
foam roller made out of polystyrene foam. In con-
trast, in the present study, a uniformly cylindrical 
foam roller composed of a hard and hollow inner core 
enclosed with a layer of ethylene vinyl acetate foam 
was used. This type of foam roller has been shown to 
produce more pressure on area to which it is applied 
as opposed to those made of polystyrene foam.20 Sul-
livan et al.11 and Bradbury-Squires et al.10 also used 
a specifically-designed apparatus to control for pres-
sure applied to the underlying tissue, and in doing so, 
increased internal validity of the results. On the other 
hand, both Couture et al.13 and the present study did 
not use a special device, but provided participants 
with similar instructions as to how pressure should 
be applied. While pressure relative to body weight 
was not measured in this present study, as opposed 
to Couture et al.13, it is possible that, as a function of 
different body parts being treated, the participants in 
the current study were able to induce greater pres-
sure on the underlying tissue. However, it should to 
be noted that, to date, the effect of intensity (pres-
sure) has not been explored in a tightly controlled set-
ting and thus its effects remain unclear and require 
further  exploration. However, preliminary evidence 
suggests that variations in pressure may exert differ-
ent effects on active and passive ROM21.

At present, the mechanisms by which SM induces 
acute changes in ROM have not been fully eluci-
dated, but many have been proposed, including both 

mechanical and neurophysiological mechanisms.14 
The former has been associated with changes in fas-
cial adhesions, piezoelectricity, cellular responses, 
myofascial trigger points, and/or thixotropic and vis-
coelastic properties of the tissue, resulting in increased 
tissue compliance.14 However, Vigotsky et al.15 did 
not find any changes in rectus femoris length in the 
modified Thomas test, a proxy measure of passive 
stiffness,22 following SM intervention. Granted, par-
ticipants were also taken through a rigorous dynamic 
warm-up which could have maximized the potential 
acute extensibility gains prior to testing.15 In addition, 
similar effects have also been observed following mas-
sage.23 Furthermore, the available evidence suggests 
that SM exerts global effects.12,16,24,25 The latter is also 
supported by the findings of this present study, as 
similar improvements in the overhead deep squat test 
were noted in all conditions tested. Taken together, 
findings from the aforementioned studies suggest that 
the mechanical contribution to changes in ROM fol-
lowing SM intervention needs to be reconsidered.

With regard to neurophysiological mechanisms, both 
spinal and supraspinal mediators have been consid-
ered. The former has been associated with mechanore-
ceptors within muscle and fascia and are suggested to 
have inhibitory effects when triggered, such as decreas-
ing muscle tone.14,26 However, the findings of Vigotsky 
et al.15 suggest that any decrease in muscle tone follow-
ing SM is insufficient to allow for greater ROM, thus 
rendering these mechanisms clinically insignificant. 
It may be that some increases in ROM following SM 
are a result of mechanical mechanisms or modula-
tion of a spinal reflex arc, but these are likely clinically 
insignificant by themselves, or are predominated by 
supraspinal mediators. The latter, such as central pain 
modulation or descending noxious inhibitory control, 
have been asserted to mediate perception via noxious 
input and thus increase stretch tolerance.15,27 

Analgesic effects and relaxation following manual 
therapies have been suggested to be mediated by 
autonomic nervous system activity (ANS);28 i.e., 
a shift from sympathetic to parasympathetic tone, 
which has been associated with increases in ROM.29 
The exact mechanism of this ANS shift is unclear; 
however, massage has been associated with changes 
in both stress hormones – for example, cortisol30 
– and neuropeptides – for example, endogenous 
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 opioids, oxytocin, and endocannabinoids.27 Both of 
these appear to be responsible for regulating the ANS, 
and specifically, neuropeptides may play a role in 
descending modulatory pathways.31 Similarly, prox-
ies of ANS activity have been found to change follow-
ing SM.32,33 Given that SM has been shown to induce 
a noxious stimuli10 and that the participants were 
instructed to exert as much pressure as possible on 
the area under treatment, it is probable that changes 
observed in the present experiments were elicited 
as a result of a descending inhibitory response. It 
is equally probable that the observed changes were 
due to an ANS shift to parasympathetic tone. Con-
sidering that this present study found that there was 
a minimum volume-threshold to induce beneficial 
changes, it would seem prudent to hypothesize that 
a certain amount of time is needed for the response 
to take place. Despite the logical basis for the afore-
mentioned mechanisms, it has to be noted that they 
are based solely on explanations available from the 
existing literature, and the present study was not 
designed to assess these mechanisms, and more 
research is required to elucidate their existence and 
role in SM, specifically, rather than extrapolating 
from the massage and manual therapy literature.

There are a number of limitations to note when 
interpreting the result of the present study. Firstly, 
no pre-intervention screen was performed on the 
day of testing and thus the comparisons were per-
formed between days. Therefore, between-day vari-
ability in test scores could have confounded the 
results. Secondly, different SM conditions were per-
formed on the same day interspersed by a 15-minute 
and 60-minute interval of passive rest during Experi-
ments 1 and 2, respectively. While presumably, 
randomization would have likely minimized meth-
odological concerns, it is possible that there was a 
learning effect to the performance of the test. Indeed, 
previous research has shown that the ‘control’ group 
can exhibit movement screen changes after 12 weeks 
without being subjected to the intervention program 
designed to improve the outcome scores.34 However, 
given that the participants were resistance trained 
and thus familiar with the squat pattern, the learning 
effect was likely smaller. In Experiment 1, a 15-min-
ute rest-interval had been chosen based on the find-
ings that acute increases in ROM following SM are 

persistent for 10 minutes,8 but not longer.9 However, 
a recent study suggested that changes can last up 
to 20 minutes,16 but this evidence was not available 
until after the experiment had been completed. For 
the second experiment, it was decided to extend the 
rest-interval to 60-minutes as to decrease the risk of 
carryover from previous trials. Nevertheless, no sta-
tistical differences were observed between protocols 
that would indicate a 15-minute interval to be insuf-
ficient and a confounding factor for repeated mea-
sures. Thirdly, while the overhead deep squat test 
has been shown to predict the overall FMS™ score, it 
is limited as to its ability to assess overall asymme-
try.7 Moreover, the fact that the trials were not inves-
tigator-blinded should be taken into account, as FMS™ 
scores are a subjective, qualitative outcome that may 
be subject to bias; therefore, by knowing what and 
how much each subject foam rolled before scoring 
her, there may have been inherent bias. Lastly, the 
pace of rolling was not controlled for, thereby reduc-
ing internal validity of the results due to the possibil-
ity of pace-dependent outcomes.15 Nonetheless, not 
controlling for pace enhances ecological validity of 
the findings, as it is a better representation of the 
scenario in practice. 

CONCLUSION
In conclusion, SM appears to be an effective modal-
ity for acute improvements in the FMS™ overhead 
deep squat performance, in all conditions tested; 
i.e., SM to the lateral thigh, plantar surface of the 
foot, and lateral side of the trunk. Furthermore, 
treatment lasting 90 seconds may be needed for ben-
eficial changes to occur, with a slight possibility that 
longer durations may provide additional benefits. 
Whether the same modality is beneficial for chronic 
– that is, long-term – improvements in the overhead 
deep squat test or the full FMS™ test battery is a mat-
ter for future research. 
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