ORIGINAL RESEARCH

INFLUENCE OF AN ACUTE BOUT OF
SELF-MYOFASCIAL RELEASE ON KNEE EXTENSION
FORCE OUTPUT AND ELECTRO-MECHANICAL
ACTIVATION OF THE QUADRICEPS

David J. Cornell, PT, DPT, PhD, CSCS, EP-C!?
Kyle T. Ebersole, PhD, LAT, ATC, PES**

[JSPT

ABSTRACT

Background: In contrast to static stretching (SS), previous research has demonstrated increases in flexibility after an acute bout of self-
myofascial release (SMR) without any subsequent decreases in force output. Previous research has utilized measures of surface electro-
myography (sEMG) and mechanomyography (MMG) to examine the influence of SS on the electrical and mechanical processes of
muscle activation, respectively. However, there is a lack of research examining the potential changes in electro-mechanical muscle
activation post-SMR.

Purpose: To examine the influence of SMR, via an acute bout of foam rolling (FR) to the vastus lateralis (VL), on the expression of
knee extension force output and the inter-muscular electro-mechanical activation of the quadriceps musculature.

Study Design: Randomized crossover trial.

Methods: Twenty (10 males, 10 females) recreationally-active participants with prior FR experience completed both SMR and
control (CON) testing protocols during separate testing sessions that were conducted in a randomized order 48 hours apart. During
the SMR protocol, participants performed 3 sets of 60 seconds of FR over the VL portion of their quadriceps musculature, with 60
seconds of rest between sets. During the CON protocol, participants quietly sat upright for 10 minutes. Peak knee extension force
output (Force ) data, as well as sSEMG and MMG data from the VL and the rectus femoris (RF) were collected during maximal
voluntary isometric contractions (MVICs) before and after both testing protocols. Root mean square sEMG and MMG amplitudes
were calculated to represent electro-mechanical muscle activation of the VL (VL-sEMG,, .., VL-MMG__ ) and RF (RF-sEMG

RMS’ RMS. RMS’
RF-MMG, ) musculature.

Results: Repeated measures analyses of variance (RM ANOVAs) identified a significant (p < 0.05) increase in Force , within the
SMR protocol among males, but no change among females. No statistically significant changes in any electro-mechanical muscle
activation measures were identified pre-to-post-SMR within either sex.

Conclusion: In contrast to the SS literature body, these results suggest that SMR does not influence the electro-mechanical aspects
of muscle activation during MVICs. These results provide support for the absence of decreases in force output post-SMR, but fur-
ther examination regarding the potential muscle mass influence of SMR on electro-mechanical muscle function remains
warranted.

Level of Evidence: 2c
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INTRODUCTION

Self-myofascial release (SMR), applied via foam roll-
ing (FR), is commonly utilized by individuals as a
method of increasing joint range of motion (ROM)."
The prescription of SMR has also grown in popular-
ity among practitioners,*® with 81% of allied health
professionals utilizing FR within their practice.® One
of the potential factors associated with the increased
utilization of SMR has been the fact that previous
research has demonstrated increases in joint ROM
after an acute bout of SMR, theoretically due to
an increase in muscle tissue extensibility, without
any subsequent decreases in force output.”® The
lack of influence on force output after SMR-related
increases in joint ROM also differs from the static
stretching (SS) literature, which has routinely dem-
onstrated a decrease in force and power output after
an acute bout of SS.'™'? As such, an emerging body
of evidence suggests that practitioners can prescribe
SMR interventions without detrimentally influenc-
ing subsequent athletic performance.*

The physiological mechanisms in which SS and
SMR influence muscle tissue extensibility have
been largely associated with either neural and/or
morphological mechanisms. Specifically, potential
neural mechanisms of both SS' and SMR'! include
activation of Golgi tendon organs (GTOs) and/or
mechanoreceptors (e.g., group III/IV afferents),
which decrease the efferent o-motorneuron drive,
creating a relaxation effect on the target muscula-
ture and an increase in muscle tissue extensibility.
Potential morphological mechanisms of SS include
changes in viscoelastic properties of the muscle-
tendon unit (MTU), thereby increasing the compli-
ance of the MTU, and the subsequent extensibility
of the target musculature.'® Since these mechanisms
may also inhibit the neural activation and viscoelas-
tic properties of the target musculature, these are
often the mechanisms used to describe the decrease
in force-generating capacity of the musculature after
SS.'® In contrast, potential morphological mecha-
nisms of SMR include a reduction in fascial adhe-
sions and changes in fluid mechanics of the fascia
surrounding the target musculature due to a thixot-
ropy-like effect,'”'® rendering the fascia more mal-
leable and increasing the extensibility of the target
musculature.! While these may be slightly different

mechanisms from those for SS, these processes theo-
retically influence the viscoelastic properties of the
fascia, and in turn, increase the pliability of the mus-
cle tissue resulting in increased muscle extensibility.

Unlike the SMR literature body, previous SS research
has utilized non-invasive methodologies to examine
both the neural and mechanical properties of mus-
cle function pre- and post-SS. Specifically, surface
electromyographic (sEMG) measures, which repre-
sent the electrical processes of muscle activation,
and mechanomyographic (MMG) measures, which
represent the mechanical processes of muscle acti-
vation, have been simultaneously collected to assess
electro-mechanical muscle function in a variety of
capacities,'*?°including to examine potential changes
as a result of SS.2% For example, previous research
has demonstrated a decrease in SEMG amplitude,**
but an increase in MMG amplitude,® during isomet-
ric muscle actions after an acute bout of SS. These
results suggest that SS is capable of creating both
electrical and mechanical changes in muscle func-
tion, providing evidence to the previously described
neural and morphological alterations that theoreti-
cally occur as a result of SS.'416

In contrast to the SS literature body, there is a lack
of research examining the potential changes in
electro-mechanical function as a result of SMR. Cur-
rently, there are equivocal findings in the literature
regarding the influence of SMR on SEMG activity,
with previous research demonstrating a decrease in
SsEMG measures post-SMR,*** as well as no changes
in SEMG measures post-SMR.”3%% These conflicting
results could be due to changes in inter-muscular
activation post-SMR, as Cavanaugh et al.*® demon-
strated a significant decrease in SEMG measures of
the hamstrings after FR was applied to the quadri-
ceps musculature, but further investigation of poten-
tial muscle coordination changes is still required. In
addition, the influence of SMR on MMG measures
has yet to be examined and no previous research
has simultaneously collected both sSEMG and MMG
measures. Thus, the examination of the influence of
SMR on the mechanical aspects of electro-mechan-
ical muscle function remain largely unexplored.
Furthermore, previous research has also suggested
that MMG signal may be particularly sensitive to
the tissue stiffness of the vastus lateralis given the
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longitudinal covering of the iliotibial band along this
aspect of the quadriceps musculature.** Therefore,
the purpose of this study was to examine the influ-
ence of SMR, via an acute bout of FR to the vastus
lateralis (VL), on the expression of knee extension
force output and the inter-muscular electro-mechan-
ical activation of the quadriceps musculature.

METHODS

Participants

Twenty (10 males, 10 females) recreationally-active®
participants with prior FR experience volunteered
to participate in the current study (mean + SD, age:
24.2 + 2.6 yrs; height: 173.1 + 9.4 cm; body mass:
70.7 + 17.6 kg). This study was approved by the
Institutional Review Board at the University of Wis-
consin-Milwaukee. Before any data were collected,
all participants provided written informed consent
to the study protocols. The functionally dominant
leg of each participant was determined based upon
the leg in which the participant would prefer to kick
a ball in order to achieve maximal distance.*

Testing Protocols

To ensure a relative similar starting point in terms of
blood flow and tissue warmth, all participants first
completed a 5-minute warm-up on a bicycle ergom-
eter (Ergomedic 828E, Monark Exercise AB, Vans-
bro, Sweden), at 0.5 kp of resistance and a cadence
of 50 rpm, at the beginning of each testing period.
Each participant completed both the SMR and con-
trol (CON) testing protocols (i.e., crossover design).
Testing protocols were completed in a research
laboratory 48 hours apart during separate testing
sessions. Participants were instructed to not per-
form any resistance training and/or vigorous physi-
cal activity or exercise in-between testing sessions.
The order these protocols were completed was
counterbalanced in a randomized fashion across all
participants.

SMR Protocol

During the SMR protocol, participants performed
3 sets of 60 seconds of FR, with 60 seconds of rest
between sets, in a similar fashion to the protocol
previously utilized by MacDonald et al.? Specifically,
participants performed FR using a high-density

foam roller (Black Mountain Products, McHenry, IL)
over the entire length of the VL portion (i.e., proxi-
mal to distal aspects of femur) of their respective
quadriceps musculature of their dominant leg.?” Par-
ticipants were instructed to perform the FR in the
plank position, with their opposite leg crossed over
the kicking leg and as much of their body weight
as tolerable placed on the foam roller (Figure 1).
Although all participants reported prior FR experi-
ence, proper FR technique® was monitored by the
researchers during both testing sessions. Beyond
instructing the participants to perform the FR in a
slow and controlled manner, the speed of the FR was
not regulated for by the researchers.

CON Protocol

During the CON protocol, participants were
instructed to quietly sit upright for 10 minutes.
Participants were not allowed to walk, stand up, or
stretch during this period.

Maximal Voluntary Isometric Contractions

Pre- and post- each testing protocol, participants
performed five maximal isometric voluntary con-
tractions (MVICs) of knee extension consistent with
standard manual muscle testing techniques® and
according to muscle testing protocols previously uti-
lized in the literature.*® Specifically, the dominant
leg of each participant was secured to a treatment
table at 60° of knee flexion and 90° of concurrent
hip flexion (Figure 2).*° Participants were instructed
to sit upright with their arms across their chest and
to maintain each MVIC of knee extension for five
seconds. Verbal encouragement during each MVIC,
as well as 60 seconds of rest between each MVIC,
were provided by the researchers.

Knee Extension Force Data

The expression of peak knee extension force output
(kg) during each MVIC was measured using a hand-
held dynamometer (MicroFET 2, Hoggan Health
Industries, Salt Lake City, UT) that was secured with
an immovable strap (Figure 2).* The handheld dyna-
mometer was placed on the anterior aspect of the
tibia and just proximal to the malleoli of the domi-
nant leg of each participant.* Previous research has
reported adequate validity (r = 0.894),*” as well as
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Figure 1. Foam rolling of the vastus lateralis (VL) muscula-
ture during the self-myofascial release (SMR) protocol.

excellent intrasession (ICCs = 0.82-0.93) and good-
to-excellent intersession (ICCs = 0.70-0.92) test-
retest reliability,* of the assessment of peak knee
extension force via handheld dynamometry. Only
force data from the MVIC resulting in the great-
est peak knee extension muscular force output
(Force ) for each participant were used in all sub-
sequent data processing and statistical analyses.

Electro-Mechanical Muscle Activation Data

All electro-mechanical muscle activation data (i.e.,
sEMG, MMG, & EME) were collected, and are sub-
sequently reported, according to commonly utilized

Figure 2. Collection of knee extension force data utilizing a
handheld dynamometer.

SEMG and MMG standards.** Specifically, sSEMG and
MMG data were collected from the VL and rectus
femoris (RF) musculature associated with quad-
riceps of the dominant leg of each participant. All
SEMG and MMG signals were collected using the
Noraxon Telemyo 2G System at a sampling fre-
quency of 1,500 Hz and processed and analyzed
using MyoResearch XP software (Noraxon U.S.A.,
Inc., Scottsdale, AZ). Only electro-mechanical mus-
cle activation data from the Force ., MVIC for each
participant were used in all subsequent signal pro-
cessing and statistical analyses.

SEMG Data

All sSEMG data were collected using bipolar Ag/
AgCl surface electrodes (MeshTrode A10040-60, Ver-
med, Buffalo, NY) placed along the longitudinal axis
of the VL and RF quadriceps muscle bellies, with
the reference electrode placed over the patella of
each participant.* To reduce any impedance of the
SEMG signals, the skin of each participant was first
shaved with a disposable razor and abraded using
isopropyl alcohol and sterile gauze before electrode
placement. All SEMG data were differentially ampli-
fied (gain = 2000x) and digitally bandpass filtered
(fourth-order Butterworth) at 10-500 Hz. Root mean
square amplitudes (pV) were calculated from sEMG
signals collected from the VL (VL-sEMG,, ) and RF
(RF-sEMG,,,,) musculature using a smoothing win-
dow of 50 milliseconds during three second epochs
corresponding to seconds 1.0-4.0 of the five-second
knee extension MVIC. Black permanent marker
was used to outline electrode placement to ensure
the same electrode placement during both SMR
and CON protocols.*® Previous research has demon-
strated excellent intrasession test-retest reliability of
sEMG,, , data collected during MVICs from the quad-
riceps musculature (ICCs = 0.95-0.97),* as well
as good intersession test-retest reliability of SEMG
amplitude data collected during MVICs in general
(ICCs = 0.68-0.74) (Yang & Winter, 1983).* In addi-
tion, previous research within both the SS§**2 and
SMR? literature bodies have examined sEMG data in
a similar manner.

MMG Data

All MMG data were collected using tri-axial piezo-
electric accelerometers (352A24, PCB Piezotronics,
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Figure 3. Arrangement of surface electromyographic (SEMG)
electrodes and mechanomyographic (MMG) sensors.

Depew, NY). Each accelerometer (dimensions = 0.5
cm x 0.5 cm x 1.0 cm; sensitivity = 100 mVzg™)
was placed between the previously placed proximal
and distal bipolar sEMG electrodes using double-
sided adhesive tape,*® resulting in an inter-electrode
distance of 2.5 cm between sEMG electrodes (Figure
3). All MMG data were digitally bandpass filtered at
5-150 Hz.*® Similar to the sEMG signals, root mean
square amplitudes (mzs?) were calculated from MMG
signals collected from the VL (VL-MMG, ) and RF
(RF-MMG,,,) musculature using a smoothing win-
dow of 50 milliseconds during three second epochs
corresponding to seconds 1.0-4.0 of the 5-second
knee extension MVIC. Previous research has dem-
onstrated excellent intrasession test-retest reliabil-
ity (ICCs = 0.84-0.96) and excellent intersession
test-retest reliability (ICC = 0.81)* of MMG,, data
collected during MVICs from the quadriceps muscu-
lature, as well asamong MMG,  data collected during
MVICs in general (ICCs = 0.94-0.97).*° In addition,
previous research within the SS literature body has
examined MMG data in a similar manner.?-*2

Statistical Analyses

All statistical analyses were conducted using the
IBM SPSS 25 software package (IBM Corp., Armonk,

NY). An alpha of p < 0.05 determined statistical
significance for all analyses. Previous research has
demonstrated differences in both electrical®® and
mechanical® muscle function between sexes dur-
ing MVICs. In particular, differences in MMG,,,
data have been attributed to potential differences
in muscle stiffness between males and females due
to sex differences in muscle mass.>**® Due to this,
independent t-tests were first conducted to identify
potential differences in Force ., VL-SEMG,, RF-
sEMG,,,, VL-MMG,, , and RF-MMG,, . measures
at baseline between sexes. Since statistically signifi-
cant differences were identified within all measures
(Table 1), all subsequent statistical analyses were
split by sex.

In order to examine the potential influence of an
acute bout of SMR on the expression of knee exten-
sion force output and the electro-mechanical acti-
vation of the VL and RF quadriceps musculature,
separate 2 x 2 (protocol x time) within-between
repeated measure analyses of variance (RM ANO-
VAs) and follow-up main effects within each pro-
tocol were conducted for each measure of interest:
Force ,, VL-SEMG,, RF-sEMG, VL-MMG,
and RF-MMG,, .. In addition, if significant differ-
ences in any measure were identified, the analysis
was repeated with body mass included as a covariate
in order to identify the potential influence of muscle
mass on that measure of interest.

Table 1. Baseline sex differences in participant chavacter-

istics and measures of interest (data presented as mean +

SE).
Measure Males Females

Age (yrs) 24.20£0.71 24.10£0.95
Height (cm) 180.33 £2.22% 165.80 £ 1.54
Body Mass (kg) 82.08 £ 4.96* 5930371
Forcepe (kg) 33.94+2.86* 2161 +1.01
VL-SEMGrass (1V) 37157+ 72.00* 180.24 £ 26.51
RE-SEMGryss (V) 205.67+22.30* 115.02+13.37
VL-MMGrus (m-s?) 042 £0,04* 0.32£0.04
RF-MMGgus (m's”) 0.59 +0,04* 0.36+0.03

Forcepea = peak knee extension force output; VL = vastus lateralis musculature; RF = rectus femoris
musculature; SEMGrus = root mean square amplitude of the surface electromyographic data; MMGgrys =
root mean square amplitude of the mechanomyographic data.

*Males significantly greater than Females (p < 0.05)
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Finally, standardized effect size statistics were cal-
culated to determine potential practical pre-to-post
changes in the expression of knee extension force
output and the electro-mechanical activation of the
VL and RF quadriceps musculature. Given the small
sample size, Hedge'’s g effect size statistics were cho-
sen® and were interpreted using the following crite-
ria®®: trivial (g < 0.19), small (0.20 < g < 0.49), medium
(0.50 < g<0.79), large (0.80 < g <1.29), and very large
(1.30 < g).

RESULTS

Descriptive statistics (mean + SE) within sexes are
reported in Table 2 for all measures of knee exten-
sion force output and electro-mechanical muscle
activation collected during each testing protocol
(i.e., SMR & CON).

Forcepe " Data

Among males, no significant protocol x time inter-

action effect on Force  was identified (F,,, =

ak 18

1.577, p = 0.225). Although a significant and small
main effect of time on Force _, was identified within
the SMR protocol (p = 0.039, g = 0.24), when body
mass was controlled for, no significant effect of time
was identified within either the SMR (p = 0.920) or
CON (p = 0.518) protocols. A non-significant and
trivial main effect of time on Force , was identi-
fied within the CON protocol (p = 0.468, g = 0.07).
Among females, no significant protocol x time
interaction effect on Force , was identified (F, , =
1.630, p = 0.218). In addition, non-significant and
trivial main effects of time on Force  were identi-
fied within both the SMR (p = 0.530, g = 0.11) and
CON (p = 0.170, g = 0.13) protocols. Collectively,
these results suggest that the SMR protocol signifi-
cantly influenced the Force ., data among males,
and that SMR may influence Force ., via muscle
mass, as this influence was no longer statistically
significant when body mass was controlled for as a
covariate. In addition, the effect of SMR on Force .,
was small, and did not create a change that was

significantly different between the SMR and CON

Table 2. Influence of an acute bout of SMR on the expression of knee extension force output and electro-

mechanical muscle activation.

SMR CON
Pre Post Pre Post
- - Lo -
Measure (mean + SE) (msegr)l + Significance Effect Size (mean+ SE)  (mean = SE) Significance  Effect Size
Males (n = 10)
Forcepea 342437  37.6+47  p=0.039 g=0.24 337446 347443 p=0.468 g=0.07
(kg) trivial
VL-sEMGrums 370.5 345.1 + _ 2=0.08 372.6 + 360.5 + _ g=0.04
V) 103.4 86.0 p=0480 106.4 102.5 p=0513 trivial
RF-SEMGrums 190.3 + _ g=0.18 _ g=0.03
) 207.0+29.0 780 p=0.378 204.4+355 201.3+349 p=0.761 rivial
VL-MMGrus 440, 04+0.1 p=0939 g=0.01 0.4+0.1 0.4+0.1 p=0226 g=017
(m*s™) trivial
RE-MMGrus 0.6+ 0.1 0.6+ 0.1 p=0215 g=0.33 0.6+ 0.1 0.7+0.1 p=0578 g=0.13
(m's™) trivial
Females (n = 10)
Forcepea 217413  21.1+18  p=0.530 g=0.11 215416  222+18 p=0.170 g=0.13
(kg) trivial
VL-sEMGgwus 174.1 £ _ g=0.11 _ 2=0.10
) 189.6 +44.8 403 p=0.420 1709 £30.6  180.8 +32.1 p=0.161 rivial
RE-SEMGrus 112.6 + _ 2=0.06 _ g=0.08
) 116.5+21.0 185 p=0.597 113.5+£17.7  118.5+20.0 p=0.283 rivial
VL-MMGrus 3501 032501  p=0.689 g=008 03+003  03+£004  p=0912 g=010
(m-s™) trivial
RE-MMGrys 04101  035£004  p=0896 g=0.07 04+003 04004  p=0914 g=0.01
(ms™) trivial
SMR = self-myofascial release protocol; CON = control protocol; Forcepeax = peak knee extension force output; VL = vastus lateralis musculature;
RF = rectus femoris musculature; SEMGrums = root mean square amplitude of the surface electromyographic data; MMGrus = root mean square
amplitude of the mechanomyographic data.
*Effect size interpretations are based on guidelines provided by Sullivan and Feinn®®
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protocols. Finally, neither the SMR and CON pro-
tocols significantly influenced Force . data among
females (Table 2).

sEMG Data

Among males, no significant protocol x time inter-
action effects on VL-sEMG,_,. (F, , = 0.116, p =
0.737) and RF-SEMGy (F, , = 0.448, p = 0.512)
were identified. In addition, non-significant and
trivial main effects of time on VL-sEMG,,, and
RF-sEMG,_  were identified within both the SMR
(p = 0.480, g = 0.08; p = 0.378, g = 0.18, respec-
tively) and CON (p = 0.513, g = 0.04; p = 0.761,
g = 0.03, respectively) protocols. Among females,
no significant protocol x time interaction effects
on VL-sEMG,, . (F,,, = 1.698, p = 0.209) and RF-
SEMG, s (F} 5 = 1.138, p = 0.300) were identified.
In addition, non-significant and trivial main effects
oftime on VL-sEMG . and RF-sEMG,,  were iden-
tified within both the SMR (p = 0.420, g = 0.11; p =
0.597, g = 0.06, respectively) and CON (p = 0.161,
g = 0.10; p = 0.283, g = 0.08, respectively) proto-
cols. Collectively, these results suggest that the SMR
and CON protocols did not significantly influence
the VL-sEMG,_ . and RF-sEMG_ data among both
males and females (Table 2).

MMG Data

Among males, no significant protocol x time interac-
tion effects on VL-MMG, . (F, ,, = 0.432, p = 0.519)
and RF-MMG (F, ,, = 0.174, p = 0.681) were iden-
tified. In addition, non-significant and trivial-to-small
main effects of time on VL-MMG,_,,. and RF-MMG_ .
were identified within both the SMR (p = 0.939, g <
0.01; p = 0.215, g = 0.33, respectively) and CON (p
= 0.226, g = 0.17; p = 0.578, g = 0.13, respectively)
protocols. Among females, no significant protocol x
time interaction effects on VL-MMG, ¢ (F, ,, = 0.145,
p = 0.707) and RE-MMG_ (F, , = 0.010, p = 0.932)
were identified. In addition, noﬁ—signiﬁcant and trivial
main effects of time on VL-MMG_ . and RF-MMG,,
were identified within both the SMR (p = 0.689,
.g = 0.08; p = 0.896, g = 0.07, respectively) and CON
(p = 0.912, g = 0.10; p = 0.914, g < 0.01, respectively)
protocols. Collectively, these results suggest that the
SMR and CON protocols did not significantly influ-
ence the VL-MMG,, . and RF-MMG,_ . data among
both males and females (Table 2).

DISCUSSION

The purpose of this study was to examine the influ-
ence of SMR, via an acute bout of FR to the VL, on
the expression of knee extension force output and
the inter-muscular electro-mechanical activation of
the quadriceps musculature. The results of the cur-
rent study suggest that SMR may result in a small,
but significant increases in knee extension Force-
»eax AMong males, but no significant change in For-
CC ok within the SMR group was identified among
females. This potential sex-specific influence on the
expression of knee extension force output may be
due to differences in muscle mass between males
and females, as no significant changes in Force-
ac Were identified among males after controlling
for body mass. However, although this pre-to-post
change in Force , was significant with the SMR
group, the post-Force within the SMR group was
not significantly different from the post-Force
within the CON group. These findings differ with
the existing body of literature indicating a lack of
influence of SMR on the expression of force out-
put.”® Nevertheless, due to the resulting increase in
force production (vs. decrease), these findings still
provide further support for the use of SMR, instead
of SS, as a method of increasing joint ROM without
any subsequent decrements in force production that
may hinder sport performance.

Similarly, the results of the current study also indi-
cate that SMR does not influence the electrical
processes associated with the electro-mechanical
activation of the quadriceps musculature, as signifi-
cant changes in sSEMG_, amplitudes were not identi-
fied within either sex. Given the fact that a decrease
in the efferent o-motorneuron drive due to activa-
tion of Golgi tendon organs (GTOs) and/or mecha-
noreceptors (e.g., group III/IV afferents) have been
proposed as neural mechanisms of increasing mus-
cle tissue flexibility via SMR,! it is surprising that
decreases in SEMG, . amplitudes were not identi-
fied in the current study. These results are further
surprising given the fact that an increase in Force _,
was identified among males, which suggests that
this increase in force output was not attributed to
the electrical aspects of muscle activation. That
said, these results further contribute to the body lit-
erature that has previously identified no changes in
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SEMG measures post-SMR,”%3%3 as well as decreases
in SEMG measures post-SMR.30%

It has been hypothesized that these conflicting
results in the previous literature could be due to
changes in inter-muscular activation, as significant
decreases in SEMG measures of the hamstring mus-
culature has been observed in the literature after
SMR was applied to the quadriceps musculature.*
However, even though the SMR was applied specifi-
cally to the VL musculature in the current study,
no changes in the RF-sEMG,_, data were identified,
and Killen et al.** did not identify post-SMR changes
in SEMG measures of the contralateral muscula-
ture as well. Therefore, it is possible that SMR only
creates electrical changes in electro-mechanical
muscle activation within the antagonist muscula-
ture (vs. the agonist or contralateral musculature).
These changes could be due to reciprocal inhibition
of the antagonist musculature (i.e., hamstrings) as
a result of the SMR applied to the agonist muscula-
ture (i.e., quadriceps), which is a phenomenon that
has been demonstrated after both SS and proprio-
ceptive neuromuscular facilitation (PNF) stretch-
ing.*® In addition, both studies that have previously
identified significant decreases in SEMG measures
post-SMR examined muscle activity during dynamic
muscle contractions, such as a lunge*® and a single-
leg landing from a hurdle jump,® whereas the cur-
rent study utilized an isometric contraction. Since
this is the first study to simultaneously examine the
influence of SMR on both the electrical and mechan-
ical processes associated with muscle activation, an
isometric contraction was chosen to better isolate
the potential influence of SMR on these parameters
be removing the influence of motion artifact that is
associated with dynamic muscle contractions. That
said, it is possible that the influence of SMR on the
electrical processes associated with the electro-
mechanical muscle activation is also specific to the
type of muscle action.

In concurrence with the lack of change in the elec-
trical processes associated with muscle activation,
the results of the current study indicate that SMR
does not influence the mechanical processes associ-
ated with activation of the quadriceps musculature
either, as significant changes in MMG, & ampli-
tudes were also not identified. While this was the

first known study to examine the influence of SMR
on measures of MMG, previous research has iden-
tified increases in MMG amplitude post-SS.* Since
it has been suggested that MMG amplitude may be
inversely related to muscle stiffness,'*** the previ-
ously identified increases in MMG amplitude post-
SS have been attributed to the potential increase
in compliance of the non-contractile tissues (i.e., a
decrease in muscle stiffness), which in turn, may
allow for greater lateral oscillations of the muscle
fibers during contraction (i.e., increase in MMG
amplitude). Therefore, given the fact that adapta-
tions to the viscoelastic properties of the fascia have
been proposed as morphological mechanisms of
increasing muscle tissue flexibility via SMR,' it is
surprising that changes in MMG,, . amplitudes were
not identified in the current study.

When taken together, the results of the current study
indicate that SMR does not influence the electro-
mechanical aspects of quadriceps muscle activation,
which provides further mechanistic rationale regard-
ing the maintenance in force output post-SMR. How-
ever, these results suggest that although previous
research has routinely demonstrated that SMR has
the ability to increase muscle tissue flexibility,' the
physiological mechanisms in which this increase in
muscle tissue flexibility are achieved remain unclear.
Although the lack of change in MMG,, , amplitude
suggests these mechanisms do not influence the
mechanical aspects of muscle activation, changes in
fluid mechanics of the fascia surrounding the target
musculature due to the previously described thix-
otropy-like effect'”'® remain possible. For example,
recent research has suggested that increases in arte-
rial blood flow,® potentially due to increases in nitric
oxide, and subsequent changes in endothelial func-
tion,* are created after an acute bout of FR. These
potential physiological changes may ultimately ren-
der the fascia more malleable and the increase the
extensibility of the target musculature, but in a man-
ner that does not influence the electrical or mechan-
ical aspects of muscle activation. Furthermore, such
changes may be responsible for the potential sex-
specific changes in Force .. observed in the current
study. As such, future research should utilize other
methodologies (e.g., diagnostic ultrasound, heart
rate variability, etc.) to further investigate potential
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changes in physiological processes, both local and
systemic, that occur as a result of SMR.

However, it should be noted that the current study
only examined the influence of SMR on electro-
mechanical muscle activation during isometric mus-
cle actions at one joint position (60° of knee flexion).
It is possible that SMR may influence the mechani-
cal processes associated with electro-mechanical
muscle activation (i.e., MMG measures) during
isometric muscle actions differently based on joint
position, which is a phenomenon that has been pre-
viously observed within the SS literature body.* In
addition, based on the previously identified discrep-
ancies in the literature regarding post-SMR changes
in SEMG measures between isometric and dynamic
muscle actions, it is possible that post-SMR changes
in MMG measures may also differ between isomet-
ric and dynamic muscle contractions. Furthermore,
the influence of SMR on electro-mechanical muscle
activation may be specific to muscle action type (i.e.,
concentric vs. eccentric) as well. While this has yet
to be examined in the SMR literature, the SS litera-
ture body has demonstrated significant increases in
MMG amplitude,®*? as well as no changes in MMG
amplitude,”* during isokinetic muscle actions post-
SS. Such conflicting results in the SS literature have
not only been attributed to differences between
muscle actions types,* but could be due to inher-
ent differences in muscle architecture as well.?® For
example, Herda et al.®® proposed that the post-SS
observed increases in MMG amplitude during con-
centric knee flexion muscle actions, and the lack of
change in MMG amplitude during concentric knee
extension muscle actions,”* may be related to the
fusiform nature of the hamstring musculature (vs.
the pennate nature of the quadriceps muscula-
ture). As a result, SS may have a greater influence
on MTU compliance, and thus, a greater influence
on measures of MMG, within muscles comprised
of a fusiform architecture (e.g., hamstrings, biceps
brachi, etc.) in comparison to muscles comprised
of a pennate architecture (e.g., quadriceps, deltoid,
etc.). Therefore, it is also possible that differences in
muscle architecture influence the underlying mech-
anisms in which SMR creates changes in muscle
flexibility. In contrast, given the influence of mus-
cle mass on force output,®* it is possible that muscle

mass may mediate the influence of SMR on the
physiological processes of electro-mechanical func-
tion. Such influence may also explain the potential
sex-specific changes in Force .. observed in the
current study. Thus, further research examining
potential changes in both sSEMG measures and MMG
measures at a variety of joint angles, during various
muscle actions, within different muscle architecture
types, while controlling for sex differences in mus-
cle mass is warranted.

It is also possible that the type of foam roller and
the duration of FR may influence the acute physi-
ological adaptations associated with SMR. Although
the body of literature is currently limited, research
suggests that different types of foam rollers exert dif-
fering level of pressure to the target musculature.®
In addition, recent research also suggests that vibrat-
ing foam rollers may create differing (or enhanced)
effects than non-vibrating foam rollers.*** Further-
more, a recent commentary on the state of the SMR
literature has highlighted the fact that there appear
to be a large variety in FR methods, including FR
durations, examined in the SMR literature,®® which
has also created a large variety in the SMR method-
ologies utilized by practitioners.® It is possible that
this large variety in SMR methodologies utilized by
researchers has influenced the conflicting findings
in the literature regarding the influence of SMR on
the electrical aspects of electro-mechanical func-
tion. Notably, the duration in which FR is applied
may create differing changes in subsequent electro-
mechanical activation post-SMR. Thus, although
the results of the current study did not identify an
influence of SMR on subsequent electro-mechanical
aspects of muscle activation, further examination
on the influence of differing types and durations
of SMR on electro-mechanical muscle activation
remains warranted.

Several limitations of the current study should be
acknowledged. First, the amount of force applied to
the foam roller due to bodyweight was not controlled
beyond researchers ensuring proper FR form. It is
possible that subtle weight shifting across the par-
ticipants could have resulted in differing amounts of
relative force being applied to the foam roller, which
could theoretically influence the SMR mechanisms.
In addition, the speed of the FR was not controlled
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for by the researchers. However, recent research
also suggests that the amount of force applied to
the quadriceps musculature during FR did not influ-
ence the observed changes in ROM or result in dif-
fering MVICs pre-to-post-SMR®” and that the speed
at which FR was conducted did not influence the
observed changes in ROM or myofascial stiffness
pre-to-post-SMR.% Thus, while the amount of force
applied during FR, and the speed at which the FR
was conducted, were not controlled across partici-
pants, this previous research suggests these method-
ological factors did not likely influence the results of
the current study.

CONCLUSIONS

The results of the current study indicate that SMR
does not influence the electro-mechanical aspects of
quadriceps muscle activation. These results provide
further mechanistic rationale regarding the lack of any
subsequent decreases in force output observed in the
current study, as well as previously identified in the lit-
erature. Therefore, clinicians and practitioners should
recommend the use of SMR, instead of SS, as a method
of increasing flexibility, due to a lack of decrements in
force production that may acutely hinder sport perfor-
mance. Given the potential for SMR-related changes in
the expression of force to be mediated by body mass,
it is also possible that clinicians may choose to utilize
SMR (or SS) based on the size of the individual. How-
ever, further research examining the potential sex-spe-
cific and/or muscle mass influence of different SMR
types and protocols on electro-mechanical muscle
activation at a variety of joint angles, during various
muscle actions, and within different muscle architec-
ture types remains warranted.
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