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ABSTRACT

International Journal of Exercise Science 14(1): 304-323, 2021. The effects of vibrating foam rolling the
hamstrings on range of motion (ROM), hamstrings-to-quadriceps (H:Q) ratios, muscle activation, and peak torque
(PT) of the quadriceps and hamstrings have yet to be extensively studied. The aim of this study was to investigate
the effects of a vibrating foam roller on the hamstrings. Fifteen resistance trained women (mean age + SD = 22.9 +
2.0 years, height = 162.7 + 4.8 cm, body mass = 66.0 + 9.7 kgs, BMI = 24.9 + 3.3 kg m?) participated in five separate
testing sessions to examine pre- and post-testing PT, H:Q ratios, muscle activation of the quadriceps and
hamstrings, and ROM of the hamstrings. Testing sessions consisted of a foam rolling, a vibrating foam rolling, a
vibration-only, and a control condition. Hamstrings ROM increased for both limbs with the exception of the
vibration condition for the untreated limb (p = 0.003). The untreated limb had a quadriceps PT increase from pre-
to post-testing (p = 0.014). Concentric hamstrings PT for both limbs decreased pre- to post-testing for all conditions
(p = 0.013). Eccentric hamstrings PT for both limbs decreased pre- to post-testing (p = 0.026). Conventional H:Q
ratios decreased pre- to post-testing for both the treated and untreated limbs (p < 0.001). Functional H:Q ratios
decreased for both limbs pre- to post-testing (p < 0.001). Although hamstrings ROM increased in both limbs, foam
rolling, vibrating foam rolling, and vibration-only could possibly decrease performance measures of the ipsilateral
and contralateral limbs.

KEY WORDS: Self-myofascial release, electromyography, flexibility, injury risk, vibration
INTRODUCTION

Athletic performance and risk factors can be evaluated through a variety of assessments, such
as strength levels, conventional and functional hamstrings-to-quadriceps (H:Q) ratios, as well
postural stability (8, 9, 10, 23). Injury risk is an important aspect in sports and recreational
settings, with a significant emphasis on reducing injury incidence (23). One of the most common
methods of assessing lower body injury risk, is through the use of the H:Q ratio (30). The H:Q
ratio is calculated by comparing the strength of both the hamstrings and the quadriceps (22).
H:Q ratios are considered within normal range when between 50-80% (23, 30), but injury risk is
typically increased when H:Q ratios are lower than 60% (8, 9, 23). Low H:Q ratios are commonly
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influenced by weak hamstrings, or overpowering quadriceps (4, 8, 10, 23). Consequently, low
H:Q ratios can increase the likelihood of lower body injuries, not only to the hamstrings, but
also to the anterior cruciate ligament in the knee joint (4, 5, 8, 9, 10, 30).

A warm-up is essential to performance and is commonly performed before an exercise session
is executed (20). Static stretching is one of the most common types of stretching used to increase
ROM, and is often performed as part of a warm-up routine (9, 10, 11, 23). Previously, forms of
stretching have been used to increase range of motion (ROM), specifically of the hamstrings (15).
Although static stretching has been demonstrated to increase ROM, it has also been shown to
decrease strength, power, H:Q ratios, peak torque (PT), and other performance-related
measures, which can increase injury rate in athletes and recreationally active individuals (8, 9,
10, 11, 15). With the knowledge that static stretching can negatively influence performance in
athletes and recreationally active individuals when performed prior to exercise or sports,
research has investigated other methods that could possibly increase ROM without negatively
affecting performance (22, 23).

Stretching has also been shown to influence the contralateral, or unstretched limb as well (1, 6,
12). Behm et al., (2019) and Chaouachi et al., (2017) reported increases in hip flexion ROM to
both the ipsilateral and contralateral limb after static and dynamic stretching. These increases in
flexibility were found without causing performance and strength impairments to the
contralateral limb (1, 6). In contrast, Cramer et al., (2005) reported that although there were no
stretch-specific changes to mean power output, mechanomyographic amplitude, and joint angle
at PT, there were decreases in electromyography (EMG) activation and PT. Thus, Cramer et al.,
(2005) concluded these stretch-induced decreases to the contralateral limb, may be caused by a
central nervous system inhibitory mechanism.

Self-induced myofascial release (SMR), thought to be performed through foam rolling, has
become a popular research topic for increasing ROM (28). However, Behm et al., (2019) has
recently suggested the term “self-myofascial release” is actually misleading when referring to
foam rolling. Behm et al. (2019) stated in a recent review that foam rolling increases blood flow
and reduces stiffness, but this is not actually due to the mechanism of “self-myofascial release”.
Foam rollers are cylinders made up of foam of varying densities, that are combined with applied
pressure or force, such as body weight, to create a massage-like effect on the fascia of muscle
(23, 28). Fascia surrounds muscle, and becomes softer when moved around (5, 11, 23). Foam
rolling, when thought to be SMR, has been shown to increase dilation within arteries, reduce
their stiffness, restore soft tissue, increase nitrogen dioxide, and improve vascular plasticity (7,
28). Foam rolling is also believed to decrease soreness, improve ROM without impaired muscle
activation and H:Q ratios, improve coordination, alleviate stress on joints, and reduce pain
pressure threshold (5, 23). The most likely mechanisms of foam rolling is suggested to be from
an increased stretch tolerance on ROM due to activation of global pain modulatory responses

(2)-

Foam rolling has also demonstrated to have a cross-over effect similar to static stretching (18,
26). Foam rolling the dominant calf has been shown to not only increase dorsiflexion ROM of
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the dominant rolled limb for up to 20 minutes, but has also displayed increases in dorsiflexion
ROM in the contralateral unrolled limb for up to 10 minutes (19). Foam rolling the hamstrings
for 60 seconds or longer, has also demonstrated to reduce fatigue resistance in knee extensions,
as well as increase passive shoulder flexion and extension (26).

Vibration foam rolling has yet to be extensively studied. Vibration foam rolling adds the
component of vibration therapy with foam rolling (7). Currently, vibration foam rolling has been
shown to increase ankle ROM, sit-and-reach flexibility, passive hip and knee flexion, pain
pressure tolerance, quadriceps muscle strength, and dynamic balance (7, 20, 29). These increases
have all been shown to occur without decreases in maximal voluntary isometric knee extension,
or isometric dorsiflexion and plantar flexion force. (7, 20, 29). Pain perception based on a visual
analog scale also improved, indicating a greater benefit in pain tolerance (29).

Vibrating foam rolling and the effects on strength and performance, specifically on the H:Q ratio,
muscle activation, PT, and hamstrings ROM, have not been researched to date. In addition, the
effects of a vibrating foam roller on the contralateral, unrolled limb has yet to be studied.
Therefore, the purpose of this study was to examine the effects of vibrating foam rolling on
hamstrings ROM, H:Q ratios, muscle activation, and PT when compared to a normal foam roller,
vibration-only, and a control condition. A secondary aim of the study was to compare the effects
on ROM, H:Q ratios, and PT of the contralateral limb. It was hypothesized that the vibrating
foam rolling and vibration conditions will produce similar increases to hamstrings ROM as the
normal foam roller, on both the ipsilateral and contralateral limbs. It was also hypothesized that
the foam rolling, vibrating foam rolling, and vibration-only will increase the H:Q ratios, PT, and
muscle activation of both limbs compared to the control condition.

METHODS

Participants

Fifteen subjects participated in this study (mean age + SD = 22.9 + 2.0 years, height = 162.7 + 4.8
cm, body mass = 66.0 £ 9.7 kgs, BMI = 24.9 + 3.3 kg m?). This number was more than what was
determined using a priori analysis on G*Power software (3.1 Dusseldorf, Germany). An alpha
level of 0.05, a power of 0.80, and an effect size of 0.71, calculated from the results of a previous
foam rolling study conducted by Madoni et al., (2018) was used to establish the minimum
number of participants. Participants were lower body resistance trained women of collegiate
age. Lower body resistance trained was defined as being active in lower body resistance training
for a minimum of 3 days a week, for at least 30 minutes on each day, for the past 6 months (23).
Participants were free from lower extremity injury within the past six months, and free from
any previous injury or functional limitation that would prevent them from participating in any
portion of the study. This study was approved by the California State University, Fullerton
Institutional Review Board. This research was carried out fully in accordance to the ethical
standards of the International Journal of Exercise Science (27).

The experiment consisted of five separate visits to the laboratory (Figure 1), adapted from a
previous study by Madoni et al. (2018). The first session was a familiarization day, where
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Informed Consent was read and signed, the Health Status Questionnaire completed, and
anthropometrics recorded. Participants practiced and became comfortable with the range of
motion protocol, foam rolling and vibrating foam rolling protocols, and with the isokinetic
dynamometer. The second, third, fourth, and fifth sessions were randomized sessions of control,
foam rolling, vibrating foam rolling, and vibration-only conditions. Subjects participated in each
session, creating a within-within experimental design. All testing was conducted by a trained,
experienced, and National Strength and Conditioning Association (NSCA) certified

investigator.
Informed Foam Rolling & Isokinetic
Familiarization Cozaists Anthropometrics ROM . Vlbratlop e Dynamometer
Health Status Familiarization Rolling Familiarization
Questionnaire Familiarization SITZato
Isokinetic L Giee Isokinetic
Testing ROM Quiet Sitting ROM Testing
Foam Rolling Is;ku}ehc ROM Foam Rolling ROM Isokinetic
esting Protocol Testing
Isokinetic Vibration Foam Isokinetic
Testing R Rolling Protocol LLOLL Testing
Isokinetic Vibration Isokinetic
Testing LOLY] Therapy R Testing

Figure 1. Research design

All testing sessions occurred in the Exercise Physiology Laboratory. The familiarization sessions
lasted 75.1 + 1.5 minutes, the foam rolling sessions lasted 85.3 + 1.5 minutes, the vibrating foam
rolling sessions lasted 86.0 £ 1.1 minutes, the vibration sessions lasted 85.1 + 1.5 minutes, and
the control sessions lasted 85.3 + 1.7 minutes (mean session visit time in minutes + SE). During
the first visit, participants read and signed an Informed Consent, and filled out a Health Status
Questionnaire. Height was measured using a stadiometer (SECA stadiometer, Chino, CA, USA,)
and body mass was measured using a digital scale (Ohaus ES Series scale, Parsippany, NJ, USA).
Participants then became familiar with the hamstrings range of motion assessment with the
straight leg raise test. Next, the participants became familiarized with using the foam roller, the
vibrating foam roller, and vibration-only setting. The roller used in this study was a VYPER 2.0
vibrating foam roller (Hyper Ice, Inc., Irvine, CA, USA), which has been used in previous studies
(13, 20, 26). Participants practiced the isokinetic dynamometer protocol on each limb by
performing the warm-up and protocol that was used for the remaining sessions. EMG locations
were also shown and explained to the participants. Lastly, participants were shown a 10-point
visual analogue scale (VAS), used to measure soreness at the beginning of each session.
Measuring soreness at the beginning of each session was not the main purpose of the study, but
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was measured to assess any possible remaining soreness from a previous testing condition. A 0
represented no soreness, while a 10 represented the highest possible soreness.

The control, foam rolling, vibrating foam rolling, and vibration-only conditions followed a
similar testing protocol, and were performed in a randomized order. A minimum of 48 hours,
but no more than 72 hours separated each session. Participants were encouraged to refrain from
physical activity within 24 hours of each testing session, encouraged to consume similar meals
and water intake, and get adequate amount of sleep before each testing sessions. Each session
occurred approximately during the same time of day (i.e., morning, afternoon, evening). The
control, foam rolling, vibrating foam rolling, and vibration-only sessions first involved testing
in the isokinetic dynamometer for peak torque and muscle activation using EMG, and then ROM
was measured. The control group sat quietly for 10 minutes, and the other conditions sat for 7
minutes before inducing the interventions for 3 minutes. The foam rolling condition consisted
of rolling without the vibration setting. For the vibration foam rolling condition, the vibration
setting was turned on. For the vibration-only condition, the vibration setting was turned on, and
participants only sat on the roller. After the foam rolling interventions and control condition,
ROM, peak torque, and muscle activation were assessed again.

Protocol

Range of motion was measured to assess hamstrings muscle flexibility for both the dominant,
or treated, and non-dominant, or untreated limb. For this test, participants laid supine on a mat
with the knees fully extended. First, the treated leg was lifted up with the knee fully extended.
The hip joint was flexed passively until the knee could no longer remain fully extended with the
hips on the mat, until resistance of the limb was met, or until the participant expressed they
were uncomfortable and their leg could not go any farther (23, 31). Then the untreated
hamstrings ROM was measured with the same approach. The hip joint angle was measured
using a Lafeyette Gollehon Extendable Goniometer (01135, Lafayette, IN, USA). The goniometer
was aligned to the greater trochanter of the hip, the lateral epicondyle of the knee, and to the
midline of the trunk. Maximal stretch for each limb was recorded in degrees.

The foam rolling, vibrating foam rolling, and vibration-only protocols were designed to target
the hamstrings muscle group and adapted from previous studies (14, 23, 25). Only the dominant
limb was rolled for both the rolling and vibrating conditions. Rolling was performed on a mat
with the roller placed under the participant’s hamstrings. Hands were positioned behind the
back to maintain balance. Legs were placed in front with the ankles crossed to maintain pressure
on the hamstrings (23, 25). Instruction to roll from the ischial tuberosity to the popliteal space
was given. One third of the hamstrings (proximal, middle, and distal) was rolled starting closest
to the gluteal fold, and moving down toward the back of the knee. Participants sat for 7 minutes
before foam rolling to maintain the time between control, rolling, and vibration-only days
consistent, and to allow for sufficient recovery between pre- and post-tests. Each section of the
hamstrings was rolled for 10 seconds, totaling 30 seconds, and this was completed 3 times. A 10-
second rest in between was provided. Participants were instructed to place as much pressure as
possible on the roller. Both rolling conditions used the same protocol, except the vibrating
rolling condition had the medium vibration setting turned on (68 Hz). For the vibration-only
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session, participants sat on the foam roller without rolling and with the medium setting turned
on. Participants also sat with the dominant, or treated hamstrings on the foam roller, and crossed
the non-dominant, or untreated leg over the ankle. Participants sat on the foam roller for 10
seconds on each hamstrings section (proximal, middle, distal), similar to the foam rolling days,
totaling 30 seconds. Participants rested for 10 seconds, and performed the vibration-only
treatment 3 times similar to the rolling conditions.

Electrodes used for the EMG protocol were placed on the participant’s treated and untreated
thigh to assess muscle activation while using the isokinetic dynamometer. Participants had two
pre-amplified bipolar surface electrodes (EL254S; Biopac Systems Inc., Santa Barbara, CA, USA)
placed over the biceps femoris of the hamstrings and the vastus lateralis of the quadriceps (10,
23). The electrode placed on the biceps femoris was positioned between the ischial tuberosity
and lateral epicondyle at the mid-point. The electrode for the vastus lateralis was placed at 2/3
the measurement between the anterior spina iliaca and the lateral part of the patella. EMG
locations for the biceps femoris and vastus lateralis were marked during the second session to
ensure EMG placement was identical for the third, fourth, and fifth session. The reference
electrode was placed over the 7t cervical vertebrae. Participant’s skin was shaved, abraded, and
cleaned with isopropyl alcohol before EMG placement for each session. Raw EMG scores of
muscle activation were recorded with the use of a Biopac data system (MP150WSW; Biopac
Systems Inc). All EMG data were recorded at a frequency of 1,000 Hz while participants were
on the isokinetic dynamometer. EMG values were filtered with signal bandpass at 10-500 Hz,
data were measured and recorded as root square mean, and normalized to the maximum
voluntary contractions (MVCs).

Using an isokinetic dynamometer, (Humac Norm CSMi, Stoughton, MA, USA) concentric peak
torque was analyzed at the velocities of 60°s~1, 180°:s~, and 300°s~!, and eccentric peak
torque was analyzed at the velocities of 60°s~*, and 180°:s~* (8, 23). Isometric flexion and
extension were measured as well to determine MVCs for EMG normalization. Isometric flexion
and extension MVCs were taken at fifty percent of the participants measured knee flexion and
extension ROM. Subjects were seated in the isokinetic dynamometer, first with the treated limb
strapped in, then the untreated limb. While strapped in, the shin was secured and the leg not
strapped in was placed behind the stabilization bar. Straps were also placed over the
participant’s shoulders and across their lap to isolate the limb being tested. The isokinetic
dynamometer was aligned such that the axis of the dynamometer met the knee rotation axis of
the limb secured. All testing sessions started with a warm-up with kicks and pulls at increasing
intensities of approximately 25%, 50%, 75%, and 100% of the participants perceived maximal
output (8, 23). A 1-minute rest was provided after the warm-up (23). Participants performed
three maximal repetition at each velocity, with reciprocal concentric extension and flexion
actions, and separate eccentric muscle actions. The highest value of the three maximal
repetitions was recorded. PT was recorded by the dynamometer at each velocity. The velocities
were randomized, with a 1-minute rest in between. Verbal prompts and encouragement was
provided to cue participants when to “kick,” “push,” “pull,” and “resist” (23). Conventional
H:Q ratios were calculated for each participant by dividing the highest concentric PT of the
hamstrings by their highest concentric PT of the quadriceps for their respective velocity.
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Functional H:Q ratios were calculated for each participant by dividing the highest eccentric PT
of the hamstrings by the highest concentric PT of the quadriceps (8).

Statistical Analysis

The statistical analysis for this within-within research design experiment included seven
repeated measures ANOVAs. VAS data were analyzed through a repeated measures ANOVA
(condition [control vs. foam rolling vs. vibrating foam rolling vs. vibration]). Hamstrings ROM
was analyzed through a three-way repeated measures ANOVA (condition [control vs. foam
rolling vs. vibrating foam rolling vs. vibration] x time [pre vs. post] x limb [treated vs.
untreated]). Concentric quadriceps PT, concentric hamstrings PT, conventional H:Q ratios, VL
EMG, and BF EMG were analyzed using a four-way repeated measure ANOVA (condition
[control vs. foam rolling vs. vibration foam rolling vs. vibration]) x velocity [60° s~! vs. 180° s ~*
vs. 300°s7!] x time [pre vs. post] x limb [treated vs. untreated]). Eccentric hamstrings PT and
functional H:Q ratios were analyzed using a four-way repeated measures ANOVA (condition
[control vs. foam rolling vs. vibration foam rolling vs vibration] x velocity [60°s™! vs. 180° s 7]
X time [pre vs. post] X limb [treated vs. untreated]). T tests and post hoc with a Bonferroni
correction were used if necessary and appropriate, and data were reported as mean + SE. Results

were considered significant at p < 0.05. IBM SPSS Statistics version 26 was used for statistical
analysis (IBM Corp., Armonk, NY, USA).

RESULTS

No significant differences were found for VAS by condition (p > 0.05). VAS values were 2.2 + 0.5
(foam rolling), 1.8 + 0.5 (vibrating foam rolling), 2.4 + 0.6 (vibration), and 2.3 + 0.6 (control).

Tables 1 and Table 2 display the means + SE for treated and untreated ROM. There were no
three-way interactions for hamstrings ROM for condition x time X limb, or two-way interactions
for condition x time, condition x limb, or time x limb (p > 0.05). However, a main effect for time
was found (p = 0.003). Hamstrings ROM increased pre- to post-testing. In addition, there was a
main effect for limb (p = 0.001). Treated limbs ROM were greater than the untreated limbs ROM.
There was no main effect for condition (p > 0.05).

Table 1. Means * SE for the treated hamstrings ROM in degrees (°)

Condition Pre-Test Post-Test A

Foam ROM 104.7 £4.2 108.0 £ 4.2* 3.38% Increase
VF ROM 1034 +4.1 106.3 £ 4.1* 2.64% Increase
Vibration ROM 1059 +4.0 107.4 + 4.3* 1.39% Increase
Control ROM 103.1+4.6 103.2 £ 4.5* 0.07% Increase

Foam ROM: Foam rolling condition ROM; VF ROM: Vibrating foam rolling condition ROM; Vibration ROM:
Vibration condition ROM; Control ROM: Control condition ROM; *Denotes main effect for time
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Table 2. Means * SE for the untreated hamstrings ROM in degrees (°)

Condition Pre-Test Post-Test A

Foam ROM 100.3 £ 3.9* 101.80 £ 4.0* 1.53% Increase
VF ROM 101.2 £4.3* 103.13 £ 4.2* 1.91% Increase
Vibration ROM 103.6 + 3.8* 102.00 £ 4.1* 1.54% Decrease
Control ROM 100.7 £ 4.1* 100.87 + 4.2* 0.2% Increase

Foam ROM: Foam rolling condition ROM; VF ROM: Vibrating foam rolling condition ROM; Vibration ROM:
Vibration condition ROM; Control ROM: Control condition ROM; *Denotes main effect for time

Tables 3 and 4 display the means + SE of the treated and untreated concentric quadriceps peak
torque. There was no four-way interaction for condition x velocity x time x limb (p > 0.05). There
were no three-way interactions for condition X velocity x time, condition x velocity x limb,
condition x limb X time, or velocity % limb x time (p > 0.05). In addition, no two-way interactions
for condition x velocity, condition % time, condition % limb, velocity x limb, or velocity x time
(p > 0.05) were found. However, there was a two-way interaction for limb x time (p = 0.014).
Quadriceps PT increased pre- to post-testing for the untreated limb. There was a main effect for
velocity (p <0.001). PT decreased as angular velocity increased. There was a main effect for limb
(p =0.045). Treated limbs PT was greater than the untreated limbs PT. There were no main effects
for condition or time (p > 0.05).

Tables 3 and 4 display the means + SE of the treated and untreated concentric hamstrings peak
torque. There was no four-way interaction for condition x velocity x time x limb (p > 0.05). There
were no three-way interactions for condition X velocity x time, condition x velocity x limb,
condition x limb x time, or velocity x limb x time (p > 0.05). There were no two-way interactions
for condition x velocity, condition X time, or velocity x time (p > 0.05). However, two-way
interactions for condition x limb (p = 0.033), velocity x limb (p = 0.001), and limb x time (p =
0.015) were found. The untreated limb displayed a greater PT than the treated limb in all
conditions and velocities, and the treated and untreated limb decreased pre- to post-testing. In
addition, a main effect for time (p = 0.013) and velocity (p < 0.001) were found. PT decreased pre-
to post-testing, and PT decreased as angular velocity increased. No main effects for condition or
limb were found (p > 0.05).

Tables 3 and 4 display the means + SE of the treated and untreated eccentric hamstrings peak
torque. No four-way interaction was found for condition X velocity x time x limb (p > 0.05).
There were no three-way interactions for condition x velocity x time, condition X velocity X
limb, condition x limb X time, or velocity x limb x time (p > 0.05). No two-way interactions for
condition X velocity, condition X time, condition X limb, velocity x time, or velocity x limb (p >
0.05) were found for the eccentric hamstrings peak torque. However, a two-way interaction for
limb x time was found (p = 0.026). PT decreased pre- to post-testing for both treated and
untreated limb. Main effects for condition (p = 0.021), limb (p = 0.020), and time (p = 0.023) were
found. The foam rolling condition displayed the lowest PT, while vibrating foam rolling
displayed the highest PT, the untreated limb displayed a greater PT than the treated limb, and
PT decreased pre- to post-testing for both limbs. No main effect was found for velocity (p > 0.05).
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Table 3. Means * SE for peak torque under three different velocities for the treated limb

Pre-Test Post-Test

N =15 60° s~ 180° 51 300° s~ 60° 51 180° 51 300° s~ A

PTQuads (N m)

Foam 0.82%

. 1312483  997+62  672+53 1323469 992457  692+50

Rolling Increase

Vibrating 445454 1032451 745448 1398458 1025456 731449 215%

Foam Decrease

Vibration  129.7+7.6  972+58 691452 1252+80 101.9+59 71.7+54 0.92%
Increase

Control 1335+71 963+57  709+43 1336+75 984452  693+39 0.22%
Increase

PTHams (c) (N m)

Foam 9.94%

. 66.1+3.6* 509+34* 373+32% 587+35% 465+31* 337+34*

Rolling Decrease

Vibrating oo sge  495437%  367+37% 6224354  A87432% 3284324 5.44%

Foam Decrease

Vibration 604 +3.9* 47.6+3.6* 349+35% 571+44* 469+39* 333433 3.92%
Decrease

Control  66.6+33* 521+24* 381+22% 619+3.6* 467+£29%  331+26* 9.57%
Decrease

PTHams (e) (N m)

Foam 731458  77.9+45* 68.0+50% 707 +4.2% 8.12%

Rolling Decrease

Vibrating g5y 56c 7894460 763 +45% 784 +45* 2.32%

Foam Decrease

Vibration 753 +5.9* 763 +5.5* 68.9+56* 715+49*% 7.39%
Decrease

Control 80.1+6.0*  79.7 +4.6* 727 £50% 763 +3.9*% 6.76%
Decrease

PTyy0as (N 'm): Concentric quadriceps peak torque; PTygms () (N m): Concentric hamstrings peak torque; PTy g ms (e
Q q psp q © &sp q (e
(N m): Eccentric hamstrings peak torque; *Denotes significant changes pre- to post-testing
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Table 4. Means * SE for peak torque under three different velocities for the untreated limb

Pre-Test Post-Test

N =15 60°s~1 180° st 300° st 60°s~1 180° st 300° s~ A

PTQuads (N m)

Foam 2.09%

) 124.7 + 6.4* 93.3 + 5.6* 65.9 + 5.2*% 124.7 + 6.1* 94.1 + 5.2*% 71.0 £ 4.8*

Rolling Increase

Vibrating 15094 70¢  980+53* 684453 1350460 O8.0+£52% 737448 4.12%

Foam Increase

Vibration 124.4 +7.2*% 922 +5.3*% 66.5 + 4.8*% 1299 + 5.7* 972 +4.4* 69.3 +4.5*% 4.71%
Increase

Control 1243 + 6.7* 90.0 +4.3* 65.0 +4.2*% 128.3 + 6.4* 96.9 + 4.6* 71.2+4.2* 6.13%
Increase

PTHams (c) (N m)

Foam 3.34%

) 66.0 +4.0* 49.7 + 3.6* 35.9+3.0* 63.1 £ 3.5* 48.2 + 3.0* 35.3 +3.0*

Rolling Decrease

vibrating o0 57¢  503+31%  330435%  649435% 482+32% 354428 1.13%

Foam Decrease

Vibration 66.4 + 3.8*% 46.7 £ 3.3* 37.1£3.6* 66.1 + 3.9*% 50.1 £2.9* 352 +29* 0.76%
Increase

Control 68.3 +3.4* 48.0 £ 2.4* 345 +3.2* 65.7 + 3.5*% 48.6 + 2.8* 349 +2.7* 1.10%
Decrease

PTHams (e) (N m)

Foam 765+53% 795454 757 £+48% 767 +45 2.27%

Rolling Decrease

Vvibrating o) 4150+ 825457 829+6.6*  83.7+43* 1.67%

Foam Increase

Vibration 80.7 £ 4.3* 791+44 785 +6.1*% 77.7 +4.5*% 2.29%
Decrease

2.54%

Control 783 +5.1* 81.8+4.4 83.5 + 5.9*% 80.7 £ 4.9*

Increase

PTyuqaas (N m): Concentric quadriceps peak torque; PTyams () (N m): Concentric hamstrings peak torque; PTyams (e)
(N m): Eccentric hamstrings peak torque

Tables 5 and 6 display the means * SE of the treated and untreated conventional H:Q ratios. No
four-way interaction was found for condition x velocity x time x limb (p > 0.05). There were no
three-way interactions for condition % velocity x time, condition X velocity x limb, condition X
limb x time, or velocity x limb x time (p > 0.05). No two-way interactions for condition x velocity,
condition X time, condition x limb, velocity x time, or limb x time (p > 0.05) were found.
However, a two-way interaction for velocity x limb was found (p = 0.025). The untreated limb
displayed a greater PT at each velocity. A main effect for time (p < 0.001) was found,
demonstrating the pre-testing conventional H:Q ratios were greater than the post-testing
conventional H:Q ratios in all conditions. No main effects were found for condition, velocity, or
limb (p > 0.05).

Tables 5 and 6 display the means + SE of the treated and untreated functional H:Q ratios. No
four-way interaction was found for condition x velocity x time x limb (p > 0.05). There were no
three-way interactions for condition % velocity x time, condition X velocity x limb, condition X
limb x time, or velocity x limb x time (p > 0.05). No two-way interactions for condition x velocity,
condition X time, condition x limb, velocity x time, velocity x limb, or limb x time (p > 0.05)
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were found. However, main effects for velocity (p < 0.001), limb (p = 0.001), and time (p < 0.001)
were found. Functional H:Q ratios increased as angular velocity increased, untreated limbs H:Q
ratios were greater than the treated limbs, and the pre-testing ratios were greater than the post-
testing ratios. No main effect for condition was found (p > 0.05).

Table 5. Means + SE of the treated conventional and functional H:Q ratios

Pre-Test Post-Test

N=15 60° 51 180° 51 300° 51 60° 51 180° 51 300° 51 A

H: Q Ratio(c)

Foam 0523+0.038* 0518 +0.027* 0562+0030* 0452+.030* 0478+0030¢ 0499 +0.041¢  087%

Rolllng Decrease

Vibrating 0456 +0.022¢ 0477 +0.024* 0474+0.031% 0448 +0021* 0483+0.026° 045240033  LO4%

Foam Decrease

Vibration 0484+£0.042° 0491+0024* 0505£0034* 0475:0047* 0458+0027% 0471£0039* 1%

Control 0507 +0.023*  0.557+0.030* 0.551+0.030* 0478+ 0.034* 0.486+0.030*  0.490 + 0.037* [;eocfga/se

H: Q Rath(f)

Foam 0590+ 0.068*  0.794 + 0.036* 0.528 +0.048*  0.733 + 0.048* 8.87%

Rolllng Decrease

;’lbratmg 0551 +0.036*  0.773 +0.036* 0552 +0.036*  0.775 + 0.038* 27

oam ncrease

Vibration 0.608 +0.063*  0.795 + 0.047* 0579 0.062*  0.709 + 0.042* D&ZO%
ecrease

Control 0.612+0.048*  0.860 + 0.068* 0548 +0.039*  0.709 + 0.039* o %
ecrease

H:Q Ratio,: Concentric H:Q ratios; H: Q Ratio(s: Functional H:Q ratios; *Denotes significant changes pre- to post-

testing

Table 6. Mean * SE of the untreated conventional and functional H:Q ratios

Pre-Test Post-Test A

N=15 60° 51 180° 51 300051 60° 51 180° 51 300051
H: Q Ratio(c)
Foam 0536 +0.031* 0539+0036* 0554+0030* 0515+0031* 0516+0023* 0503+0030% 0%
Rolling Decrease
Vibrating 541 4 0038 051740025 0483 +0.039* 0482+0017% 0497 +0026* 048440028  O14%
Foam Decrease
Vibration 0549 +0.035* 0511+0026* 0548+0036* 0512+0026* 0518+0024* 0511 % 0.035* Difrizjse
Control  0560+0.026* 054540029 0546+0043* 0530%0037% 0507 +0024* 0500 % 0.032* Difr 5e :se
H: Q Rath(f)
Foam . . " 3.64%

: 0.633 +0.053*  0.869 +0.053 0.623 +0.047%  0.825 % 0.039
Rolling Decrease
Vibrating 5 o4 0,053 0.860 % 0.063* 0.614+0.040*  0.827 +0.048* 5.70%
Foam Decrease
Vibration ~ 0.678 +0.052*  0.883 % 0.046* 0.610 +0450%  0.807 + 0,043* DZ'CZrle:se
Control  0.641+0.041%*  0.921 +0.047* 0.672+0.057*  0.850 + 0.061* Dzei'i :se

H:Q Ratio: Concentric H:Q ratios, H: Q Ratiofy: Functional H:Q ratios

*Denotes significant changes pre- to post-testing

Tables 7 and 8 display the means * SE of the treated and untreated concentric vastus lateralis
muscle activation. No four-way interaction was found for condition x velocity x time x limb (p

International Journal of Exercise Science http:/ /www.intjexersci.com

( ]
l314j



Int | Exerc Sci 14(1): 304-323, 2021

> (0.05). There were no three-way interactions for condition X velocity x time, condition X
velocity x limb, condition % limb x time, or velocity x limb X time (p > 0.05). No two-way
interactions were found for condition X velocity, condition X time, condition x limb, velocity X
time, velocity x limb, or limb x time (p > 0.05). No main effects were found for time, limb, or
condition (p > 0.05). However, a main effect for velocity was found (p = 0.007). The 180° s~*
muscle activation was the greatest for both the treated and untreated vastus lateralis.

Table 7 and 8 display the means + SE of the treated and untreated concentric biceps femoris
muscle activation. No four-way interaction was found for condition x velocity x time x limb (p
> (0.05). There were no three-way interactions for condition X velocity x time, condition X
velocity x limb, condition X limb x time, or velocity x limb X time (p > 0.05). No two-way
interactions were found for condition X velocity, condition X time, condition x limb, velocity X
time, or velocity x limb (p > 0.05). However, a two-way interaction was found for limb x time (p
= 0.011). The treated limb’s muscle activation decreased pre- to post-testing, and the untreated
limb muscle activation increased pre- to post-testing. No main effects were found for condition,
velocity, time, or limb (p > 0.05).

Tables 7 and 8 display the means + SE of the treated and untreated eccentric biceps femoris
muscle activation. No four-way interaction was found for condition x velocity x time x limb (p
> (0.05). There were no three-way interactions for condition X velocity x time, condition X
velocity x limb, condition % limb x time, or velocity x limb X time (p > 0.05). No two-way
interactions for condition X velocity, condition % time, condition x limb, velocity x time, velocity
x limb, or limb X time (p > 0.05) were found. In addition, no main effects for condition, limb, or
time were found (p > 0.05). However, a main effect for velocity was found (p = 0.029). The
180° s~ eccentric biceps femoris muscle activation was the greatest for both the treated and
untreated limbs.
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Table 7. Means + SE of the treated EMG muscle activation
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Pre-Test Post-Test

N=15 60° 51 180° 51 300° 51 60° 51 180° 51 300051 A
EMGy, (MV)
Foam 3.86%

\ 717434 917423 821443 699+40 872430  789+41
Rolling Decrease
Vibrating 777 +45 905421 864 +32 751436  890+26 837442 2.60%
Foam Decrease
Vibration 717437 915420 809+41 710439  928+24 872431 . ifg a/s .
Control 731439 865+18 901427 743+43 885424 857429 D(e)i‘le:fse
EMGgp (o) (MV)
Foam 784+34%  8494+39¢  T6A+AT*  786453*  766+39%  704%69* 5.91%
Rolling Decrease
Vibrating g1 51 40v  83.0435* 783+49¢  771+44* 8394364 750443 2.79%
Foam Decrease
Vibration ~ 818+41*  818+35* 7551445 T66+56* 7294454 693448 Difri fse
Control 843+26*  809+32%  8561+34*  763+32%  799+30°  76.6%40* DZ;:lrsefse
EMGyp (o) (MV)
Foam 740+50  788+3.90 714447  788+42 1.64%
Rolling Decrease
Vibrating 748 +41 769+ 46 75.6+3.9 775+35 0.91%
Foam Increase
Vibration 740445 731439 650446  742+49 Difrtfse
Control 732424 778435 748+41 76644 Ir?ig a/s .

EMGy,: Vastus lateralis EMG muscle action; EMGgp (): Concentric biceps femoris EMG muscle activation; EMGgp (¢):
Eccentric biceps femoris EMG muscle activation; *Denotes significant changes pre- to post-testing
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Table 8. Means + SE of the untreated EMG muscle activation

Pre-Test Post-Test
N=15 60° 51 180° 51 300051 60° 51 180° 51 300° 51 A
EMG,, (MV)
Foam 741448 87.6+3.0 77 +55 776+36 922429 82230 5.63%
Rolling Increase
Vibrating 758448 898428 841+44  806+33 917428 804439 L16%
Foam Increase
Vibration 721439 847436 778445  77.6+42 856437 819438 Ir‘fﬁg a/s .
Control 68.6+37 804445 754458 727446  857+31  860+43 Ijﬁg a/s .
EMGyp o) (MV)
Foam 802+43*  799+435* 738457+  818+40*  809+38%  744+56* 1.33%
Rolling Increase
Vibrating 736+45%  7920+41%  658+66*  T7A0+29%  76A+43*  TA3454% 1.16%
Foam Increase
Vibration 774435 761+35%  727+51%  835+32¢  829432% 724435 Ii;: a/s .
Control 784+49%  797+43*  678+35%  770+40°  842+39*  768+3.7* 1.21%
Increase
EMGyp (o) (MV)
Foam 710450 759435 733+37 758433 1.55%
Rolling Increase
Vibrating 718429 776441 728+36 782440 103%
Foam Increase
Vibration 728444 735445 796429 785441 Ii(r’i a/s .
Control 715435 749 +45 810+41  760+47 Irﬁ: a/s .

EMGy,: Vastus lateralis EMG muscle action; EMGgp (): Concentric biceps femoris EMG muscle activation; EMGgp (¢):
Eccentric biceps femoris EMG muscle activation; *Denotes significant changes pre- to post-testing
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Table 9. Summary of results
Variable Condition Treated Limb Untreated Limb

Foam Rolling 1

—

Vibrating Foam 1
ROM I
Vibration 1
Control 1
Foam Rolling
: . Vibrating Foam
Concentric Quadriceps PT L
Vibration
Control
Foam Rolling
: : Vibrating Foam
Concentric Hamstrings PT L
Vibration
Control
Foam Rolling
: . Vibrating Foam
Eccentric Hamstrings PT . .
Vibration
Control
Foam Rolling
) ) Vibrating Foam
Conventional H:Q Ratios . .
Vibration
Control
Foam Rolling
Vibrating Foam

Functional H:Q Ratios . .
Vibration

e e e e e e e e e = > — — > o > > — —>

e D e e e e e e e e e e e e —

Control
Foam Rolling
. Vibrating Foam
Concentric VL MA L
Vibration
Control
Foam Rolling
Vibrating Foam

Concentric BF MA L
Vibration

— — — —
—_ - 5 —

Control
Foam Rolling
. Vibrating Foam
Eccentric BF MA
Vibration
Control

1: Indicates a significant increase pre- to post-testing. |: Indicates a significant decrease pre- to post-testing.

DISCUSSION

Results indicated a pre- to post-testing increase in hamstrings ROM for both limbs, with the
exception of the vibration condition for the untreated limb. The treated hamstrings also
displayed a greater ROM than the untreated hamstrings. Concentric quadriceps PT for the
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treated limb was greater than the untreated limb, the untreated limb had a PT increase pre- to
post-testing, and PT decreased as angular velocity increased for both the treated and untreated
limbs. Concentric hamstrings PT for both limbs decreased pre- to post-testing for all conditions,
with the exception of the vibration condition for the untreated hamstrings PT, which increased.
Concentric hamstrings PT also decreased as angular velocity increased for both limbs. The
untreated concentric hamstrings PT displayed a greater PT pre- to post-testing than the treated
limb, and displayed a higher PT at each velocity. Eccentric hamstrings PT of the treated and
untreated limb decreased pre- to post-testing, with the exception of the vibrating foam condition
and control condition of the untreated limb. The foam rolling condition displayed the lowest
eccentric hamstrings PT, the vibrating foam rolling condition displayed the highest eccentric
hamstrings PT. The untreated limb displayed a higher eccentric hamstrings PT than the treated
limb. Conventional H:Q ratios decreased pre- to post-testing for both the treated and untreated
limbs, and the untreated limb displayed greater ratios at each velocity. For both the treated and
untreated limbs, functional H:Q ratios decreased pre- to post-testing, with the exception of the
vibrating foam rolling condition, which increased for the treated limb. Functional H:Q ratios
also increased as angular velocity increased, and the untreated limb had greater ratios than the
treated limb. For the treated and untreated VL muscle activation, a main effect for velocity was
found, meaning the 180° s~ velocity displayed the greatest muscle activation. The treated
hamstrings concentric BF muscle activation decreased pre- to post-testing, and the untreated
limb increased pre- to post-testing. Muscle activation increased as angular velocity increased for
the eccentric BF.

Increases in the treated hamstrings ROM was consistent with previous research. Madoni et al.,
(2018) showed increases in hamstrings ROM after foam rolling the hamstrings using the same
protocol on 22 recreationally active women. Cheatham et al., (2018) found increases in passive
ROM after vibrating foam rolling the quadriceps. Although the study done by Cheatham et al.,
(2018) foam rolled the quadriceps, increases in ROM were consist with the current study.
Another study examining the effects of 45 seconds of vibration from a 35Hz power plate also
found an increase in hamstrings ROM (18). The 45 seconds of vibration from the power plate,
however, was combined with static stretching, while the current study did not examine the
effects combined with static stretching (18). A study done on female gymnasts found increases
in split ROM for only the non-dominant limb, after 30Hz of vibration was applied to the
hamstrings and quadriceps while simultaneously performing static stretching (24). An increase
in knee flexion ROM was found after six minutes of vibrating foam rolling in a study done by
Lee et al., 2018, which is consistent with the current study. While Lee et al., (2018) found an
increase in knee flexion after vibrating foam rolling, a decrease in knee flexion ROM was found
after 6 minutes of foam rolling, which is not consistent with the increased ROM after foam
rolling in the current study. Increases in the treated ROM of the present study can possibly be
explained by Behm & Wilke (2019), who suggest foam rolling increases stretch tolerance on
ROM due to the activation of global pain modulatory responses. The global pain modulatory
responses suggested to contribute to the increases of ROM are diffuse noxious inhibitory control,
gate control theory, and increased parasympathetic nervous system relaxation (2).
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The foam rolling protocol from the current study produced increases in ROM for the
contralateral/untreated limb. Chaouachi et al., (2017), also reported increases in hip flexion
ROM for the stretched and non-stretched limb. Chaouachi et al., (2017), used 14 male rowers in
their study, and performed static and dynamic stretching, unlike the current study. Behm et al.,
(2019) also found increases in hip flexion ROM of both the dominant and nondominant limb
after stretches to the dominant hamstrings and quadriceps were performed with a Theraband.
Foam rolling performed on the ipsilateral calves were found to have crossover effects on the
contralateral limb (19). Increases were reported by Kelly & Beardsley, (2016) and Garcia-
Gutiérrez et al., (2018), after performing vibrating foam rolling on the calves. Increases in both
ipsilateral and contralateral dorsiflexion ROM were found in both studies, similar to the
increases in the contralateral/untreated limb of the current study. These results support the
concept of cross-over effects on ROM (13, 19).

The current study found increases pre- to post-testing for the untreated concentric quadriceps,
decreases in the treated and untreated concentric hamstrings PT, and treated and untreated
eccentric hamstrings PT, while finding increases in concentric hamstrings PT in the vibration
condition, and increases in eccentric hamstrings PT in the vibrating foam rolling and control
conditions. Lee et al., (2018), reported increases in knee extension PT after a foam rolling and
vibrating foam rolling condition, and increases in knee flexion PT were also found after the
vibrating foam rolling condition (20). Chaouachi et al., (2017), found no impairments in hip
flexion PT after performing static and dynamic stretching, unlike the current study. Contrary to
Chaouachi’s findings, the foam rolling study conducted by Madoni et al., (2018) reported
decreases pre- to post-testing in concentric hamstrings peak torque, which is consistent with the
current study. Decreases in PT as angular velocity increased was also found for the concentric
quadriceps and hamstrings, which is similar to the present study (23). Madoni et al., (2018) used
recreationally active women, and the current study used resistance trained women, which could
be a possible reason for similar results. Chaouachi et al., (2017), however, studied male rowers,
and Lee et al., (2018) used collegiate aged males. Using male subjects in the studies, could be a
possibility as to why the subjects” PT did not decrease, as men have been shown to have greater
stiffness than women (16). The current investigation, and a study by Madoni et al., (2018)
displayed decreases in PT. Another study examining the effects of local vibration at 15Hz on the
calves, reported plantar flexion increased without decreasing plantar flexion strength (17). This
investigation, although performed on the calves, did not show a decrease in strength, and used
male subjects as well (17). Differences in results could possibly be due to different testing
protocols and rolling interventions, location of implemented rolling conditions, or to using a
more highly trained male population.

The concentric and functional H:Q ratios for the current study decreased pre- to post-testing for
both the treated and untreated limb. In a study by Costa et al., (2009) decreases in H:Q ratios
pre- to post-testing were reported after static stretching of the posterior thigh, which is
consistent with the current study. Costa et al., (2013) also demonstrated static stretching the
hamstrings only, decreased the conventional H:Q ratios similarly to the current study, but found
that static stretching of both the hamstrings and quadriceps decreased the functional H:Q ratios.
The current study only induced conditions to the treated hamstrings and found decreases of the
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functional H:Q ratios for both contralateral and ipsilateral limbs. Madoni et al., (2018) reported
concentric H:Q ratios decreased pre- to post-testing, and the functional H:Q ratios increased as
velocity increased after foam rolling. These findings were similar to the current investigation’s
findings. The effects of vibrating foam rolling studied by Lim et al., (2019) demonstrated
isometric MVCs of the VL, VM, and RF increased after the rolling. While the current study found
increases in the untreated quadriceps strength, decreases in concentric and eccentric hamstrings
strength were also found. Decreases in strength might be due to the amount of dynamometer
tests executed, possibly resulting in fatigue regardless of the session condition.

Decreases in BF activation after foam rolling of the quadriceps were reported by Cavanaugh et
al., (2017), with no decreases to the VL or VM. A decrease from pre- to post-testing for the treated
limb’s BF was found in the current study, but not in the untreated BF which increased, or
eccentric BF muscle activation in either limb. The treated and untreated VL muscle activation
did not show a decrease or increase. Madoni et al., (2018) also demonstrated decreases in BF
muscle activation in the treated limb after foam rolling using the same protocol, suggesting the
induced hamstrings stretch from the foam roller used in both studies may decrease BF
activation. Costa et. al., (2009) however, found no differences in muscle activation after
performing static stretching, which suggests decreases in muscle activation may be specific to
the mode of intervention being performed. An article by Bradbury-Squires et al., (2015) also
suggests decreases in EMG amplitude after a bout of foam rolling may be caused by a
suppression of H-reflexes. It is important to note that the BF and VL are not the only muscles
used in knee flexion and extension. Perhaps, different responses in muscle activation could have
been observed if a different muscle was assessed.

Future research could follow a similar protocol to investigate differences between men and
women, or perhaps women who meet specific strength requirements. For this study, the women
were required to be lower-body resistance trained, 3 days a week for 30 minutes, for the past 6
months. Although participants had to meet the lower-body resistance training requirement, they
were not required to meet an explicit strength requirement. Investigating a population that
would be highly trained, could possibly reveal different results. Another future alternative
could be to investigate how vibrating foam rolling of the quadriceps, or how a combination of
rolling, would affect the same variables. One strength of the present investigation was the
repeated measures crossover design. In addition, the current study was the first to compare
foam rolling, vibrating foam rolling, and vibration-only, on the treated as well as contralateral
limb. In summary, the hamstrings ROM increased in all conditions for both limbs, but at the
expense of decreasing the treated concentric and eccentric hamstrings PT, the treated and
untreated conventional H:Q ratios and functional H:Q ratios, and the treated concentric BF
muscle activation. Overall, vibration, vibrating foam rolling, and foam rolling of the hamstrings
may increase hamstrings ROM, but with the possible risk of decreasing performance measures
to the ipsilateral and contralateral limbs.
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