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Background: Self-myofascial release has 
been demonstrated to increase relaxation 
and improve blood flow, yet it is unknown 
if it can elicit an acute effect on heart rate 
variability (HRV).

Purpose: This study aimed to determine if 
a single-bout of foam rolling could increase 
parasympathetic activity as measured  
by HRV. 

Methods: Twenty (20) participants 
volunteered and their baseline HRV was 
assessed using a finger sensor while lying 
supine, and then a second measure was 
recorded with them sitting upright with 
feet on the ground. This study utilized a 
practical HRV collection method designed 
for use in the field settings, and the data 
is recorded in arbitrary units (A.U.). Par-
ticipants then oscillated on a closed-cell 
cylindrical foam roller using their body 
weight on the triceps surae, hamstrings, 
quadriceps, lumbar spine, and pectoral 
muscles each for 60 sec. Participants 
first massaged the right limb and then 
repeated on the matching muscle group 
on the left before continuing to the next 
region. Follow-up HRV measurements 
were recorded using the same procedures.

Results: Paired samples t tests assessing 
pre- and post-foam–rolling HRV measures 
in supine and seated positions revealed 
no difference between supine measures 
(p = .05, d = 0.21), nor the seated measures 
(p = .27, d = 0.17) among all participants. 
When sexes were analyzed separately, 
males showed a significant decrease in 
HRV in supine positions (p = .03, d = 0.33), 
but females did not (p = .55, d = 0.09). 

Conclusions: The single bout of foam 
rolling on large muscle groups did not 
increase parasympathetic activity as 

hypothesized. Males and females respond-
ed differently in supine positions, but no 
difference was present in seated positions 
across sexes. The task of self-massage may 
have prevented the anticipated response 
f rom the massage. Further research 
should investigate if passive massage is 
more effective on HRV response.

KEYWORDS: foam rolling; heart rate vari-
ability; parasympathetic withdrawal

INTRODUCTION 

Self-myofascial release (SMR) is a com-
mon technique utilized in clinical and field 
settings for both preparatory and recovery 
purposes.(1-3) Frequently, SMR is performed 
via the use of a foam roller (FR), which is 
a closed-cell dense-foam cylindrical tube 
that can be oscillated over a target area to 
relieve spasm,(4) reduce soreness follow-
ing exercise,(5,6) and increase blood flow.(7) 
Although evidence for the effectiveness 
of FR immediately prior to exercise to 
improve performance is conflicted,(8,9) 
there is no evidence for FR impeding per-
formance. Therefore, FR may be utilized 
without fear of decreased performance(10)

while still positively affecting blood flow 
and tissue temperature.(11)

This application is unique from tradi-
tional massage because users are able to 
determine how much of their body weight 
to apply to a particular area, and can vary 
that force at will throughout the session.(9) 
Though FR has been demonstrated to aid in 
reducing muscle spasm and increase local 
blood flow, the acute effects on autonomic 
nervous signaling remains understudied. 
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increase venous return, indicating that FR 
could be a viable method for improving 
HRV, as HRV is an indicator of overall car-
diovascular health. Furthermore, using a 
finger sensor to detect changes in HRV is 
an applied technique for quickly determin-
ing how FR may affect HRV immediately 
following treatment and was designed 
to be used by health-care practitioners in 
their work settings. Therefore, the purpose 
of the present study was to investigate the 
acute effects of a bout of full-body SMR 
with a FR on HRV in two-positions. It was 
hypothesized that HRV would improve in 
both supine and seated positions following 
a bout of FR as the affected musculature 
relaxed, arterial stiffness decreased, and 
venous blood flow to the heart increased. 
Moreover, it was hypothesized that male 
and female participants would respond 
similarly.

METHODS

An a priori power analysis was used to de-
termine adequate sample size using G-power 
3.1.9.6 software (available from: https://www.
psychologie.hhu.de/arbeitsgruppen/allge-
meine-psychologie-und-arbeitspsychologie/
gpower), with parameters analogous to 
other HRV studies.(15,24) The pre/post study 
design utilized paired samples t test: d = 0.6, 
α = 0.05, β = 0.8. Minimum sample size was 
calculated to be n = 19.

Study Design

The present study utilized a quasi-
experimental, pre/post study design to 
investigate whether a single-bout of full-
body foam rolling could improve para-
sympathetic neural activity as assessed via 
HRV. College-aged males and females who 
participated in at least 150 min of moderate 
physical activity were recruited to perform 
a session of whole-body foam rolling. In 
order to qualify, interested participants 
were required to be free from upper- or 
lower-extremity injuries for at least three 
months. Participants’ HRV was assessed 
in both supine and seated positions using 
a validated ultra-short-term technique, 
then with the closed-cell foam roller sys-
tematically massaged their right and then 
left: calves; hamstrings; quadriceps; lower 
back; and pectorals for 30 sec each before 
proceeding to the next segment. Upon 
completion of the foam-rolling protocol, 

Recently Lastova et al.(12) demonstrated 
that a certain FR protocol was effective at 
decreasing sympathetic influence 10 and 
30 min after completion of the protocol. 
However, their study utilized a traditional 
2-lead ECG, which is not a practical method 
for assessing heart rate variability (HRV) in 
the field setting. Heart rate variability is a 
measure of the differences between each 
heartbeat and the R-waves as visualized 
on an ECG. More discrepancy between the 
R-R intervals indicates a greater parasym-
pathetic response, and therefore a higher
HRV value. Currently, there have been no
valid field assessment tools for measuring
HRV. Thus, the immediate effects of an
acute bout of FR on HRV remain unclear.

Massage is another technique for treating 
myofascial pathologies and can also im-
prove cardiovascular performance.(13) The 
mechanical pushing of blood proximally 
towards the heart creates a greater para-
sympathetic neural influence by improving 
cardiac preload and, therefore, increasing 
end-diastolic volume, ultimately reducing 
peripheral blood pooling.(14) Increasing 
preload and end-diastolic volume has been 
demonstrated to likewise increase HRV.(14) 
There are numerous methods for analyzing 
HRV,(15-19) but one of the most practical 
and appropriate for f ield-settings uses 
the ithlete™ smartphone application with 
Finger Sensor™.(15,19) This app detects the 
heart rhythm and can provide an output 
within 55 sec, utilizing a particular metric 
of assessing HRV called root mean square 
of successive RR interval differences (RMS-
SD) which is a time domain and is not as 
susceptible to breathing discrepancies as 
other HRV metrics. Furthermore, the soft-
ware performs a natural log transformation 
to the raw value, as well as adds 20 to the 
output to transform the data into a more 
intuitive range. This practical method for 
evaluating HRV is highly applicable to the 
field setting where time is precious and 
technical expertise is unnecessary.(15-18,20-22)

In a recent study, Okamoto et al.(7) de-
scribed how an acute bout of SMR with a 
FR could decrease arterial stiffness. The 
increased arterial pliability improved blood 
flow and consequently improved cardiac 
preloading and vagal tone. The use of FR 
to improve blood flow has been proposed(11) 
and questioned(9,23) in previous literature, 
yet any effects on HRV are still not un-
derstood, most especially immediately 
after treatment. Increasing parasympa-
thetic influence via SMR and massage may 

https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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to an electronic tablet and participants 
positioned supine.(15,21,25) The ithlete™ 
application collects HRV data in 55 sec 
and requires participants to follow on-
screen prompts to inhale and exhale in 
rhythm.(15,18,21,25) Once the participants’ 
heart rhythm has stabilized, the applica-
tion indicates it is ready and the clinician 
may begin the data collection. Although 
the HRV metric utilized by the app is 
not dependent on respiratory influence, 
breathing prompts appear on the screen 
to minimize any deviations in autonomic 
functioning. This software has been dem-
onstrated to be reliable and valid when 
compared to ECG (correlation was near 
perfect at r = 0.99, p < .001, standard error 
of estimate 1.47, and Bland-Altman plot 
range 2.57 below to 2.63 above the con-
stant error of -0.03.(21) Following the supine 
positioning, participants were next placed 
in a seated position and repeated the ith-
lete™ with hands resting on their laps. 

Foam-Rolling Procedures 

After pre-HRV data were collected, par-
ticipants were instructed on the proper 
form for using the high-density foam 
roller on the target tissues: triceps surae, 
hamstrings, quadriceps, lumbar spine, 
and pectoral group, respectfully. Partici-
pants first treated their right side for 60 
sec, and then the accompanying left side 
(where applicable) before moving to the 
next body segment. The number of oscil-
lations performed at each muscle during 
the 60-sec treatment was recorded for 
analysis, but was not prescribed. Following 
the treatment of the left pectoral group, 
participants were then immediately placed 
in a supine position and repeated the pro-
cedures for both supine and then seated 
HRV assessment using the finger sensor 
(post-HRV).

Statistical Analysis

All results are reported as mean ± stan-
dard deviation. A pre/post t test was used to 
analyze the differences between pre-HRV 
values and post-HRV values. Furthermore, 
t tests were also utilized to determine the 
difference in HRV between sexes, as well 
as the difference in the number of total 
oscillations performed. Significance for all 
analyses was set a priori at p < .05. Effect 
sizes were calculated using Cohen’s d,(26) 
where values < 0.2 were considered trivial, 

participants were again assessed for HRV 
in supine and then seated positions using 
the ultra-short-term HRV finger sensor 
and proprietary software. All data were 
collected in a single session.

Procedures

All participants reported to the labo-
ratory to review the informed consent 
paperwork and consent was obtained 
from all participants. Additionally, all par-
ticipants affirmed they met the inclusion 
criteria. Descriptive statistics on the par-
ticipants is provided in Table 1. This study 
recruited physically active populations 
who exercise at a moderate intensity for 
at least 150 min per week. Those who were 
interested in participating proceeded to 
complete a familiarization trial. Next, they 
reported back to the lab at least 24 hours 
later for data collection. Using a pre/post 
study design, participants first laid supine 
as the clinicians assessed their HRV us-
ing the ithlete™ smartphone application 
and finger sensor, and then the test was 
repeated with participants in a seated 
position. HRV data are reported without 
units, as the present technique in this 
study utilized root-mean-square of stan-
dard deviations (RMS SD) with a natural 
log transformation (lnRMSSD), which puts 
the values on a more easily interpretable 
range.(18,15)

Next, participants completed the foam-
rolling protocol, requiring them to roll 
major muscle groups in the lower extrem-
ity, low back, and chest. Finally, participants 
repeated the HRV measurements in both 
supine and seated positions, respectively. 
All experimental procedures were con-
ducted in accordance with the Declaration 
of Helsinki and approved by the university’s 
Institutional Review Board.

The pre-foam–rolling HRV (pre-HRV) 
measures were obtained using the 
ithlete™ Finger Sensor™, with the right 
index finger in a finger sensor connected 

Table 1.  Descriptive Statistics of Participants

Variable
Men 

(N=10)
Women 
(N=10)

All 
(N=20)

Age (y) 24.80 ± 4.87 23.70 ± 3.74 24.25 ± 4.27

Height (cm) 180.47 ± 11.00 166.70 ± 8.59 173.59 ± 11.92

Weight (Kg) 85.88 ± 11.21 61.06 ± 7.53 73.47 ± 15.76
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females did not (p = .55, d = 0.09). There 
were no differences in HRV in seated 
positions for males or females (p = .29, 
d = 0.28 and p = .67, d = 0.08, respectively). 
Additionally, when evaluating the total 
number of oscillations performed, males 
(128) completed signif icantly less rep-
etitions than the female (161) participants
(p = .03, d = -1.19) (see Figure 1).

0.2–0.6 were small, 0.6–1.2 were moder-
ate, 1.2–2.0 were large, and > 2.0 were 
very large.(27) All statistical analyses were 
performed using IBM® SPSS® statistics 
software (Version 21.0, IBM Corporation, 
Armonk, NY ). 

RESULTS 

All subjects affirmed they accumulated 
at least 150 min of physical activity every 
week for at least three months. There 
were statistically significant differences 
in the number of oscillations participants 
performed at the hamstrings (p > .001, 
d = 0.20) and pectorals (p = .03, d = 0.11), 
though the effect sizes are trivial as the av-
erage difference of oscillations is less than 
one from right and left sides, as presented 
in Table 2. The results for HRV measure-
ments are presented in Table 3. There were 
no significant differences among the pre-
HRV and post-HRV trials in supine (p = .05, 
d = 0.21) and seated positions among all 
participants (p = .27, d  =  0.17). However, 
when sexes were assessed separately, 
males had a significant drop in HRV in 
supine positions (p  =  .03, d  =  0.33), but 

Table 2.  Aggregate Number of Foam Rolling Oscillations by Body Part across All Participants

Segment Left Right P Value Effect Size

Triceps surae 13.85 ± 3.07 13.45 ± 3.00 .16 0.13

Hamstrings 15.70 ± 3.54 15.00 ± 3.42 >.01a 0.20

Quadriceps 14.30 ± 4.07 14.45 ± 4.05 .56 -0.04

Low Back 16.40 ± 5.13 - - -

Pectorals 21.53 ± 5.36 20.95 ± 5.38 .03a 0.11

aIndicates a statistically significant difference (p > .05) between the number of oscillations completed on left 
and right sides.

Table 3.  Results on HRV and Body Position (recorded in arbitrary units [AU])

Pre-Supine 
HRV (AU)

Post-Supine 
HRV (AU)

P 
Value

Effect 
Size

Pre-Seated 
HRV (AU)

Post-Seated 
HRV (AU)

P value Effect 
Size

Males 85.0 82.3 .03* 0.33 82.3 80.4 .29 0.28

Females 82.9 82.0 .55 0.09 81.8 81.1 .67 0.08

Overall 84.0 82.2 .05 0.21 82.1 80.8 .27 0.17

Comparison of male and female participants’ HRV values before and after foam rolling in both supine and 
seated positions; * indicates a statistically significant difference (p > .05) between pre-foam rolling and post-
foam rolling values.

Figure 1. Total oscillations on the foam roller by sexa. 
aFemale participants performed significantly more 
oscillations on the foam roller than male participants 
(p = .03, d = -1.19).
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parasympathetic activity at 5-min follow-up 
after a session of myofascial trigger-point 
massage, demonstrating a clear acute 
effect. It is proposed that the current FR 
protocol was ineffective for initiating an 
acute parasympathetic response, and it 
is unknown if the protocol was effective 
for causing a change by 10 or 30 min af-
ter treatment as the present study only 
collected HRV data immediately follow-
ing completion of the FR protocol. The 
significant difference seen in males in the 
supine position from this current study in-
dicate there may be a factor that was not 
considered in the present study design and 
warrants further investigation to determine 
if biological sex influences parasympathetic 
response to mechanical pressure via SMR.

The confounding results may be most 
easily explained as full-body FR being more 
metabolically demanding than originally 
theorized. Delaney et al.(13) reported acute 
changes in parasympathetic functioning; 
however, they utilized a protocol with a cli-
nician performing myofascial trigger-point 
massage, where the participants were pas-
sive recipients of the treatment. Further, 
Lastova et al.(12) assessed HRV at 10- and 
30-min follow-ups after the FR protocol,
but did not assess HRV immediately post-
FR protocol. Although the present study
seems to fit in between these, the lack of
significant findings indicates that imme-
diate follow-up to self-myofascial release
is not indicated for assessing parasympa-
thetic response. It is possible, therefore,
that a time delay of at least 10 min is ap-
propriate for assessing parasympathetic
response to self-myofascial release with
a foam roller. These f indings provide a
greater depth to the scientific communi-
ty’s understanding of massage techniques
and acute autonomic responses.

Although seemingly innocuous and 
non-fatiguing, full-body FR appears to be 
more strenuous than originally believed. 
The FR oscillations technique involves pe-
riods of isometric holds, mixed with short 
bursts of muscle contractions, that may be 
shunting blood to the peripheral working 
tissues(29) and occluding capillary beds, 
and reducing the venous return, ultimately 
decreasing parasympathetic neural 
activity (and consequently increasing 
sympathetic activity). Massage has been 
demonstrated to improve venous return 
to the heart,(14) and encourage a return 
to parasympathetic neural dominance.(13) 
As a specif ic technique for myofascial 

DISCUSSION

The purpose of this study was to deter-
mine the influence of FR on HRV by using 
a practical assessment tool. There were 
no significant differences between HRV 
pre- and post-FR session. These findings 
indicate that HRV values were not greatly 
affected immediately following a full-body 
FR session. The present study rejected the 
hypothesis that acute follow-up of HRV 
would be improved immediately following 
an acute bout of foam rolling. Regardless of 
supine or seated positions for HRV assess-
ment, no significant differences were found 
among all participants. There was a signifi-
cant difference in males when assessing 
HRV in a supine position; however, these 
data are novel and need to be repeated in 
more studies before conclusive interpreta-
tions are made, as the difference dissipated 
when moving the body positions to seated.

Foam rolling has been repeatedly dem-
onstrated to be effective for increasing 
flexibility,(5) reducing soreness,(3) and im-
proving muscle recovery,(8) and improving 
localized blood flow,(11) all without negatively 
impacting physical performance,(10) yet very 
few studies have investigated the effects of 
FR on autonomic functioning.(12) Though 
this is a novel area of research, the present 
study was unable to wholly support the use 
of FR to affect HRV response. In a related 
study by Okamoto et al.,(7) FR was effective 
for reducing arterial stiffness and increasing 
plasma nitric oxide concentrations. These 
physiological responses are related to sym-
pathetic withdrawal and increased vagal 
tone,(28) and therefore it was theorized that 
the muscle relaxation following myofascial 
release would reduce arterial stiffness, in-
crease plasma NO concentration, release 
tension in the treated myofascia, and ulti-
mately improve parasympathetic output. 
The present study did not evaluate arterial 
stiffness, nor examine blood concentration 
compositions, as the goal was to evaluate a 
practical method for clinicians to use in the 
field. It may be that the FR protocol in the 
present study was inadequate for eliciting 
increased parasympathetic activity. 

These f indings conflict with recent 
studies that found FR to be impactful for 
improving HRV by increasing the parasym-
pathetic output. In the Lastova et al. study, 
HRV was significantly increased between 
10 and 30 min after FR treatment, though 
no acute effects were reported.(12) Del-
aney et al.(13) demonstrated an increase in 
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window in their cycle limits the external 
validity of the study, as females will utilize 
self-myofascial release treatments regard-
less of their menstrual cycle phase. A final 
limitation for this study may have been the 
FR protocol. There are currently no published 
standardized FR protocols for a given thera-
peutic outcome, and so researchers should 
be thoughtful when selecting a protocol that 
is appropriate for their anticipated thera-
peutic goal. This study utilized a protocol 
that allowed participants to oscillate at a 
comfortable rhythm, and the differences in 
the number of oscillations between left and 
right triceps surae and quadriceps were not 
statistically significant (p = .163 and p = .562, 
respectively); yet hamstrings and pectorals 
were both statistically significant (p < .001, 
d = 0.20 and p = .033, d = 0.11, respectively). 
However, the number of oscillations was 
practically insignificant (right-to-left triceps 
surae 13.45 to 13.85; right-to-left hamstrings 
15.00 to 15.70; right-to-left quadriceps 14.45 
to 14.30; right-to-left pectorals 20.95 to 21.53), 
as there was less than one-oscillation differ-
ence between right and left sides where a 
difference existed, and the effect sizes reflect 
that interpretation as both were “trivial”.(27) 
Though the present protocol was selected 
because it targeted numerous large muscle 
groups, it was not effective in eliciting an 
immediate change in HRV. Also, oscillations 
were utilized to avoid blood pooling caused 
by isometric holds, as the goal was to initi-
ate effects comparable to myofascial release 
massage; though the lack of signif icant 
findings may indicate the use of isometric 
holds to imitate pressure release therapy. 
The effects of oscillations versus isomet-
ric holds have not been established, and 
therefore researchers and clinicians need 
to be aware of this dearth in foam-rolling 
application prescription. Future research 
should consider taking follow-up HRV as-
sessments in small time increments while 
extending the follow-up until at least 30 min 
after treatment. Moreover, future research 
may benefit from altering the FR technique 
they employ  to  discern which protocol is 
most effective.

CONCLUSION

The present findings indicate that a sin-
gle bout of FR is not effective at eliciting an 
acute change in parasympathetic activity. 
The results from the present study failed 
to initiate an immediate parasympathetic 

release, FR compresses the superf icial 
neurovascular vessels,(7) stimulating su-
perficial A-β nerves to diminish noxious 
transmission.(30,31) This gate-control mech-
anism(30,31) effectively blocks pain stimulus 
from reaching the CNS and can, therefore, 
have the secondary effect of improving 
relaxation and decreasing pain sensitivity 
in the targeted areas. It was theorized in 
the present study that the relaxation of the 
large muscle groups that were treated, in 
combination with the vessel compression 
from the participants’ body weight, would 
further improve vagal tone as blood in the 
periphery would be directed back towards 
the heart.(7,32) Further investigations are 
needed to determine the threshold for 
muscle relaxation, decreased vessel rigid-
ity, and parasympathetic neural activity. 

A final consideration for the f indings 
in the present study was the utilization 
of a clinician-friendly assessment tool 
using a smartphone and finger sensor, 
whereas previous studies have utilized 
traditional ECG-techniques.(12) This non-
invasive and clinician-friendly HRV as-
sessment technique has been previously 
validated against traditional ECG (r = 0.99, 
p < .001)(21,25) and so can be considered ac-
ceptable for determining HRV. Therefore, 
it is unlikely that the equipment bears any 
substantial influence on the measured 
outcomes, and more likely the protocol 
and timing of assessment are responsible 
for the lack of significant findings.

There are multiple limitations to note 
in the present study. Firstly, the partici-
pant population came from a moderately 
homogenous population, as a convenience 
sample was taken from the host institution. 
The inclusion and exclusion criteria help to 
offset this bias, however, as participants were 
required to maintain a minimum level of 
physical activity while also being free from 
major orthopedic injury in the immedi-
ate preceding three months. Additionally, 
the direct role that sex has on autonomic 
functioning, as measured via HRV, has not 
been well-established. Previous research 
has favored using only the same sex for 
participants or standardizing when female 
participants begin the data collection based 
on their status in the menstrual cycle. It 
should be noted that the phase of menstrual 
cycles for the female participants in this 
study were not considered, as a clear link in 
discrepancy for HRV in men and women has 
not been established. Furthermore, limiting 
female participation to only a specific timing 
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physiological response overall with all 
participants, despite other reported 
benefits of FR following a single bout of 
full-body FR. Clinicians should be aware 
that, although FR has been established to 
be safe and beneficial for a myriad of ap-
plications, it may not be appropriate for al-
tering autonomic cardiovascular influence.
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