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ABSTRACT

This study aimed to investigate whether a single bout of Self-myofascial Release (SMR) has a beneficial effect on peripheral
and central Blood Pressure (BP) and different parameters of arterial stiffness. Twenty nine healthy male recreational athletes
(26.1 +2.9 years, BMI 23.4 + 1.5 kg/m?) completed an instructed SMR using a foam roller. Peripheral and central BP and different
parameters of arterial stiffness were measured noninvasively before SMR and at different time points (t1, t15, t30) during a
subsequent 30-min recovery phase. There was a significant decrease in both systolic (t15, —2.36 + 4.45 mmHg, p = 0.05; t30,
—4.01 + 4.47 mmHg, p = 0.003) and diastolic (t30, —2.45 + 5.45 mmHg, p = 0.025) peripheral pressure during the recovery phase
after SMR. Regarding central BP, only systolic pressure showed a significant decrease (t30, —3.64 + 5.83 mmHg, p = 0.003). Mean
arterial pressure (t15, -1.91 £ 3.36, p = 0.03; t30, —3.05 + 2.88 mmHg, p < 0.001), augmentation pressure (t30, —1.60 + 2.40 mmHg,
p =0.009), peripheral resistance (t30, —0.09 £ 0.10 s" mmHg/ml, p < 0.001), and stiffness index 50 (t30, —0.33 £ 0.55, p = 0.021)
were significantly reduced after SMR. No significant changes were determined for reflection coefficient, augmentation index,
cardiac output, and heart rate, respectively. SMR showed effects on peripheral and central BP and different parameters of arterial

stiffness in healthy young adults.

HIGHLIGHTS

1. INTRODUCTION

Recent studies have shown that apart from aerobic exercise, other
interventions like massage therapy and stretching exercises may
induce positive effects not only on wellbeing but moreover on
cardiovascular health. A meta-analysis from Liao et al. [1] found
positive effects of massage therapy on systolic and diastolic Blood
Pressure (BP) in patients with hypertension or prehypertension.
Furthermore, a systematic review involving subjects with essential
hypertension concluded that a combination of massage therapy
and antihypertensive medication is more effective than antihyper-
tensive medication alone in lowering BP [2].

Studies assessing the effects of regular static stretching suggest
that short-term regular stretching induces significant reduc-
tions in arterial stiffness and blood pressure [3,4]. A study from
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A single bout of self-myofascial release confers favourable cardiovascular benefits.
« Self-myofascial release induces mechanical stress to the vascular system.
« Effects on vascular function is comparable to the effects after a bout of exercise.
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Yamato et al. [5] showed acute effects of static stretching on arterial
stiffness in healthy young adults. It is argued that the mechanical
stress applied to the vessels by either stretching exercises or the
compression during massage therapy can induce hemodynamic
responses [6-9].

In recent years Self-myofascial Release (SMR) has evolved as a
manual therapy combining massage-like compressive loading
and stretching techniques into one exercise routine. SMR refers
to a form of manual therapy that applies mechanical compression
(often using a foam roller) to the muscle and fascia to manipu-
late the myofascial system and improve flexibility. This therapy
has emerged and is highly regarded within the rehabilitation and
fitness settings. SMR is commonly applied as a therapeutic, post-
exercise technique aiming to accelerate recovery or as a pre-exercise
technique targeting to improve subsequent mobility and perfor-
mance. A systematic review suggests that SMR has positive effects
on joint range of motion, reduces perceived pain after intense bouts
of exercise, and enhances recovery [10]. In a recent study, SMR has
been shown to positively affect sympathovagal balance and periph-
eral BP for 30 min post-intervention [11], thus emphasizing its
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potential cardiovascular protective effect. To the best of our knowl-
edge, no prior studies have examined the effects of SMR on central
hemodynamics. Therefore, the present study aimed to evaluate the
immediate effects of SMR on peripheral and central BP and different
parameters of arterial stiffness.

2. MATERIALS AND METHODS
2.1. Subjects and Study Design

Twenty nine healthy male subjects (aged 26.1 + 2.9 years, BMI
23.4 £ 1.5 kg/m?) were randomly selected and included in the exper-
imental study (Table 1). All participants were normotensive (BP <
140/90 mmHg), recreationally active, non-smokers, and free of overt
cardiovascular disease. All participants have not stretched regularly
for atleast 1 year and had none or only limited experience with SMR.

Each participant was informed about the purpose and course of
the study and gave verbal and written consent. The study was
conducted in accordance with the Guidelines for Good Clinical
Practice and was in line with the Helsinki Declaration on the use
of human subjects for research.

The study design consisted of a baseline examination where rel-
evant parameters were obtained, followed by a SMR intervention
lasting 35 min and a subsequent resting period. During the seated
rest, the relevant parameters were assessed in the first (t1), 15th
(t15), and 30th (t30) min after SMR.

2.2. Self-myofascial Release

The subjects were instructed through a SMR procedure utilizing
a commercially available foam roller (BLACKROLL®, Bottighofen,
Schweiz; diameter: 15 cm; length: 30 cm). The protocol targeted
the quadriceps region, the hamstring region, the gluteal region, the
calf region, as well as the thoracic and lumbar region. The sub-
jects performed seven different exercises, which required them
to roll the targeted muscle groups back and forth over the foam
roller working the entire surface area. An investigator gave con-
tinuous feedback to guarantee the correct form and rhythm. For
each exercise, two sets lasting 60 s with 10 repetitions were per-
formed. Subjects were instructed to execute the rolling in a smooth
and controlled manner to a metronome cadence. Each set was
separated by 60 s of rest. During the rest, the subjects either rolled
the bi-lateral extremity (for exercises of the lower extremities) or
passively rested (for exercises of the upper and lower back). Each
technique was performed bi-laterally (for exercises of the lower
extremities) with the body prone on the floor. The intensity was
adjusted by using the bodyweight to apply pressure to the soft

Table 1 Subject’s characteristics

Items M+SD

Age (years) 26.1+29
Height (cm) 1782 +4.3
Weight (kg) 74.8 £ 5.6
Body mass index (kg/m?) 234+15

Peripheral blood pressure (mmHg) 120.8 £6.9/71.7 £ 7.7

Values are means + SD.

tissues during the rolling motion. Legs and arms not engaged in
the technique were used to offset weight as required. The partici-
pants were instructed to apply a pressure that provokes a bearable
pain (a score of 7-8 on a pain scale where one represented no pain
at all and 10 represented the maximum pain that can be tolerated)
in the targeted muscles and tissues.

2.3. Experimental Measures

All measurements were performed by the same study staff
member under standardized conditions using the same devices.
All participants were instructed to refrain from caffeine, alcohol,
excessive physical activity, and static or dynamic stretching 12 h
before testing. Furthermore, subjects were asked to fast for 3 h
preceding the test.

Body mass and height were registered using a stadiometer and
a scale (Tanita BC-545, IL, USA), respectively. Peripheral and cen-
tral BP, Mean Arterial Pressure (MAP), Heart Rate (HR), Cardiac
Output (CO) Augmentation Pressure (AP), Augmentation Index
(Alx), Reflection Coefficient (RC), and Peripheral Resistance
(PR) were determined noninvasively using Mobil-O-Graph® (24h
PWA monitor, LE.M., Stolberg, Germany, calibration MAD-c2),
a clinically validated device for hemodynamic measurements [12].
Furthermore, we computed the aortic stiffness index 40 [13,14].

Measurements were performed during a 15-min seated rest in a
quiet, temperature-controlled room (22 + 0.6°C). The measurements
were repeated during a subsequent 30-min post-exercise recovery.

Custom-fit arm cuffs were used with the right arm extended and
placed on a customized arm-support so that the heart and the
pressure cuff were at the same level.

2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics
23.0 (SPSS, Chicago, IL, USA). All data were statistically checked
for normality. The Levene test was used to check the homogeneity
of variance. To test comparisons between baseline and different
time points during and after the SMR, repeated measurement
ANOVAs were performed. Bonferroni post hoc analyses were per-
formed to examine pairwise mean differences. Data are expressed
as mean * 1 Standard Deviation (SD). The level of statistical signif-
icance was considered p < 0.05.

3. RESULTS

Subjects’ characteristics are presented in Table 1. According to
the ESH/ESC Guidelines [15], all the participants had normal BP
values at baseline.

After an initial increase (tl, p > 0.05), there was a signifi-
cant decrease in both peripheral (t15, -2.36 + 4.45 mmHg,
p = 0.05; t30, —4.01 + 4.47 mmHg, p = 0.003) and central (t30,
-3.64 + 5.83 mmHg, p = 0.003) systolic BP (Table 2) relative to
baseline. Regarding diastolic BP there only was a significant reduc-
tion in peripheral pressure (t30, —2.45 £+ 5.45 mmHg, p = 0.025)
30 min after the SMR (Table 2).
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Table 2 Effects of self-myofascial release on different outcomes

Measurement time points

Outcomes
Pre-exercise 15’ 30’

pSBP (mmHg) 120.81 £ 6.89 121.72 +£9.35" 118.45 +7.81" 117.21 + 8.54™
pDBP (mmHg) 71.66 £ 7.70 72.45 + 8.56 70.45 + 8.65 69.21 £ 9.06
¢SBP (mmHg) 106.16 + 7.64 108.24 + 8.31" 105.14 + 7.39 102.52 +7.41™
c¢DBP (mmHg) 72.98 £ 7.87 74.00 + 8.48 71.79 £ 8.95 72.00 £ 9.56
MAP (mmHg) 94.19 £ 7.70 94.79 £ 7.57 92.28 +7.09 91.14 +7.13™
HR (bpm) 63.48 + 8.64 65.66 £9.78 62.34 + 8.62 61.00 +£7.89
CO (L/min) 5.62 +0.58 5.27 £0.76 5.46 £0.98 5.44 £ 0.96
AP (mmHg) 476 +2.23 5.79 £5.25 3.90+2.19 3.16 + 1.40™
Alx (%) 12.29 £ 6.89 14.79 £ 10.76 10.14 £ 5.99 9.55+5.52
RC (%) 51.00 £ 10.92 52.03 +12.19 50.38 + 11.06 47.72 £+ 11.79
PR (s”mmHg/ml) 1.04£0.13 1.11+0.16 0.99 £0.19 0.94 +0.14™
50 5.96 £ 0.75 5.90 £0.93 5.81 £0.87 5.63 £ 0.69

p <0.05, “p < 0.01, 'p < 0.001 difference from baseline. Parameters before (pre-exercise) and after (1, 15", 30") self-myofascial release. Values are mean + SD.

PSBP, peripheral systolic blood pressure; pDBP, peripheral diastolic blood pressure; cSBP, central systolic blood pressure; cDBP, central diastolic blood pressure;

0, stiffness index £

Mean arterial pressure (t15, -1.91 + 3.36, p = 0.03; t30,
~3.05 + 2.88 mmHg, p < 0.001), AP (t30, —~1.60 + 2.40 mmHg,
p = 0.009), PR (t30, —0.09 + 0.10 s'mmHg/ml, p < 0.001), and 0
(t30,-0.33 + 0.55, p = 0.021) were significantly reduced after SMR.
No significant changes were determined for RC, Alx, CO, and HR,
respectively.

4. DISCUSSION

The primary finding of this study was that SMR using a foam roller
was effective in reducing peripheral and central BP and different
parameters of arterial stiffness in a subsequent resting period.

The effects on peripheral BP are consistent with a recent study by
Lastova et al. [11] who also found a significant reduction in systolic
(=3 mmHg) and diastolic (=2 mmHg) BP 30 min after SMR using
a foam roller.

Emerging evidence now suggests that apart from peripheral BP,
parameters of arterial stiffness like central BP, Alx, AP, and PR are
more strongly associated with preclinical organ damage and are
better related to future cardiovascular events [16,17].

To the best of our knowledge, there are no data on the effects of
SMR on central BP, Alx, AP, and PR. The detected reduction in
central BP, after the SMR is comparable to the effects seen 30 min
after a bout of moderate continuous exercise or high-intensity
interval training [18,19]. Furthermore, the SMR led to a significant
reduction in AP, PR, and stiffness index 0. The effects of SMR
on parameters of arterial stiffness are comparable to the responses
seen after a bout of aerobic exercise [20,21] and may translate into
a significant cardiovascular risk reduction [22].

The present study does not provide information on the exact
mechanism responsible for the results. However, it seems likely
that the mechanical stress induced by the foam roller resulted in
NO-dependent vasodilatation, which is reflected by the detected
changes in 0, AP, and PR. This is supported by the results of
Okamoto et al. [23], who investigated vascular endothelial func-
tion in 10 healthy young adults after a similar session of SMR. The
authors found that plasma NO concentration was significantly
increased 30 min after the SMR session.

4.1. Limitations

There are some limitations to the current study that have to be dis-
cussed. First, the sample size of 29 participants is relatively small.
Furthermore, we did not include a control group in this study as
subjects served as their own controls. In this concern, we used the
15-min resting phase as a control condition. As hemodynamic
measurements are known to plateau after resting for 10 min [24],
we would argue that a longer (e.g., 30 min) control condition is
not necessary.

Additionally, only healthy young male subjects were recruited,
thus the results cannot be extrapolated to other populations.
Furthermore, the results are limited to the specific SMR protocol
applied in the present study. It is possible that different protocols
applying other techniques and exercises and targeting different
muscle groups may have different effects. Finally, we only inves-
tigated the effects of a single bout of SMR. Further investigations
assessing the long-term effects of SMR are warranted and may
reveal whether the immediate effects could be accumulated.

5. CONCLUSION

In summary, the results of the present study suggest that a single
bout of SMR confers favorable cardiovascular benefits in healthy
normotensive subjects. It is assumed that SMR induces similar
mechanical stress to the vascular system as massage therapy and
stretching exercises, leading to short-term improvements in hemo-
dynamic parameters.

Future research should address if successive exposure to such
immediate responses would possibly lead to chronic adaptations
similar to regular, moderate aerobic exercise, massage therapy, and
static stretching.
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