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Abstract

Prior studies have shown that self- and manual massage (SMM)
increases flexibility in non-adjacent body areas. It is unclear
whether this also influences performance in terms of force gener-
ation. Therefore, this study investigated the effect of SMM on the
plantar surface on performance in the dorsal kinetic chain. Sev-
enteen young participants took part in this within-subject non-
randomized controlled study. SMM was applied on the plantar
surface of the dominant leg, but not on the non-dominant leg. A
functional performance test of the dorsal kinetic chain, the Bunkie
Test, was conducted before and after the intervention. We meas-
ured the performance in seconds for the so-called posterior power
line (PPL) and the posterior stabilizing line (PSL). The perfor-
mance of the dominant leg in the Bunkie Test decreased signifi-
cantly by 17.2% from (mean + SD) 33.1£99st0 274+ 11.15s
for the PPL and by 16.3% from 27.6 = 9.8 s to 23.1 + 11.7 s for
the PSL. This is in contrast to the non-dominant leg where per-
formance increased significantly by 5.1% from 29.7 + 9.6 s to
31.1 £ 8.9 s for the PPL and by 3.1% from 25.7 = 1.5 s to 26.5 +
1.7 s for the PSL. SMM interventions on the plantar surface might
influence the performance in the dorsal kinetic chain.

Key words: Fascial chain, myofascial release, foam rolling,
plantar fascia, superficial backline, Bunkie Test.

Introduction

Fascia used to be seen as a simple connective packaging
tissue. However, that has changed over the past few years
and it is now considered to be a three dimensional, func-
tional structure which supports the interaction of body sys-
tems (Adstrum et al., 2017; Stecco et al., 2018). This high-
lights fascias’ active role as an expansive tensegrity net-
work with proprioceptive and nociceptive functions
(Adstrum et al., 2017). Within this tensegrity network, fas-
cial continuity was observed along functional muscle
groups. One of these fascial chains is the superficial back-
line (SBL), whose existence is widely accepted. It expands
from the plantar fascia (PF), over the Achilles tendon, the
gastrocnemii muscles, the hamstrings, the sacrotubero-us
ligament, the back and, eventually, the head (Myers, 2013;
Stecco et al., 2019; Wilke et al., 2016).

Prior reviews have shown that self- and manual
massage techniques (SMM) increased acutely either the
range of motion of single joints or along myofascial chains

(Cheatham et al., 2015; Hughes and Ramer, 2019;
Wiewelhove et al., 2019; Wilke et al., 2020a; 2020b). The
latter has been already investigated along the SBL. For ex-
ample, studies showed that a single foam rolling applica-
tion on the plantar surface led to an acute increase in range
of motion of the dorsal thigh and lower back (Grieve et al.,
2015; Kwangsun et al., 2018). This implies that fascial
chains might be able to modify their properties or func-
tional capacities in non-adjacent areas along their course
(Krause et al., 2016). Besides a force transmission along
myofascial chains, other potential mechanisms explaining
such non-local range of motion augmentations include an
altered systemic (i.e. global) pain perception as well as an
enhanced stretch tolerance (Behm et al., 2021a).

Yet, the PF shows strong connections to adjoining
structures of the Achilles Tendon as well as movement in-
duced stabilizing mechanisms (Wearing et al., 2006;
Zwirner et al., 2020). Therefore, its main functional capac-
ity might be rather supporting active force generation in the
legs during movement.

Contrary to the studies on the acute effects of SMM
on flexibility, the findings concerning the effect of SMM
on muscle force or athletic performance on the applied
muscle are rather heterogeneous (Cheatham et al., 2015;
Hughes and Ramer, 2019; Wiewelhove et al., 2019). Behm
et al. (2020a) reported, for example, that after foam rolling
slight decreases in strength and jump measures were found.
However, the same cannot be claimed for fatigue and sprint
performance, as there exists no sufficient evidence for any
foam rolling on these parameters. Cadaveric studies pro-
vided evidence for a potential transfer of tension between
adjacent myofascial structures, as it was shown for flexi-
bility (Krause et al., 2016). Few in-vivo studies speculated
that force transmission along the SBL also might be possi-
ble (Cruz-Montecinos et al., 2015; Wilke et al., 2020a). Re-
cently, Wilke et al. (2020a) showed that the passive dorsal
extension of the ankle influences tissue displacement in the
hamstrings region, which the authors interpreted as a sur-
rogate for the measurement of force. However, it is unclear
whether direct SMM techniques on the plantar surface, as
described in the studies concerning the modification of
flexibility along the SBL, also influence force transmis-
sion.

Therefore, the aim of the study was to investigate
whether a combined self- and therapeutic SMM, namely
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foam rolling, plantar fascia specific stretching, soft tissue
mobilization, gliding massage, direct deep friction and
manual pressure on the PF influences myofascial force
generation in the SBL. As we designed our study particu-
larly for application of newly gained insights and tech-
niques in everyday practice, we decided to use the Bunkie
Test to measure functional force generation in the SBL (De
Witt and Venter, 2009).

Methods

Study design

This controlled study was conducted in accordance with
the ethical principles of the Declaration of Helsinki, and
followed all governmental and hygienic guidelines con-
cerning the COVID 19 pandemic. A vote of approval for
the study has also been obtained from the ethics committee
of the Technical University of Munich (576/20 S-EB). As
fascial connectivity is present within the whole body, the
study was conducted in a within subject design, where the
intervention was performed on the subjects’ dominant leg
while the other leg served as the control. We applied the
intervention standardized to the dominant leg instead of
randomization due to possible differences in muscular or
fascial tissue between the legs. All participants provided
written informed consent prior to testing. In order to main-
tain the reporting quality, the study followed the
CONSORT guideline extension for within-person trials
(Pandis et al., 2019). In addition, we considered the
CONSORT guideline adaptations for non-randomized tri-
als (Reeves and Gaus, 2004).

Objectives

The research question was whether there is a difference be-
tween the legs with respect to force generation in the dorsal
kinetic chain after an SMM intervention on the plantar sur-
face of the dominant leg. Therefore, we stated the follow-
ing two-sided hypothesis. HO: There is no difference be-
tween the legs with respect to force generation in the dorsal
kinetic chain after an SMM intervention on the plantar sur-
face of the dominant leg. The dependent outcome variable
was the approximation of force generation in the dorsal ki-
netic chain. This was measured in seconds through the sub-
jects’ performances in the Bunkie Test for (1) the posterior
power line (PPL) and (2) the posterior stabilizing line
(PSL), which are both structurally corresponding with the
superficial backline.

Participants

In total, 17 healthy, recreationally active participants (nine
female, eight male) between 18 and 30 years (mean+SD,
age, 25.0 + 3.2 years; height, 1.72 £ 0.08 m; weight, 66.8
+ 11.4 kg) participated in this study. Subjects were ex-
cluded if they suffered from current musculoskeletal pain
or other orthopedic diseases in the lower extremity, lower
back, shoulders or elbows, as well as other nonspecific
musculoskeletal disorders like fibromyalgia. There must
not have been any history of surgery or other orthopedic
injury in the back or legs in the last twelve months. In ad-
dition, participants were excluded if they were pregnant, in

the nursing period, diagnosed with any psychiatric, endo-
crine, neurological and metabolic disorders, or if they took
medication that affects perception or proprioception. We
screened for red flags and contraindications concerning
manual therapeutic techniques and did not allow participa-
tion if there were indications for any of the following risk
factors: tumor, fracture, rheumatoid arthritis, coagulation
disorder, anticoagulation or osteoporosis. Participants were
not allowed to take part in the study if they performed reg-
ular foam rolling at least once a week or were in current
physical therapy or other manual therapeutic treatment. If
all eligibility criteria held true, the examiner enrolled sub-
jects in the study.

Study procedure

Before testing, participants were informed about the poten-
tial general side effects of manual or massage therapy like
feeling discomfort, aching or soreness in the treated area,
which commonly resolves within 24 to 36 hours (Carnes et
al., 2010). They were not informed of the research ques-
tion, study design or the expected outcome. Subjects were
instructed not to participate in heavy physical exercise and
not to drink any alcohol in the 24 hours preceding the ex-
amination. They were also asked not to drink caffeine, not
to smoke or eat in the two hours before the intervention.
The testing procedure consisted of one session and lasted
about 60 minutes. First, in order to determine the dominant
leg, subjects were asked by the examiner 'with which leg
would you kick a ball', which goes in line with other self-
reported and observed assessments and was also applied in
prior studies (Cavanaugh et al., 2017; van Melick et al.,
2017). Then, the participants' characteristics were collected
with a questionnaire. After that, subjects were instructed on
how to perform the Bunkie Test and received additional
visual demonstration. The outcome variables (performance
in the Bunkie Test of PPL and PSL) were measured before
and immediately after the intervention for both legs, where
the dominant leg was always tested first and the non-dom-
inant leg second after a thirty-second break.

Intervention

The ten minute intervention was performed on the domi-
nant leg only and consisted of self- and therapeutic SMM
techniques. All techniques were supervised or conducted
by a physical therapist following protocols described in
prior studies (Ajimsha et al., 2014; Alotaibi et al., 2020;
Grieve et al., 2015; Kwangsun et al., 2018; Stecco et al.,
2016; Thong-On et al., 2019). The non-dominant leg re-
ceived no intervention.

Self-massage and stretching

In the beginning, subjects performed four minutes of foam
rolling at a self-selected speed on the plantar surface, along
the course of the PF, using a small foam roller (diameter 5
cm) with a Young modulus of 80 MPa (Blackroll, CH).
They were allowed to hold on to a wall and were instructed
to adapt the intensity of pressure to their subjective toler-
ance level. Further, they were encouraged to continue foam
rolling for the total of four minutes, but were additionally
allowed to take short breaks if needed (Grieve et al., 2015;
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Kwangsun et al., 2018). This was followed by a plantar fas-
cia specific stretch where subjects crossed the dominant leg
over the other in a sitting position and stabilized the heel
with their hand. Then, participants performed passive met-
atarsophalangeal joint dorsiflexion with the other hand for
2x30 seconds with a ten second pause in between (Figure
1) (Alotaibi et al., 2020).

Figure 1. Techniques applied by the participant with (a) foam
rolling and (b) a plantar fascia-specific stretch.

Manual massage

Participants were placed in a prone position on a treatment
table with the feet placed on a positioning pillow to allow
easy dorsiflexion of the ankle. The skin on the dominant
foot was cleaned with a wet towel, freed from skincare ap-
plications, dried and disinfected. All manual techniques
were adapted to subjects’ individual tolerance levels, not
exceeding a maximum of seven out of ten, ranked on a nu-
meric rating scale (Cavanaugh et al., 2017).

Soft tissue mobilization

The therapist contacted the PF with the knuckles or the
thumb and applied pressure in a gliding movement along
the fascia from the heel to the ball of the foot. This was
repeated for 2x60 seconds with a ten-second pause in be-
tween. The same procedure was then performed adding
passive flexion and extension of the toes. The therapist kept
the movement speed constant with a rhythm of one second
per stroke; thereby applying an average of 60 strokes on
the plantar fascia (in a heel to ball direction) within 60 sec-
onds. (Figure 2) (Ajimsha et al., 2014).

Figure 2. Therapeutic manual techniques with (a) soft tissue
mobilisation and (b) gliding massage.

Gliding massage

The therapist applied hyper-dorsiflexion to the toes, mainly
to the hallux, in order to stretch the medial band of the PF.
Pressure was then applied with a reinforced index finger or
the thumb along the PF from proximal to distal for two
minutes (Figure 2). Similarly, the therapist attempted to
maintain the speed in a one-second rhythm (Thong-On et
al., 2019).

Direct deep friction and manual pressure

Direct deep, tangential, oscillation friction or sustained
pressure (120 300s), comparable to manual trigger point
therapy, was applied to the PF, focusing on areas with in-
creased densification. This technique lasted for four
minutes (Ajimsha et al., 2014; Stecco et al., 2016).

Measurement

We designed our study particularly for application of
newly gained insights and techniques in everyday practice.
Therefore, we decided to use the Bunkie Test to measure
functional force generation in the SBL. The test is widely
used among clinicians, although validity and reliability
have not yet been sufficiently investigated (De Witt and
Venter, 2009; Ronai, 2015). According to Van Pletzen and
Venter (2012) the results of the Bunkie Test concerning the
PPL and PSL are largely comparable to other physical per-
formance tests, namely the 40 m sprint test, the repeated
sprint test and the vertical jump test. Hence, the Bunkie
Test can be proposed as a tool to identify weaknesses and
imbalances in the kinetic chains. We conducted the test as
described in the original protocol by De Witt and Venter
(2009). Subjects placed their forearms on a mat with the
shoulders right over the elbows and their heels on a bench
with a height of 30 cm. They were instructed to continue
constant breathing during the test. To assess the PPL, sub-
jects had to lift up their pelvis to a neutral position and then
raised the non-dominant leg about 20 cm off the bench in
order to test the dominant leg. Time of performance was
counted in seconds with a stopwatch from the moment the
contralateral leg was lifted. The test was stopped when the
subject either reported any sensation of pain or cramping,
ended the test due to fatigue or reached the cut-off score of
40 seconds, which is seen as the optimum value for ath-
letes. If participants were not able to maintain a neutral
body position, they were verbally corrected once. The test
was stopped if they were not able to adjust to or hold the
neutral position. Then, the non-dominant leg was tested af-
ter a thirty-second break. After examining the PPL, sub-
jects were allowed to rest for three minutes. The same test-
ing procedure was then performed for the PSL, with the
difference that the knees were flexed in a 90-degree-posi-
tion and the hips adapted to this (Figure 3).

-y

Figure 3. The Bunkie Test for (a) the posterior stabilizing line
and (b) the posterior power line.
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Statistical analysis

The freely available software environment for statistical
computing R (version 3.5.1) (Team, 2018) was used for all
statistical analysis. First, we tested for normal distribution
with the Shapiro-Wilk test. For the normally distributed de-
scriptive variables (age, height, weight) we calculated
mean values and standard deviations (SD). A multilevel
linear regression model for repeated measures was used for
statistical testing, as this test considers dependency in data
and does not require sphericity or normal distribution
(Bauer et al., 2013; Woltman et al., 2012). We specified the
factors for the time-effect (pre- and post-intervention) and
the treatment-effect (dominant/intervention and non-dom-
inant/control leg). First, we fitted four different regression
models: (1) intercept-only-model, (2) with time as the pre-
dictor variable, (3) with treatment group and time as the
predictor variables, and (4) with the main effects of both
variables as well as their interaction term as predictors. The
factors time and treatment were nested within the variable
participant and specified as random. We compared the
models using analysis of variance (ANOVA) and calcu-
lated confidence intervals (CI) and standard errors (SE) for
the outcome variables of the total model (4). The same
model was applied to the outcomes of PPL and PSL. A p-
value of less than 0.05 was considered as statistically sig-
nificant. There was no missing data.

Power calculations

The a-priori sample size calculation using G*Power
(G*Power version 3.1., Heinrich-Heine-University Diissel-
dorf, Germany) was based on the effect sizes of the first
studies in the field from Wilke et al. (2020a) (d =2.16) and
Cruz-Montecinos et al. (2015) (r = 0.449). According to
Sawilowsky (2009) and Cohen (2013), these effect sizes
can be seen as a huge (2.0) effect for Cohen’s d and a large
(0.5) effect for the correlation coefficient. Therefore, we
considered a large effect size using Cohen’s d (d = 0.8)
with o = 0.05 and § = 0.8. This resulted in a sample size of
15 people. With an add up of ten percent to meet unfore-
seen events, our final sample consisted of 17 participants.

Results

All participants reported the right leg as their dominant leg.
There were no adverse events or unintended side effects.
The performance of the dominant leg in the Bunkie Test
(in seconds) respectively decreased by 17.2% (PPL) and

16.3% (PSL) between pre (mean + SD: PPL: 33.1 £9.9;
PSL: 27.6 + 9.8) and post measurement (mean + sd: PPL:
27.4+11.1; PSL: 23.1 £ 11.7). Contrary, the non-dominant
leg showed an increase by 5.1% (PPL) and 3.1% (PSL)
from pre (mean = SD: PPL: 29.7 + 9.6, PSL: 25.7 + 1.5) to
post intervention (mean + SD: PPL: 31.1 £ 8.9, PSL: 26.5
+1.7).

The comparison of the four different linear models
with (1) only the intercept, (2) time as predictor variable,
(3) treatment group and time as predictor variables, and (4)
the main effects of both variables as well as their interac-
tion revealed that the type of treatment alone had no signif-
icant overall main effect on the performance in PPL (x2 =
0.006, p=10.938) and in PSL (¥2 =0.468, p = 0.494). There
was also no significant overall main effect for the factor
time on performance in PPL (y2 = 2.389, p = 0.122) and
PSL (y2 = 3.238, p =0.072). Yet, the interaction effect be-
tween time and treatment was significant for PPL (¥2 =
8.000, p=10.005) as well as for PSL (y2 =7.751, p=0.005).
The total linear model (4) showed an interaction effect,
meaning that the effect of time after the intervention de-
pended on the type of treatment (PPL: p=0.007; PSL: p =
0.007). The results for the total linear model are listed in
Table 1. We observed a crossover interaction between both
legs for the performance in PPL (Figure 4) and PSL (Figure
5).

*p - 0.008

Treatment
& control
# intervention

PPL performance in seconds

pre

Figure 4. Effect of treatment and time on performance in

Bunkie Test for the posterior power line (PPL) (mean + SE).
* indicating a statistically significant effect (p = 0.005).

Table 1. Results of the total linear regression model, including the variables treatment (intervention/control)

and time (pre/post).

b p SE b 95% CI
Posterior Power Line (PPL)
Treatment control -3.412 0.095 1919 -7.359,0.536
Time post -5.235 0.003* 1.599 -8.395,-2.075
Treatment control x Time post 6.588 0.007* 2261  2.120,11.057
Posterior Stabilizing Line (PSL)
Treatment control -1.941 0.176 1.370  -4.758,0.876
Time post -4.471 0.002* 1.309 -7.058,-1.883
Treatment control x Time post 5.294 0.007* 1.852 1.635, 8.953

*Indicates a statistically significant effect.
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Figure 5. Effect of treatment and time on performance in
Bunkie Test for the posterior stabilizing line (PSL) (mean +
SE). * indicating a statistically significant effect (p = 0.005).

Discussion

Our results showed a significant reduction of performance
in the treated leg after various SMM techniques (foam roll-
ing, plantar fascia specific stretching, soft tissue mobiliza-
tion, gliding massage, direct deep friction and manual pres-
sure). Interestingly, an improvement of performance was
observed in the contralateral leg. Furthermore, the interac-
tion between time and treatment was significant. This
means that the impact that one factor, for example time,
had on the outcome depended on the level of the other fac-
tor, in this case treatment group, and vice versa. Yet, the
main effects of these factors were not significant, which
can be explained by the observed crossover interaction ef-
fect. Therefore, we can reject our null hypothesis.

Strain, tension and force transmission in fascial chains
Our study was one of the first to test the influence of SMM
on performance in myofascial chains in a practical setting.
In contrast, the change of flexibility along fascial chains
after foam rolling has already been investigated via func-
tional measurements. A reason for this might be that sev-
eral tools and treatment concepts in the fitness and rehabil-
itation sector are specifically promoted for the practice of
'loosening tissue'. Yet, the studies showing a change of ten-
sional state along the SBL did not consider the potential
side-effect of a decreased performance in terms of force
generation (Grieve et al., 2015; Kwangsun et al., 2018).
Our results indicate that SMM on the plantar surfaces’
structures could influence strength in non-adjacent areas.
Myofascial force transmission can be present be-
tween muscle fibers, between muscles or between muscles
and the relating non-muscular tissues. The concept of my-
ofascial force transmission lines received increasing scien-
tific attention as a potential explanation of the fact that ten-
sion produced in one area affects body structures non-ad-
jacent to it (Do Carmo Carvalhais et al., 2013). Prior stud-
ies have shown, for example, that ankle position and pas-
sive torque influence hip mobility and vice versa (Andrade

et al., 2016; Marinho et al., 2017; Palmer et al., 2015).
Wilke et al. (2020a) applied this concept of changing ten-
sional states in non-adjacent areas of the lower extremity
to the SBL. They tested tissue displacement in the ham-
strings region after passive ankle dorsiflexion. All these
findings suggested force transmission via myofascial path-
ways in the lower extremity, but more in terms of strain
and less in terms of active force generation. Unlike, Do
Carmo Carvalhais et al. (2013) showed that passive or ac-
tive tension of the latissimus dorsi muscle modified the
joint kinetic variables of the contralateral hip due to the
functional connectivity via the thoracolumbar fascia. Still,
there is a need for in-vivo studies regarding myofascial
force transmission along the SBL (Wilke et al., 2020a). Be-
sides the evidence that this effect can be seen along a my-
ofascial line, there is evidence that especially stretching ex-
ercises are capable of increasing range of motion (Behm et
al., 2021a) and decreasing strength parameters (Behm et
al., 2021b) in the contra-lateral leg as well as in other non-
stretched joints and muscles. The authors of these studies
assume that this is due to a non-local (global) changed
stretch perception.

A decrease in performance after the SMM intervention
Our study showed that performance in the Bunkie Test de-
creased after the SMM. Prior literature concerning the ef-
fect of SMM, usually foam rolling, on muscle function or
athletic performance shows inconsistent results. Yet, most
of the studies report no significant effect or a rather positive
effect of SMM on isometric muscle force or performance
tests, like the vertical jump or the 800-meter run test. There
might be no general consensus due to the strong heteroge-
neity of the study designs, outcome measurements and in-
tervention parameters as well as the difficulties that occur
for choosing appropriate measurement techniques (Behara
and Jacobson, 2017; Cheatham et al., 2015; Healey et al.,
2014; Hughes and Ramer, 2019; Monteiro et al., 2017;
Sullivan et al., 2013; Wiewelhove et al., 2019).
Techniques, which aim at decreasing the tensional
state of a muscle, like massaging or prolonged stretching
(for >60 s and without a preparatory dynamic warm-up),
usually go along with a decline in muscle force (Behm et
al., 2016; Behm et al., 2020b; Hunter et al., 2006; Konrad
et al., 2019; Konrad and Tilp, 2020; Morelli et al., 1999;
Sullivan et al., 1991). Some researchers also report this ef-
fect for SMM, like Monteiro et al. (2017) who found out
that foam rolling on the quadriceps muscle between the sets
of force training, led to a decreased maximum repetition
performance. Contrarily, MacDonald et al. (2013) reported
that a two-minute bout of foam rolling on the quadriceps
muscle led to an increase in range of motion of the knee,
but did not influence neuromuscular force production in the
treated area. In a study by Cavanaugh et al. (2017) it was
shown that three repetitions of a 30-second self-massage
caused impairments of maximal voluntary isometric con-
tractions, but did not influence other force parameters, like
the time to peak twitch torque. These conflicting results
suggest that the effect of SMM on force partly depends on
the study design, the chosen SMM technique, the outcome
measurement and indicate that there might be a dose-re-
sponse relationship. In this study we applied a combination
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of different SMM techniques, like foam rolling, stretching
and massage techniques. Further, SMM may only have a
neutral effect on subsequent muscular force when applied
for a shorter duration, like most of the studies describe in-
terventions ranging from 30 seconds to three minutes
(Cheatham et al., 2015; Hughes and Ramer, 2019; Mac-
Donald et al., 2013; Sullivan et al., 2013). Contrarily, in
our study SMM was applied for an average of ten minutes.
These factors might explain our contradicting results to the
study from Sullivan et al. (2013) who reported that a three-
minute massage of the plantar flexors did not influence
jump power, maximal voluntary muscle contraction, force
or muscle activation. Further, the Bunkie Test was specifi-
cally developed for evaluating the fascial chains. In con-
trast, most of the measurement techniques in other studies
have tested muscle performance of muscle groups or gen-
eral athletic performance. Additionally, Behm et al.
(2021b) reported a moderate non-local muscle fatigue ef-
fect in endurance tasks, which might also be caused by
muscle groups not directly involved in the fatiguing task.
Nevertheless, we would then have expected to see this ef-
fect on both sides, as both legs were tested.

To understand the reduction of performance after
the MFR in our study, we considered several underlying
theories and models, including mechanical, physiological,
psychophysiological and neurophysiological parameters
(Aboodarda et al., 2015; Chaudhry et al., 2008; MacDon-
ald et al., 2013; Monteiro et al., 2017; Schleip, 2003a;
Stecco et al., 2016; Wiewelhove et al., 2019; Yoshimura et
al., 2019).

The mechanical model explains the reduction of
performance via the softening of fascia, and more likely its
connected muscle. Although, reduced muscle stiffness fol-
lowing myofascial release was previously reported in the
quadriceps muscle (Baumgart et al., 2019; Reiner et al.,
2021), this was not seen in the plantar flexor muscles
(Baumgart et al., 2019; Nakamura et al., 2021). Since a de-
crease in muscle stiffness has a negative impact on force
production (Monte and Zignoli, 2021; Trajano et al., 2019)
a decreased muscle stiffness might have occurred in the
SBL of the participants tested in our study. Furthermore,
another effect might be a reduced tissue adhesion or a
change in the thixotropic property. This implies that via
heat and mechanical stress, which is generated by applying
techniques for more than two minutes, fascia’s colloidal
substances can change from a solid state to a more gel-like
state, which leads to increased soft-tissue compliance and
flexibility (Aboodarda et al., 2015; Cheatham et al., 2015;
Schleip, 2003a; Sullivan et al., 2013). This might also ex-
plain the dose-response relationship of SMM and its effect
on muscle force.

From the physiological point of view, performance
could be modified via altered hyaluronan and blood flow
in or around fascia, which enhances blood lactate removal
and oxygen delivery to the muscle. These effects result
from a modification of the extracellular matrix of the intra-
fascial loose connective tissue layers through deep, tangen-
tial, oscillating frictions (Cheatham et al., 2015;
Wiewelhove et al., 2019). A specific fascia treatment con-
cept is based on the hypothesis that these alterations in fas-
cia, caused by frictions, affect muscle spindle and Golgi

tendon organ activity. This treatment concept is also
applied with the goal of influencing areas non-adjacent to
the treated structure via fascial pathways (Stecco et al.,
2016).

A psychophysiological response might include an
increase in subjective well-being and relaxation due to an
increase of plasma endorphins, a decreased state of arousal
or a potential placebo effect, which all could have led to
the decrease in performance (Wiewelhove et al., 2019).

Until now there has been no sufficient evidence for
these models explaining the effect of SMM. Therefore,
neurophysiological mechanisms seem to be the most plau-
sible theory to explain our results (Chaudhry et al., 2008;
Schleip, 2003b).

An increase in performance without the SMM interven-
tion

While a decrease in performance was observed for the in-
tervention leg, the control leg showed the opposite. We hy-
pothesize that the increase in performance of the control
side was due to a training effect, as the test was performed
twice, with a time interval of ten minutes. Prior studies ad-
dressed this issue by providing an organized familiariza-
tion with the performance test antecedent to the testing ses-
sion (Wiewelhove et al., 2019). Previous studies reported
reactions to SMM, namely an increase in range of motion
and pain pressure threshold, not only in the treated area but
also on the contralateral body side (Aboodarda et al., 2015;
Yoshimura et al., 2019). Yoshimura et al. (2019) also re-
ported that the treatment of the triceps surae led not only to
an increased dorsal extension, but surprisingly also to a
wider range of motion in plantar flexion. To explain this
phenomenon of a generalized effect of SMM the authors
mention neurophysiological mechanisms as the most plau-
sible explanation.

According to Schleip (2003a), deep slow or steady
manual pressure and tension stimulates interstitial and
Ruffini mechanoreceptors within connective tissue. This
leads to a general response of the autonomic nervous sys-
tem, which results in an enhanced parasympathetic state
and a lower sympathetic activity. This influences local
fluid dynamics, tissue metabolism and viscosity, the gen-
eral state of arousal and the tonus of motor units that are
mechanically linked to the treated tissue (Aboodarda et al.,
2015; Schleip, 2003a; Stecco et al., 2016; Wilke et al.,
2020b; Yoshimura et al., 2019). The modulation of the cen-
tral nervous system, specifically the central-pain modula-
tory system might also explain the increase of the pain
pressure thresholds on both body sides reported in the
study from Aboodarda et al. (2015).

A stimulation of the sensory receptors might lead to
neurological modulation, also called the crossover effect,
which can be explained by a suppression of the H-reflex
(Sullivan et al., 2013; Yoshimura et al., 2019). A decreased
spinal motor neuron excitability after a massage or SMM
leads to a reduction in motor unit recruitment, and firing
rate, which is linked to a decline in force (Hunter et al.,
2006; Morelli et al., 1999; Sullivan et al., 1991; Wilke et
al., 2020b). In our study the segmental innervation of mus-
cles in the treated area, for example flexor digitorum
brevis, flexor interossei dorsalis, plantaris or quadratus
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plantae, coincide with the segmental innervation of the
muscles mainly activated during the Bunkie Test, namely
the hamstrings and the gastrocnemius (Schiinke et al.,
2005). Therefore, neurophysiological mechanisms also
might have had an influence, via the motor unit excitabil-
ity.

Further, we hypothesize that in our study the de-
scribed modification of neurophysiological mechanisms,
which might have affected both body sides, was offset by
the training effect. This in fact strengthens our results, as
otherwise the training effect should have been observed on
the dominant leg, too.

Strengths and limitations

In general, non-randomized controlled studies are more
susceptible to bias and within-subject comparison is less
common in orthopedic studies. To ensure quality of report-
ing we conscientiously stuck to the reporting guidelines,
which were extended versions of the CONSORT guideline.
However, our rather unusual study design allowed us to ob-
serve the interesting crossover interaction effect (Pandis et
al., 2019; Reeves and Gaus, 2004). A potential non-local
muscle fatigue effect due to the Bunkie Test itself, leading
to the observed crossover-effect, is rather unlikely to be in-
fluenced by the chosen study design (between versus
within-participant) (Behm et al., 2021b).

A limitation of our study is that our intervention de-
pended on individual tolerance levels and personal suscep-
tibilities. We addressed this by only applying techniques,
which were already investigated in prior studies according
to the reported protocols. These techniques are commonly
used, for example in the treatment of plantar fasciitis, and
are therefore important for therapists’ daily practice (Fraser
et al., 2018). In addition, all treatments were supervised or
conducted by the same physical therapist. It should be con-
sidered that according to Chaudhry et al. (2008), a plastic
deformation of the PF via SMM is not very likely within
physiological force ranges in a dead piece of tissue. The
authors also suggest, that in alive tissues a long-lasting de-
formation might be possible due to additional neurophysi-
ological effects, which might influence the response in
vivo. We clearly state that we did not intend to influence
the mechanical state of the fascia (Behm and Wilke, 2019).
Behm and Wilke (2019) also state, that the commonly used
term ‘self-myofascial release’ is therefore misleading. The
possible underlying theories of the effect of SMM in alive
tissues have been discussed above.

We are aware that the validity and reliability of the
Bunkie Test have not been sufficiently investigated, yet.
However, it is similar to the single leg bridge test, which is
reliable and was applied in prior studies (Freckleton et al.,
2014; Hallet, 2010). An advantage is that the Bunkie Test
is based on the theory of fascial chains (Myers, 2013) and
therefore fits our aim of testing the SBL. Furthermore, the
PF remains unloaded during the test. It must be considered
that crossover effects from either stretching or rolling to the
contralateral limb, as reported in prior studies (Aboodarda
etal., 2015; Cavanaugh et al., 2017) might have influenced
our results and were not detected with this testing proce-
dure. Concerning the test, we want to highlight that, as the

test does not aim at testing the maximum strength endur-
ance capacity and hence, likely causes no muscle fatigue,
we expect that there was no or even a small crossover effect
resulting from the testing procedure. We recommend fu-
ture studies to include an additional control group, which
receives no intervention on the contralateral leg. It should
also be considered that a recent study suggested to prefer a
resting interval of 1 minute before testing the contralateral
leg (O'Neill et al., 2020). Further, the objectivity of the
Bunkie Test is rather low as performance is measured in
seconds via a stopwatch and partly depends on the partici-
pants’ decision. Nevertheless, there were such vast differ-
ences between before- and after-values that this can be con-
sidered as negligible. In addition, we expected the partici-
pants to choose their point of fatigue similar to the first
measurement trial, as they were blinded concerning the ex-
pected outcome and the aim of the study. In contrast, the
experimenter was not blinded in this study.

Recommendations

Our findings suggest that SMM interventions might result
in a decreased force transmission and therefore perfor-
mance in the SBL. This could be of relevance to the field
of sports where self-massage is often applied before phys-
ical exertion although a large body of evidence already rec-
ommended the utilization of foam rolling after the exercise
instead of pre-rolling (Cheatham et al., 2015; Wiewelhove
et al., 2019). To overcome a possible detrimental effect on
performance, especially following stretching exercises, it
is suggested to implement post stretching activities, which
likely results in a post stretching potentiation effect (Behm
et al., 2016; Reid et al., 2018; Reiner et al., 2021; Samson
et al., 2012). In addition, therapists should consider this
possibly unwanted side-effect when applying SMM. Our
findings highlight the importance of applied studies in this
field of research in order to develop reliable recommenda-
tions for the practical application of self- or therapeutic fas-
cial techniques. Yet, the underlying theories of SMM
should be further investigated.

We proposed a within-subject design for a holistic
investigation of the fascial system, which could be consid-
ered by future studies. In addition, the inconsistent results
concerning the effect of SMM on muscle force or athletic
performance highlight the importance of uniform, valid
and reliable measurement methods. We introduced the
Bunkie Test as a quick and easy method to examine the
integrity and functionality of the SBL. Still, the validity
and reliability of this test should be further assessed.

Conclusion

The combination of self- and therapeutic massage tech-
niques on the plantar surface applied in our study might
reduce performance in terms of force generation along the
SBL. Our hypothesis is supported by the fact that the PF
itself was not loaded during the functional performance test
and that the opposite effect was observed on the control
side. As we applied a combination of different SMM tech-
niques, it should be considered that some techniques, like
foam rolling, might had no effect, while others, like stretch-
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ing, had a negative effect. We hope that our results contrib-
ute to the body of knowledge regarding practical applica-
tion of fascial techniques.
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Key points

o This study investigated the acute effects of self- and ther-
apeutic massage on the plantar fascia on performance in
the dorsal kinetic chain.

e Our results showed a significantly reduced performance
of the treated leg after the intervention.

e In contrast, the performance in the contralateral leg (no
intervention) improved.
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