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Abstract

Introduction: Tissues located on the plantar side of the foot determine its static and 
dynamic properties and their tightness might be associated with limiting the range of 
motion in functional tasks. The aim of the study was to determine the effect of loosening 
tissues located on the plantar side of the foot on its longitudinal arching and on the range 
of the trunk forward bend.

Material and methods: The study was conducted on 30 healthy volunteers, aged  
18-25. They were divided into two groups and assigned to an experimental group  
(EG, n = 15) and a control group (CG, n = 15). Participants in both groups underwent 
three series of measurements including the measurement of the height of the navicular 
bone, the fingers-to-floor test and the podoscopic examination (Clarke’s angle). In be-
tween these measurements subjects from the EG performed a foam-rolling sequence. 
The subjects from the CG did not perform any intervention. Acute and chronic effect  
(2 weeks) of foam rolling was examined.

Results: Changes in the Thomayer’s test results, Clarke’s angle values and the height 
of navicular bone values caused by the intervention did not show a statistically signifi-
cant difference between the EG and CG (p>0.05).

Conclusions: Foam rolling of the plantar side of the foot does not seem to influence 
the shape of the foot and the trunk forward bend range of motion. Further research is 
required to investigate the effects of foam rolling.
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Introduction

Fascial tension can be estimated using functional 
tests. For example, the trunk forward bend range of 
motion is closely related to the state of tension of 
the superficial back line (SBL). SBL is a myofascial 
structure which connects and protects the entire 
posterior surface of the body. An increased tension 
of the SBL-forming structures reduces the range of 
the trunk forward bend [1, 2] The hamstring strain 
injury is one of the musculoskeletal impairments 
associated with SBL. Although the literature remains 
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inconsistent in this area, poor muscle flexibility is 
suggested as a risk factor of a muscle strain injury 
[3]. It is noteworthy that improving the hamstring 
flexibility is possible also by a remote myofascial 
release. Influencing the remote parts of SBL (plantar 
fascia and suboccipital region) turned out to be an 
effective way of improving the results in the knee 
extension angle test [4]. The SBL-forming structures 
linkages are described by several investigators. 
Hyong and Kang [5] indicate that hamstring static 
stretching improves the cervical spine range of 
motion. Hyong and Kim [6] found that the greater 
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values of cranial vertical angle were associated with 
the increased ankle plantar flexion range of motion. 
This means that a forward head posture results in 
limiting the normal ankle plantarflexion range of 
motion by the backward pull of the muscles by the 
fascia. Wilke et al. [7] conducted a study which 
revealed a positive influence of gastrocnemius and 
hamstring static stretching on the cervical spine 
range of motion. The structures located in the distal 
part of the SBL (foot) are directly related to the 
medial longitudinal arch of the foot. The shape of 
this arch is maintained thanks mainly to the plantar 
fascia, the tibialis posterior and peroneus longus 
and the planar intrinsic foot muscles [8,9]. Plantar 
fascia stiffens longitudinal arches of the foot during 
walking, reducing the effect of longitudinal arch 
flattening [10]. Although certain level of plantar 
fascia tension is necessary for resisting forces 
lowering the medial arch, excessive contracture of 
this structure is associated with developing high-
arched foot [11,12]. Taking it into account, in the 
high-arched population the myofascial release of 
the plantar side of the foot might be beneficial. 
One of the pathologies affecting plantar fascia is 
plantar fasciitis. It is associated with degenerative 
changes of the plantar fascia from noninflammatory 
causes. Myofascial tension might be included in the 
pathomechanism of this condition. Restoring the 
proper length and health of the connective tissue is 
believed to lead to a relief of the pressure on the 
pain sensitive structures such as nerves or blood 
vessels. Therefore, myofascial release is one of 
the conservative management methods of plantar 
fasciitis, presenting clinical effectiveness [13,14]. 
The most common clinical methods for myofascial 
release are manual therapy including osteopathic 
soft-tissue techniques, Rolfing – structural 
integration, muscle energy techniques or massage 
[15,16]. Regardless of the choice of clinical 
treatment a home program must be included to 
facilitate the desired, permanent tissue changes and 
enable a successful outcome. A classic form of self-
therapy that can easily be performed by a patient at 
home is called self-myofascial release (SMR) and 
uses a foam roller. Foam rolling is a widely used 
form of fascia therapy in physical therapy [17]. This 
method uses dense foam rollers of various sizes 
[18]. Myofascial release with a foam roller allows 
for stimulation of tissue similar to that which occurs 
during manual therapy [19]. The purpose of SMR is 
to reduce the thickness, adhesion and tension of the 

connective and muscular tissue. During SMR with 
a foam roller, all tissues innervated by the mechano- 
and chemoreceptors are subjected to mechanical 
stress. This type of therapy is used to achieve several 
goals. It is supposed to improve fascial remodeling, 
increase its elasticity and health, improve hydration 
and improve proprioception [17, 18]. The purpose 
of the experiment was to determine the acute and 
chronic effect of the SMR of the plantar fascia on 
the arches of the foot and on the range of the trunk 
forward bend.

Material and methods

The course of the experiment
Each participant underwent three series of 

measurements carried out at the Central Research 
Laboratory of the Józef Piłsudski University of 
Physical Education in Warsaw. In each series 
the following measurements were taken: the 
Thomayer’s test, the podoscopic examination 
(Clarke’s angle), and the measurement of the height 
of the navicular bone. Subjects did not perform any 
warm-up before the measurements. Each participant 
signed a consent form. The Ethics Committee of the 
University of Physical Education in Warsaw gave 
permission to conduct the study.

Participants 
The inclusion criteria: 18-25 years of age, no 

professional sports training. The exclusion criteria: 
surgical orthopedic surgery that may have influenced 
the stability or the range of motion in the examined 
joints, recent musculoskeletal trauma that might 
affect the results, joint hypermobility assessed on the 
Beighton scale [20]. Candidates who scored 5 points 
or more were excluded from the study. 48 potential 
participants were screened for the inclusion criteria. 
6 were excluded due to generalized joint laxity, 
5 due to a recent musculoskeletal trauma, 7 were 
lost to follow-up by being unreachable. Eventually, 
the participants of this experiment were 30 healthy 
students from two Warsaw Universities.

The participants were randomly divided into  
a control group (n=15) and an experimental group 
(n = 15). In the control group, 8 participants were 
women and 7 men. In the experimental group there 
were 7 women and 8 men (Table 1). 
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Tab. 1. Demographic data of subjects

Experimental group 
(n=15) Control group (n=15)

Mean±SD and 
MIN MAX volumes

Mean±SD and 
MIN MAX volumes

Age [years] 21±1,70 (19÷25) 21,67±1,70 (19÷24)
Height [cm] 175±12,46 (157÷204) 176±10,27 (159÷192)
Weight [kg] 68±13,46 (51÷96) 67±10,88 (52÷85)
Beighton scale 
[p] 2±1,22 (0÷4) 1,47±1,15 (0÷4)

Measurement methods
Three measurements of the examined features 

were performed using the following methods:
The Thomayer’s test (fingers-to-floor test) 

involved making the maximum forward bend 
with feet together and straight knee joints 
while standing on the platform, followed by 
measuring the distance between the fingertip 
III and the point placed 40 cm beneath the 
platform. This allowed to obtain absolute 
values. Prior to the measurement, the subjects 
performed three forward bends in the full range 
of motion. The fourth attempt was measured. 
This test has excellent validity, reliability, and 
responsiveness [21].

The height of the navicular bone was measured 
using a vernier caliper, each time at the same foot 
setting on the platform which is a part of the Biodex 
System SD. The feet were positioned in the same 
place using a system of letters and numbers written 
on the surface of the platform. Palpation of the most 
medial prominence of the navicular tuberosity was 
performed. The resulting measurement was the 
distance between the palpated structure and the 
platform. 

The examination with the podoscope was 
performed using the Posmed podoscope with 
the ElPodo version 1.8 software. After taking a 
photo with the podoscope, the Clarke’s angle was 
calculated [22]. Clarke’s angle is a highly accurate 
tool in predicting flat foot, with sensibility at the 
level of 89.8% [23].

A team of 3 trained physiotherapists was 
involved in conducting the measurements and each 
person was responsible for performing one type of 
measurement. 

Intervention
The roller “Trigger Point Nano” was used for the 

self-myofascial release of the plantar aponeurosis. 

The subjects from the experimental group (EG) 
performed bilateral foam rolling with stress causing 
discomfort estimated at 6-7 on the Numeric Rating 
Scale (NRS). 10 slow rolling repetitions were 
performed on each side in a standing position. One 
repetition was rolling from the level of the metatarsal 
bone head to the heel and back. Very slow pace 
of the intervention was required. One repetition 
was supposed to last approximately 10 seconds. 
Between measurement I and II the subjects from the 
EG performed a foam rolling sequence so that the 
immediate effect could be assessed. Measurement 
I was taken right before, and measurement II 
was taken right after the intervention. Between 
measurement II and III the participants from the EG 
performed intervention every day for two weeks at 
the same time of day. The subjects from the CG did 
not perform any intervention.

Statistical analysis
Statistical analysis was performed using the 

Statistica 12.1 program. The analysis of ANOVA 
variance for repeated measures was used to examine 
the differences in the values ​​of the examined features 
between the groups. The independent samples 
t-Test was used to determine the between group 
differences at the baseline. Significance was defined 
as corresponding to the test probability of p<0.05.

Results

Thomayer’s test
The results of the Thomayer’s test are illustrated 

in Table 2. At the baseline, there were no differences 
between the groups in the Thomayer’s test 
results (p=0.59). Changes in the Thomayer’s test 
results caused by the intervention did not show 
a statistically significant difference between the EG 
and CG (F2,56=0.576, p=0.5654, η2=0.0202). 

Clarke’s angle
The Clarke’s angle values ​​are shown in Table 3. 

At the baseline, there were no differences between 
the groups in the Clarke’s angle values for the 
right foot (p=0.29) and for the left foot (p=0.33). 
Changes in the Clarke’s angle values caused by the 
intervention did not show a statistically significant 
difference between the EG and CG for the right foot 
(F2,56=1.547, p=0.2219, η2=0.0524) and for the left 
foot (F2,56=1.501, p=0.2317, η2=0.0509). 
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Height of the navicular bone
Values ​for the height of the navicular bone are 

shown in Table 4. The value of the navicular bone 
height showed a statistically significant difference 
between the groups in the first measurement for the 
right foot (p = 0.0022) and for the left (p=0.0155). 
Changes in the navicular bone height caused by the 
intervention did not show a statistically significant 
difference between the EG and CG for the right foot 
(F2,56=1.469, p=0.2388, η2=0.0499) and for the left 
foot (F2,56=1.539, p=0.2234, η2=0.0521). 

Tab. 2. Thomayer’s test results. The value is the distance 
between the fingertip III from the point placed 40 cm beneath 
the platform. No interaction effect was found (p>0.05)

Experimental group 
(n=15) Control group (n=15)

Mean±SD and MIN 
MAX volumes

Mean±SD and MIN 
MAX volumes

Thomayer 1 [cm] 36±14,14 (9÷57) 38±10,61 (27÷65)
Thomayer 2 [cm] 34±13,56 (8÷56) 37±10,45 (25÷64)
Thomayer 3 [cm] 33±12,93 (12÷59) 36±9,09 (25÷57)

Thomayer = Thomayer’s test, (1 = pre-test, 2 = acute effect, 3 = chronic 
effect)

Tab. 3. Clarke’s angle. No interaction effect was found (p>0.05)

Experimental group (n=15) Control group (n=15)

Mean±SD and MIN MAX 
volumes

Mean±SD and MIN MAX 
volumes

CA1R [°] 48,1±4,98 (39÷55,7) 45,1±8,10 (31,5÷60)
CA2R [°] 48,0±5,23 (37,7÷55,4) 44,8±8,18 (28,9÷57,9)
CA3R [°] 47,1±7,32 (37,2÷59,9) 41,7±6,64 (28,6÷50,8)
CA1L [°] 46,4±5,22 (40,3÷56,0) 43,8±8,29 (28,8÷59,1)
CA2L [°] 45,1±4,00 (37,8÷52,6) 41,5±6,84 (27,9÷52,5)
CA3L [°] 46,2±5,44 (39,9÷55,1) 41,0±8,61 (22,8÷54,7)

CA = Clarke’s angle; (1 = pre-test, 2 = acute effect, 3 –=chronic effect), 
R = measurement of right foot, L = measurement of left foot

Tab. 4. Navicular bone height. No interaction effect was found 
(p>0.05)

Experimental group 
(n=15)

Control group 
(n=15)

Mean±SD and 
MIN MAX volumes

Mean±SD and 
MIN MAX volumes

NB1R [mm] 39±5,57 (27÷50) 31±5,93 (22÷ 41)
NB2R [mm] 37±5,65 (30 ÷53) 32±6,28 (18÷ 40)
NB3R [mm] 38±4,88 (33÷51) 33±5,55 (21÷ 40)
NB1L [mm] 36±4,35 (28÷46) 31±7,08 (22÷ 42)
NB2L [mm] 35±5,01 (28÷47) 32±6,87 (23÷ 43)
NB3L [mm] 36±4,27 (29÷46) 31±5,91 (22 ÷41)

NB = navicular bone height (1 = pre-test, 2 = acute effect, 3 = chronic 
effect) 
R = measurement of right foot, L = measurement of left foot

Discussion

Research on SMR has been constantly evolving 
in recent years. The influence of SMR is assumed 
to enhance, among others, the tissue excursion [24]. 
The aim of the study was to determine the effect 
of loosening tissues located on the plantar side 
of the foot on its longitudinal arching and on the 
range of the trunk forward bend. The acute effect 
of plantar aponeurosis foam rolling on the range 
of motion in finger-to-floor test is clearly visible in 
clinical practice, which led the authors of this study 
to investigate it on a larger group in laboratory 
conditions. This conjecture was also based upon 
reports from literature. Griev et al. [25] studied the 
effect of the myofascial release of the plantar part of 
the foot with a tennis ball on the result of the sit-and-
reach test. Subjects from the experimental group 
performed an intervention for 2 minutes on each 
foot, applying force that caused clear discomfort. 
The range of motion in the experimental group 
increased significantly and showed a statistically 
significant difference in comparison to the control 
group. This effect could be associated with the fact 
that the plantar fascia and the short finger flexors 
belong to the superficial back line. The tested motor 
pattern loads and connects all tracks and stations of 
the fascial line. It is assumed that working only in 
one area of ​​this line can have a beneficial effect on 
the state of its tension [2]. Despite this assumption, 
in this study, local loosening of soft tissues located 
on the plantar side of the foot turned out to have 
no effect on the range of the global motor pattern, 
which is the forward bend performed with straight 
knee joints. There are various variables that might 
be responsible for this lack of effect. The first one 
is the duration of the intervention. There is no 
consensus on how long the foam-rolling sequence 
should last. In the literature the duration ranges 
from 60 sec. to 180 sec., performed in one set or 
divided into two sets [26-29]. The most effective 
pressure also remains unknown. There were studies 
in which the pressure was not controlled [29] or 
was set at the level of 8 on the pain level scale [28]. 
The foam-rolling protocol used in this study (10 
repetitions, discomfort estimated at 6-7 on the NRS) 
turned out to be not effective. No differences were 
observed between the groups in the Clarke’s angle 
value. The lack of effect might also be associated 
with the inclusion criteria, which aimed at healthy 
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subjects who presented no significant abnormalities 
in foot structure. The average Clarke’s angle 
value was in the norm at the baseline. Despite 
the fact that the height of the navicular bone was 
significantly different between the groups in the first 
measurement, the following calculations showed no 
effect of the intervention on this feature. The baseline 
difference makes the authors treat the results of this 
measurement with special caution. Determining the 
impact of this intervention on changing the height 
of the arches of the foot requires further research. 
Obtaining the effect of relaxation after foam-rolling 
could be related to the phenomenon of hydration 
of the connective tissue under the influence of 
mechanical pressure. Two-thirds of the volume 
of the fascial tissue is water, which is squeezed 
out of the zones subjected to pressure. When the 
application of external force ends, the tissues are 
filled with new liquid coming from the tissues 
surrounding the treated area [30]. Perhaps in order to 
obtain a more significant effect, an even slower pace 
of intervention could be considered, for example by 
strictly controlling the time taken to perform one 
repetition of foam-rolling. A very slow pace can 
more effectively use the phenomenon of thixotropy. 
It is related to the properties of colloidal substances 
which form connective tissue. It involves switching 
from a thick gel state to a more liquid sol. This 
phenomenon occurs under the influence of thermal 
energy or mechanical pressure [31].

Limitations
The small size of the sample and its selection 

from the student population does not allow for 
general conclusions to be drawn from the obtained 
results. The small sample size also increases the 
chance of occurrence of the type II error. The use 
of Clarke’s angle to assess the longitudinal arch 
of the foot requires a lot of experience in editing 
podoscopic pictures and is associated with the 
possibility of making a mistake when applying 
points to the contour of the plantar part of the foot. 
The fingers-floor test can only show an increase in 
movement in the global pattern. However, it does 
indicate in which area of the body the range of 
motion has changed. The result may also depend on 
such factors as the physical activity of the subject 
the day before or mental tension during testing.

Conclusions 

Self-myofascial release of the plantar fascia 
with the use of a foam-roller does not affect the 
medial longitudinal arch of the foot evaluated by 
the Clarke’s angle and the navicular bone height. 
This type of intervention showed no influence on 
the trunk forward bend range of motion. Further 
research is needed on the influence of SMR by 
means of a foam-roller on various biomechanical 
and physiological parameters of the human body.
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