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 ABSTRACT 

Background: Improving range of motion in joints is often a primary goal for physiotherapists. Some advo-
cate that improved extensibility of the hamstrings and lumbar spine is possible by soft tissue release tech-
niques applied to the plantar fascia. A study by Grieve et al. (2014) has shown preliminary support of such 
an effect. However the reliability of this research is low. 

Objective: To investigate the effects of repeated plantar fascial interventions on the performance of a sit 
and reach test. 

Design: Randomised control trial 

Method: 42 subjects were divided randomly between either an intervention group or a control group. Par-
ticipants were to undertake a baseline sit-and-reach test before either performing a self administered my-
ofascial release technique to the plantar fascia or a sham treatment before being retested. Those in the 
intervention group were then requested to perform the intervention twice daily for 6 days before a final sit-
and-reach test for both groups on the seventh day. 

Results: No significant differences could be found between the groups. however there were generally 
greater median improvements in the intervention group after a week (P = 0.121). The trend was the 
strongest for males in the intervention group (P = 0.054) and very weak for females (P = 0.757) 

Conclusion: Contrary to previous study the effects of the plantar fascial intervention on sit-and-reach 
scores are inconclusive, there appeared to be more improvement with the intervention over a longer dura-
tion however this is not supported by statistically significant data. More research is required on a larger 
sample size to draw conclusions. 

Keywords: Sit-and-Reach test, plantar fascia, anatomy trains, myofascial release, fascia, flexibility, self-
myofascial release, Physiotherapy. 
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1. Introduction 

1.1 Background 

Athletes, coaches and therapists are constantly searching for new and safer ways to improve the func-
tional range of motion (ROM) of hypo-mobile joints in the body. A variation from the optimal ROM of some 
joints, particularly in the lower limb, is associated with a higher risk of injury (1). Reduced ROM can alter 
biomechanics and cause compromises in athletic performance (2). Additionally, ROM tests are featured as 
part of the screening process to determine injury risk in athletes (3) and sufficient ROM is a crucial ele-
ment of performance in many athletic functions. Extensive mobility is for example, a fundamental feature 
of gymnastics, weightlifting and dance. Historically static stretching has been a prime method for improv-
ing ROM. More recent evidence however has indicated potentially detrimental effects of static stretching 
on athletic performance (4). As a consequence dynamic stretching, angular mobilisations, proprioceptive 
neuromuscular facilitation (PNF) and soft tissue intervention techniques (STIT) are increasingly utilised 
and recommended by clinicians as alternatives to improve ROM and aid recovery (5). 

STIT vary widely in their applications and generally involve any technique which aim to alter the tension 
characteristics or pain perception of a person’s soft tissues. All forms of massage are included in the defin-
itions of STIT as well as some forms of taping. STIT are most commonly used to treat injuries, reduce soft 
tissue tension, promote healing or as a relaxation modality (6). One particular subset of STIT are Myofas-
cial release (MFR) techniques. MFR involve interventions that apply external pressure into soft tissue with 
the aim of achieving a ‘release’ of tension in hypertonic tissue (7). Types of MFR include trigger point 
massage, friction therapy and self myofascial release (SMR). SMR is effectively the same as Myofascial 
Release but enables a tool to be utilised in the intervention instead of requiring a therapist. This allows a 
flexibility in the application of the intervention outside of the treatment setting (8) and is most commonly 
employed with the use of a foam roller or a treatment/massage ball. MFR techniques have substantial evi-
dence for their capability in safely influencing soft tissue mechanics and tension (9, 10). In particular, trig-
ger point therapy for improving ROM and reducing pain, and SMR (specifically foam rolling) for improving 
ROM and reducing delayed onset muscle soreness in those who undertake athletic activity. These advan-
tages have been noted in studies without causing a detrimental impact to athletic performance (8, 11, 12). 
Although the exact physiological mechanism by which these improvements are achieved is not yet fully 
understood; MFR is believed to be effective in improving function and ROM by influencing the viscoelastic 
properties of the fascia (13). 

There are various hypotheses about how the viscoelastic properties of the soft tissue are receptive to 
MFR. Many theories suggest that the soft tissue is influenced by the neurological response to the stimulus 
given by MFR (14). However other recent theories have based their explanations on local tissue respons-
es in the fascia itself in combination with neurological responses as the cause of these mechanical 
changes (15). It is even purported that these changes to the fascia may physically influence the function of 
tissues seemingly distant from the site of the intervention (16, 17). These hypotheses form part of a much 
larger field of study which is investigating the exact function of fascia in the body.  
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In order to further explore the background of this subject, one must first define what fascia is. Fascia is 
often defined as the soft tissue component of the connective tissue system and is found extensively 
throughout the entire human body (18). Fascia is continuously interwoven throughout the somatic, neuro-
logical, cardiovascular and visceral systems and is an inseparable extension of the connective tissue cov-
erings of the muscles and of the periosteum and joint capsules of the bones (19). Fascia is often de-
scribed as the body’s exoskeleton; or soft tissue skeleton, in which it functions as the scaffolding for all 
soft tissues in the body (20). Fascia is highly innervated and consists of overlapping sheets of regular and 
irregular collagen fibres that together create a viscous crystalline matrix of connective tissue. These fea-
tures make it capable of altering its structure and rigidity in response to changing environments (21) and 
potentially influencing the tension of the local area (17) The role of fascia in the body however is relatively 
unknown. Modern western medicine has historically regarded fascia as generally a passive structure, al-
though there is increasing speculation that suggests otherwise (15, 21-23). Varying beliefs about the roles 
of fascia are also the basis for many of the world’s most prominent alternative medicines and therapies, 
including osteopathy, acupuncture, chiropractic and ancient Chinese medicine. It is also a fundamental 
influence in the theories of Feldenkras and the Rolf Institute (19). 

According to current research, some evidence now suggests that fascia is not the passive structure it was 
once thought to be (20). Fascia is capable of contraction through the activation of specialised fibroblasts 
called myofibroblasts (24) and can increase the strength of its resistance to mechanical stress after receiv-
ing a previous mechanical stress (25). Dupuytren’s disease and frozen shoulder are for example, depen-
dent on the dysfunction of those very contractile features of the fascia (26). Historically, a lack of research 
and acknowledgement of fascia can likely be attributed to anatomists. Typically anatomists have dissected 
the body in a way that involved cutting away fascial tissue in order to display the body as one with de-
finitive boundaries between structures (19). Recent anatomical dissections have shown that it is impossi-
ble to separate fascia from the tissue it surrounds; particularly in muscle tissue, where there is a complete 
continuity between muscle and fascia that extends across joint and muscle boundaries (16). These con-
tinuations of fascia are found to be particularly prominent in certain lines throughout the body and bear a 
striking resemblance to those of acupuncture meridians (27). Such findings have led the way for other 
specialists to hypothesise about the role of fascia and its influence on a wide variety of pathologies (23, 
28) and also to theorise the ramifications on biomechanics (29, 30). These theories promulgate that fascia 
and fascial tension form the basis of functional stability in the entire human body (17, 31). 

Despite a long history of speculation, only recently has high quality research been conducted on the func-
tions of fascia (20, 32). Interpretations over new evidence and a history of poor quality and conflicting evi-
dence has resulted in much that remains unknown about fascia. Critically debated points include, the ex-
tent to which tension is maintained by fascia and whether fascia is capable of transmitting tension across 
multiple joints lines. There is also an ongoing debate about the precise role of the contractile cells in the 
connective tissue and the exact physiological mechanisms by which fascia could potentially be responsive 
to soft tissue intervention (19).  

The research in the field of fascial study is of high significance to medical and paramedical specialists. An 
understanding of the mechanisms of soft tissue tension could allow advances in the treatment of soft tis-
sue dysfunction by intervening more specifically with the cause or mechanism of the tension response. 
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Physiotherapists in particular; along with all other movement therapists, would consequently be able to 
implement more effective soft tissue management strategies. Such implications may improve the treat-
ment outcomes by reducing treatment times for soft tissue injury, improving chronic postural related in-
juries, aiding performance and reducing pain that originates from the soft tissues. Understanding whether 
soft tissue tension can be transferred across muscle and joint lines may also encourage a more holistic 
evaluation of the body’s biomechanics. This would increase the importance of global postural assessment 
and adjacent joint assessments in the clinical setting. These improvements in soft tissue treatment would 
transpose benefits for those suffering from some soft tissue pathologies such as hyper-tension related 
postural complaints and chronic repetitive strain injuries. Additionally, benefits could potentially exist for 
the broader population of asymptomatic people who participate in sports and physical activity. These 
prospective advantages would be the result of new training, flexibility and warm up modalities which are 
uncovered due to a better understanding of the mechanics and influence of tension and soft tissue 
throughout the body. 

Using clinical experience, anatomical dissections, the principles of fascial contractility and the assumed 
influence of fascia on functional stability, manual therapist Thomas Myers has written a schematic over-
view of the body. In his text titled: Anatomy Trains (17), Myers links these apparent fascial connections 
throughout the body by what he calls Myofascial Meridians (MM) (17). Myers claims that through precise 
soft tissue intervention one can positively influence the function and extensibility of the entire MM. One of 
these continuations detailed in Myers literature is the superficial back line (SBL). The SBL is comprised of 
muscles and connective tissue of the posterior aspects of the lower limb and torso of the body. The SBL 
begins at the plantar fascia of the foot and ends at the epicranial fascia of the cranium via the m. erector 
spinae (17). The SBL is responsible for extension of the joints of the hip and spinal column and flexion of 
the knee. Myers advocates that through the application of a SMR to the plantar fascia with a ball, not only 
will there be improvements in local flexibility, as has been seen in earlier studies (33) but can also be a 
reduction of tension throughout the entire SBL, consequently improving the extensibility of the hamstrings 
and forward flexion capacity of the lumbar spine (17). 

Such a claim has almost no theoretical evidence to suggest its plausibility. The concept of an intervention 
into the foot having an influence on hip and lumbar spine ROM is a bold and remarkable claim. Moreover, 
there has to date, been little quantitative research exploring the efficacy of such a phenomenon. Numer-
ous anecdotal accounts however appear to support the intervention (34, 35). The potential for clinical 
benefits, coupled with the uncertainties amounting from emerging evidence in relation to fascia, is the mo-
tivation of the researcher to examine the extent to which the characteristics of soft tissue may be influ-
enced by specific interventions to other seemingly distant parts of the body. 

A pilot study conducted by Grieve et al. (36) was aimed at investigating Myer’s proposed soft tissue inter-
vention into the plantar fascia and its effect on SBL extensibility. The study found a moderate improvement 
in hamstring and lumbar spine ROM; as measured by a sit and reach test (SRT), immediately after a self 
administered plantar fascia intervention with a tennis ball (P = 0.03). According to a review of available 
literature conducted by the author; the study was the first known to have empirically investigated the ef-
fects of a STIT to the plantar fascia on the SBL extensibility. It also appears to be the first empirical evi-
dence of an intervention into soft tissues improving the ROM of joints that are not directly adjacent. How-
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ever, despite the researchers findings, there were many design limitations to the study. Including a small  
sample size (n=24) and a strong female bias in the sample of the study (n= 16 women, 8 men). Additional-
ly the Grieve et al. study only investigated the immediate effects of the intervention and the participants. 
Therefore, much remains unknown about the efficacy of soft tissue interventions to the plantar fascia and 
the supposed positive effects on ROM of the hamstrings and lumbar spine. 

If the results observed in Grieve et al. (36) are valid, such an intervention has various positive conse-
quences. SMR to the plantar fascia could then be potentially advocated as a means to immediately im-
prove of the extensibility of the hamstrings and forward flexion ROM of the lower back. These findings 
hold plausible benefits to those with chronic conditions including some lower back pains which arise from 
limited mobility, as an increase in ROM may improve function and reduce pain associated with the disor-
der. Also those who struggle with limited hamstring flexibility may have a reduced chance of injury by im-
proving the extensibility of those muscles. The simplicity of the intervention would allow its use in a broad 
range of settings and could be utilised by almost all people, which therefore makes it highly practical. Nat-
urally, physiotherapists stand to benefit from the validation of such findings as they are often responsible 
for treating such hamstring and lumbar spine complaints and would thus, be able to employ plantar fascial 
interventions to improve patient outcomes for certain complaints. Unfortunately current research is too 
limited to advocate the intervention and more study would be required to determine its effects on specific 
pathologies, athletic performance and injury risk. Although if the effects are similar to that of other SMR 
techniques, then plantar fascial intervention also has the potential to become a viable treatment protocol 
and a warmup tool for those who undertake sporting activities. 

1.2 Problem Description 

There is early evidence to suggest that a positive improvement in forward flexion extensibility is possible 
by administering an STIT to the plantar fascia. This is consistent with a variety of theoretical research that 
advocates soft tissue connectivity throughout the body. However, the Grieve et al. (36) study is the only 
quantitative evidence that supports such a connection and the study is of low reliability due to design limi-
tations. Therefore it is imperative that new investigations are attempted to validate the preliminary findings 
of Grieve et al. (36) and thereby encourage more diligent research into the phenomenon and its potential 
clinical applications. 

1.3 Objective and research question 

It is the purpose of this study to investigate the effects of a soft tissue intervention to the plantar fascia and 
its effects on posterior chain flexibility in young adults. Specifically the objective of the research is to ex-
pand on the study by Grieve et al. (36) which was originally suggested by Myers (17). The aim of the study 
is first to replicate the framework of Grieve et al.(36) by testing the hypothesis that a soft tissue interven-
tion to the plantar fascia can improve SRT performance of the participants, whilst making some design 
changes to improve the validity of the results. Such changes involve implementing a sham control group, 
exploring if a more clinically significant result can be observed when a firmer intervention tool is used (8) 
and performing multiple applications of the intervention over a period of 7 days. The subgoals of the study 
are to attempt to draw conclusions from both sexes, to minimise some of the potential placebo or con-
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founding factors noted in the previous study and to measure the effects of repeated self administered soft 
tissue interventions to the plantar fascia on SRT performance. 

What are the immediate and short term effects of repeated self administered soft tissue interven-
tions to the plantar fascia on the forward flexion extensibility of the hamstrings and lumbar spine 
ROM when compared to a sham intervention in young adults? 

2. Method 

2.1 Design 

The qualitative empirical research design is a randomised control trial measuring the effects of a soft tis-
sue intervention to the plantar fascia on sit-and-reach test (SRT) performance of the participants. The in-
vestigation took place over a seven day period at Fontys University of Applied sciences, building TF in 
Eindhoven, The Netherlands. The experiment involved two contact sessions with the researcher; one at 
the beginning and one at the end of the seven day period and was separated into two distinct periods (P1 
and P2) and three separate test moments (T0, T1, T2 see figure 1.). The participants were divided into 
two groups, an intervention group and a control group. The intervention group involved the subject per-
forming a SMR of the plantar fascia with a golf ball. The control group undertook a sham intervention in P1 
followed by acting as a passive control in P2. The sham intervention had been included for the control 
group to maximise the internal validity of the design (37, 38). For all tasks the participants were instructed 
by a written protocol and the subject was allowed to verbally clarify with the researcher anything that they 
may have remained unsure about. 

2.1.1 P1 Summary 
 All participants began P1 with an introduction of the study from the researcher. During this time the partic-
ipant was provided with an opportunity to ask any questions, were screened for selection criteria and 
signed the consent form (See appendix I). The subjects then performed the baseline SRT test (T0) before 
being randomly assigned to a group. Following this the intervention group performed the plantar fascia 
SMR (Appendix II) before being immediately retested (T1). While the control group undertook a sham con-
trol intervention (Appendix III) before also being retested. Participants undertook P1 one at a time and 
were entirely supervised by the researcher. P1 lasted roughly 10 minutes for each participant. 

2.1.2 P2 Summary 
Immediately succeeding P1, P2 lasted a period of 7 days. During this period the intervention group fol-
lowed the take home protocol (Appendix IV) which involved performing the same intervention as seen in 
P1 twice daily for six days. The intervention participants then returned on the seventh day for the third and 
final SRT (T2). Participants in the intervention group were required to declare on the take home protocol 
handout when the intervention was performed so as to determine the percentage of adherence to the pro-
tocol. During P2 the control group acted as a standard control with no prescribed sham or intervention and 
were also retested on the seventh day. 
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2.1.3 Design overview 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2.2 Participants and selection criteria 

42 healthy asymptomatic male and female students from the Fontys University of Applied science in Eind-
hoven, The Netherlands were recruited in the sample group for this study. The sample size of 42 had been 
decided upon due to a compromise between the practical constraints of the researcher and an attempt to 
use the largest sample size possible. This was done to strengthen any possible conclusions draw from the 
study. The participants were recruited by information flier (see Appendix V), class visits and online queries. 
All subjects participated voluntarily. 

2.2.1 Inclusion criteria   
Included participants must have been students between the ages 18-30, capable and willing to undertake 
the intervention for a period of one week and consented to two screening sessions. Also for inclusion in 
the study results participants must have been able to complete the study protocol assigned to them with-
out any negative or adverse reactions. 

2.2.2 Exclusion Criteria 
Excluded participants were those who: 
• Undertook regular physical activity requiring rigorous stretching (yoga, gymnastics and regular use of 

SMR etc.). These participants were excluded as they likely had an overlap in their regular behaviour 
with that of the intervention or are already excessively flexible and it was unlikely that they could de-
rive any benefit from the intervention. These subjects were to be excluded by an initial screening con-
ducted in conjunction with the information handout. 

• Participants who in the last 3 months acquired soft tissue injuries to the posterior leg muscles or back 
or those with a history of serious pathology or trauma to any of the lower limb joints and lower back. 
Also participants with any systematic or pathological conditions which would impair soft tissue inter-
vention or in which soft tissue intervention would be contraindicated. For ethical and safety reasons 
the sample group is to be made up of asymptomatic individuals, this limits any risk of adverse reac-
tions to the treatment and also limits the variability of external factors within the sample groups. 

•  Those who are to undertake strenuous irregular activity over the testing period (i.e running a  
marathon) were excluded because of the effects that irregular strenuous activity can have on injury 
risk and perceived flexibility in the joints (39). It is also unknown if the intervention can cause an addi-
tional increase in injury risk or change the subjects perceptions of flexibility, which may affect reliability 
of the testing. Although the researcher could not prevent a participant from undertaking irregular activi-
ty. Participants were asked to report any irregular activity and participation in the study is thereafter 
ceased. 

• Subjects who were unable to reach the minimum base testing position of the SRT (-30 cm. See figure 
2a.). Such subjects would be unable to register test data due to limitations with the testing equipment.  

• Those in the intervention group that performed less than 60% of prescribed interventions. This was 
chosen as a reasonable level to maintain the independent variable between the groups. 
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2.3 Testing, randomisation and intervention protocols 

2.3.1 Screening 
Participants were screened for selection criteria in conjunction with the completing of the informed consent 
form (see Appendix I). The participants were queried regarding the selection criterion on the background 
information handout (see Appendix V) and subjects were to report if they did not meet the stated criteria 
and were encouraged to check if they were unsure.  

2.3.2 Randomisation 
Participants were randomly assigned to either the intervention or control group. Participants were as-
signed to either group by way of a lottery system. The lottery consisted of two boxes each filled with 30 
cards with either group written on each card (15 Intervention, 15 Control). There was a separate box for 
males and females in order to distribute the sexes evenly between the two groups. Participants were re-
quired themselves to draw the card out of their genders respective box. The cards were folded in half 
making it impossible for the participants or the researcher to determine the group assignment before it 
was drawn. 

2.3.2 Testing Protocol 
The testing protocol (see Appendix VI) for all three test periods (T0,T1,T2) remained identical. All testing 
was carried out by the sole researcher for consistency and participants were unaware of their results to 
prevent bias. The Participants sat on the apparatus with their knees extended assuming the position seen 
below in figure 2. 

 Figure 2a, Sit and reach base position   Figure 2b, Sit and reach end position 
  
The participants were to reach forward gradually pushing the finger-plate as far forward as possible with-
out flexing their knees and then hold that position for two seconds (40). The subject was to only feel mild 
discomfort (NRS=3) and no sporadic movements or shaking was to occur during the test. The test will de-
termine the furthest distance in centimetres (cm) that the finger-plate can be pushed forward and recorded 
as its distance from the foot-plate. The finger-plate begins at the position of -30cm (meaning 30cm from 
the foot-plate) and can be pushed as far as 30cm past the foot-plate. The participant will undertake the 
SRT three times each testing period (41). Tests in which the researcher noticed sporadic movements, 
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marked shaking or the subject reported pain or discomfort (NRS=>3) were subsequently excluded from 
the test calculations. 

2.3.3 Intervention Protocol 
The P1 intervention for the intervention group was for participants to undertake 4 minutes (2 minutes per 
foot) of rolling a golf ball into the plantar aspect of their feet. The ball was to be rolled around in short 
repetitive motions from the anterior aspect of the base of the calcaneus to the tuberosities of metatarsals 
I-V whilst sitting on a chair (see Appendix II); as instructed by an information handout (12) and was clari-
fied further if necessary by the researcher. 
The P2 Intervention was exactly the same as the intervention in P1 however was to be carried out at 
home and for shorter duration (one minute each foot). A take home protocol sheet (see Appendix IV) and 
a golf ball was given to those in the intervention group for P2. The protocol lists the instructions to perform 
the P2 intervention twice daily (once in the morning and once in the afternoon/evening) for 6 consecutive 
days and the intervention was not to be performed on the day of T2. The participants in the intervention 
group were required to initial the handout when they completed the interventions and to sign a form de-
claring the information on the form to be valid. 

2.3.4 Control/Sham Protocol 
After the baseline SRT measurements the control group participants were instructed to follow an alterna-
tive sham intervention during P1 (see Appendix III). The sham intervention was demonstrated by way of a 
protocol sheet. The intervention mimicked the procedure of the intervention group without placing pres-
sure into the plantar fascia itself. This was aimed at facilitating both groups into believing that they had 
received an intervention and was attempted to replicate any placebo effects present in the intervention 
group (37). There was no sham control intervention to be carried out over the intervention week. The con-
trol group was retested again seven days later at the end of P2. 

2.4 Measurement tools 

The sit and reach test (STR) was chosen as a reliable method for determining hamstring ROM (r=0.63) 
(42) and is moderately correlated with lumbar spine flexibility (r=0.42) (43). The standard SRT is as reli-
able as alternative procedures of the sit and reach test and was therefore chosen due to its practicality 
(44) and it’s common useage in physiotherapy practise. The SRT has only a small margin for subjective 
interpretation and has a high intra-tester reliability (intraclass correlation coefficient =0.92) (42). The sit 
and reach testing apparatus used was a NURYTEC THP2 (NURYTEC Inc. Korea), which provides digital 
measurements to one-tenth of a centimetre. The Numeric Rating Scale (NRS) was chosen as a reliable 
(r=0.67-0.96) (45) and practical (46) method of determining discomfort during both testing and the inter-
vention and was chosen above the Visual Analogue Scale (VAS) to allow participants to answer verbally 
rather than requiring a pen and paper. 

2.5 Data Collection 

All data collected was recorded on a single test form for each participant (See Appendix VII). Global de-
scriptive sample data was collected from all participants (self reported age, sex, weight, height) and will be 
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represented in the results as a mean descriptor for each sample group. The T0,T1 and T2 SRT test scores 
were calculated by averaging the 3 individual results of each test phase and all data was recorded to the 
single decimal as given by the SRT apparatus. All tests were recorded by a single researcher. At the end 
of testing, all data were transcribed onto a single spreadsheet document which was securely saved on the 
researchers notebook. There was no recording of the subject identities on the spreadsheet document and 
all original testing forms were destroyed after the transcription. Once all the data was collected the change 
between test periods T0 to T1 and T0 to T2 in centimetre was calculated for each subject. 

2.6 Statistical analysis 

Statistical analysis was used to determine the probability of the intervention altering the outcome of the 
SRT  performance between the two groups. Firstly the data were tested to determine if it was normally 
distributed. This was done by performing a Shapiro-Wilk Test on all recorded data variables (47). The 
groups were then compared to each other to check for any significant differences between their respective 
samples samples by performing T-tests on each of the four recorded descriptive variables (height, weight, 
age and baseline SRT score). Following this, the significance of the effects of the group allocation (Inde-
pendent variable) on the SRT scores (dependant variable) was calculated by performing two tailed Mann-
Whitney U tests on the data (48). The chosen test will compared two measurement changes during the 
experiment the change of T0 to T1 and the change of T0 to T2. The groups were compared to each other 
as a whole and also by gender. For this study a confidence interval of 95% (P =0.05) (48) was required for 
statistical significance. All statistical analyses conducted in this research paper was performed by statisti-
cal software package SPSS 21 (IBM, Armonk, NY, USA). 

2.7 Ethical Considerations 

The potential subjects of this study were all given an information briefing highlighting the general proce-
dure of the experiment. All subjects participated voluntarily and signed an informed consent form (see Ap-
pendix I). Asymptomatic individuals were chosen to minimise the possibilities of causing a negative inter-
vention outcome and selection criteria was stringently selected in order to minimise any risks associated 
with participation in the study. Subjects were given clear instructions on what to expect from the testing 
and interventions and advised not to undertake any irregular strenuous activity which may increase injury 
risk. Participants could, at any time and for any reason of their choosing decide to exit the study. Re-
searcher contact details were given and subjects were able to contact the researcher at any time. Partici-
pants remained anonymous and all personal data will be destroyed after the completion of this paper. The 
possible advantages of the study for the participant include improvement in forward flexion capabilities 
and minimal required time commitment for participation. Whilst the disadvantages of participation poten-
tially include possible slight discomfort from the intervention and receiving a sham intervention which pro-
vides no potential benefit. Ethical considerations were made in consultation with the lectureship of Fontys 
University of Applied Sciences and specific approval was deemed not to be required. The author of this 
paper declares that there were no conflicts of interest whilst undertaking this study.  
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3. Results 

3.1 Participants 

In total 42 physiotherapy students (20 Female; 22 Male) from Fontys University of Applied Sciences in the 
Netherlands participated at the beginning of the study. Three students were excluded from participation 
during the screening process (one was excluded due to nervous system disease, another for medications 
being consumed and one for a recent traumatic injury to the knee) and four participants failed to meet the 
selection criteria over the second phase of testing (two participants dropped out, another did not sufficient-
ly complete the required interventions and one subject ceased their participation because of unrelated 
lower back complaints). Participants were randomly divided into two groups. 24 participants were placed 
into an intervention group and 18 participants into a control group. The intervention group consisted of 11 
females (45.8%) and 13 males (54.2%) whilst the control group consisted of 9 females (50%) and 9 males 
(50%). A summary of the descriptive data of the sample groups can be seen below in table 1. All descrip-
tive data was normally distributed. There were some average differences in the descriptive measurements 
between the groups, particularly in the baseline SRT measurements (intervention group = 3.46cm, control 
group = - 1.74cm, P = 0.112), however the differences were identified to be non-significant by Independent 
Sample T-tests. 

Table 1. Mean values of descriptive data 

n = sample size, SD = Standard Deviation, cm = centimetres, kg = kilograms, y = years, Baseline 
SRT = Baseline sit and reach test score in cm, P-value comparison = Calculated by Independent 
Sample T-tests. 

Height (SD) [cm] Weight (SD) Age (SD) Baseline SRT (SD)

Female Participants

Intervention Group (n=11) 168.27 (6.65) 63.91 (8.56) 23.76 (3.09) 7.35 (13.14)

Control Group (n=9) 170.22 (8.26) 70.78 (11.52) 22.38 (1.79) -1.02 (6.77)

P-Value Comparison 0.565 0.143 0.251 0.101

Male Participants

Intervention Group (n=13) 180.85 (5.81) 78.08 (8.31) 23.40 (2.07) 0.17 (9.91)

Control Group (n=9) 183.89 (8.16) 84.78 (15.17) 23.36 (2.80) -2.46 (8.78)

P-Value Comparison 0.318 0.196 0.971 0.530

Total Participants

Intervention Group (n=24) 175.08 (8.82) 71.58 (10.95) 23.56 (2.53) 3.46 (11.82)

Control Group (n=18) 177.06 (2.53) 77.78 (14,92) 22.87 (2.33) -1.74 (7.64)

P-value Comparison 0.515 0.128 0.368 0.112
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3.2 Outcome measurements 

The change between SRT T0 and T1 was calculated in centimetres and compared between the groups. 
An analysis of the results in P1 (shown in table 2.) show that group allocation appeared to have little effect 
on Sit and Reach test performance (P =0.819). In fact the sham group experienced a larger median im-
provement than the intervention group. The intervention group had a median improvement of 1.90cm (IQR 
= 2.39cm) whilst the control group had a median improvement of 2.01cm (IQR = 3.21cm). When looking at 
the genders in isolation, females in the control group improved more than those in the intervention group. 
Conversely, males in the intervention group improved more that than those in the control group. Neither of 
these differences however were statistically significant according to Mann-Whitney U tests. 

Table 2. Phase 1, Sit and Reach Improvement immediately after intervention. T0 to T1 

SRT = Sit and reach test, IQR = Interquartile Range, n= Sample Size, 
Significance = Significance of comparison between the groups, calculated by 2 tailed Mann-Whit-
ney U tests. 

The results in P2 were compared after calculating the participants change in sit-and-reach scores between 
T0 and T2. The comparison between the groups (shown in table 3.) show a greater median improvement 
in SRT score for those in the intervention group between baseline measurements and the retest a week 
later than those participants in the control group (Intervention group median = 1.73cm, Control group me-
dian = -0.33cm. see figure 3.). Additionally the intervention group was on average much less variable than 
the control group (Intervention group IQR = 2.56, Control group IQR = 7.59). Despite the difference in me-
dian improvements, the dissimilarity between the groups was not strong enough for statistical significance 
when comparing the groups as a whole (P = 0.121). A trend however, can be seen visually in figure 3. 
which shows a substantially larger proportion of participants in the intervention group laying above the 
zero point of the graph (particularly in males). Males in the intervention group had a median improvement 

Median SRT Improvement IQR Significance

Female Participants

Intervention Group (n=11) 1.60cm 1.93cm

Control Group (n=9) 2.30cm 2.56cm

P-Value = 0.160

Male Participants

Intervention Group (n=13) 2.68cm 2.13cm

Control Group (n=9) 0.53cm 3.39cm

P-Value = 0.171

Total Participants

Intervention Group (n=24) 1.90cm 2.39cm

Sham/Control Group (n=18) 2.02cm 3.21cm

P-Value = 0.819
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of 1.85cm whilst the males in the control group had a 1.63cm median reduction in there SRT scores (P-
value = 0.54). A comparison of the improvement of the females in P2 shows a small improvement in the 
median score of the intervention group when compared to the control however this is far from statistically 
significant (P = 0.757). 

Table 3.  Phase 2, Sit and reach test Improvements from Test T0 to T2 

SRT = Sit and reach test, IQR = Interquartile Range, n= Sample Size, 
Significance = Significance of comparison between the groups, calculated by 2 tailed Mann-Whit-
ney U tests. 

Median SRT Improvement IQR Significance

Female Participants

Intervention Group (n=9) 1.60cm 2.10cm

Control Group (n=9) 0.80cm 9.57cm

P-Value = 0.757

Male Participants

Intervention Group (n=12) 1.85cm 4.07cm

Control Group (n=8) -1.63cm 5.68cm

P-Value = 0.054

Total Participants

Intervention Group (n=24) 1.74cm 2.56cm

Control Group (n=17) -0.34cm 7.59cm

P-Value = 0.121
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4. Discussion 

4.1 Overview 

The study was undertaken to determine whether a self myofascial release technique administered to the 
plantar fascia resulted in an improvement of sit and reach test performance of the student participants. 
The experimental design was constructed to test both the immediate effects and the effects of repeated 
interventions over seven days. The results in the first phase of the study which tested the immediate ef-
fects of the intervention, show that group allocation appeared to have little effect on the immediate im-
provement of the SRT scores of the subjects, in fact the median improvement was actually greater in the 
control group than those in the intervention group. The statistical significance of the results (P = 0.819) 
reveals that similar observations would be the found in random group allocations of that size in over 80% 
of the time. This is fairly strong evidence to suggest that the effects of either the plantar fascia intervention 
or the sham intervention did not markedly alter the immediate performance of the sit and reach retest 
when compared between the groups. 

Over the week long intervention period (P2) however, there was larger SRT improvement in subjects who 
were in the intervention group. A median improvement of 1.73cm was found in the intervention group 
compared to a median change of minus 0.33cm in the control. Additionally there is an obvious visual trend 
in the data supporting better SRT improvement in the intervention group than the control, which can be 
seen in figure 3. In the graph, you can see that although the improvements of the intervention group are 
on average small, they are occurring almost universally with much less variability than what is being seen 
in the control. Only two people in the intervention group (11.8%) failed to improve their SRT scores com-
pared to 9 in the control group (52.9%). Despite such indications however the statistical significant is still 
rather weak (P = 0.121) and far from the P<0.05 required for statistical significance in this study. Addition-
ally, contrary to the aforementioned trend, the largest improvement in the second phase came from a par-
ticipant in the control group (14.03cm) and of the seven participants in the total sample who improved 
there SRT scores by more than 4cm, four were in the control group. The large improvement recorded by 
these four control group participants were likely the cause of the low statistical significance. Such observa-
tions are a testament to the roll of natural variability on repeated sit and reach tests and questions the test-
retest reliability of the SRT when separated by a week or longer. 

There was also large variations in the changes of SRT results between the individual genders. During the 
first phase, males in the intervention group improved slightly more than those in the control group and fe-
males in the intervention group performed slightly worse than their fellow participants in the control group. 
However neither of these differences were statistically significant. During the second phase the difference 
is considerable. In the second phase (P2) males who undertook the intervention had a median improve-
ment of 1.85cm, whilst the males who took part in the control reduced there score by 1.63cm. This com-
parison resulted in a P value of 0.054 which is narrowly outside the requirements of statistical significance 
but can be assumed to be a likely indication that the group assignment made some difference in partici-
pants performance. This is contrasted however by the female performance during the second phase in 
which; although the intervention group improved more than the control group (Intervention group median 
improvement = 1.60cm vs Control group mediant improvement of 0.80cm), the statistical significance was 
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very low (P = 0.757). Ultimately the results observed in the gender comparisons need to be treated with 
caution as there is no obvious reason for such a discrepancy between males and females. Additionally, 
each sample size for the gender split groups is roughly 10 participants and therefore, such groups are 
much too small to be able to draw strong conclusions, considering the variability of results observed in the 
control group. 

The findings of this study suggest that there may be an effect on the ability of a person to improve their sit 
and reach test performance when performing repeated interventions of plantar fascia SMR. This assump-
tion can be obtained by evaluating the average improvement of the groups and the trends visually repre-
sented by both the males and females in the study. The trend however does not speak at all of the size of 
the effect of the intervention or whether it is of any clinical relevance. Considering that the results them-
selves are contradictory it could easily be concluded that the hypothesis tested in this study is neither con-
firmed nor is it adequately discredited. The author however, believes one could reasonably conclude that it 
is unlikely that the intervention itself has made an immediate positive effect on SRT performance. These 
findings encourage further investigation into the effect of plantar fascial intervention and what the potential 
effects of soft tissue techniques may have of the flexibility of distant structures. The outcomes of this study 
do not dismiss the possible advantages of the intervention over a prolonged and repeated intervention 
period, however this study failed to observe any significant improvement in the limited scope in which it 
was investigated. 

4.2 Relation to other studies 

When comparing the results to that of the previous study on the hypothesis conducted by Grieve et al. 
(36) some results appear conflicting. Grieve et al. (36) found a moderate and statistically significant im-
provement in the group that undertook the plantar fascial intervention when compared to a group that per-
formed no intervention. On the surface this seems to be contradictory to the findings of this study, however 
there are a few possible reasons for such a discrepancy. One explanation is that the use of a tennis ball 
by Grieve et al. (36) rather than a golf ball, used as the implementation tool for the soft tissue intervention 
may have caused a difference in the effectiveness of the intervention, however the author of this paper 
believes that would be highly unlikely. A more plausible explanation could be the larger sample size used 
in this study. Grieve et al. (36) used a sample size of 24 participants, which was just over half the sample 
size of this paper. This meant that the Grieve et al (36) study captured a smaller sample of natural variabil-
ity and improvements in the participants. It was possible that a higher percentage of participants who 
would naturally, regardless of intervention, have a large improvement in SRT scores were placed in the 
intervention group rather than in the control group. Other factors that may have had a confounding influ-
ence in the outcomes included differences in baseline SRT performance between the groups in this study 
and the awareness of group allocation of the participants in Grieve et al. (36). Specifically, those in the 
control group of Grieve et al. (36) knew that they had not undertaken any intervention and may have been 
less inclined to attempt to improve on their previous score. In turn, the sham intervention included in this 
study may have reduced that confounding factor and resulted in the participants from both groups equally 
attempting to improve their second SRT test. Other influencing factors may have been differing instruc-
tions given to each participant or an unclear intervention protocol which may have reduced the number of 
participants receiving the proper application of the intervention in this study. Despite differing outcomes 
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between studies, this paper also observed a similar yet less significant trend to what was recorded in 
Grieve et al. (36) Therefore the results of this paper question but do not disprove the outcomes reported in 
the Grieve et al. (36) study. 

There has also been studies that have questioned the benefit of SMR techniques when used in isolation 
to improve sit and reach test results. For example, Roylance et al. (11) found significant increases in sit 
and reach testing capacity when using foam rolling (a form of SMR) on the posterior leg muscles in com-
bination with static-stretching or postural correction exercises. While, Škarabot et al. (49) found that foam 
rolling of the calf in combination with static stretching improved dorsiflexion capacity of the ankle greater 
than static stretching alone. No such significant effect was found when utilising foam rolling in isolation. 
The outcomes of both of these studies may suggest that the efficacy of SMR of the plantar fascia may be 
ineffectual on improving ROM when used in isolation but may be beneficial when combined with other clin-
ical practises. This is a conclusion that may explain both the existence of the anecdotal evidence support-
ing the intervention and the results of this study. 

4.4 Clinical relevance 

Although inconclusive, the results of this experiment do have some clinical relevance for the wider health-
care community. Critically, it must be stated that the effectiveness of this intervention for increasing exten-
sibility of the SBL is highly questionable and the effects of the intervention on symptomatic people has not 
been studied. Therefore a clinician or therapist should acknowledge that it may not form part of an evi-
dence based practise protocol for improving the extensibility of the hamstrings and lumbar spine. No par-
ticipants however reported any adverse reactions from the intervention as was also the case in the previ-
ous study on the topic (36) which may suggest that whilst it has not been proven to be effective it can be 
investigated safely in asymptomatic individuals and there appears to be no drawbacks from researching 
such an intervention. Additionally, the results of this study cast some doubt on ability to influence soft tis-
sues through the paths of Thomas Myers myofascial meridians however the study undertaken has investi-
gated these connections in a largely limited scope and therefore draws no concrete conclusions. 

4.5 Limitations of the study 

Despite attempting to improve the experimental design of previous studies, the design of this study had 
shortcomings. Most evidently, the first criticism of the study design was the relatively small sample size. 
The sample size of 42, whilst normally large enough to draw some basic conclusions was not large 
enough to account for the large variability of the SRT performance between the groups. Moreover, the 
study consisted of both males and females; each with a gender-split group of roughly 10 participants, 
therefore the strength of the conclusions drawn by an analysis of such small groups has further additional 
limitations. 

The sample size did not allow for a true randomisation protocol and the small samples prevented the 
groups from being more closely homogenous in their demographic variables. Whilst there was no statisti-
cally significant difference between the groups descriptive measurements, notable differences did exist in 
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average weight and baseline test performance. Judging by the possibility that baseline flexibility may have 
been an influencing factor on the ability of a subject to immediately improve their scores (regression to the 
mean). It may be possible that someone who is less flexible may improve more with their fourth to sixth 
attempt at a stretch than those who have good baseline flexibility. This may have influenced the results 
seen in the first phase of testing. 

Another plausible limitation to the study involves the partial application of a sham intervention for the con-
trol group. The control group was not instructed to follow the sham intervention for the 6 day period be-
tween T1 and T2, this may have excluded a potential placebo affect that could have occurred during the 
retest at the end of the week and weakened the possible conclusions that could be drawn from the results 
in P2. Additionally, all the participants were physiotherapy students and therefore would likely have been 
more astute at detecting the sham intervention when it was utilised. The detection of the sham intervention 
would have compromised the subject’s blinding and also mitigated any placebo affects derived from the 
sham. 

The test periods for the subjects were not standardised and therefore some participants undertook the first 
test session at around 9am. While the retest for example may not have been performed until 2:00pm a 
week later. The participants flexibility was therefore subject to whatever activities occurred previous to the 
testing. Some participants may have come straight to the test from bed whilst others may have already 
walked a considerable distance during that day. No warmup or pre-testing preparation protocol was fol-
lowed either which could have exacerbated any of these issues. Such variability may also have affected 
the results in a small sample. 

Also there was no attempt to standardise or quantify the intervention to the subjects. Participants were 
given only a protocol to follow and this allowed limited feedback to the researcher as to the quality of the 
intervention being performed. Moreover, the researcher was unable to supervise the participants during 
the week of P2 and was therefore unable to accurately determine how much of the intervention was un-
dertaken during the week by those in the intervention group. Additionally, the exercise and activity habits 
of the participants were unreported from both groups during this week, meaning that the type and quantity 
may possibly have had a larger effect on SRT performance than group allocation and yet this information 
was unrecorded. 

A final limitation to this study was that the study was conducted by a single researcher who was of limited 
experience. Although all research was conducted under supervision of the lectureship this could possibly 
cause a reduction in reliability of the results and conclusions drawn from this study (50). Additionally, be-
cause the researcher was alone in conducting the experiment he was unable to be blinded to the partici-
pants group allocation during the testing. Having the researcher aware of the group allocation of the par-
ticipants may have made it possible for the researcher to have encouraged a certain outcome over anoth-
er or to assert his specific biases in other ways.  

Page �21



Bachelor Thesis Nicholas Quinn

4.6 Recommendations for future research 

Recommendations for further research on the topic would suggest any future studies to use a large sam-
ple size with a roughly even spread of males and females and most critically, similar baseline measure-
ments. Such a sample would mitigate the individual outliers that appeared in this study as well as more 
accurately determine the significance of the effect of any of the given interventions. Also, studies should 
make an attempt to record or control for the types of activity performed during the period of testing, such 
data may allow a researcher to control for the effects of varying levels of activity on the SRT scores of the 
studies participants. Additionally, further studies should investigate the effects of the SMR intervention to 
the plantar fascia over a longer duration. This study seemed to produce a stronger trend over a week 
rather than what was seen in the immediate effects. Hence, a study that investigates the intervention with 
multiple repeated measurements over, for example, 6 weeks should be much more likely to detect any 
significant changes between the groups. Also, it would be beneficial to study the effects of the intervention 
in combination with more proven methods of improving SRT scores. The strengths of such a study would 
be twofold. First, the study may be able to question whether the intervention is effective when used in iso-
lation or whether it provides greater benefit when coupled with another intervention. Secondly, in a single 
study it may be possible to not only determine if the intervention is effective, but to quantify its effective-
ness in relation to more commonly used methods for improving hamstring and lumbar spine flexibility. This 
would be beneficial because, while such an intervention may improve SRT scores there is limited clinical 
relevance for such a finding if such improvements are minute when compared to improvements of other 
conventional techniques.  

5. Conclusion 

Contrary to previous preliminary findings the effects of a plantar fascial intervention on a subjects capacity 
to improve their sit and reach remains unclear. Those in the intervention group found improvement in sit 
and reach scores, particularly after repeated interventions over a week. However, generally the improve-
ments were inconsistent and were coupled with low statistically significance. Further research featuring 
larger sample groups and research in combination with other interventions is suggested to determine 
whether an intervention into the plantar fascia is able to positively affect the extensibility of the hamstrings 
and forward flexion capacity of the lumbar spine. 

6. Literature 

1. Jeffreys I. Ch. 13: Warm-Up and Stretching.  Essentials of Strength Training and Conditioning. Third        
ed: Human Kinetics; 2008. p. 296-9.

2. Bahr R, Holme I. Risk factors for sports injuries — a methodological approach. British journal of        
sports medicine. 2003;37(5):384-92.

3. Minick KI, Kiesel KB, Burton L, Taylor A, Plisky P, Butler RJ. Interrater reliability of the Functional        
Movement Screen. The Journal of Strength & Conditioning Research. 2010;24(2):479-86.

Page �22



Bachelor Thesis Nicholas Quinn

4. Behm D, Chaouachi A. A review of the acute effects of static and dynamic stretching on perfor       -
mance. European Journal of Applied Physiology. 2011;111(11):2633-51.

5. Brukner P, Khan K. Clinical Sports Medicine. 3rd revised ed. Sydney: Mcgraw Hill; 2009.       

6. Beck MF. Theory & Practise of Therapeutic Massage. 5th ed. New York: Milady; 2010.       

7. Ward RC. Intergrated neuromusculoskeletal release and myofascial release. In: Lippincott, editor.        
Foundations for osteopathic medicine. second ed. ed. Philadelphia: Williams & Wilkins; 2003. p. 
931-68.

8. MacDonald GZ, Penney MD, Mullaley ME, Cuconato AL, Drake CD, Behm DG, et al. An acute bout        
of self-myofascial release increases range of motion without a subsequent decrease in muscle 
activation or force. Journal of Strength and Conditioning Research. 2013;27(3):812-21.

9. Grieve R, Barnett S, Coghill N, Cramp F. Myofascial trigger point therapy for triceps surae dysfunc       -
tion: a case series. Journal of Manual Therapy. 2013;18(6):519-25.

10. Ajimsha MS, Al-Mudahka NR, Al-Madzhar JA. Effectiveness of myofascial release: systematic re     -
view of randomized controlled trials. Journal of Bodywork and Movement Therapies. 2015;19(1):
102-12.

11. Roylance DS, George JD, Hammer AM, Rencher N, Fellingham GW, Hager RL, et al. Evaluating      
acute changes in joint range-of-motion using self-myofascial release, postural alignment exercises 
and static stretches. International Journal of Exercise Science. 2013;6(4):6.

12. Sullivan KM, Silvey DBJ, Button DC, Behm DG. Roller‐Massager application to the hamstrings in     -
creases sit‐and‐reach range of motion within five to ten seconds without performance impair-
ments. International Journal of Sports Physical Therapy. 2013;8(3):228-36.

13. Barnes MF. The basic science of myofascial release: morphologic change in connective tissue.      
Journal of Bodywork and Movement Therapies. 1997;1(4):231-8.

14. Weerapong P, Kolt GS. The mechanisms of massage and effects on performance, muscle recovery      
and injury prevention. Sports Medicine. 2005;35(3):235-56.

15. Simmonds N, Miller P, Gemmell H. A theoretical framework for the role of fascia in manual therapy.      
Journal of Bodywork and Movement Therapies. 2012;16(1):83-93.

16. Stecco A, Macchi V, Stecco C, Porzionato A, Ann Day J, Delmas V, et al. Anatomical study of my     -
ofascial continuity in the anterior region of the upper limb. Journal of Bodywork and Movement 
Therapies. 2009;13(1):53-62.

17. Myers TW. Anatomy trains: myofascial meridians for manual and movement therapists. Third ed.      
Edinburgh: Chirchill Livingston; 2014.

18. Langevin HM, Huijing PA. Communicating about fascia: History, pitfalls, and recommendations. In     -
ternational. Journal of Therapeutic Massage & Bodywork. 2009;2(4):3-8.

19. Schleip R, Findley T, Chaitow L, Huijing P. Fascia: The Tensional Network of the Human Body, 1e.      
Churchill Livingstone. 2012:xv-xvi.

20. Benjamin M. The fascia of the limbs and back--a review. Journal of Anatomy. 2009;214(1):1-18.     

21. Schleip R. Fascial plasticity – a new neurobiological explanation: Part 1. Journal of Bodywork and      
Movement Therapies. 2003;7(1):11-9.

Page �23



Bachelor Thesis Nicholas Quinn

22. Schleip R. Fascial plasticity – a new neurobiological explanation Part 2. Journal of Bodywork and      
Movement Therapies. 2003;7(2):104-16.

23. Langevin HM. Connective tissue: A body-wide signaling network? Medical Hypotheses. 2006;66(6):     
1074-7.

24. Tomasek JJ, Gabbiani G, Hinz B, Chaponnier C, Brown RA. Myofibroblasts and mechano-regula     -
tion of connective tissue remodelling. Nature Reviews Molecular Cell Biology. 2002;3(5):349-63.

25. Yahia LH, Pigeon P, DesRosiers EA. Viscoelastic properties of the human lumbodorsal fascia. Jour     -
nal of Biomedical Engineering. 1993;15(5):425-9.

26. Bunker T, Anthony P. The pathology of frozen shoulder. A Dupuytren-like disease. Journal of Bone &      
Joint Surgery, British Volume. 1995;77(5):677-83.

27. Finando S, Finando D. Fascia and the mechanism of acupuncture. Journal of Bodywork and      
Movement Therapies. 2011;15(2):168-76.

28. Schleip R, Klingler W, Lehmann-Horn F. Active fascial contractility: fascia may be able to contract in      
a smooth muscle-like manner and thereby influence musculoskeletal dynamics. Medical Hypothe-
ses. 2005;65(2):273-7.

29. Kassolik K, Jaskólska A, Kisiel-Sajewicz K, Marusiak J, Kawczyński A, Jaskólski A. Tensegrity prin     -
ciple in massage demonstrated by electro- and mechanomyography. Journal of Bodywork and 
Movement Therapies. 2009;13(2):164-70.

30. Levin SM, Martin D-C. Biotensegrity: the mechanics of fascia.  Fascia: The tensional network of the      
human body: Churchill Livingston; 2012. p. 137-42.

31. Lindsay M, Robertson C. Fascia: Clinical applications for health and human performance. Boston:      
Cengage Learning; 2008.

32. Findley T, Chaudhry H, Stecco A, Roman M. Fascia research--a narrative review. Journal of Body     -
work and Movement Therapies. 2012;16(1):67-75.

33. Grieve R, Cranston A, Henderson A, John R, Malone G, Mayall C. The immediate effect of triceps      
surae myofascial trigger point therapy on restricted active ankle joint dorsiflexion in recreational 
runners: a crossover randomised controlled trial. Journal of Bodywork and Movement Therapies. 
2013;17(4):453-61.

34. Johnson E. Five-Minute Yoga [Internet] 2012. [cited 11/03/2015]. Available from: http://my     -
fiveminuteyoga.com/681/five-minute-yoga-challenge-roll-your-feet-on-a-tennis-ball-to-loosen-your-
hamstrings/.

35. Using a Ball to Roll Out Tight Feet and Improve Hamstring Flexibility [Video]. Run Charlotter Run,      
Youtube; 2014 [updated 20/10/2014; cited 15/03/2015]. Available from: https://www.youtube.com/
watch?v=uhvDEKI69-M.

36. Grieve R, Goodwin F, Alfaki M, Bourton A-J, Jeffries C, Scott H. The immediate effect of bilateral      
self myofascial release on the plantar surface of the feet on hamstring and lumbar spine flexibility: 
A pilot randomised controlled trial. Journal of Bodywork and Movement Therapies. 2014.

37. Domholdt E. Physical Therapy Research. Philadelphia: W.B Saunders Company; 2000.     

38. Haller H, Ostermann T, Lauche R, Cramer H, Dobos G. Credibility of a comparative sham control      
intervention for Craniosacral Therapy in patients with chronic neck pain. Complementary Thera-
pies in Medicine. 2014;22(6):1053-9.

Page �24



Bachelor Thesis Nicholas Quinn

39. Nelson N. Delayed onset muscle soreness: is massage effective? Journal of Bodywork and Move     -
ment Therapies. 2013;17(4):475-82.

40. Lemmink KA, Kemper HC, de Greef MH, Rispens P, Stevens M. The validity of the sit-and-reach      
test and the modified sit-and-reach test in middle-aged to older men and women. Research Quar-
terly for Exercise and Sport. 2003;74(3):331-6.

41. Kaminsky L, Bonzheim K. ACSM's resource manual for guidelines for exercise testing and prescrip     -
tion. fifth ed. Philadelphia: Lippincott Williams & Wilkins; 2006.

42. Ayala F, Sainz de Baranda P, De Ste Croix M, Santonja F. Reproducibility and criterion-related valid     -
ity of the sit and reach test and toe touch test for estimating hamstring flexibility in recreationally 
active young adults. Physical Therapy in Sport. 2012;13(4):219-26.

43. Grenier SG, Russell C, McGill SM. Relationships between lumbar flexibility, sit-and-reach test, and      
a previous history of low back discomfort in industrial workers. Canadian Journal of Applied Phys-
iology. 2003;28(2):165-77.

44. Baltaci G, Un N, Tunay V, Besler A, Gerçeker S. Comparison of three different sit and reach tests      
for measurement of hamstring flexibility in female university students. British Journal of Sports 
Medicine. 2003;37(1):59-61.

45. Kahl C, Cleland JA. Visual analogue scale, numeric pain rating scale and the McGill Pain Question     -
naire: an overview of psychometric properties. Physical Therapy Reviews. 2005;10(2):123-8.

46. Lampropoulou S, Nowicky A. Evaluation of the Numeric Rating Scale for perception of effort during      
isometric elbow flexion exercise. European Journal of Applied Physiology. 2012;112(3):1167-75.

47. Field A. Discovering Statistics using SPSS. Third ed. Thousand Oaks: Sage Publications Ltd; 2009.     

48. Faherty VE. Compassionate Statistics: Applied Quantitative Analysis for Social Services, with exer     -
cises and instructions in SPSS. Thousand Oaks, CA: SAGE Publications, Inc.; 2008.

49. Škarabot J, Beardsley C, Štirn I. Comparing the effects of self-myofascial release with static stretch     -
ing on ankle range-of-motion in adolescent athletes, International Journal of Sports Physical 
Therapy. 2015;10(2):203-12.

50. Myburgh C, Lauridsen HH, Larsen AH, Hartvigsen J. Standardized manual palpation of myofascial      
trigger points in relation to neck/shoulder pain; the influence of clinical experience on inter-exam-
iner reproducibility. Journal of Manual Therapy. 2011;16(2):136-40.

7. Appendices 

Appendix I. Consent form    26  

Appendix II. Intervention Protocol   27 

Appendix III. Sham Intervention Protocol  28 

Appendix IV. Take home intervention protocol. 29 

 Appendix V. Information Handout   30 

Appendix VI. Testing Protocol    32 

Appendix VII. Testing form    33 

Page �25



Bachelor Thesis Nicholas Quinn

 Appendix I. Consent form 

Consent to Participate in a Research Study. 
Fontys University of Applied Sciences. Eindhoven, The Netherlands 

  
Title of Study: Self Administered Soft tissue intervention to the plantar fascia and its immediate 
and short term effects on hamstring and lumbar spine ROM.  

Researcher: Nicholas Quinn, Student Physiotherapy, Fontys University of Applied Sciences. 
Your signature below indicates that you have decided to volunteer as a research partici-
pant for this study and that you have read, understood and agreed to the following 
points. 

• I have read the information handout given to me relating to the study titled: Self Adminis-
tered Soft tissue intervention to the plantar fascia and its immediate and accumulative ef-
fects on hamstring and lumbar spine ROM. 

• I have been given an opportunity to ask any questions that I may have pertaining to my 
participation in the study. 

• I understand that I have the right to at any time withdraw my participation from the study 

• I declare that I have not withheld any information about myself that would disqualify myself 
from inclusion in the study. 

• I consent to having the information collected about me in this study used for the scientific 
research outlined in the information handout. 

• I agree that in the unlikely case of an injury the researcher cannot be held responsible.  

• I agree to participate in the research. 

Name (print):  

Place and Date: ___________________   Signature: ___________________ 

I herewith declare that the information provided to you is accurate and that I have fully informed 
those voluntarily participating in my research design. I agree that, should any of the information 
previously given to participants change that I will notify all peoples immediately. 

Nicholas Quinn (Researcher) 

Place and Date: ___________________   Signature: ___________________  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Appendix II. Intervention Protocol 

Intervention Group Protocol 

Please note: The intervention Protocol is Identical for each individual intervention! 

What is required: A chair (fixed base, no wheels), a golf ball and a timer of any sort. 

• First you are to remove your shoes and socks, and take a seat. 

• Whilst seated, place the golf ball under one of your feet. 

• Applying moderate pressure you should roll the ball underneath your foot making small circular 
motions in the area described:  from the anterior aspect of the plantar heel to the ball of the 
foot and across to the distal end of the 5th metatarsal. as shown in grey in the figure! 

• The intervention should not be painful with a maximum of NRS 4, 
However you should aim to achieve a very mild discomfort NRS 1-3 
throughout the entire intervention. 

• If any pain or strange sensations occur during the intervention, stop 
immediately and let the researcher know. 

• Circle with the golf ball longer in the areas that feel the most sensi-
tive. 

• Continue the intervention for a period of 2 minutes before switching 
to the other foot for another 2 minutes (one minute per foot during 
the take home intervention). 

• There will be a timer provided during the initial intervention. Whilst 
at home you will required to time the intervention for yourself. 

• The total intervention time should be 4 minutes. 
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Appendix III. Sham Intervention Protocol 

Intervention Protocol for Control Group (sham) 

What is required: A chair (fixed base, no wheels), a golf ball and a timer of any sort. 

• First, make sure your shoes are on. 

• Whilst seated, place the golf ball under one of your feet. 

• Applying little downward pressure you should roll the ball underneath your foot making repeti-
tive motions in the area described. 

• Maintain your knee bend between 85-95º flexion (limit knee movements) 

• There should be minimal tension in your hip and you should feel no pain whilst doing the inter-
vention. 

• Continue the intervention for a period of 2 minutes before switching to the other foot for anoth-
er 2 mins. 

• The total intervention time should be 4 minutes. 
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Appendix IV. Take home intervention protocol 
Take Home Intervention Sheet 

As part of the research experiment you are participating in, you are requested to undergo the intervention 
twice daily for a period of 6 days. 

These interventions are to occur once in the morning (AM) and once in the evening (PM) 

Participants should separate the interventions by at least 6 hours. 

In each of these interventions you will follow the exact same process as the one carried out with the re-
searcher on the first day of the intervention and testing (as attached to this form). However during this 
home intervention phase of this experiment you will only be required to roll the ball under each foot for 1 
minute. 

During the intervention period, should any participant begin to feel pain, to bruise or to feel any kind of 
unfamiliar sensation during or after the interventions she/he is to stop the intervention immediately and 
contact the researcher with the contact information given below before resuming any interventions. 

Nicholas Quinn: -   n.quinn@student.fontys.nl 

Due to the necessity of the researcher having to know exactly how much of the intervention prescription is 
followed, you will be required to initial next to each intervention session to convey that you have undertak-
en the prescribed intervention and thereafter you are requested to sign a declaration stating that the in-
formation on the sheet provided is correct. 

Remember!: Your participation in this research is voluntary and you may withdraw from the study at any 
time. it is more important that the researcher know accurately how much of the intervention protocol was 
followed than for the participant to follow the protocol 100%. 

Day 1  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

Day 2  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

Day 3  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

Day 4  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

Day 5  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

Day 6  AM:  ❒   PM:  ❒ Initial:___________  Date:________ 

I hereby declare the information on this form to be accurate and understand that by fraudulently misrepre-
senting the information reported on this sheet I may be responsible for misleading the scientific results of 
this study. 

Name (print):  

Place and Date: ___________________   Signature: ___________________  

Page �29



Bachelor Thesis Nicholas Quinn

Appendix V. Information Handout 

Information Briefing 
Nicholas Quinn 

Graduation Project: Self Administered Soft tissue intervention to the plantar fascia and its imme-
diate and short term effects on hamstring and lumbar spine ROM 

Dear fellow student, 

I would like to invite you to partake in my graduation project. Please read the following letter to 
determine whether you would like to consent to being included in the study. The letter will in-
clude all the basic information about the upcoming study and will also include my contact details 
should there be any queries relating to the subject matter, intervention, inclusion criteria or other 
related questions. 

What is the aim of this study? 
The aim of this study is to investigate the plausibility of an intervention to the plantar fascia im-
proving the ROM of joints further along the kinetic chain. The theoretical background behind this 
comes from emerging evidence of fascias ability to withhold tension itself and ever the possibility 
of it being able to transmit tension along great distances of soft tissue. 

What are we going to do? 
This study is a random controlled trial of an intervention into the plantar fascia of the foot and to 
record the effects this intervention has on the sit and reach potential of the test subjects when 
compared to a control group. The intervention itself shall take no longer than 6 minutes. After-
wards those in the intervention group will undertake the intervention twice daily for a period of 6 
consecutive days. Measurements will be taken immediately after the first intervention and at the 
end of the intervention period (7 days). The control group will follow the exact protocol of the in-
tervention group however will instead receive a sham intervention before acting as a control. Al-
location into the control and intervention groups will be done randomly.  
Those participating in the study will be asked to provide some global information at the begin-
ning of the study(age, sex, height, weight). This data will remain completely anonymous. 

Who may participate in this study? 
Those people who find that any of the below statements apply to themselves unfortunately will 
be unable to take part in the experiment. All others should meet the inclusion criteria. 

• Under the age of 18 or over the age of 30 
• Regularly participate in sports or activities that require or involve rigorous stretching or mobil-

ity work i.e, Gymnastics, Yoga, Foam rolling ect. 
• Undertaking any irregular activity during the testing/intervention week. 
• Those with history of soft tissue injury to their posterior legs or back in the last 3 months 
• Those with any serious traumatic injury occurring below the midline of the body in the last 12 

months 
• Participants with any systematic or neurological disease that would impair soft tissue inter-

vention and/or testing or for which these activities would be contraindicated. 
• Those who are unwilling to sign the Informed consent form (see attached.) 
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Are there potential risks? 
If a subject meets the Inclusion criteria to take part in the intervention there are minimal risks as-
sociated with the participation in this study. Protocol for all activities involved in the study are 
clearly defined and with the adherence to protocol the risk for injury is controlled. Mild discomfort 
is possible when undertaking the intervention, however this is self controlled and regulated by 
the participant themselves. The researcher will be available for contact at all times during the 
intervention week. All participants may at anytime and without explanation exit the study. 

What happens with the data? 
The data will remain anonymous for all participants and the researcher will be blinded as to the 
identity of the subjects. The individual data sets will be kept by the researcher for the period of 
time taken to write the graduation project and afterward will be destroyed. The raw data however 
will still exist as represented in the final product of the Project. Under no circumstances will the 
researcher discuss the identity of the subjects of this study. 

I hope you take the opportunity to be involved in this investigation, I certainly believe that the 
topic is a truly fascinating one and without the participation of volunteers it would not be possi-
ble. 

If you would like to discuss the content of this investigation or have any queries about your ability 
to participate please contact myself (Nicholas Quinn). Furthermore if you would like to contact 
either the graduation project supervisor (Jaron Schnitzer) or coordinator of the program (Anke 
Lahaije). These contact details can be found below. 

Thank you, 

Nick 

Researcher 
 Name:    Nicholas Quinn 
 Student number:  - 
 Phone number:   - 
 E-mail:    - 
Project supervisor  
 Name:    Jaron Schnitzer 
 E-mail:    - 
 Phone:    - 
Program Coordinator 
 Name:    Anke Lahaije 
 E-mail:    -  
 Phone:    - 
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Appendix VI. Testing Protocol 

Testing Protocol For SRT 

Note: The testing protocol is identical for each testing time. 
Participants are NOT to undertake any sort of warm up, or stretching prior to the Testing. 

The main outcome measure in this study is the Sit and Reach test (SRT). Each time you (the 
participant) take the SRT test you will be asked to fill out a brief questionnaire about your experi-
ence of the test. The test should take no longer that a few mins for each time. 

Sit and reach test 

• Participants are to sit on the designated testing position with their shoes off. 

• Feet flat on the inside position of the SRT box with there knees in full extension. 

• Reaching forward evenly with both hands, the participant will attempt to reach as far forward 
as they can without compensating in the knees. 

• This position will need to be held for a period of 2 seconds before the participant will be in-
structed to return to a comfortable position. 

• The participant is not to push into pain. (maximal discomfort is NRS 3) 

• The test is to be repeated 3 times and an average score will be calculated from the 3 attempts. 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Appendix VII. Testing form 
Test Form 

Subject no.____________  Group._______________  Male / Female 

Height:________________  Weight:_______________  DOB:_______________ 

Test 1 - Pre-Intervention 

  Attempt 1:________________________ 

  Attempt 2:________________________ 

  Attempt 3:________________________ 

NRS (0-10)    : Stretch in Back  :________________ 

NRS (0-10)   : Stretch in Hamstrings  :________________ 

Subject felt most stretch in: 

 Hamstrings ❒  Back ❒   Both ❒ 

Test 2 - Immediately Post Intervention 

  Attempt 1:________________________ 

  Attempt 2:________________________ 

  Attempt 3:________________________ 

NRS (0-10)   : Stretch in Back  :________________ 

NRS (0-10)   : Stretch in Hamstrings  :________________ 

Subject felt most stretch in: 

 Hamstrings ❒  Back ❒   Both ❒ 

Test 3 - Post Intervention period completion 

  Attempt 1:________________________ 

  Attempt 2:________________________ 

  Attempt 3:________________________ 

NRS (0-10)   : Stretch’ in Back  :________________ 

NRS (0-10)   : Stretch in Hamstrings  :________________ 

Subject felt most stretch in: 

 Hamstrings ❒  Back ❒   Both ❒ 
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