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Introduction

The introduction is intended to explain the subject of the project and give some insight into the reason for choosing this subject. This is also where the main question will be presented.

Theoretical Framework

The theoretical framework provides the knowledge base from which the project was developed and logically leads to the main question. One can find definitions and clarifications of concepts and terminology used throughout the project, such as hamstring shortening, stretching and duration of stretching. Further, the relation to physiotherapy was made clear in this chapter of the report. 

Method

The method describes in detail the way in which the project was carried out. It describes the reasons behind the methods chosen.

This chapter is divided into the main sections of literature research, the pilot study and the data management. These sections are again divided into smaller subsections to explain in detail all the aspects of the different phases of the project. 

The literature research section mentions the process that was carried out to obtain the selected articles. A comprehensive search of medical databases was completed to give a number of articles. These articles were then assessed using the defined eligibility criteria. With the remaining articles, an assessment of methodological quality was made to lead to the final number of articles.

The pilot study section describes in detail how the pilot study was achieved. The various sections concerning the method of the pilot study give an overview and mention the protocols used to carry out the pilot study. 

Finally, the method of the data management is expressed in two subsections titled literature research and pilot study. The literature research subsection describes that the conclusions from the selected of articles were extracted to be compared with the outcomes from the pilot study. The pilot study subsection describes the analysis and interpretation of data from the pilot study. 

Results 

The results chapter shows an overview of the outcomes from the literature research, and the pilot study. Tables and charts are used to illustrate the findings. 

The literature research produced four articles and the conclusions of these articles were presented in a table, along with the details of these articles. Comparisons between conclusions of the articles were then drawn.  

Prior to the pilot, the intrarater reliability was evaluated within the testers. The test statistic of the Wilcoxon Signed Ranks Test indicated that there was no statistically significant difference between the measurements. Therefore, the testers had acceptable intrarater reliability for use in the pilot study.

A Wilcoxon Signed Rank Test (Table 7) was performed on the data from the pilot to see if there was statistically significant difference between the pre-test and post scores of all four groups. Test statistics for the control group and the 15 seconds stretch duration group suggested that there was no increase in hamstring flexibility in both groups. Whereas, the test statistics for the 30 and 60 seconds stretch duration suggested that there was an increase in hamstring flexibility in both groups.

Mann-Whitney U Tests were then carried out to test the difference between the control group and the three other groups separately. The test statistic between the control and 15 seconds stretch duration groups suggested that these subjects achieved the same effect on hamstring flexibility as the subjects in the control group. The test statistics between the control group and the 30 second stretch duration group suggested that the subjects achieved the significantly larger increases on hamstring flexibility than the subjects in the control group. The same results were seen for the 60 seconds stretch duration group. Further, it was indicated that the subjects in the 60 seconds stretch duration group had greater increases in hamstring flexibility than the subjects in the 30 seconds stretch duration group.   

Discussion

In the discussion the project members cast a critical eye on the project’s method and question the integrity of the results. Lastly, recommendations for further research are presented.

One of the most important points is that considering the size of the study one must be critical of its outcomes, with only 5 subjects in each test group and 20 subjects in total. From the results one can only see tendencies towards results, and not state a clear answer to the main question.
Conclusion

It was concluded that this project was incapable of answering the main question. There are different reasons for this but the main reason is that this study used a sample of subjects that was far too small to draw a reliable conclusion for a whole population. Further research is therefore needed.

However, results from the pilot suggested that passive static stretching will increase the length of the right hamstring muscle when carried out 5 times a week repeated 5 times once a day for a period of 4 weeks. Also, a stretch duration of at least 30 seconds is sufficient to induce an increase in hamstring flexibility according to results of the pilot. The results of the literature research also appeared to back up these claims.
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As a requirement for graduation from the Department of Physiotherapy (Fontys University of Applied Sciences, the Netherlands) all students must achieve a thesis. The goal of the graduation thesis is to provide an outcome/product of use for the professional field of Physiotherapy. 

Physiotherapy is a profession that has developed greatly in the past few decades primarily due to the shift toward the use of research and scientific evidence to guide practice decisions. The profession has made big steps to adopt and adhere to evidence-based practices that are formally based on the best available scientific sources. 

Therapeutic stretching of muscles is an accepted and often used therapy intervention in the profession of physiotherapy. However, stretching recommendations are clouded by misconceptions and conflicting research reports. Many different stretching recommendations can be found in medical literature and the different concepts are widely debated. One such concept is stretch duration, how long a stretch should be held to give the best therapeutic results. 

In spite of many articles and some experimental research, there is still a lack of practically relevant and reliable information to draw concrete guidelines. Only one comparative study evaluating literature concerning the optimal time of stretch has been carried out to date. Other studies with experimental researches demonstrated that static stretching is an effective means of increasing flexibility with stretch durations ranging from 15 to 60 seconds, but no general consensus has been reached to provide universally accepted guidelines for stretch duration.
 

Most stretching techniques (static, ballistic, and proprioceptive neuromuscular facilitation) are effective in increasing static flexibility as measured by joint range of motion.
 For the physiotherapeutic profession it is of great help to know the optimal time to hold a passive stretch. This would then allow physiotherapists to guide the patients towards a more efficient treatment. 

The following main question was therefore formulated:

What is the most optimal length of time the right hamstring muscle should be stretched for, in physiotherapy practice, to provide the best therapeutic result, being a change of length in the hamstrings muscle?  

This graduation project will be in the form of a literature research combined with a pilot study and will be actualized by three fourth year students. This project will be carried out in accordance with the project plan (Appendix 2).
This report consists of eight chapters of which take the reader through the various aspects of the project.

Chapter 1 (Introduction) is intended to familiarise the reader with the intention/motivation and to communicate the objectives of the project. 
Chapter 2 (Theoretical framework) provides insight into knowledge based obtained and used in the process of planning this study. 
Chapter 3 (Method) describes in detail the way in which the project was carried out and the reasons behind the methods chosen. 
Chapter 4 (Results) is an overview of the outcomes from the research. Tables and graphs are used to illustrate the findings. 
Chapter 5 (Discussion) debates all aspects of the study, for example, the methodological approach used and limitations. 
Chapter 6 (Conclusion) which is the final chapter reflects on the clinical importance and implications for further study. 
Chapters 7 and 8 (References and appendices, respectively) are self-explanatory. 

1. Theoretical Framework








1.1. Introduction
The theoretical framework describes the background information for the development of this project. It will provide the relation and foundation to the project within the profession of physiotherapy. Further, the theoretical framework will attempt to give definitions and clarifications to the subjects discussed in the project, such as: hamstring shortening, muscle length testing and stretching techniques. Ultimately, a summary will attempt to clarify the need for research in the subject covered by this project.
1.2. Therapeutic Use - Relation to Physiotherapy

Flexibility of muscles has long been a concern for physiotherapists. Claims have been made that increased flexibility resulting from stretching activities may decrease the incidence of musculotendinous injuries, improve running economy (decreased energy expenditure at a given speed), promote healing, improve muscle or athletic performance and possibly decrease delayed-onset muscle soreness.
 
 However, as described by Feland et al (2001): “although evidence to support these beliefs is limited, stretching appears to us to be in widespread use.
 

Therapists instruct exercises designed specifically to improve the flexibility of musculotendinous structures for all of the reasons stated above and some theories have been put forward as to why stretching can achieve these desired effects. To give theoretical backing to the idea that stretching facilitates increased muscle performance, Bandy et al (1994) suggests that: “If you have a supple, pliable, elongated muscle performing the exercises, you're strength gains will be greater than if they are performed by a shortened, spasmodic muscle.”
 De Weijer et al (2003) also mention that the contraction of a muscle would be more efficient if the muscle is lengthened.

Hamstring injuries are reported to be one of the most common musculotendinous injuries in the lower extremity. Factors mentioned in literature that contribute to hamstring injuries include a lack of muscle flexibility, improper warm-up, fatigue, disproportional quadriceps to hamstring strength and poor body mechanics during running.
 However, Worrel et al (1992) goes as far to state that “a lack of hamstring flexibility was the single most important characteristic of hamstring injuries in athletes.”

Hamstring strains are a very common occurrence in track athletics and even the mildest of strains can hamper the athlete for the remainder of the season until they are able to adequately rest and rehabilitate the strain.
 In many cases stretching is used in this rehabilitation phase as a means to treat the strain and to prevent reoccurrence. As described by Dubin et al (2002) where: “Flexibility and strength training of the hamstring musculature and the nearby muscles surrounding the pelvis and thigh will reduce the risk of injury.”

Besides stretching being used for injury prevention of the hamstrings, physiotherapists use stretching techniques on shortened hamstrings for the treatment of lower back problems. One research states that: “The latest studies show that up to 60 percent of the general population with bad backs and knees have tight hamstrings and hips and the main cause of this is a lack of flexibility.”
 Another research also tells about the relation of back pain and short hamstrings by stating: “The hamstring muscles seem to play a key role in low back pain.”
 Although many agree that stretching the hamstrings can be an effective treatment for lower back pain, there seems to be no agreement in literature as to the reasons for this link. However, one report suggests a theory: “Hamstring stretching exercise on the other hand focuses on the hamstring muscles that are directly linked to the low back pain symptoms. Tightness of the hamstring muscles is known to be a proponent to pelvis stress and the muscles and bones located at the lower back bone. Working on these parts may lessen the degree of pain and the frequency of attacks.”
 It is common to see reports of relief from lower back pain being seen if following a daily stretching program over a period for 1-3 months.

Looking more at specific conditions of low back pain, sciatic pain has been linked to the length of the hamstrings, as stated on an Internet page about back pain: “Tightness in the hamstring creates stress and low back pain and after some time it becomes the cause of sciatica”
 The same Internet page states that “Hamstring stretching exercise, it is the latest and most effective exercise for sciatica”
 Another page states that: “Regardless of the diagnosis, most types of sciatica will benefit from a regular routine of hamstring exercise, especially hamstring stretching.”
 The reason for pain relief might be the increase in ROM because the tissues are more mobile.
 This would give more space and less pressure to the sciatic nerve. When the hamstrings are elongated one often get a relief in symptoms, and the sciatica decreases in intensity.
 

Physiotherapists are also known to use stretching to reduce hamstring tightness associated with development of a crouched gait pattern and limited stride length in children with cerebral palsy.
 Crouch gait in cerebral palsy is characterised by knee flexion in midstance, limited knee extension in terminal swing, increased ankle dorsiflexion and hip flexion in stance.
 One of the causes for this “include a knee capsular contracture, hamstring shortening, weak hip and/or knee extensors, and a weak gastrocnemius and soleus.”
 

Since there are several factors that may contribute to crouch gait one study attempted to determine: “the effect of isolated hamstring shortening as a simulation in normal individuals to determine how short hamstrings have to be before they have a deleterious effect on gait.”
 In the results section of the study the following was concluded: “The gait of all subjects was adversely affected by shortening the hamstrings, as measured by energy expenditure, kinematic, kinetic, temporal and subjective assessment”, “Simulated hamstring shortening led to premature dorsiflexion and plantarflexion of the ankle”, “The vertical component of the ground reaction force became less dynamic as the hamstrings became shorter”, “Walking speed decreased as the hamstrings became shorter” and “Step and, therefore, stride length decreased as the hamstrings became shorter.”
 

A general remark from literature concerning therapeutic use of hamstring stretching is that for people who don’t have lower back problems, it would be good to regularly do stretching exercises to the hamstrings to prevent pelvic and lower back dysbalance.
 
Before moving on to more detailed information about stretching, the physiology and anatomy of a muscle has to be clarified. 
1.3. Physiology and Anatomy of the Muscle

About 40-50% of the body mass in adults is muscle mass. Striated or voluntary muscles therefore make out the largest organ system in the human body.
 Although there is a big variation of size, shape and function of the muscles in the body, they all share the basic structure on microscopic level.

“At the highest level, the (whole) muscle is composed of many strands of tissue called fascicles. These are the strands of muscle that we see when we cut red meat or poultry. Each fascicle is composed of fasciculi which are bundles of muscle fibres. The muscle fibres are in turn composed of tens of thousands of thread-like myofibrils, which can contract, relax, and elongate (lengthen). The myofibrils are (in turn) composed of up to millions of bands laid end-to-end called sarcomeres. Each sarcomere is made of overlapping thick and thin filaments called myofilaments. The thick and thin myofilaments are made up of contractile proteins, primarily actin and myosin.”
 

Spinal nerves connect the spinal column to the muscles at the neuromuscular junction. An electric signal from the spinal column which crosses the neuromuscular junction will stimulate the production of calcium inside the muscle. The calcium causes the thick and thin myofiliaments to slide across one another, which in turn causes the sacromere to shorten. The contraction of a muscle is the result of billions of sacromeres shortening simultaneously.
 The muscle group in question in this project is the hamstrings, as ‘tight hamstrings’ is a condition which is commonly found.

1.4. Hamstring Shortening

‘Tight hamstrings’ will often not cause any problems, but for some the tightness can give limitations in sporting activities and might make the hamstrings more prone to tears. A relation is also drawn between postural problems and problems in the back and pelvis area. This is because tight hamstrings possibly will tend to pull the pelvis into an unnatural position.
 The definition of tight hamstrings is: “Having greater than 30 degrees’ loss of knee extension as measured with the femur held at 90 degrees of hip flexion”

The hamstrings are connected both to the knee and to the hip. When the knee is straight the hamstrings will pull the hip into extension. But when the knee is bent, as it is when sitting down, the hamstrings do not give much straightening of the hip. Therefore it can be said that the hamstrings in this position give most action towards bending the knee. “The sitting position with knees bent thus puts the hamstring muscles to become short and tight behind the knee.”

“As a percentage of lower extremity injuries, hamstring injury peaks at 33% in persons aged 16-25 years.”
 Sports are the main arena where injuries happen. Especially contact-sports where running in high speed is essential, like football, can give a stretch to the hamstrings.
 Some studies suggest that the increased demand on athletes and more activity amongst the general population have influenced the frequency of hamstrings injuries.
 Other studies conclude that a “lack of hamstring flexibility contributes to lower extremity injury”
 

1.5. Muscle Length Testing

To be able to determine if the muscle is too short the length of the muscle needs to be tested. Assessing muscle length and flexibility is a common part of the physiotherapeutic assessment of patients with musculoskeletal complaints. To test the muscle length, the physiotherapist measures the ROM of the joint(s) that the muscle crosses.
 It is important for the physiotherapist to know the normal or average values for the length of the muscles in the extremities to be able to diagnose decreased flexibility. Decreased flexibility of the muscles may lead to secondary injuries and pain.
 For the knee the normative value is defined as having greater than 30º loss knee extension as measured with the femur held at 90º of hip flexion.

Published articles, describing methods to test muscle length, mention a number of different ways of testing the length of the hamstring muscle group. The test method most commonly used is a passive knee extension ROM test using goniometric measurement as described by Norkin and White. With this test method the subject is placed supine on the bench and the lateral malleolus, lateral epicondyle of the femur and the greater trochanter of the tested leg are marked with a felt tipped pen. The hip and knee is manually flexed into 90º measured by the help of a goniometer. The hip is then held in this position by one of the testers while the knee is passively straightened out to the point where the subject describes an uncomfortable feeling or the tester perceives resistance to stretch. At this point the degrees of ROM in the knee are measured with the goniometer.

Another commonly used test used to measure the length of the hamstring muscle group is the active knee extension test (AKE). The difference between this method and the previous mentioned one is that the knee extension is performed actively by the subject.
 The instrumental straight leg raising test (ISLR) is a method used in some studies. For this method of testing the subject is lying supine on a bench and a straight leg raise test is performed automatically by a mechanical frame. A stretch tolerance indicator with a push-button is placed in the subjects hand and the degrees of ROM in the hip are measured at the point where the subject pushes the button.
 

The sit and reach tests are also well documented test method used to assess the flexibility of the hamstrings. There are three different sit and reach tests used in practice: SR (sit and reach), CSR (chair sit and reach) and BSSR (back saver sit and reach).

One study attempts to objectively compare the three methods and evaluate their use as a criterion measure of hamstring flexibility. The study reports that: “Although the SR, BSSR, and CSR are generally considered acceptable field test measures of hamstring flexibility for most age groups, there are no studies of which is the best technique.” This study concluded that: “In conclusion, the criterion related validity of all SR protocols appears to be similar. Practitioners should use the BSSR test with caution if flexibility of the lower back is the goal of the measurement process.” And: “In addition, because the reliability of SR tests is very high, one measurement seems to be sufficient to ensure accuracy when warm up stretching and practice is allowed.”
 

1.6. Stretching

When a muscle is found to be shortened a common physiotherapeutic approach is to use stretching as a treatment method. Stretching is defined as “a form of physical exercise in which a specific skeletal muscle (or muscle group) is deliberately elongated to its fullest length in order to improve the muscle's felt elasticity and reaffirm comfortable muscle tone.”
 It is possible to divide stretching into two main categories. These being dynamic, where movement is essential, and static, which does not involve movement.
 
1.6.1. Effects of Stretching

Stretching is said to have many different effects on the muscles. The stretching institute describes the benefits of stretching, some of the examples given include: improved physical performance, decreased risk of injury, reduced muscle soreness, improved posture, reduced risk of low back pain, increased flow of blood and nutrients to tissues, improved muscle coordination and enhanced enjoyment of physical activities.
 

Increasing the length of a muscle is one of the most commonly found effects of stretching in literature and there are also many theories put forward as to why and how this effect is apparent. “When stretching a particular muscle, first the individual muscle fibres stretch and then the connective tissue around the fibre stretches. Interestingly, when a muscle is contracting only some fibres participate, the same occurs when stretching.” This means that not all the fibres are stretched, only some of them, and the result in length of the muscle depends how many fibres are stretched. The more fibres, the longer the muscle will get. When the limbs are placed in a position where the muscles are on stretch, and the muscles lengthen, it will then give relief on muscle tension so that the limb will be able to move in a larger ROM. This again will lead to a greater ROM that the limb can be moved before the tendons and muscles become stressed.

Some of the benefits of an extended ROM include: “increased comfort; a greater ability to move freely; and a lessening of our susceptibility to muscle and tendon strain injuries.”
 One can also assume that with an increased length of the muscles and tendons the muscle has a longer way to contract, and when contracting longer the muscle would possibly be able to generate more power. Generating power will again be beneficial when performing sports or doing activities where a lot of strength is needed. In addition to this it would also give a better control over the muscles and an improvement in dynamic balance.
 
Another effect of stretching communicated in literature is that stretching can be used in facilitating a quicker healing process for scarred tissue. Authors have suggested that stretching might be a way of realignment, to get the muscle fibres back straightened. “When you stretch, the muscle fibre is pulled out to its full length sarcomere by sarcomere, and then the connective tissue takes up the remaining slack. When this occurs, it helps to realign any disorganized fibres in the direction of the tension. This realignment is what helps to rehabilitate scarred tissue back to health.”
 

Relief of muscles soreness after exercise is also a well documented effect of stretching. Stretching is described as decreasing muscle soreness by removing waste products from muscle tissue. This can be done by stretching because it can increases blood circulation in the area that is being stretched. “Soreness that usually accompanies strenuous physical activity is often referred to as post exercise muscle soreness. This soreness is the result of micro tears, (minute tears within the muscle fibres), blood pooling and accumulated waste products, such as lactic acid. Stretching as part of an effective cool-down can help to alleviate muscle soreness by lengthening the individual muscle fibres, increasing blood circulation and removing waste products.”
 Also prevention of muscles soreness can be achieved with stretching due to fact that a more flexible muscle will give less strain on the antagonist and vice-versa. The agonist does not have to use the same amount of force against the antagonist, and will therefore not get so tired.
 


1.6.2. Techniques of stretching
In literature and practise there are many techniques used to perform stretching:  

“Ballistic stretching employs a repetitive bouncing motion to induce a stretch.”
 “It uses the momentum of a moving body or a limb in an attempt to force it beyond its normal range of motion.”
 “Ballistic stretches force the limb into an extended range of motion when the muscle has not relaxed enough to enter it.”
 
“Dynamic stretching uses speed of movement, momentum and active muscular effort to bring about a stretch. Unlike static stretching the end position is not held.”
 “Dynamic stretching, "involves moving parts of your body and gradually increasing reach, speed of movement, or both. Do not confuse dynamic stretching with ballistic stretching! Dynamic stretching consists of controlled leg and arm swings that take you (gently!) to the limits of your range of motion.”

“An active stretch (static-active stretch) is one where you assume a position and then hold it there with no assistance other than using the strength of your agonist muscles. The tension of the agonists in an active stretch helps to relax the muscles being stretched by reciprocal inhibition.”

“Passive stretch is a form of static stretching in which an external force exerts upon the limb to move it into the new position. This is in contrast to active stretching. Passive stretching resistance is normally achieved through the force of gravity on the limb or on the body weighing down on it. It can also be achieved with the help of a partner, stretch bands, or mechanical devices.”
 
“Static stretching consists of stretching a muscle (or group of muscles) to its farthest point and then maintaining or holding that position.”
 “Static stretching is used to stretch muscles while the body is at rest. It is composed of various techniques that gradually lengthen a muscle to an elongated position (to the point of discomfort) and hold that position.”
 
“Isometric stretching is a type of static stretching which involves the resistance of muscle groups through isometric contractions of the stretched muscles.”
 “Isometric means that external force provides stretch, and your muscles fight it. In any position, the isometric tensioning of a muscle increases its ability to stretch.”

“Proprioceptive neuromuscular facilitation (PNF) stretching is a technique of combining passive stretching and isometric stretching in order to achieve maximum static flexibility. PNF refers to any of several post-isometric relaxation stretching techniques in which a muscle group is passively stretched, then contracts isometrically against resistance while in the stretched position, and then is passively stretched again through the resulting increased range of motion.”
  “Techniques include Hold-Relax, Contract-Relax with Agonist Contract (CRAC), Hold-Relax-Swing/Hold-Relax Bounce, Rhythmic Initiation and Rhythmic Stabilization.”
 
1.6.3. Duration of stretching
An aspect of stretching which is hotly debated is the stretch duration, how long the stretch should be held for. Literature suggests from ten seconds up to several minutes.
 With 30 seconds often being the most common recommendation.
 

By putting a muscle on stretch it triggers the proprioceptors in the nerve endings. This trigger causes a reflex to contract the muscle working against the stretch. This opposes the stretching and reduces the amount of lengthening of the muscle.
 When performing a stretch this reflex holds back the limb to prevent an over-stretch, thus giving resistance and hindering the movement decided on. To prevent this reflex from influencing the lengthening of the muscle one holds the stretched position for a prolonged period of time. When holding the muscle in a stretched position, the muscle spindle habituates (becomes accustomed to the new length) and reduces its signalling. “Gradually, you can train your stretch receptors to allow greater lengthening of the muscles.”
 By continuing to hold the stretch the lengthening reaction, relaxation, would occur because the muscles would not contract anymore after a certain amount of time. This relaxation gives a longer stretch.
 

Stretching recommendations are clouded by misconceptions and conflicting research reports, especially so with regards to the aspect of stretch duration. One review of on this topic drew the following conclusions: “This Review of the current literature on stretching and range-of-motion increases finds that one static stretch of 15 to 30 seconds per day is sufficient for most patients, but some require longer durations.”
 Another source reports that: “Static stretching involves a slow, gradual and controlled elongation of the muscle though the full range of motion and held for 15-30 seconds in the furthest comfortable position (without pain).”
 Further studies have stated the following: “Stretches need to be held long enough to allow the muscle to relax – this is typically between 15-60 seconds. The longer a stretch is held the more relaxed the muscle becomes.”
 And: “When the hamstrings or plantar flexor muscles are stretched to a constant angle for 90 seconds, tension in the muscles at the stretch angle declines by about 30%.”

Looking at pilot studies attempting to determine the most efficient stretch duration for the hamstrings, most of the studies agree that a 30 second stretch duration would be best compared to a 15 and/or 60 second stretch.
 
 This is contradictive to other pilots done on the subjects showing various results.
 One study compared the effects of 15, 45, and 120 seconds of stretching on hip abduction, and reported that sustaining a stretch for 15 seconds was as effective as 120 seconds. These results, however, are based on one stretching session rather than an extended training program.
 Since there is no clear scientific evidence and consensus on how long to hold a passive static stretch, confusion still exists. For all physiotherapists to be sure that they are providing the best treatment for their patients clear and evidence based guidelines must be made available with regards to stretch duration.
1.7. Summary

As expressed in the previous sections, stretching is a commonly used intervention within the profession of physiotherapy. Therefore, it is favourable that all physiotherapists have clear guidelines about all aspects of stretching to be sure they are providing the best treatment for their patients. In order to be confident of giving the best information there needs to be agreement from the research for these aspects.

One of the most hotly debated aspects of stretching is the stretch duration. Stretch duration recommendations are clouded with conflicting research reports. Literature suggests from ten seconds up to several minutes
 but with 30 seconds often being the most common recommendation.
 
 Pilot studies attempting to determine the most efficient stretch duration for the hamstrings, mostly agree that a 30 second stretch duration would be best compared to a 15 and/or 60 second stretch.
 
 However, there are many reports that contradict this. Clearly, further research is needed to clarify which stretch duration is the most optimal.
2. Method










2.1. Introduction

This chapter describes in detail how the study was achieved and is divided into a number of sections.  The main sections are the literature research, pilot study and data management. Each section has a number of subsections that explain more specific aspects of each main section. The literature research section mentions the process that was carried out to obtain a list of articles that describe studies with a high relation to the pilot study as well as a high methodological quality. The pilot study section goes in detail on how the pilot study was achieved and why this method of study was chosen. Finally, the data management has two subsection titled literature research and pilot study. The subsection of literature research describes how the conclusion outcomes and data from the list of articles produced from the literature research were extracted and analysed and the subsection of pilot study describes the analysis of data from the pilot study. 

2.2. Literature Research 

The research was carried out for a number of purposes:

· Literature research for background information. 

· Literature search defined for studies that are comparable to the pilot study.

· Formulation of a pilot study form the  background information.
· Comparing outcomes of pilot study and literature studies.

2.2.1. Background Literature Research 

Research was carried out with the intention of finding articles, specialized books, journals and other sources on the internet to provide a theoretical framework from which the study was composed. The literature was not found entirely by using electronic health-related search engines. 

A theoretical framework was composed for the purpose of obtaining knowledge of all aspects of the study and to link the project to physiotherapy. This information could in turn be used to justify the choices made in development of the pilot study. 

2.2.2. Literature Review 

The main part of the literature research was done more formally and systematically. As learned during previous small research projects, the processes of performing a formal literature research is to structure and clearly define the search parameters. Using defined keywords databases it was possible to maintain that the search included all available sources of information. 

This search gave a number of articles. It was only possible to read the abstract for most of these articles, but after obtaining them in full text it was possible to assess them using the eligibility criteria. The eligibility criteria allowed the search to be controlled and narrowed down to only produce the articles which were highly comparable to the pilot study. 

The remaining articles were then assessed for their methodological quality to ensure that data taken from them could be counted on as being valid and reliable.

2.2.2.1. Electronic Health-related Databases 


The following electronic health-related databases were searched using EBSCO host. Where necessary they were independently searched by all the group members, using the keywords stated below.

MEDLINE

PubMed 

EMBASE

Cochrane Controlled trials register

CDSR (Cochrane Database of Systematic Reviews)

DARE (Database of Abstracts of Reviews of Effectiveness)

CINAHL (Cumulative Index of Nursing and Allied Health) Pre-CINAHL
PEDro Database 

Every electronic database has its own index terms and although many of the terms were the same, different search strategies were used for either a combined search of databases or an individual database. 

During the conduct of the search, consideration was given to the diverse terminology used and the spelling of the keywords as it could influence the identification of relevant studies.

The search was used as keywords and text words. Booleans such as AND, OR, NOT were used to combine search terms and to use synonyms of the same word. 

Search terms are subject to modification, based on what has already been retrieved. All members of the group have searched the above-mentioned databases for eligible studies.

The following key words were used in any combination while searching the electronic health-related databases.


Table 1. Search keywords
	Keywords


	Passive static stretch



	Knee extension ROM



	Muscle stretching  



	Physiotherapy



	Stretch duration



	Hamstring stretch 




The next round of filtering consisted of checking the articles in relation to the inclusion / exclusion criteria. For an article to be accepted it had to meet all the inclusion criteria and all the exclusion criteria.

The articles found were evaluated by two project members, and when both individuals believed the article to pass the criteria, the articles were accepted. However, when one of the two individuals believed the article not to pass the criteria, a third group member had to evaluate the article. The findings of the third individual determined the outcome of the evaluation.

After having assessed all the found articles using the eligibility criteria only three articles were found. This was believed not to be enough material for comparison so less specific eligibility criteria were used to assess the rest of the found articles. The criteria used for this can be found below in italics. The articles that passed the initial eligibility criteria were not assessed by this secondary eligibility criterion. The results show which articles passed the initial eligibility criteria assessment and which passed the secondary assessment.  

2.2.2.2. Inclusion Criteria

Types of studies

· Controlled clinical trials (CCT)

· Randomized clinical trials (RCT)

· Systematic reviews

· Comparative studies

· Before-and-after studies 

Types of participants

· Age group 20 – 45 years of age

· Both male and female gender

· Without significant history of pathology in the area of the hip, knee, thigh, or low back

· A minimum of 5 subjects must be included in the study

· There must be a control group

Types of intervention

· Must test passive static stretching only for both stretching program and testing

· May include at least one of the durations; 15, 30 and 60 seconds for stretching.

Types of outcome measures

· Only methods testing changes in Knee extension ROM

Language and date

· Only studies in English will be considered for inclusion due to the fact that all group members must be able to master the language.

· Articles published after 1990

2.2.2.3. Exclusion Criteria

Types of studies

· Case studies

· Narrative studies

Types of participants

· Aged below 20 or above 45 years of age

· With significant history of pathology of the hip, knee, thigh, or low back

· Less than 5 subjects are included in the study

· No control group used
· Subjects that reach the zero position when tested by the knee extension ROM test
Types of intervention

· Tests other types of stretching other than  passive stretching during either stretching program and testing

Types of outcome measure

· Methods used other than Knee extension ROM
Language and date

· Languages other than English

· Articles published before 1990

2.2.2.4. Assessment of Methodological Quality

The selected literature was then assessed for its methodological quality using CCHE (Centre for Health Evidence): How to Use an Article about Therapy or Prevention; Users' Guides for an Article about Therapy; Are the results of the study valid?

Primary Guides: 

· Was the assignment of patients to treatments randomized? 

· Were all patients who entered the trial properly accounted for and attributed at its conclusion?

a)
Was follow up complete? 

b) Were patients analyzed in the groups to which they were randomized?
Secondary Guides: 

· Were patients, health workers, and study personnel "blind" to treatment? 

· Were the groups similar at the start of the trial? 

· Aside from the experimental intervention, were the groups treated equally? 

The literature that met the requirement of scoring a ‘yes’ for two of the questions of the primary guides and two of the questions of the secondary guides was declared to have valid results for the study. The articles found were evaluated by two people, and when both individuals gave scores that were equal to or more than the stated requirements, the articles were accepted. However when one of the two individuals gave a score below the stated requirements, a third group member had to evaluate the article. The findings of the third individual determined the outcome of the evaluation.

2.3. Pilot Study

2.3.1. Overview of Pilot Study

The pilot study was carried out for 4 weeks, starting Monday 14th April 2008 ending Monday 12th May 2008. 

The subjects taking part in this study were physiotherapy students at Fontys University of Applied Sciences, the Netherlands. Out of the 29 voluntary participants, 5 subjects were chosen to take part in the intratester reliability test and 20 subjects were chosen to take part in the main study. This first selection of the 5 subjects taking part in the intrarater reliability test group was done after a request from 5 of the participants. The second selection, deciding who were to take part in the main study was done randomly by a lottery system. 
Within the pilot study the selected subjects were divided into the following four groups; a control group, 15, 30 and 60 second stretch duration. In total there were 20 subjects, 5 for each test group. This selection was also done randomly by a lottery. To maintain a blind experiment, only one, non-testing, group member knew which group each subject was assigned to. 
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*Groups 1-4 include the control group, 15, 30 and 60 seconds stretch duration (the groups aren’t specified now to maintain blind testing).

Figure 1.  Overview of subject groups
Prior to data collection, intrarater reliability of the measurement of knee extension ROM, using the test protocol, was evaluated in the testers, using a test-retest design. Five subjects that were not participating in the main study were used in the assessment of reliability. One day separated the first and second measurements. The intention of this was to keep the two project members from having the first recording in mind while carrying out the second measurements.  Five measurements for each subject were taken for the first testing session and five measurements for each subject were taken for the second testing session. Mean values were then calculated for the first and second testing sessions for each subject.
Measurements for knee extension ROM of the right lower extremity of each subject were taken prior to assignment to groups. Landmarks used to measure hip and knee flexion were the greater trochanter, the lateral condyle of the femur and the lateral malleolus. With each subject positioned supine, the landmarks were marked with a felt-tipped pen for goniometric measurement. Then one project member positioned the right hip in 90º of hip flexion. A second project member passively moved the tibia to the terminal position of the knee extension, defined as the point at which the subject complained of a feeling of discomfort or tightness in the posterior thigh or the project member perceived resistance to stretching. Once the terminal position of knee extension was achieved, the first project member measured the amount of knee extension with the goniometer. Zero degrees was considered to be full knee extension. No warm-up period was allowed prior to data collection; the subjects were seated in a chair for 15 minutes before the testing was performed.
All subjects in the main study were given a subject protocol. Subjects in the 15, 30 or 60 second stretch duration groups were given one protocol (Appendix 8) and the subjects in the control group were given another protocol. (Appendix 9) Only a single project group member (who was not involved in testing) was aware of which group the subjects were in. Also the subjects were continuously informed not to disclose information about which group they were assigned to in the presence of the testing members of the project group. This then ensured that testing was blind.

During the second week of the test period all subject were required to strictly follow the stretching protocol and to attend to a meeting where their performance of the stretching was assessed, by a single assigned project member. In this check-up the subjects were to show how they normally did the stretch step by step, using either the low bench or a chair to simulate the height they normally used. Each subject was asked to show the stretch one time, while the selected group member checked every step for any variations not corresponding to the stretching protocol. For this purpose the group member used the protocol for instruction, assessment and correction of stretching. (Appendix 10) If anything did not correspond to the protocol or the observing group member did not manage to see all details, the subjects were asked to repeat the stretch slowly. If any variations from the protocol were found the corresponding statement from the protocol was repeated. Manual assistance from the assigned group member could also been used to help the subject to the right position. When the subjects were standing in the stretching position they were asked to describe where they felt the stretch and what kind of sensation it gave. 

The test protocol (Appendix 7) was compiled before hand and was strictly followed by the same two project members whom did the test and took down measurements. 

Measurements for knee extension ROM were taken on two occasions during the test period, before the subjects started the pilot and after 4 weeks of stretching. For the first test five measurements were used to calculate the average. During the final testing sessions the averages were also calculated from five measurements. All readings were recorded on paper on a test result scheme. (Appendix 6) More detailed information can be found in the test period overview and in the test protocol. (Appendix 7) During the first test session the subjects were assigned to one of the four test groups (15, 30 and 60 seconds stretch duration and control group). 
As the subjects came in for their final test session they were asked to give answers to some questions about their activity level. (Appendix 11) The questions were based on how many hours and how many times the subjects participated in activities / exercises per week. A distinction was made between before and during the test period. 

Before taking part in the pilot, the subjects had to sign an informed consent contract. (Appendix 5) All this information was treated as confidential. Testing dates and times were set in advance and all measurements for all subjects were taken on the same day, to make the testing results more accurate. The testing, information and demonstration took place at Fontys University of Applied Sciences, Eindhoven.

2.3.2. Selection of Participants

The study required 20 subjects for the main study, and 5 subjects for the reliability testing. To find suitable subjects e-mails were sent out to all the English stream physiotherapy students at Fontys University of Applied Sciences, Eindhoven in the second, third and fourth grades. This mail contained a letter (Appendix 4) explaining about the project and asking if anyone wanted to participate. This letter was also placed in the mailboxes to the respective classes. One group member then got in contact with the possible subjects and found out who was interested in participating in the pilot study. 
In total 29 people fitted the requirements and were willing to join the study. The criteria to be a test subject for this project included; the test subject had to be aged 20-45 (inclusive) and they could not have any significant history of pathology in the area of the hip, knee, thigh or low back. In addition, subjects that were not involved in any exercise activity at the start of the study had to agree to avoid any lower-extremity exercise and activities other than those prescribed by the research protocol. Subjects who were involved in exercise activity at the start of the study had to agree not to increase their intensity or frequency of activity during the 4 weeks of the test period. 

From the 29 voluntary, by their request, 5 subjects were picked out to take part in the reliability testing. 

Of the remaining 24 subjects 4 did not have to participate in the pilot study. Therefore, 20 of the 24 subjects were randomly selected by lottery to be included in the study. The last 4 participants were kept in contact with in case any of the selected subjects were unable to start the test period, for whatever reason. 
The 20 subjects were randomly selected by lottery to four different test groups. Race and gender was not considered in the process of group selecting. To maintain a blind experiment, only one, non-testing, group member knew which group each subject was assigned to. 

2.3.3. Selecting the Stretching Exercise


Three types of stretching exercises could be used in an attempt to gain an increase in flexibility: static stretching, ballistic stretching, and proprioceptive neuromuscular facilitation (PNF) techniques.
 Each of these three types of stretching techniques appeared to increase the flexibility of a muscle immediately after stretching.
 Given that the ballistic stretch maybe would pose the greatest potential for trauma and that PNF required the assistance of an experienced practitioner, the most appropriate method of stretching was the static stretch.
 Another issue is that not all the stretching forms are suitable for the frequency of stretching that was needed in this study, but the static passive stretch could be performed daily without any problems related to this.
 Therefore the static passive stretch was chosen for this study.

The passive static stretch was carried out as follows: 

To stretch the hamstring muscles, the subject stood erect with the left foot on the floor pointing straight ahead with no rotation of the hip. The subject stretched the right hamstring muscle by placing the calcaneal aspect of the right foot an elevated surface with the knee fully extended, toes pointing to the ceiling and with no rotation of the hip. Arms held on to the iliac crest, controlling the movement. The elevated surface was high enough to cause a gentle stretching sensation in the posterior thigh. Each subject was instructed to flex forward from the hip, maintaining the spine in a neutral position, until a gentle stretch were felt in the posterior thigh. Once the subject achieved this position, the stretch was sustained for the assigned amount of time.

Further information about the method of the stretching can be found in the stretching program in the subject protocol. (Appendix 8)

Below is an image to demonstrate the required stretch.
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      Figure 2. Stretching exercise
The main reason for choosing this particular static passive stretching technique was because the hamstrings could be put on stretch with relative eas, no matter how tight or flexible hamstrings the subjects had. This was done simply by varying the height of the chair.
 
 Since people with both shortened and not shortened hamstrings were used in the pilot study it was important that everyone could get to the point where they could feel the stretch. Also, when done correctly, this technique stretched the entire hamstring without giving strain to the back. 
 

2.3.4. Use of Material and Equipment


A 360º goniometer with 30 cm. arms was used to accurately check position using methods described by Norkin and White. A large number of articles of studies similar to this study used this equipment for testing. Many of these studies evaluated the intrarater reliability and although this does not directly assess the reliability of the goniometer, it can be assumed that it is reliable if there is high intrarater reliability. An example of a similar studies’ intrarater reliability testing: “Intratester reliability of the measurement of hamstring muscle flexibility using the procedure described was evaluated in the researchers using a test-retest (1-week apart) design on 10 different subjects. The intraclass correlation coefficient was .98, which was considered appropriate for proceeding with this study”
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Figure 3. Goniometer used to test knee extension ROM
2.3.5. Protocols

Four protocols were made to give detailed and systematic guidelines for the testing of flexibility, for the performance of the stretching and for the instructing, assessing and correcting of the stretching.
2.3.5.1. Test Protocol

The selected subjects were divided into the following four test groups; a control group, 15, 30 and 60 second stretch duration. In total there were 20 subjects, 5 for each test group. 

All groups were given clear instructions of what was required of them during the test period by means of a protocol. (Appendix 8 and Appendix 9) The non-control subject test groups were individually instructed on how to do the required stretch by a single assigned project member. Firstly, the same assigned project member had to be pleased with how the stretching was performed. 

After this the subjects signed an informed consent (Appendix 5) to confirm that they understood what was expected of them, and that they would adhere to the requirements of the protocol. At any time during the test period they could ask for additional guidance to maintain correct performance of the stretching program. The control group was also given a protocol to explain their contribution to the project and an informed consent was signed when both them once they and an assigned project member were satisfied with their understanding of what was required of them. 

During the test period the subject had to attend a pre-arranged test session where two assigned project members tested the knee extension ROM of all test subjects, inline with the test protocol. The testing was done again after four weeks, in the same way by the same two project members. 

A test protocol was drawn up to make sure the test was performed in the same manner. (Appendix 7) 

The test protocol consists of all the steps that had to be taken into consideration while performing the test. It explains what is expected of the subject before the testing can start, the positions of the subject while being tested. For the testers it explains what must be done and considered during testing. 
Parts of the test protocol are based on the book Measurement of Joint Motion, A Guide to Goniometry by Norkin and White. This book gives a detailed description on how to do measurements with a goniometer, both in writing and with pictures. Parts used where the explanation showing how to measure hip flexion
 and how to measure knee extension.

Additionally the test protocol gives the dates of when all the tests will be performed. 

2.3.5.2. Subject Protocol

The subject protocol is divided into two categories; one for the control group (Appendix 9) and one for the subjects in the other three groups who would be carrying out the stretching. (Appendix 8) The second protocol has three different stretch durations of 15, 30 and 60 seconds. 

Both protocols give a short introduction to the main question of the pilot study and states the dates when the subjects is required to attend testing. For the subjects to have a better understanding of what is expected of them a list is given including the things they have to, can and can not do while taking part in the study. 

All test subjects had daily contact with each other during the test period. Therefore, it was necessary that information about all the different test groups as well their own test group was made available to them to ensure there was no confusion as to their individual role within the project. Contact information of the research team was only given to them in case of any problem or queries they had during the test period.

All the information above was made available in both the protocol for test subjects, while the subject protocol for the subjects stretching includes a further page. This page explains how to perform the stretching exercise. A picture together with the written stretch protocol gives detailed information on how correct performance the required stretch of the right hamstring muscle is done. These instructions are the same as instructions given to the subjects by the assigned project group member when initially instructing stretching performance. The same instructions were used for checking the stretching performance after one week of the test period. As an aid to remind the subjects to carry out the stretching a guide to when they have stretched, a scheme is placed at the bottom of the page that the subjects use to tick off the days they have carried out their stretching session. Under the scheme yet another reminder is placed, stating the duration this particular subject has to hold the stretch for.

2.3.5.3. Protocol for Instruction, Assessment and Correction of Stretching
This protocol (Appendix 10) gives the exact instructions that were given when instructing the subjects on how to perform the stretching. The same instructions were used for assessing the stretch method and for checking of stretching performance one week into the test period. 

The protocol also gives all the dates for when the protocol is used. When, at any point, subjects wanted to have more guidance, this protocol for instruction, assessment and correction of stretching was used.  

Only one assigned group member used the protocol. This was to make sure the instructions were given in the same way every time. Therefore all the test subjects got the same corrections both while instructing how to do the stretch and later when the stretching performance was checked. 

2.4. Data Management
In this section the process of data management from both the literature research and pilot study is described.

2.4.1. Pilot Study
Once the pilot study was complete and all the data had been collected the data analysis was started. All data was inserted into the SPSS computer program, which was used to assess, calculate and compare the collected data. Two different schemes were developed, one for the data from the intrarater reliability testing and one for the data from the main test groups.

Five subjects who were not participating in the main study, were used to evaluate the intrarater reliability. “Intrarater reliability refers to the stability of data recorded by one individual across two or more trials.”
  Subjects were measured for knee extension ROM on two occasions by the same project group members (with use of the test protocol). Data from the intrarater reliability testing was analysed to prove that test measurements in the main test group could be assumed to be reliable. To analyse this data the Wilcoxon Signed Rank Test was used. This is a test designed for when the subjects are measured on two separate occasions, and is the non-parametric alternative to the repeated measures t-test. The test converts scores to ranks, and compares them at Time 1 and Time 2. 
 A test statistic equal to or more than the significance level of 0.05 indicates no statistically significant difference and therefore, acceptable intrarater reliability. 

Two tests were performed on the data from the main test groups. The Wilcoxon Signed Rank Test was used to find out if there was a statistically significant difference between the pre-test and post-test scores for each of the four test groups. The Mann-Whitney U Test was used to find out if there was a statistically significant difference between the control group and the three groups who stretched separately. 

Pre-test scores



Post-test scores




      Gain Scores
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Figure 4. Pilot study design
Statistics and test results from the analysed data are available in the ‘results’ section of the report. Conclusions were drawn on the effects of stretch duration from comparisons of the test results and are available in the ‘conclusion’ section of the report.

2.4.2. Literature Research

Once the selected articles were found using the fore mentioned method and evaluated for methodological quality, the data extraction and analysis commenced. The results and conclusion sections of the selected articles were viewed and only information related to the results of the pilot study were extracted. This information is presented in the results section of the report where they are compared.  

Comparisons between the outcomes of the pilot study and the literature research can be seen in the result section. 
3. Results











3.1. Introduction

In this chapter the outcomes of the pilot study and literature research are presented. The data from the pilot will be presented in charts to clearly illustrate any patterns. Also, test statistics will be presented and interpreted. The results of the literature research will be present the conclusions of selected articles and comparisons will be drawn.
3.2. Data from Pilot

After data collection from the pilot, there were a number of questions that needed to be answered. These questions are the headings of the sub-sections below. Tests were chosen and carried out to provide objective answers to these questions. Prior to performing these tests the significance level was set at 0.05. After each test, the results will be shown and described. Along with the tests, charts will be available to illustrate differences and correlations in the data.
Table 2.  Measurement from pilot study
	Group
	Mean measurement 1
	Mean 
measurement 2
	Gain score

	Control
	26,40(SD=11,44)
	27,32(SD=10,40)
	-0,92

	15 sec
	21,34(SD=11,70)
	14,80(SD=17,14)
	6,54

	30 sec
	23,66(SD=8,06)
	16,94(SD=7,52)
	6,72

	60 sec
	26,60(SD=9,65)
	16,60(SD=8,96)
	10,00

	Total subjects
	24,50(SD=9,73)
	18,92(SD=11,79)
	5,58


Table 2 gives a summary of the data from the pilot study. Showing the mean and standard deviation (SD) values for pre-test, post-test and gain scores in degrees of ROM for each of the groups and for the total of all the subjects. 

3.2.1. Intrarater Reliability Testing

The data from the intrarater reliability testing weas analysed using a Wilcoxon Signed Ranks Test. To show acceptable intrarater reliability in the testers the test statistic must show no statistically significant difference between the first and second measurements. 

The mean values for the data from the two tests performed on the first and second measurements were 25.120 degrees (SD=8.35) and 24.80 degrees (SD=8.43) respectively. The test statistic of the Wilcoxon Signed Ranks Test was calculated as 0.686, a statistic that is considerably above the 0.05 significance level. Therefore, it can be concluded that there was no statistically significant difference between the first and second measurements and that the testers had acceptable intrarater reliability for use in the pilot study.
3.2.2. Which Groups Changed?

The tables below compare the pre-test and post test scores of knee extension ROM with the hip in 90º flexion for each group. 

Table 3. Control group
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Table 3 clearly illustrates that the means for the pre and post test scores were very similar, suggesting that the subjects that did not stretch, also did not achieve any increases in hamstring flexibility.  

Table 4. 15 seconds stretch duration group
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Table 4 shows that there was noticeable difference between the pre and post test scores for subjects stretching for 15 seconds duration.

Table 5. 30 seconds stretch duration group
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Table 5 shows that there was an obvious difference between the pre and post test scores for subjects stretching for 30 seconds duration.

Table 6. 60 seconds stretch duration group
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Table 6 shows that there was a clear difference between the pre and post test scores for subjects stretching for 60 seconds duration.

As shown by the tables above, there appears to be no change in the pre and post test scores for the control group. However, there are noticeable differences between the pre and post test scores for the 15, 30 and 60 seconds duration groups. But are these observations due to chance or is there statistically significant difference present?

A Wilcoxon Signed Rank Test (Table 7) was performed to see if there was a statistically significant difference between the pre-test and post scores for the control, 15, 30 and 60 seconds stretch duration groups.

The Wilcoxon Signed Rank Test produced test statistics for the control group and the 15 seconds stretch duration group of 0.686 and 0.08 respectively. These test statistics say that there was no statistically significant difference between the pre and post test scores for both the control and 15 seconds stretch duration groups. This suggests that there was no increase in hamstring flexibility in both groups. Test statistics for the 30 and 60 seconds stretch duration groups were 0.043 and 0.042 respectively. These test statistics say that there was statistically significant difference between the pre and post test scores for both the 30 and 60 seconds stretch duration groups. This suggests that there was an increase in hamstring flexibility in both groups.
Table 7. Wilcoxon Signed Rank Test results

	Group
	
	Meas2-meas1

	Control
	Z

Asymp. Sig. (2-tailed)
	-0,405(a)

0,686

	15 sec
	Z

Asymp. Sig. (2-tailed)
	-1,753(b)

0,080

	30 sec
	Z

Asymp. Sig. (2-tailed)
	-2,023(b)

0,043

	60 sec
	Z

Asymp. Sig. (2-tailed)
	-2,032(b)

0,042


(a) Based on negative ranks.

(b) Based on positive ranks.

3.2.3. Is There a Difference Between the Changes of the Groups?

Table 8. The gain scores of the control, 15, 30 and 60 seconds stretch duration groups
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This table shows that there was no increase in the hamstring flexibility when subjects were not stretching and when stretching for 15, 30 and 60 seconds stretch duration there were noticeable increases. There seems to be little difference between the 25 and 30 stretch duration group but a relatively large difference between them and the 60 seconds stretch duration group. A rough trend seems to be that the longer the stretch duration, the greater the increase in hamstring flexibility.
These observations are clear from the table but are they due to chance or is there statistically significant difference present?
Three Mann-Whitney U Tests were carried out to try and answer this question. These tests were done to determine the difference between the control group and the three other groups separately.

The Mann-Whitney U Test carried out between the control and 15 seconds stretch duration groups gave a test statistic of 0.076. Therefore, there was no statistically significant difference between the control group and the 15 seconds stretch duration group. This suggests that subjects in the 15 seconds stretch duration group achieved the same effect on hamstring flexibility as the subjects in the control group that didn’t stretch. 

Table 9. Mann-Whitney U Test results, control vs. 15 seconds stretch duration
	
	Group
	N
	Mean Rank
	Sum of Ranks

	Dif
	Control
	5
	3.80
	19.00

	
	15 sec
	5
	7.20
	36.00

	
	Total
	10
	
	


Table 10. Test statistics, control vs. 15 seconds stretch duration
	
	Dif

	Mann-Whitney U
	4.000

	Wilcoxon W
	19.000

	Z
	-1.776

	Asymp. Sig. (2-tailed)
	0.076

	Exact Sig. [2*(1-tailed Sig.)]
	0.095a


(a) Not corrected for ties.

The test statistics of between the control group and the 30 second stretch duration group and the control group and the 60 second stretch duration group were 0.047 and 0.028 respectively. These test statistics mean that there is a statistically significant difference between both the 30 and 60 seconds stretch duration groups. Therefore, suggesting that the subjects in the 30 and 60 seconds stretch duration group achieved the significantly larger increases on hamstring flexibility than the subjects in the control group. Also, the test statistic for the 60 seconds stretch duration group is clearly further away from the significance level than the test statistic for the 30 seconds stretch duration group. Therefore, it suggests that the subjects in the 60 seconds stretch duration group had greater increases in hamstring flexibility than the subjects in the 30 seconds stretch duration group.   

Table 11. Mann-Whitney U Test results, control vs. 30 seconds stretch duration
	
	Group
	N
	Mean Rank
	Sum of Ranks

	Dif
	Control
	5
	3.60
	18.00

	
	30 sec
	5
	7.40
	37.00

	
	Total
	10
	
	


Table 12. Test statistics, control vs. 30 seconds stretch duration
	
	Dif

	Mann-Whitney U
	3.000

	Wilcoxon W
	18.000

	Z
	-1.984

	Asymp. Sig. (2-tailed)
	0.047

	Exact Sig. [2*(1-tailed Sig.)]
	0.056a


(a) Not corrected for ties.

Table 13. Mann-Whitney U Test results, control vs. 60 seconds stretch duration
	
	Group
	N
	Mean Rank
	Sum of Ranks

	Dif
	Control
	5
	3.40
	17.00

	
	60 sec
	5
	7.60
	38.00

	
	Total
	10
	
	


Table 14. Test statistics, control vs. 60 seconds stretch duration
	
	Dif

	Mann-Whitney U
	2.000

	Wilcoxon W
	17.000

	Z
	-2.200

	Asymp. Sig. (2-tailed)
	0.028

	Exact Sig. [2*(1-tailed Sig.)]
	0.032a


(a) Not corrected for ties.

3.3. Data from of Selected Articles

A literature research was carried out for the purpose of providing information for comparison to the results of the pilot study. From this literature research 33 articles were found. Three articles passed the initial eligibility criteria and one additional article passed the adjusted criteria to give four in total. The four articles were then assessed for their methodological quality, of which all of them passed (the results of the methodological quality can be viewed as appendix 10). The remaining 29 articles were used for background information and in the theoretical framework. 
Parts of the conclusions that were relevant to this study were taken from the four articles and placed in the table below.

Table 15. Data from the selected articles
	Article information
	Participants
	Intervention
	Conclusion

	Bandy, W. et al. 

The Effect of Time and Frequency of Static Stretching on Flexibility of the Hamstring Muscles. 
Physical Therapy, Volume 77, Number 10, 1997
	Subjects: 93

Men: 61

Women: 32

Age range: 21 - 39

Mean age: 26.24. 
SD: 5.13
	Test period: 6 weeks, 5 days p/week

Test groups: 5

1. 1 min, 3 p/day
2. 30 secs, 3 p/day
3. 1 min, 1 p/day
4. 30 secs, 1 p/day
5. Control group


	30-second duration is an effective amount of time to sustain a hamstring muscle stretch in order to increase ROM.

	Brandy W.D. et al.
The Effect of Time on Static Stretch on the Flexibility of the Hamstring Muscles

Physical Therapy, Volume 74, Number S/September 1994
	Subjects: 57

Men: 40

Women: 17

Age range: 21 - 37

Mean age: 26.53. 
SD: 5.33
	Test period: 6 weeks, 5 days p/week

Test groups: 4

1. Control group

2. 15 second

3. 30 second

4. 60 second
	30 and 60 seconds of static stretching of the hamstring muscles was more effective for increasing muscle flexibility than stretching for 15 seconds or no stretching. And no significant difference existed between 30 and 60 seconds of stretching.

	Bandy, W. et al. 

The Effect of Static Stretch and Dynamic Range of Motion Training on the Flexibility of the Hamstring muscle. 

Journal of Orthopaedic & Sports Physical Therapy, Volume 27 Number 4 April 1998
	Subjects: 58

Men: 41

Women: 17

Age range: 22 - 46 

Mean age: 26.21 
SD: 5.57


	Test period: 6 weeks, 5 days p/week

Test groups: 3

1. Dynamic

range of motion (DROM)
2. 30-second static stretch
3. Control group


	Although the use of static stretch and DROM both resulted in an increase in hamstring flexibility, 30-second static stretch was more effective than the DROM technique. 

	Feland, J B.  et al.
The Effect of Duration of Stretching of the Hamstring Muscle Group for Increasing Range of Motion in People Aged 65 Years or Older. 

Physical Therapy. Volume 81. Number 5. May 2001. 


	Subjects: 62

Men < Women

Age range: 65 – 97

Mean age: 84.7. 
SD: 5.6

 
	Test period: 6 weeks, 5 days pr. week

Test groups: 4

1. Control group

2. 15 second

3. 30 second

4. 60 second
	60-second stretching can yield a greater rate of improvement in knee extension ROM than similar regimens of 15- or 30-second stretches in elderly people


When observing this table one can see that three of the studies concluded that 30 seconds was the most efficient duration for holding a static stretch. One of the studies concluded that 60 seconds was the most efficient duration to hold a stretch.
All articles assessed the same method for testing the flexibility of the hamstrings, this being the test of passive knee extension ROM with the hip in 90º flexion. Even though the same method was used to test the flexibility of the hamstrings different methods were used when performing the stretching. One study used passive static stretching using the straight leg raising (SLR) test while the other three studies used an elevated surface to place the leg to be stretched on, where the subjects had to lean forward with a neutral position of the lower back. 

4. Discussion










4.1. Introduction

This chapter mentions our opinions and thoughts about all aspects of the project. It is structured into three basic sections; the first concerning discussion of the method of the project, the second section covers the discussion of the results of the project and the final section refers to recommendations for further research. 

4.2. Discussion of Method:

4.2.1 Literature Research

We planned and carried out the literature research for the purpose of finding articles that concerned similar studies to our pilot. 

To allow us to make detailed comparisons between the studies in literature and our own study we had to define the search parameters very specifically. As part of the literature research method, we stated that after assessing all the found articles with the eligibility criteria there must be at least ten articles. If this was not the case, less specific eligibility criteria would be used to assess the articles. 

Once our literature research method was clearly defined we commenced the actualisation stage of the literature research. This process yielded three articles. As stated prior to actualisation, secondary eligibility criteria would be used if less than ten articles were found. This secondary assessment yielded one article to add to the initial tally of three. Although we had expected to obtain more articles we were surprised by high compatibility of the articles’ content to our pilot study. As these articles were so comparable to the pilot we were able to compare almost all aspects of the study with a number of sources. We feel this is enough justification for this relatively small number of articles.  

4.2.2 Intrarater Reliability Testing

Before starting the pilot study we wanted to evaluate the intrarater reliability of the testers to see if we could rely on the reliability of our testing method during the pilot. 

We used 5 subjects who were not involved in the pilot and made five knee extension ROM tests on two separate occasions. Therefore, the only changing condition was time. If the tester’s method was reliable, the two sets of measurements would have no statistically significant difference. 

One potential problem with our method of evaluating the intrarater reliability was that the length of time between the first and second measurements was only one day. The problem with this is that when testing the extension ROM, for the first set of measurements, the muscle is also being stretched.  There is no reason for us to assume that the effects of this stretching would have no impact on the test measurements the following day. We can not then assume that the results are not undermined. A week between the two sets of measurements would have been more favourable but due to shortage of time it was not possible to do this.

4.2.3
Pilot Study

To carry out a true experiment the independent variable(s) are deliberately manipulated to invoke a change in the dependent variable(s). Also, all extraneous variables must be controlled as they are variables other than the independent variable that may bear an effect on the behaviour of the subjects being studied. In the case of this experiment, the independent variable is the stretch duration and the dependent variable is hamstring flexibility measured by knee extension ROM with hip in 90º. This experiment attempted to control all extraneous variables by trying to maintain that all the test conditions were the same for all the subjects, independent of time. Some of these variables that the pilot controlled well are described below:

The goniometer used in this study could be assumed as reliable as a large number of articles of studies similar to this study used this equipment for testing. Many of these studies evaluated the intrarater reliability and although this does not directly assess the reliability of the goniometer, it can be assumed that it is reliable if there is high intrarater reliability. An example of a similar study’s intrarater reliability testing: “Intratester reliability of the measurement of hamstring muscle flexibility using the procedure described was evaluated in the researchers using a test-retest (one week apart) design on 10 different subjects. The intraclass correlation coefficient was 0.98, which was considered appropriate for proceeding with this study.”
 By applying all the measures explained in the test protocol we could better ensure that all subjects were exposed to the same conditions each time they were tested, thus obtaining consistency between and within subjects.

We chose to measure the right hamstring, and did not take into consideration if this was the dominant leg or not. Since it was the same leg that was used during the whole test period we believe this variable was controlled and therefore did not influence the outcome. 

Another measure taken by the pilot study in an attempt to control conditions was that all aspects of the pilot study that required project group members, were divided into tasks. These tasks included, assignment of subjects to groups, instruction for stretching, goniometer use during test measurements and putting the hamstring musculature on stretch during test measurements. A project member was assigned to specific tasks for the duration of the test period to maintain that the same approach was applied to the subjects. Also, it was of added importance that the project members in charge of the selecting of subjects to groups were not involved in testing and vice versa. This was for the purpose of blind testing. 

Although, the pilot took measures to control many extraneous variables there were some that were not fully controlled by the method of the pilot. For instance, control of the desired stretching technique while unsupervised was a problem. In this pilot the subjects were provided with instructions by an assigned group member while performing the stretching and a stretching protocol with a diagram and instruction. One week into the test period the subjects were assessed and given relevant instruction on their stretching technique by the same assigned group member. Besides all this information the subjects had the opportunity to ask questions at any time during the test period. Even with these measures we could not assume that all the subjects were performing the same stretching technique with same intensity even though they were all given identical information.

Further, subjects who were not involved in any exercise or activity at the start of the study were instructed to avoid any lower-extremity exercise and activities other than those prescribed by the research protocol. Subjects who were involved in exercise activity at the start of the study were instructed not to increase the intensity or frequency of activity during the 4 weeks of the test period. The reason for this was that an increase or decease in exercise intensity may impact on the effect of the stretching and therefore we took measures to control this variable. Although the rules were very clear it would be extremely difficult for the subjects sufficiently control their exercise intensity in practice. However, to get an indication how much they stuck to the guidelines about activity, each subject had to answer some questions about duration and frequency of their activity before and during the test period.

Gender could have been an extraneous variable, but when selecting subjects for the study, gender was not taken into account. Our study consisted of 4 females and 16 males, and when the groups were randomly selected, two of the four test groups did not contain any females. As the pilot used only a small sample of the population it was highly unlikely that the sample would have a similar distribution as the population. Although there is no literature available to say that the female gender have the ability to increase muscle flexibility with relatively more ease than the male gender it can not be assumed to be false. If true, this variable might affect the results of the study as the female gender was not fairly represented in this pilot.

Due to practical issues the final test measurements were done on a Monday, three days after the last day of the test period on the previous Friday. This was an unfavourable occurrence to the study as the possible increase in hamstring flexibility may have receded in the time between the last stretch and the final measurement. This could have had a significant effect upon the results of this study. In connection with this, the subjects were instructed to do the stretching program every week day and if they happened to miss a day then they could make that up at the weekend. Therefore, it is possible that not all the subject completed the stretching period at the same time, meaning that the length of time from last stretch to last test measurement may have varied between subjects.

In theory it is far easier to control an experiment than it is in practice, especially when human beings are the subjects in the experiment. The points below concern some of issues we observed while carrying out this pilot: 

The act of carrying out stretching exercises 5 times a week can be quite time consuming and inconvenient for subjects to fit into their busy schedules. This may affect their motivation and ultimately their compliancy to the exercises. 

All the subjects in this experiment were all students on the same course, which meant that they had daily contact and could interact about their individual tasks within the study. This may have provided practical advantages and disadvantages to the study. For instance, if the subject were interacting about the study then it could place more emphasis on their role in the study and in turn increase compliancy. On the other hand, by discussing the study with other subjects, confusion could arise due to using other sources of information other than the information provided to them by the protocols. To control the experiment as much as possible we encouraged the use of only the information provided to them and if they had questions they were instruct to communicate with the assigned project group member. However, we cannot assume this was the case with all participants.
The fact that only physiotherapy student were used as test subjects was of great practical benefit for the pilot study. As these subjects have knowledge about the anatomy of the hamstring muscle and insight into how to stretch this muscle, it was far easier to instruct the desired stretch rather than to a member of the general public. Even though this was of practical benefit to the study, the goal for this project was to produce a pilot that could be used on a larger scale to give an answer to the main question for the general population. Having used subjects with previous insight into some aspects of the study, we missed the chance to gain valuable feedback on possible practical issues that would have arisen if we had used random members of the general public. These practical issues would have been used to recommend improvement for further study using our pilot.

In development of the pilot, all aspects of the study were defined with the use of literature. Two aspects of the experiment that we were highly dependent on theoretical backing were the duration of the test period and the age group of the subjects. To give reason to our decisions concerning these two aspects we discuss them in the following:

Looking at articles with comparatively similar studies, the most common test period used was 6 weeks. For example, one study uses ninety-three subjects who had limited hamstring muscle flexibility with four stretching groups stretching for 5 days per week for 6 weeks. There were also longer test periods reported from some studies. One study compared test periods of 4 and 8 weeks. In this study a significant increase in flexibility of hamstrings was found in the groups for 4 and 8 weeks and there was no difference found between these two groups.
 There was, however, only one other study using a test period with duration shorter than 6 weeks. The duration of the test period chosen by studies is logically linked with intensity of stretching. So if the intensity of stretching was less it could be assumed that a longer test period would be required to see the same amount of increase in outcome measures. For all the studies with similar research to this study a stretching intensity of 5 days per week was used.

Most published articles with studies similar to this study have a subject age ranging from 18 to 45 years. For example, one study uses: “Fifty-eight subjects, ranging in age from 21 to 41 years old and with limited hamstring flexibility (defined as 30º loss of knee extension measured with the femur held at 90º of hip flexion), were randomly assigned to one of three groups.”
 There are also a few articles that described pilot studies including teenage subjects or subjects aged 65 years and above. Although the bulk of the articles found used subjects within a similar range of age, none mentioned any theoretical backing as to why these specific age groups are chosen. Our theory is that the age range, from about 20-45 years of age is a period of when the human body can be considered to be in a relatively constant state in terms of physical condition. Prior to this age range the body is still growing and after the age of 45 the body regenerates new tissue at a slower rate.
 

It should be noted, however, that in this pilot study we used young healthy subjects aged from 22 years up to 30 years. Thus any conclusions drawn from the pilot are only valid for a similar age range and can not be applied to the whole population. Performing the same study on other age groups could show different results as hamstring’s flexibility may react differently to stretching with subjects of different ages.

4.2.4 Protocols

When developing the pilot we highlighted the need for four protocols to give detailed and systematic guidelines to the method of test measurements (test protocol), the subjects’ stretching program (subject protocols: one for stretching group and one for control group) and for the instructing, assessing and correcting of the stretching performance (protocol for instruction, assessment and correction of stretching). In general, all of the protocols did a reasonably good job of maintaining the same conditions between and within subjects. Below discusses some positive points about the content of the test protocol. 

The possibility of human error is always an issue in an experimental research, especially when measurements are done manually. To control the method of recording measurements for knee extension ROM, a test protocol was set up to maintain that, independent of time, the measurements could be taken using exactly the same method. The basis for the goniometrical measurements in this protocol was methods described by the book: “Measurement of Joint Motion, A Guide to Goniometry” by Norkin and White. 

The protocol included a number of measures that controlled aspects of the study, such as, strapping of the left leg to the bench, while testing hamstring flexibility of the right leg, to ensure that no compensatory hip flexion on the non-tested side occurred. Further, when testing we could not control what the test subjects had done prior to arrival for testing. Since muscles will stretch better when warm,
 
 it was of importance that all the subjects were tested in the same conditions, hence they were placed on a chair for 15 minutes before testing. Another approach could have been to have used a warming up session before testing, such as using an exercise bike. This would have been an ideal exercise as it involves the lower extremities and it would be easy to control the duration and intensity of the exercise. However, the simplest method was to let the subjects rest in a chair for a set duration that was long enough to ensure that they were in a relaxed state, independent of their prior activities. 
On the whole the protocols effectively controlled the variables of this study. However, there were gaps in the content of the protocols that allowed some possible extraneous variables to be uncontrolled. The test protocol was the most open to this.

Although the test protocol generally fulfilled its purpose of controlling the experiment’s variables, there were some potential flaws highlighted during its practical application. When marking the necessary bony landmarks of the right lower extremity with a felt-tip pen for goniometric measurement, we were heavily reliant on the palpation skills of the one project group member assigned to this task. Although the bony landmarks are very prominent on most people there was still an element of subjectivity, which left it open to the possibility of inconsistency. Another problem with this was that when moving the right lower extremity, the marks would move too as the skin moved. For this reason we marked all the subjects in supine with lower extremities flat on the bench and no rotation in the hips. We had to assume that the marking were consistent between and within subjects, although it is possible that this assumption should not have been made. 

Besides the previously mentioned points, the measurement of ROM was a highly manual process and therefore prone to error. One of the most obvious issues with this process was that the eye line of the project group member was unlikely to be at the same height level when reading the goniometer for each measurement. Therefore, accuracy of reading the goniometer may have been inconsistent. Another issue with the measurement process was that once the stretching positions was achieved at 90º hip flexion the goniometer had to be moved to measure knee extension, therefore we had to assume that there was no change in hip flexion while knee extension was measured. Maintaining 90º hip flexion and knee extension at a position that caused a stretch sensation in the right hamstring muscle also brought about particular difficulties. Large and heavy lower limbs were troublesome to put and maintain on stretch and after testing many subjects consecutively, fatigue of the tester became a problem. Also, when repeating measurements of flexibility the subjects were asked to say when the same intensity of stretch sensation was felt for each measurement. This was a very subjective rating and thus potentially inconsistent.

You can even question the subject’s comprehension of a stretch sensation of the hamstrings as it is not possible to objectively confirm if they are really feeling a stretch sensation and if this is, in fact, located in the hamstring musculature. 
It is debatable if these factors were individually or collectively influential enough to cause a considerable difference in test standards and, in turn, significantly affect the results. 

Besides the test protocol, there are also some positive and negative points to mention about the subject protocols:

The chosen stretching exercise had a lot of positive points, for instance, it was relatively simple and easy to carry out, and it allowed the subjects the possibility to adjust the height of the chair to their flexibility to cater for subjects with a variety of heights and hamstring flexibility. Also having the hands on the pelvis allowed control the movement, making sure the back stayed in a neutral position. Still other stretching exercises could give more support to the lower back, for example by lying supine. The reason for not choosing alternative stretching exercises where the subjects would be supine was that these tests are more suitable for stretching with a partner and for using arm force for stretching the hamstrings. Sit and reach techniques and standing with straight legs and leaning forward to touch the floor techniques were not chosen because they were too dependent on mobility of the lower back.

A scheme was provided for the subjects to cross off the days they stretched and to remind them to perform the stretching daily. It was also an indication of how much they kept to the prescribed stretching program. However, this method of attempting to control compliancy was not sufficient as not all the subjects used the scheme to indicate when they stretched. 

4.3. Discussion of Results:

4.3.1
Literature Research

As mentioned in the discussion of the method of the literature research, we found 4 articles that had a high correlation to the study we were carrying out. However, it must be noted that three of the four articles had the same author, or at least the same main author. This could be considered as  a disadvantage to the study as it could be possible that  this author had a bias it could then be assumed that this bias would applied in all the articles. Furthermore, it is more favourable to have information from a number of sources to increase the chance that all aspects that need to be considered are accounted for when conclusions are drawn.

4.3.2
Intrarater Reliability Testing

The test mostly used for evaluating the intrarater reliability is the ICC, which is a parametric test. One of the criteria for using parametric tests is that you should have at least 25 subjects per group.
 Since we only had 5 subjects in our intrarater reliability test group we had to use a non-parametric test. The test we chose to use instead was the Wilcoxon Signed Rank test, which is usually used for the purpose of comparing means. We assumed that if the test statistic indicated that there was no statistically significant difference between the first and second measurements then the testers had demonstrated an acceptable level of intrarater reliability. 

4.3.3 Pilot study

Considering the size of the study one must be critical of its outcomes, with only 5 subjects in each test group and 20 subjects in total. From our results we can only see tendencies towards results, and not state a clear answer to our main question. The results from the Wilcoxon Signed Rank Test and the Mann-Whitney U Test indicate that stretching for 30 seconds or 60 seconds increases the flexibility in the hamstring muscles more than not stretching the hamstrings at all. Obtaining significant test statistics would only have been possible if the number of subjects was higher. 

One criteria needed to use parametric tests is that one has to have 25 or more subjects per group. In a situation with more than 25 subjects per group we would have used the t-test and an ANOVA test to calculate the results from our data. Since we only had 20 subjects in total we had to find non-parametric alternatives to these tests. We chose the Wilcoxon Signed Rank Test and the Mann-Whitney U Test. These tests are not as sensitive as the parametric tests are, so we can therefore not guarantee that the outcomes of these tests are as exact as the outcome of the parametric tests. 

Approximately one week into the pilot study a check was done on the performance of stretching. All the subjects had to show how they normally executed the stretch when they were unsupervised. The results from this check showed that most of the subjects felt the stretch in the whole of the hamstring muscle, but 7 of the subjects could only feel the stretch in the lower part of the hamstrings. These subjects were asked to: “Maintain your spine in a neutral position and flex forward from the hip until you feel a gentle stretch in the posterior thigh.” 4 subjects could still only feel the stretch in the lower part of the hamstrings. The observer then showed how to do it, and the helped the subjects by manually moving the pelvis together with the subjects. 

Another observation of the subjects stretching technique that was not corresponding with the stretching protocol was that 5 subjects stood with their left foot externally rotated. This was corrected by instructing: “Make sure your left foot is pointing straight forward so that you have no rotation in your left hip.” For two subjects this made them loose their balance. They were asked to use one hand to control the movement of the pelvis, and the other hand to hold on to a table for balance purposes. Even though both hands were supposed to be on the pelvis, we found it more important to let these subjects give support with one hand to prevent the hip from being rotated. The stretching technique was then again checked to see if all the other steps corresponded to the protocol. 

One subject reported some pain in the area of the right SI joint just after the stretching. The pain consisted for just a short while and went away if the right leg was moved. The pain did not cause any problems in ADL or during sports. This subject was told to report to the project group member if anything became worse. The subject wanted to continue as a participant, and later reported that the pain had decreased.  The decision to let the subject continue in the study was based on the subjects own wish and the fact that the pain disappeared fast and did not affect ADL activities. 

When we made our final measurements for knee extension ROM each subject was required to fill out of form with some questions concerning their activity levels before and during the test period. With this information we were able to confirm that all the subject had managed to maintain relatively similar activity levels during the test period as they had prior to the test period. We could then be confident that the activity level was a controlled extraneous variable.
It must also be reported that none of the subjects withdrew themselves from the pilot study, even though they had the option to quit without providing a reason. 

4.4. Recommendations for Further Research

4.4.1
Further Use of the Pilot Study

We recommend that studies looking to improve on this pilot to consider the following remarks:  
Through practice of the test protocol, prior to testing, the project group member putting the hip into 90º flexion and knee extension during the flexibility testing developed their own technique. This technique fitted within the test protocol, was comfortable and achieved the desired effect with relative ease. By placing the subject’s right leg on her shoulder and then leaning forward she was able to use her body weight instead of her strength. Besides being less tiring the resistance to the subject’s right leg was more controlled. This is not mentioned in the test protocol but would be recommended to further studies using this pilot. 

To prevent fatigue of the group member who is putting the hip into 90º flexion and knee extension during the flexibility testing, breaks were put in between the measurements. A maximum of 5 subjects were tested consecutively before there was a break of 15 minutes during both testing sessions. However, this was not sufficient as testing each of the 20 subjects 5 times in this manner was very physically demanding. For studies with more subjects we feel it would be too physically demanding for a human tester to carry out this method of hamstring flexibility testing. A specially designed apparatus would be more suitable for this role.

During the process of data management the choice of tests was made to provide test statistics of the data. Due to the relatively small number of subjects involved in the experiment design non-parametric tests were most likely to give test statistic that more accurately reflected the data. As this was a pilot we would like to suggest the use of parametric test for data analysis in further studies planning to use larger numbers of subjects.

Other remarks are that supervised stretching sessions should be used only, where attendance is monitored and a stated number of absences would mean that the subject would be excluded from the study. Further, we would recommend that final test measurement must be on the final day of stretching or the day after.

Further, some important improvements to the pilot study would be larger numbers for the subject groups, a longer test period for the study and mid test period measurements.

4.4.2 Related Research Areas

Although we carried out this project on the area of stretch duration, we found other related subject areas that are in need of further research. One such subject is that our study was limited to the effects of one session of static stretching performed once a day. Future research is needed to evaluate the effects of different durations of stretching performed at various times throughout the day and to determine how long the increases in flexibility last. 

Individuals who have tight hamstrings are instructed to stretch frequently during the day as much as three to five times per day. However, these instructions are irrespective of the duration of the stretch. 

For this project we included subjects with and without tight hamstrings. In relation to this it would have been interesting to do further studies involving subjects with tight hamstrings only. Specifically for subjects with cerebral palsy considering that they are often afflicted with spastic muscles. Another subject group is athletes suffering reoccurring hamstring injuries. Both these two groups are frequently treated by physiotherapists with the use of stretching. 
We examined the time of stretch of up to one minute in duration. Future research could evaluate whether durations of 90 to 120 seconds or longer will provide increased muscle flexibility. We believe, however, that compliance may be decreased if durations of stretching are too long, particularly in people with muscle tightness. 

Future research should also be carried out to evaluate the effect of duration of stretching on other muscles. Although there are studies into the effects of different durations of stretching on the flexibility of the hamstring muscles, similar studies are needed to evaluate the effects of various durations of stretching on other muscles such as the gastrocnemius, soleus, and quadriceps femoris muscles.

5. Conclusion

The main question for this project was: 

What is the most optimal length of time the right hamstring muscle should be stretched for, in physiotherapy practice, to provide the best therapeutic result, being a change of length in the hamstrings muscle?  

We have to conclude that this project is incapable of answering the main question. There are many reasons (as described in the discussion) for this but the main reason is that this study used a sample of subjects that was far too small to draw reliable conclusion for a whole population. The sample was even too small for the statistic tests that best suited the design of the experiment, so less compatible statistic tests were used to produce the test statistics on the pilot data. 

However, some results of the pilot that have been proven to not be due to chance are too strong to ignore. According to this study it can be said that the passive static stretching will increase the length of the right hamstring muscle (demonstrated by increased knee extension ROM) when carried out 5 times a week repeated 5 times once a day for a period of 4 weeks. Further, the pilot suggests that a stretch duration of at least 30 seconds is sufficient to induce an increase in hamstring flexibility (with consideration to all the other parameters of this experiment).
The findings from the literature states that an increase in ROM will be achieved if one stretch the hamstrings. Three out of four of the selected articles recommend 30 seconds to be the most efficient duration of holding a static stretch. This would, therefore, tie in with the result of the suggested conclusions of the pilot study.

In conclusion there is a need for further research in order to gain sufficient evidence to present universally guidelines for durations of stretching for the hamstring muscles. 

It must also be mentioned that valuable improvements to the method of this pilot study were highlighted through it practical application and have been recommended in the discussion for purpose of interested researchers.
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