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1. Abstract 

Background: It is commonly accepted that stretching is a key part of an athlete's regime. Hamstring injuries are common in rugby players due to the vast range of movements, quick changes of direction and burst of speed. Amateur rugby players are encouraged to stretch before training and before and after games to prevent injury to the hamstring. Some of the most popular stretching techniques are foam rolling and proprioceptive neuromuscular facilitation (PNF). These are usually used to improve range of motion and can also reduce the likelihood of injury and re-injury. The main aim of this study was to compare and find out if foam rolling or PNF gives a greater increase in hamstring flexibility in amateur rugby players. Methods: The design of this study was a single blind randomised control trial. The participants all played amateur rugby. Prior to commencing the research all participants were given a consent form and participation sheet so they understood everything about the study and to make sure they had no previous injury that could impact the results of the study. The range of motion was firstly tested via a sit and reach test after the participants had completed a 2 minute warm up. They were then tested again after 30 seconds of treatment and then after 2 minutes of treatment. The participants were also asked to fill out a BORG scale which showed how comfortable they felt while completing the interventions. Results: The results showed a significant difference between the improvement that PNF and foam rolling had after both 30 seconds and 2 minutes of treatment. All results indicated that PNF gave a bigger increase in flexibility. The BORG scale results showed very similar results for both interventions but PNF had a slightly better score with the participants being more comfortable than the participants who used the foam rolling. Conclusion: To conclude PNF was shown to be the more effective stretching technique for improving flexibility and was the intervention type deemed more comfortable by the participants. 








2. Introduction 

2.1  Background Information 
This academic research study will investigate the comparison between the effects of foam rolling and proprioceptive neuromuscular facilitation (PNF) on hamstring flexibility in amateur rugby players. This dissertation will use a selection of methodological approaches, data collection methods and analysis approaches to develop a reliable, broad study to understand the benefits of stretching techniques and which one proves more beneficial to amateur rugby players. It will argue that both techniques are successful but one will become a stronger component and choice for athletes and therapists who decide to broaden their knowledge and understanding of hamstring flexibility and selected stretching techniques. Throughout there will be focus on both limitations and opportunities for using selective stretching techniques and ensuring all research follows ethically approved circumstances and guidance. 

In rugby, maintaining hamstring flexibility is vital for not only preventing injuries, but optimising performance due to multiple acts of explosive movements, sprinting or sudden changes in direction. Ensuring players have effective stretching techniques will allow performance enhancement through greater range of motion which can be achieved through appropriate stretching (Bangor University, 2023). That being said, hamstring stretching is popular amongst individuals who have an interest in improving flexibility (Gunaydin, 2020), and partnered with appropriate technique can develop a long-term improvement. Stretching techniques such as self-myofascial release (SMR) and PNF can effectively improve hamstring flexibility following the correct application and time-management (Decoster, p.377, 2005); this can also be used in rehabilitation when looking at injuries throughout athletes. (Alberta, 2023). 

Foam rolling is a type of self-myofascial release (SMR) technique that uses body weight to apply added pressure, using a foam roller, to different muscles and surrounding connective tissue; helping release any tension and therefore improve flexibility (McCallum, 2020). A study by Junker and Stoggl (2015) found that it can improve hamstring flexibility by applying pressure to tight areas, releasing any tension in the fascia (connected tissue) and increasing the blood flow within the muscle; in many cases leading to an overall improved range of movement and reduced soreness in athletes. There are also limitations of foam rolling, as found in a study by Deakin (2022) where they wrote about negative outcomes such as over-irritation, bruising and potential aggravation of injuries. 

PNF (Proprioceptive Neuromuscular Facilitation) stretching improves flexibility through effective targeting of the muscle, by stretching and contracting to deepen the focus and push the muscle to its limit (Hindle et al, 2012). PNF uses neurological reflexes to achieve a deeper stretch and increased flexibility, which is why it is used throughout different types of sports due to the benefits it produces (Barta, 2017). There are always limitations of techniques as shown in a study by Brakeville (2023), where it was found that while effective for increasing range of motion, PNF can have drawbacks such as potential for muscle soreness (DOMS), and a higher risk of injury if the stretch is not performed correctly.

2.2  Rationale 
As briefly stated above, there are multiple components that state that both PNF and foam rolling aid flexibility within the hamstring due to either direct contact, or stretching the muscle to cause contractions, therefore improving flexibility and performance in athletes. There is no direct research to state which technique is the most efficient form of stretching to assist the development of flexibility within the hamstring, which opens up the opportunity for research to broaden the knowledge and understanding of which technique gives greater benefits to amateur rugby players, assisting with their autonomy and game play. This study will allow athletes and therapists to develop a deeper understanding of comparing two very successful forms of stretching and allow them to use the correct stretch based on reliable data, research and analysis. 





3. Literature Review 

3.1  Introduction 
Hamstring flexibility plays a vital role in several aspects, including; preventing injuries; improving athletic performance; maintaining overall lower body mobility. The two methods to improve hamstring flexibility that are being focused on within this study are Proprioceptive Neuromuscular Facilitation (PNF) stretching and foam rolling, to which are two of the most commonly used techniques. Although both techniques enhance flexibility, they work through different mechanisms, creating space for critical analysis to see the limitations and opportunities of both techniques. This literature review examines both techniques, exploring their overall effectiveness, limitations, underlying mechanisms, and practical applications. The literature review will also look at the importance of hamstring flexibility within amateur rugby players, and how using stretching techniques will improve their overall performance and recovery. 

3.2 Hamstring flexibility within Amateur Rugby Players 
Rugby is a full-contact sport that requires recovery periods, strength and conditioning training, and team effort. That being said, hamstring flexibility and strength are key components that rugby players need to be considerate of in order to maximise performance, prevent injuries and aid successful recovery. A study taken by Bangor University in 2023 stated that, ‘the hamstring muscles of rugby players showed greater stiffness compared to others’, indicating that rugby athletes need to be aware of the importance of stretching their hamstrings to ensure that injuries are prevented and performance is enhanced. They continued to mention that in professional rugby, hamstring injuries had already ruled out several players who were training to play in the World Cup; proving that no matter your level of success within the sport, there is a lack of information about the importance of improving and stabilising hamstring flexibility (Bangor University, 2023).

That being said, a study by Chavarro-Nieto (et al, 2023) found that injuries within hamstrings are to do with several factors and cannot be placed purely on a lack of using specific techniques. Chavarro-Nieto (et al, 2023) used variables such as playing position, fatigue, previous injuries, leg imbalances etc., to allow readers to understand that there are multiple factors that affect hamstring flexibility, and it would be naive to state that using certain stretches is the most efficient way for everyone. However it has been argued by other studies that lack of flexibility is the main cause of strain, and this is why it is vital for athletes to carry out a form of stretching technique both before and after their game to stabilise blood flow and keep the muscles warm as they retract (Nagarwal et al., 2009).

3.3 Proprioceptive Neuromuscular Facilitation (PNF) 
PNF is a stretching technique that combines isometric contractions with passive stretching to enhance flexibility within the hamstring. Previously introduced as a rehabilitation method, it is now used widely in sports and fitness during warm-ups and cool-downs. Typically demonstrated using the ‘hold-relax’ method which involves the muscle being stretched, followed by being contracted isometrically, and relaxing at the end to allow a deeper stretch on the muscle (Page, 2012). 

PNF was developed during 1946 to 1951 at the Kabat-Kaiser Institute by neurophysiologist Herman Kabat and physical therapist Margaret Knott. Their main goal was to develop a hands-on treatment approach. It was originally developed to assist individuals with neurological conditions such as poliomyelitis but has since expanded to treating musculoskeletal conditions (Brakeville, 2023). 

Multiple studies have demonstrated the broad effectiveness of PNF stretching and how it benefits hamstring flexibility. Gajdosik’s (2000) work, along with others, found that as little as one session of PNF stretching significantly improves and increases flexibility amongst healthy adults due to the active knee extension (AKE) the stretch possesses. Continuing, a study by Behm (2023) over two decades later found similar results after completing a systematic review with a meta-analysis, indicating that PNF stretching was significant in the improvement of flexibility, although it was vital that the stretch was applied for 15-20 seconds with 2-3 repetitions. 

There are also limitations that have been indicated by other studies; providing information on the complications the stretch may cause for numerous reasons. The key major drawbacks involve the level of trust and communication between partners as the stretch cannot be carried out independently (Cooper, 2014). Cooper (2014) found that there is more risk due to ensuring your partner both communicates and responds appropriately to not only see through that the stretch is being done properly, but that the other part-taker is feeling comfortable and not causing further injury. Another drawback of PNF is that it can reduce performance before exercise. This is due to the muscle being stretched beyond their capacity and could cause inhibition (Kinet, 2012). The study focused on neural inhibition which can ‘cause a temporary reduction in muscle tension and force production’ (Kinet, 2012). To continue, studies are finding that PNF stretches are having either a significant reduction or no change in performance, whether that be power or speed (Yuktasir and Kaya, 2007). 

3.4 Foam Rolling 
Foam rolling is a form of self-myofascial release (SMR) technique that involves the application of direct pressure to muscle tissues. The technique, if done correctly, targets the fascia and can help reduce muscle tightness, aid recovery and improve flexibility (Chertoff, 2019). The foam roll is a solid foam cylinder, developed in a variety of hardness and size to suit the individual or muscle target group (Junker and Stoggl, 2015). 

The foam roller was originally developed by Moshe Feldenkrais (1920), an Israeli physicist and martial artist. Feldenkrais is an educational system ‘designed using movement and perception to foster individualized improvement in function’ (Buchanan and Ulrich, 2013) Feldenkrais believed his method allowed people to enhance the capability to discover flexible and adaptable behaviour through self-organized ideas. Consequently, he developed the roller to support movements of the body using physical treatment, and was finally used as a form of sports massage in the late 1980s (Henning, 2019). 

Studies have explored the use of foam rolling and the overall effect it can have on hamstring flexibility. McDonald (et al., 2014) conducted a study that allowed therapists to look at the effects of using a foam roller on the muscle. The 10 minute session was shown to have led to significant results, including flexibility, which was tested appropriately using the sit-and-reach test. Similarly, another study by Junker and Stoggl in 2015 found that using foam rolling over a 5-10 minute session showed immediate improvement in muscle length and flexibility.  

However, many studies are showing signs of effectiveness after long periods of time, as found by Jennings (2023). Jennings (2023) found that the improvements of flexibility were short lived and lasted no longer than 10 minutes after the session of stretching; indicating that there are limited results over a long time period, which is what athletes desire, especially those needing immediate recovery. Another researcher looked into the limitations of foam rolling in 2016, where Duncan wrote about how foam rolling is ‘too aggressive’ on the body; due to limited understanding of how to appropriately apply tension, leading to further injuries and tighter tension, therefore no direct improvement to flexibility.  

3.5 Summary 
The literature review focuses on two widely used stretching techniques, PNF and foam rolling, to analyse their effectiveness, whilst also researching the importance of hamstring flexibility in amateur rugby players. There are multiple studies looking into hamstring flexibility in rugby players, PNF and finally the foam roller method, all of which demonstrate examples of success and opportunity for improvement through limitations. It is important to draw together all existing points based on the three subheadings, to uncover the gap in education, and therefore create a link to the research question: An investigation into Comparing the Effects of Foam Rolling and Proprioceptive Neuromuscular Facilitation (PNF) on Hamstring Flexibility in Amateur Rugby Players. 

As found by a 2023 Bangor University Study in the literature review, rugby players are prone to experiencing hamstring stiffness and experience this more than other athletes due to the level of intensity shown throughout the sport. To develop on this, due to rugby players experiencing this stiffness the literature review moved onto the stretching techniques that are most widely used to improve flexibility and movement; PNF and foam rolling. Studies by Gajdosik (2000) and Behm (2023) confirmed the effectiveness of using PNF due to flexibility improvements after only one session. On the other hand, studies by Kinet (2012), Yuktasir and Kaya (2007) looked into the drawbacks, confirming that there is risk of overstretching, potential short-term performance reduction and limited knowledge using partners. The second stretching technique, foam rolling, was studied by Mcdonald (et al. 2014), Junker and Stoggl (2015), demonstrating an immediate flexibility improvement after using foam rolling due to the direct target onto the muscle. On the other hand, this was then criticized by Jennings (2023) as his study found that the results were short lived, only lasting as long as 10 minutes - which in hindsight, is not beneficial to rugby players who are expected to play 80 minutes of game time. It was once again criticized by Duncan (2016), who found that improper use can lead to injury and excessive tension. 

Overall, both techniques offer benefits, but have shown their limitations that are shared equally between them. That being said, developing the research question; An investigation into Comparing the Effects of Foam Rolling and Proprioceptive Neuromuscular Facilitation (PNF) on Hamstring Flexibility in Amateur Rugby Player; develops an open gap in research, focusing on how each technique affects the player, focusing purely on rugby as the core component of the research and how effective they both are on performance and injury prevention. 




 






4. Aim and Objectives

4.1 Aim
· To find if there is a difference in hamstring flexibility after using both foam rolling and PNF. 

4.2 Objectives: Primary Outcomes 
· Test the increase foam rolling has on hamstring flexibility
· Test the increase that PNF has on hamstring flexibility
· Compares the effects of the two therapeutic options have on hamstring flexibility

4.3 Objectives: Secondary Outcome
· Understand how the athletes found the treatment using a BORG scale to show how they felt after completing the testing.







5. Hypothesis 
Amateur rugby players who use proprioceptive neuromuscular facilitation are showing more developed signs of hamstring flexibility compared to the use of a foam roller due to the fact that PNF involves both the stretching of the muscle and also contracting of the muscle, this will help to enhance neuromuscular efficiency and therefore help to improve range of motion in the hamstring (Jabr 2021). Comparing this to foam rolling which uses myofascial release to try and improve flexibility and range of motion. It is anticipated that the group of participants that will use PNF as opposed to foam rolling will see a greater increase in hamstring flexibility.

















6. Method 

6.1 Purpose and Scope  
Research is the key process of analysing, collecting and interpreting data to develop a broader understanding of a theory or phenomenon (Williams, 2007, p.65). This research study aims to investigate the comparison between PNF and foam rolling on Hamstring flexibility within amateur rugby players. Methodological approaches use various techniques and strategies to investigate research questions (Oxbridge, 2023). There are 3 key approaches in methodology; quantitative approach; qualitative approach; mixed approach. A quantitative approach to research looks at collecting and analysing numerical data to identify any patterns, make predictions, look at any relationships between results or to generalise findings (Bhandi, 2022). On the other hand, a qualitative approach is based on using non-numerical data such as interviews observations and focus groups, with an overall aim to explore any experiences or perspectives (Busetto, 2020). After examining different methods, a mixed approach, using both qualitative and quantitative data, was used to develop an understanding between both stretching techniques. 

6.2 Data Collection Methods  
Data collection plays a vital role in research due to providing empirical evidence needed to answer aims, objectives and overall research questions. This also allows researchers to test a hypothesis, evaluate outcomes and ensure the reliability and validity of any research findings (Paradis and O’Brien, 2016). This research study is based on the comparison of two stretching techniques, where a strong data collection method will help to support decision-making and inform future research following a deeper understanding of benefits. After carefully researching methodological approaches as stated in chapter 6.1, it was found that a mixed approach was most beneficial for this study. Quantitative data collection methods include experiments, which was at the base of this study, allowing data to be collected first hand through visible experiences and collecting numerical data through BORG charts. Alongside this, qualitative data collection was used through the method of focus groups and observation allowing a direct opportunity to record any events or reactions following the differentiated stretching (Bar-llan, 2004). 

Prior to participants starting the study, they had to complete a consent form to ensure they are aware of ethical practices before participating in the study (Oxford University, 2021). Ethical considerations are key within a research study, so it is vital to carry out an ethically appropriate research project. Researchers must develop a set of principles that help to guide the research design and practices required to carry out the collection of data, ensuring that they are positively adhering to code of conduct. Ethical considerations will be completed within an ethics form during this research project to ensure that the rights of all research participants are protected, to broaden research validity, and to maintain scientific integrity (Bhandari, 2022). Following this a PAR-Q (Physical Activity Readiness Questionnaire) was conducted to assess individuals' readiness for physical activity, aiding the identification of potential risks or if any medical clearance as needed before beginning the activity (Czyz, 2015). All participants were told specifically to avoid any exercise the same day as the research was being carried out, to avoid any unreliable data; ensuring all participants are at the same state of stable energy. 

A controlled experiment was then conducted to assess the impact of different stretching techniques on hamstring flexibility; focusing on PNF and foam rolling. The participants were randomly split into two groups; one focusing on PNF and the other foam rolling. As the participants arrived, they were all directed to the exercise bikes where they needed to complete 2-3 minutes to warm up the tissue being targeted and ensure blood flow. This also helps avoid any injury when conducting the test. Following this, all participants will undergo a sit and reach test. This is a flexibility test, used to assess the extensibility of the lower-back and hamstring muscles by measuring how far an individual can stretch forward whilst remaining seated and with straight legs (Mayorga-Vega et al, 2014). 

The participants who took part in the PNF stretching were shown how to safely complete the stretch by the therapist present as this was a self-applied test. This allowed the participants to know how to safely conduct the exercise and avoid any injuries throughout the activity. Participants were tested for two minutes in total, with four 30 second repetitions of PNF stretching on both legs, meaning that both hamstrings will be stretched a total of four times throughout the test. The results of PNF on hamstring flexibility are collected through the sit-and-reach test before the treatment is applied, after the first four treatments, and then at the end of the resting. There will be an overall of 3 results gathered from the PNF testing. On the other hand, participants focusing on foam rolling applied the treatment for two minutes onto the directed muscle. Once again, the participants will be shown how to execute the treatment safely, to avoid injury or inaccurate results. The results will be collected before the treatment, 20 seconds into the treatment, and finally once the two minutes have been completed to gather 3 results, matching that of PNF testing to ensure data collection is fair and reliable. 

After the tests have been completed from both participant groups, they will all be directed to fill out a BORG scale. The Borg Rating of Perceived Exertion (RPE), was developed to measure an individual's effort and exertion, breathlessness and fatigue during physical work (Williams, 2017). This allowed the researcher to understand how comfortable the participants felt after the treatment, and can be used to compare data when looking at the differences between both stretching techniques and their effects on the flexibility of the hamstring.  

6.3 Analysis Method 
For this study statistical analysis was used to compare the effectiveness of PNF and foam roller stretching on hamstring flexibility. The analysis aimed to identify if there were significant differences in flexibility improvements between the two stretching methods with measurements taken at specified times throughout the test. Statistical analysis was used to analyse the data collected with paired t-tests being used to compare the effectiveness of PNF stretching and foam roller stretching on hamstring flexibility. This method allowed for the evaluation of the differences between each stretching method at different stages i.e a baseline measurement, a measurement at 30 seconds and post-intervention measurement after two minutes and the results from both groups were collated in a table and used to develop conclusions to the hypothesis.

The results collected needed to be compared to determine whether PNF or foam rolling method was more effective in improving hamstring flexibility. Therefore, a quantitative approach to measure and compare changes in flexibility using numerical data (e.g., range of motion in degrees or centimetres) was deemed the most relevant statistical analysis method as it provided objective, quantifiable results that could be compared with ease.

The software used to present, organise and analyse results included Statistical Package for the Social Sciences (SPSS) and Microsoft Excel. Both pieces of software allowed accurate results and conclusions to be made by providing detailed reports and enabling results to be displayed in a visual way making comparisons and analysis easier. 

6.4 Strengths and Limitations 
There are many strengths for the approach of this research project. The first is that both treatment styles being used in this study are used in almost all sports and this study will be able to help other sport therapists and players in these sports understand which stretching style will give greater benefits. Another strength for the study is that although both treatment options are well known they are not put directly against each other to find which one is better overall, which this study aims to do. However, this study does have some limitations and weaknesses. These involve the small sample size of only 10 players, this limits the study by not being able to see the effects of the two treatment options on a wider sample size and possibly being able to answer the research question with more accuracy.





7. Results
7.1 Introduction 
A sample test, using 10 amateur rugby participants, was used to test the hypothesis that proprioceptive neuromuscular facilitation (PNF) is more effective compared to using foam rolling to enhance the flexibility of the hamstring. The tests involved the use of a sit-and-reach (SAR) test to develop data that can be comparable, analysed and understood effectively by other researchers/readers. Both tests were recorded using the SAR 3 times throughout the session, measuring in centimetres (cm) to effectively see how each stretching technique can improve the flexibility in the hamstring, therefore recording in a higher SAR test result. 

7.2 Data Collection
Figure 1 - Proprioceptive neuromuscular facilitation (PNF) Results:
	Participant 
	Baseline sit -and-reach (SAR) (cm)
	SAR after 30 seconds of PNF (cm)
	SAR after 2 minutes of PNF(cm)
	SAR difference between before and after PNF (cm)

	1
	17
	21
	24
	+7

	2
	20
	23
	28
	+8

	3
	23
	26
	30
	+7

	4
	25
	27
	31
	+6

	5
	18
	23
	27
	+9

	Mean
	20.6
	24
	28
	7.4

	SD
	3.36
	2.35
	2.83
	1.14



Figure 1, as shown above, presents the quantitative findings of the experiment; using PNF on 5 sample amateur rugby players to demonstrate the effectiveness towards flexibility using the sit-and-reach test. As shown, the 5 participants had a recorded SAR test prior to the session, 30 seconds in and finally 2 minutes after the final time PNF was performed. 

Key Findings of Figure 1: 
· The mean value recorded: +7.4cm
· The median value recorded: +7cm
· The mode value recorded: +7cm

The strong consistency between the mode and median values showing +7cm, suggests a strong, symmetrical distribution of results, showing most participants achieving similar levels of improvement. The mean value was recorded at a 7.4 cm increase following the use of PNF, and this indicates that there were slight variations in results, due to 1-2 participants showing a higher than average result - this could be down to a slight increase in flexibility. 

Figure 2 - Foam Rolling Results:
	Participant 
	Baseline sit-and-reach (SAR) (cm)
	SAR after 30 seconds of Foam Rolling (cm)
	SAR after 2 minutes of Foam Rolling (cm)

	SAR difference between before and after Foam Rolling (cm)

	6
	20
	22
	25
	+5

	7
	22
	23
	25
	+3

	8
	18
	20
	21
	+3

	9
	21
	22
	24
	+3

	10
	23
	25
	28
	+5

	Mean
	20.8
	22.4
	24.6
	3.8

	SD
	1.92
	1.82
	2.51
	1.10



Figure 2, as shown above, presents the quantitative findings of the experiment; using the technique of foam rolling on 5 sample amateur rugby players to demonstrate the effectiveness towards flexibility using the sit-and-reach test. As shown, the 5 participants had a recorded SAR test prior to the session, 30 seconds in and finally 2 minutes after using a foam roller for the final time. 


Key Findings of Figure 2: 
· The mean value recorded: +3.8cm
· The median value recorded: +3cm
· The mode value recorded: +3cm

The strong consistency between the mode and median values showing +3 cm, suggests a strong, symmetrical distribution of results, showing most participants achieving similar levels of improvement. The mean value was recorded at a 3.8 cm increase following the use of foam rolling, and this indicates that there were slight variations in results, due to 2 of the participants showing a higher than average result - this could be down to a slight increase in flexibility. 

Figure 3 - BORG Rating of Perceived Exertion
	GREEN
	6
	Zero Exertion

	GREEN
	7
	Extremely light

	GREEN
	8
	Minimal effort 

	YELLOW
	9
	Very light exertion

	YELLOW
	10
	Just start to hear breathing

	YELLOW
	11
	Conversation is easy

	YELLOW
	12
	Light exertion

	ORANGE
	13
	Somewhat hard

	ORANGE
	14
	Breathing hard but not struggling

	ORANGE
	15
	Can converse but not full sentences 

	ORANGE
	16
	Hard work

	RED
	17
	Very hard - getting uncomfortable 

	RED
	18
	Can no longer converse

	RED
	19
	Extremely hard - body is screaming

	RED
	20
	Maximal exertion 



Figure 3, as shown above, is an example of the BORG scale that was used after the test. The BORG scale is a quantitative measure that shows the ratings of perceived exertion, demonstrating comfortability and capability during an exercise. All 10 participants were all asked after the test which BORG rating they would use to appropriately indicate how they felt, whether that be after PNF or the use of a foam roller. 

Figure 4 - Participants 1-5 (PNF) results of the BORG scale
	Participant 
	BORG Rating 

	1
	8

	2
	11

	3
	10

	4
	9

	5
	10



Figure 4, as shown above, shows the collected quantitative data from participants 1-5 who used PNF as their stretching technique after selecting the most appropriate BORG rating to demonstrate how they felt during the test. 

Key Findings:
· The mean value recorded: 9.6
· The median value recorded: 10
· The mode value recorded: 10
· The most common score of the BORG rating is demonstrating that participants were finding it easy, but could start to hear heavy breathing. 

Figure 5 - Participants 6-10 (Foam Roller) results of the BORG scale 
	Participant 
	BORG Rating 

	6
	11

	7
	13

	8
	11

	9
	10

	10
	12



Figure 5, as shown above, shows the collected quantitative data from participants 6-10 who used foam rolling as their stretching technique after selecting the most appropriate BORG rating to demonstrate how they felt during the test. 

Key Findings:
· The mean value recorded: 11.4
· The median value recorded: 11
· The mode value recorded: 11
· The most common score of the BORG rating is demonstrating that participants felt that ‘conversation was easy’.

Observations from the tests were also carried out to see how participants from both PNF and foam rolling sessions reacted to the use of each stretching technique.

7.3 Summary 
To conclude, the results in this research project show the impact that PNF has on the sit and reach test, this information can be seen in figure 1 and shows how PNF had a positive increase on the sit and reach test after 30 seconds and 2 minutes. Figure 2 shows results from the foam rolling testing, the table for figure 2 shows how all participants had an increase in sit and reach results after both the 30 second intervention and after the full 2 minutes of foam rolling. 

Figure 4 shows the results the participants gave after they completed a BORG scale, this shows how comfortable the participants were after completing the PNF stretching, all participants ranged from 8-11 on the BORG scale which shows that no one felt uncomfortable when completing the testing. Figure 5 is a graph showing the results from the BORG scale for all the participants who used the foam rolling, the results show that all participants ranged from 10-13, this suggests that some of the participants felt the treatment was somewhat hard. 






















8. Discussion 

8.1 Introduction 
This research project is looking at developing a broader understanding towards different stretching techniques, and which method works better for amateur rugby players’ hamstring flexibility. The two techniques used throughout this study were proprioceptive neuromuscular facilitation (PNF) and Foam Rolling. This study will now continue with a discussion, looking at key findings, limitations, recommendations for future research and overall success towards aims and outcomes. 
 
8.2 Key Findings 
The main purpose of this research study was to uncover the compared benefits of two stretching techniques on the flexibility of the hamstring, focusing on amateur rugby players. After carrying out two sets of testing with 10 participants split into two separate groups, there has been some discoverable evidence that indicates PNF shows greater increase in flexibility compared to the use of a foam roller. 


Figure 6 - Demonstrating the results of the SAR test before and after PNF.
[image: ]
The graph above clearly shows the results from the PNF testing group. It shows the measurements collected for all participants at the baseline point of the sit and reach test followed by the results after 30 seconds of PNF intervention and finally the results of the sit and reach test after the full 2 minute treatment was applied. The results in this graph show how PNF increased flexibility at both the 30 seconds and 2 minutes of intervention points with the greater increase coming between the 30 seconds and 2 minutes for the majority of the participants.

Figure 7 - Demonstrating the results of the SAR test before and after Foam Rolling.
[image: ]
The graph above shows the results from the foam rolling testing. The graph displays the three sit and reach results gathered from the baseline point followed by results collected after 30 seconds of foam rolling and the final bar after the full 2 minutes of foam rolling has been applied. The graph clearly shows how foam rolling has an improvement in flexibility for all participants who took the treatment. This graph will be beneficial for other therapists, researchers and players helping them to understand the positive effects that foam rolling has on improving hamstring flexibility. 



Figure 8 - Demonstrating the comparable results of the average improvement in flexibility following the results of the SAR testing after PNF and Foam rolling. 
[image: ]

Above in Figure 8,  shows a graph that demonstrates the correlation between both sections of gathered data. The graph focuses on the increase of flexibility after using PNF and after the use of foam rolling. The first section of the graph indicates the results of the SAR test prior to any use of stretching technique, this allows the researchers to develop a baseline understanding of where the players current flexibility lies. The second section of the graph is based on the results of the SAR test 30 seconds after the first implementation of testing; allowing the researcher to see the impact of the stretch after a short period of time. It is clear that PNF is demonstrating a quicker increase compared to that of foam rolling. Following this is the final collection of data, showing the improvement of flexibility after 2 minutes of stretching using the SAR test. 

When comparing both results together it shows the increase of flexibility after using PNF was almost double compared to the increase of cm after using foam rolling. The consistency in PNF results throughout the data collected suggests a more predictable impact on flexibility, whereas FR demonstrated more variable gains:
· Mean Improvement: PNF (+7cm) vs. FR (+3.8cm) - PNF produced nearly double the flexibility gains within the hamstring.
· Median Improvement: PNF (+7cm) vs. FR (+3cm) - PNF consistently showed greater improvements across all participants in that sample group. 
· Mode Improvement: PNF (+7cm) vs. FR (+3cm) - PNF showed a higher recorded improvement more frequently than FR. 
Following on from the key findings above, PNF uses a combination of relaxation and muscle contraction to enhance neuromuscular efficiency and increase the range of motion within the muscle (Ragazzi and Pacheo, 2023). Compared to FR, the technique of PNF directly engages the stretch reflex which in turn, facilitates muscle elongation and therefore enhancing and improving flexibility within the hamstring. On the other hand, FR focuses more on myofascial release, which typically reduces muscle tightness but doesn't actively increase flexibility through lengthening muscle fibres to the same extent of the PNF technique (Emary, 2012). 

8.3 Interpretations 
Interpretations of data allow researchers to draw conclusions and develop a further understanding of the significance and limitations of gathered findings, using analytical methods to identify any existing patterns or trends (Jankute, 2021). This also allows the opportunity to contextualise findings with other studies, developing a daughter understanding of any unexpected results with added alternative explanations. 

When looking at the results from Figure 1 and Figure 2, it is clear that the use of both treatments increased the flexibility by a higher amount during the SAR test during the 30 seconds - 2 minute range, compared to the baseline to 30 seconds. This is due to the stretch being performed for a longer period of time, therefore increasing the depth of flexibility shown within the final SAR test. However it is clear to see that the results from Figure 1 were increasing in higher quantities, compared to that of Figure 2; clearly indicating that PNF had a bigger impact on hamstring flexibility. 

Another interpretation came from the results of the BORG testing (Figure 4 and Figure 5), where the participants using PNF felt it was easier, whereas the participants who used the foam rolling technique indicated it took more effort when comparing both results. This result was unexpected due to the initial thought process that both stretching techniques would have the same level of exertion; whereas it was found that participants using the foam roller felt it was more uncomfortable due to the direct tension onto the muscle when completing the session. To explain this further, it was communicated after the session, that the amateur rugby players typically used PNF prior to playing during match days, whereas foam rolling was not used on an on-going basis. This could have created a level of bias as the players felt comfortable with PNF compared to foam rolling. 

8.4 Implications 
Implications are key to developing and assisting future research, using previous researchers experience to develop a new understanding and outlook onto a new or existing study. This ultimately contributes to a more impactful and meaningful body of knowledge to assist future work (Good, 2024). 

Throughout the research, the results link well with the work of other researchers such as Ragazzi and Pacheo (2023), who look at the comparable aspects of PNF and foam rolling on hamstring flexibility. The study by Ragazzi and Pacheo (2023) also found that although foam rolling proved to be a positive contribution to hamstring flexibility, PNF demonstrated a higher success rate in terms of measuring the level of stretching within the participants. Compared to the research project carried out in this academic document, Ragazzi and Pacheo (2023) used a larger sample of participants, using 53 men and 27 women, allowing them to gather a larger quantity of data. That being said, the results carried out in this study are proving to correlate with that of a study that used a bigger sample size, proving that the testing is not dependent on size and showing future researchers that they can contribute towards research with limited resources and sessions.  

Although this research has linked well with existing studies, it also offers new valuable insights into the overall effectiveness of PNF on hamstring flexibility. Both foam rolling and PNF are commonly used amongst athletes, however there are limited studies that use SAR testing to directly compare two methods. Overall, the research gathered using the SAR test in both methods indicates that amateur rugby players are showing a higher score of improvement after using PNF compared to FR. 

8.5 Acknowledgement of limitations 
Acknowledging limitations within research allows individuals to understand why the results are presented the way they are, how something impacted the research, and how it is important to include possible limitations or anomalies within answers (USC, 2025). 

The first implication that was brought to light during the research project was the small size of sample participants. Only using 10 participants within a quantitative study can significantly limit the overall generalizability and statistical power of any findings (Andrade, 2020). Therefore, only having 10 participants in this study limited the wider understanding of the benefits or drawbacks of each stretching technique, and therefore has limited the amount of understanding on overall effects on hamstring flexibility. To improve this in a future study, it would be recommended that the sample size would be more towards 30-50 participants, due to a large scale of results and therefore a better understanding of the effects on hamstring flexibility. 

Timeframes are also a massive variable of a study, as this can impact multiple factors. Timeframes are crucial for planning, execution, ensuring achievable timelines, demonstrating competence and facilitating appropriate collection of effective data and analysis (Conroy, 2018). This research study involved testing both techniques once with two different groups. Whereas, if the timeframe was increased to 3 times over 3 weeks, this would develop a better understanding on how each technique can improve flexibility over a certain amount of sessions. So therefore, increasing this and including more interventions would help researchers develop an understanding on long-lasting effects, and therefore assisting athletes to choose the most appropriate form of stretching technique for their overall flexibility and performance. 

Although there are limitations shown within this study, it does not invalidate the results. Although there was a short time frame and a smaller sample size of participants, the results still concluded that there are more benefits shown from PNF compared to that of using foam rolling. The results also showed that although PNF showed greater improvements, that foam rolling is still beneficial and does in fact improve flexibility. When comparing the results of this study to previous researchers such as Gajdosik (2000) and Behm (2023), it is clear PNF gives a greater increase in flexibility compared to that of a foam roller. 

8.6 Recommendations 
In research, a recommendation is a proposal or suggestion that is based on findings that will help improve further studies in gathering appropriate data. The main purpose is to bridge the gap between research, informing practitioners, policymakers and future researchers of opportunities to extend research and develop a deep understanding of a chosen topic (Charlesworth, 2022). 

In terms of practical implementations, this research study shows that both stretching techniques, PNF and foam rolling, increase hamstring flexibility. Due to this, it would be recommended that athletes include this inept their warm-up, cool down and rehabilitation periods. In terms of amateur rugby players, it is recommended that they are used primarily before games to improve overall performance and prevent injuries. Maintaining adequate hamstring flexibility reduces the chance of tears in the hamstring, and this is why it is highly recommended that stretches are carried out during a warm-up to ensure the blood flow is reaching targeted muscles, and therefore aiding support during high tensity training (Behm et al., 2021).

In terms of future research, it would be beneficial for other academic studies to assess the effects of PNF and foam rolling on other aspects of sports such as strength, power and speed. This would be implemented by including additional functional testing after the treatment of PNF/Foam rolling has been completed. This could include squat strength, agility testing or plyometric training such as weighted box jumps. These would all be beneficial ways to test the use of stretching techniques as they all relate to the movements and demands that are required by the body during high intensity rugby watches or training. 

Another opportunity for future research would be to introduce these stretching styles at the start of season and complete them for a whole season to therefore compare how many injuries in the lower limb the team have sustained, compared to a year without stretching before training and games. This research would be beneficial as it would help other therapists know if these treatments are a beneficial strategy to use for improvement in flexibility and as an option to reduce chance of injury. 

























9. Conclusion 

The data gathered from this research study clearly indicates that PNF stretching is superior for improving hamstring flexibility compared to the use of the foam rolling method. It cannot be argued that of course, both techniques improve flexibility, however PNF shows greater improvement through quantitative data and the consistency in increasing flexibility shows athletes that this should be a preferred choice for rugby players who require a high degree of flexibility and mobility to not only improve performance, but also reduce injury. As stated previously in the recommendation section, future research could improve this study by exploring the long-term effects of both PNF and foam rolling, or whether a combination of both shows additional benefits to amateur players. 

The overall structure of this research project was based on an aim and two objectives as follows: 
· Aim: To find if there is a difference in hamstring flexibility after using both foam rolling and PNF. 
· Objectives: Primary Outcomes: Test the increase foam rolling has on hamstring flexibility / Test the increase that PNF has on hamstring flexibility / Compares the effects of the two therapeutic options have on hamstring flexibility
· Objectives: Secondary Outcome: Understand how the athletes found the treatment using a BORG scale to show how they felt after completing the testing.
The objectives set out in the primary outcomes of this study were met and have helped to gain a further understanding of different therapeutic methods that can be used to support hamstring flexibility in amateur rugby players. This was achieved by testing a group of amateur rugby split into two groups with one group undertaking foam rolling interventions and the other using the PNF technique. The testing concluded that both stretching styles gave an increase in hamstring flexibility when testing on a sit and reach test with PNF providing a better outcome overall. 

The secondary outcome that this study aimed to answer was how comfortable the participants found the treatments when they were doing them, this was an important aspect as it provided information to support therapists and other players' understanding of which treatment option could be better for them to use moving forward. The comfortability of each intervention was measured using a BORG scale of 1-20 to gather information regarding how comfortable the participants found each treatment. The results of this study suggested that both treatments had a similar BORG scale result with PNF having a slightly better score with the player being more comfortable when doing PNF compared to foam rolling.
 
The overall aim of the study was to find if there was a difference in improvement in hamstring flexibility when participants use PNF compared to foam rolling treatments. The aim was met by completing all of the testing and using graphs and tables to compare results to help understand which treatment was better. This small-scale research concluded that the use of PNF intervention resulted in a greater increase in hamstring flexibility compared to foam rolling.
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11. Appendices
11.1  Participation Information sheet

Participant Information Sheet

Study Title - Comparing the effects of Foam rolling and PNF on hamstring flexibility in amateur athletes 

Dear participant, thank you for showing interest in wanting to be a part of my study. This document is here to give you further information and knowledge of study and what your part being in study will include. To be involved in this study you will have to consent to all the information in this document, which can be discussed with me if you have any questions after reading 

Location of Study
The study will take place at Tenby rugby club in the treatment room 

Investigator
The lead investigator for this study is Lewys Boswell 

Who is funding the research? 
This study is not being funded by anyone; it is a part of a course at UWTSD 

Can you take part in this study?
To participate in this study, I am looking for people who fulfil these criteria
· Play for a sports team at an amateur level
· Do NOT have any lower body injuries that may affect the outcome of the study
· Willing to comply to all the instructions expected from you if you agree to be a participant

What is the study about?
There are multiple ways an athlete can stretch to warm up or to improve range of motion when competing in sports, this study takes two of the most used and popular options which are Foam Rolling and PNF and aims to find which of the two gives greater benefits when testing them on hamstring flexibility 
The overall aims of this study will be to find which of the two therapeutic options can improve hamstring flexibility more and find out which of the two options you the participants found to be the best option for you 

How will you be involved in the study?
Participants in this study will be involved by coming to training at Tenby rugby club 
For this study you will only be needed for one day. The day of testing you will be asked to not do any training prior to coming to training that day. When you get to training you would have been assigned to one of two groups, each group doing only one of the treatment options
Before you do your stretching exercises, you will be asked to do a sit and reach test to gain a baseline result of your hamstring flexibility 
If you are assigned to the Foam rolling groups, you will firstly be told and demonstrated by me how to perform the exercises safely and correctly. Once you understand how to correctly perform the exercise you will foam roll for 2 minutes in total. In this 2-minute time you will perform another sit and reach test 30 seconds into the movement and once more when the 2 minutes are completed 
If you are assigned to the PNF group, you will be told and demonstrated by me how to perform the movement correctly and safely to avoid injury and ensure a reliable result, Once you are comfortable with the movement you will apply it 4 times of each leg, with each repetition lasting 30 seconds. Throught the stretching you will be asked to perform a sit and reach test and the first of the 4 repetitions and finally after all the reptations are completed 
After completing which ever exercise you were assigned to you will be asked to fill out a BORG scale which involves stating how comfortable you felt while doing the stretching exercise out of 10 

Are there any risks involved in participating in the study?
As this study involves physical activity there is always a risk of injury while completing the exercises you do. There is a chance of muscle strain after completing the exercise
However, to avoid this and to ensure your safety while being a participate, there will be a warmup before you do any stretching, and I will demonstrate how to safely and correctly to perform the movements prior to you attempting the stretches 



What happens to your information
Your information will be recorded and put into a group with all the other participants used in this study, the information will be used to try to determine which of the two treatments gives greater benefits and will be discussed in a written assignment 
Before any of your data and information is collected and used, you will be given a number that replaces your name, this means that when you and your results are discussed it won't be your name used by a number that was allocated to you. To further keep your information safe all documents will password protected and unavailable to see by anyone other than me and the supervisor of the study 

If you have any questions?
You will be able to ask me any questions you may have on the day of the testing and before you have any treatment, if you want to discuss this before the testing day you can contact me with this email – 2218767@student.uwtsd.ac.uk

What if something goes wrong or you have complaints?
If there are any issues you can contact me, if you don't wish to talk to me about the issue or if you have a complaint, you can contact the Director of the study – g,forster@uwtsd.ac.uk 

What do you do next?
If you are happy to be a participant show up to the testing day and sign the consent form 





11.2 Consent form

Research study informed consent form 

Study Title - Comparing the effects of Foam rolling and PNF on hamstring flexibility in amateur athletes

This information is being collected as part of a research study being conducted by Lewys Boswell at the University of Wales Trinty Saint David. By signing this you agree that all the information collected as part of the study can be used as part of the research study. The information will be disclosed and password protected only being viewed by myself and the project supervisor. The information will be retained by the University and will only be used as research purposes. By signing this form, you are agreeing to the university storing your information as stated above. No information will be identifiable to you meaning none of your personal data will ever be published

Statements of understanding consent 
· I confirm that I have read and understand all information that is stated in the participation information sheet for this study. I have had the opportunity to ask any questions that I have about the study, and they have been answered to my satisfaction
· I understand that I can withdraw from the study at any time and all the data that was collected will be removed and deleted  
· I understand that all my data will be used in a research study as mentioned above 

Name of Participant -                                      Date -                                           Signature - 

Name of Researcher -                                     Date -                                           Signature -  
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