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Abstract
This research study was carried out in order to evaluate the impact massage had on the effectiveness of Proprioceptive Neuromuscular Facilitation (PNF) stretching in increasing the flexibility of the hamstrings compared to only using PNF stretching as an intervention. This was done to educate others, mainly in the same field of practice, as to which technique or interventions would be the most beneficial to use to increase one's hamstring flexibility, which could also ultimately lead to decreasing the risk of receiving an injury. In order to reach a satisfactory conclusion, the method used was that all 14 participants had both interventions carried out on their dominant leg and also they received each intervention a week apart, with half of the participants initially receiving massage combined with PNF and the other half receiving only PNF at the first instance.  The flexibility of the hamstrings was measured by a straight leg raise and the use of a goniometer. Protocol was followed by each individual, such as a warm up before the interventions to minimise the possible risk of an injury. The results showed that massage combined with PNF was more effective at increasing one's flexibility compared to only using PNF. It’s therefore concluded that massage combined with PNF stretching, in most scenarios, is the best intervention to use to increase an individual's hamstring flexibility and to decrease risk of injury. These findings implicate that if time allows, massage and PNF stretching should be used in a session as this increases the flexibility of the hamstrings the most in comparison with PNF stretching on its own. However, this research project also confirmed that PNF stretching on its own is also an effective treatment and this should be used if time is limited.


Introduction
Hamstring injuries are a common injury within sport and exercise settings and therefore represent an important area of research for practitioners in the field of sport and exercise therapy  (Arner, McClincy and Bradley, 2019). It is found that hamstring injuries account for nearly half of all possible muscle injuries and 12% to 29% of entire combined injuries (Rudisill et al. 2022). One factor that is proposed to increase the risk of an individual sustaining a possible hamstring injury which can cause the individual to have to take time off from participating in their sport is hamstring flexibility (Rudisill et al. 2022).  Evidence shows that “athletes with lower flexibility had roughly a 30% greater risk of injury than those with higher flexibility measurements” (de la Motte et al. 2019). By researching and reading the available evidence, ensuring athletes have good hamstring flexibility is important not only in terms of their performance level but also to potentially reduce the risk of injury to the hamstrings. 

There are some techniques that have been proven to improve the flexibility of the hamstrings and these include massage (Davis, Alabed and Chico, 2020), PNF stretching (Borges et al. 2017), static stretching and passive stretching (Lima et al. 2019).   This study focuses on massage, which is defined as “the mechanical manipulation of soft tissues using rhythmically applied moves and pressures with the purpose of enhancing health and well-being" (Dakić et al. 2023) and PNF stretching.  PNF stretching is stated as being a “more advanced form of flexibility that involves both stretching and contraction of muscle group being targeted” (Yadav and Lehri, 2019) and PNF promotes “the response of the neuromuscular mechanisms, such as mobility, muscular strength and endurance, joint stability, balance, and neuromuscular control, by stimulating the proprioceptors within the skin, joints, muscles, and tendons” (Takasaki, Okubo and Okuyama, 2019).

There are various benefits of massage, for example enhanced blood circulation and temperature due to the mechanical pressure which is “likely to increase or decrease nerve organs excitability as measured by H-reflex, which is known as neurological mechanisms” as Gasibat and Suwehli (2017) states. There are three different variations of PNF which are “hold-relax”, “contract-relax” (passive technique) and “contract- relax- antagonist- contract" (active technique) (Konrad et al. 2023). However, this study will focus on the contract-relax technique which is when the patient is taken into a passive movement for a few seconds then they are asked to contract against the therapist at maximal effort for a further few minutes and finally they relax for a period of time before repeating this (Bhat and Nadzri, 2024). The proposed benefits of massage due to the mechanical pressure are “increase muscle mass blood flow and muscle tissue temperature, thereby enhancing performance. It also reduces cells adhesion and increase muscles flexibility which could help to decrease injury risk factors.” (Gasibat and Suwehli, 2017). The reported benefits of PNF are as stated by Kaya (2018) “to increase flexibility and range of motion (ROM) through the stimulation of the neuromuscular system and the proprioceptors. PNF, that is originally designed to regulate flexibility, strength and coordination, is associated with physical fitness and an increase was reported on muscular strength, endurance and coordination after PNF”. Conducting this research project will benefit me in the future when I am in employment and need to help athletes improve their hamstring flexibility to potentially better their performance and decrease the risk of injury.  

Together, there are apparent benefits toward flexibility for the independent use of massage and PNF, however exploring the sequential use of massage followed by PNF in comparison to PNF alone has received less attention. Given the relationship between hamstring flexibility and injury risk, exploring the potential impact of massage and PNF on flexibility is an important endeavor. Therefore, the aim of this study was to assess the impact massage has on PNF compared to just using the PNF technique on hamstring flexibility.



Literature review
A review was carried out on the current relevant literature around the topic of massage and PNF to evaluate and gain knowledge on the current research and how it can be linked with this study.
While researching into massage and PNF stretching on the hamstring muscles there was no specific research on the study of how massage combined with PNF stretching compared with just PNF stretching had on the effect of hamstring flexibility, therefore there was a clear gap in the literature. However, there were similar and relevant studies conducted or articles that did inspire this specific research question. 
Massage was chosen as an intervention in my research because soft tissue massage can have many benefits for individuals. This is supported by Jurecka et al. (2021) as they found that the flexibility of the hamstrings increased after soft tissue massage as the knee extension angle was measured. Additionally, pain was decreased after the application of massage and physical function had improved, however these findings were more specific to the knee. Kargarfard et al. (2015) researched into the efficacy of massage on male bodybuilders and concluded that massage was beneficial at decreasing muscle soreness as measured by using a visual analogue scale (VAS) and therefore performed better. Muscle soreness/ pain has been linked to low flexibility levels (Torres-Pareja et al. 2019) suggesting that the reduction in muscle soreness from this research also indicates an increase in flexibility. This article also noted that after massage, muscular power and capabilities enhanced and that massage is commonly used in the recovery process after physical training due to its beneficial effects (Kargarfard et al. 2015).

 The scientific basis behind soft tissue massage is that it has the power to influence blood pressure and heart rate, as it has been presumed through the modulation of the autonomic nervous system, central nervous system and also accompanied by increased parasympathetic activity which leads to its effects (Koren and Kalichman, 2018). Gasibat and Suwehli (2017) states additionally to this that the pressure placed on the muscle due to the therapists hand causes reduction in tissue adhesion and causes activation of neural-gating  mechanism in the spinal cord which can lead to decreasing pain. 

A PNF stretch was also chosen as an intervention in this research study because many other studies have compared PNF to other stretching variations and have found PNF to provide a greater benefit. This can be shown by a study by Kay, Husbands-Beasley and Blazevich (2015) that found CR (contract- relax) PNF stretching to be more beneficial than static (passive) stretching on dorsiflexion ROM. This is because they found that the PNF stretch reduced muscle and tendon stiffness whilst the static stretch only reduced muscle stiffness and PNF was successful at increasing range of motion greater than static stretching. 
The scientific basis found behind PNF stretching is that it promotes the acceleration of the response of the neuromuscular mechanism through provoking of the proprioceptors and was firstly introduced for neurological rehabilitation but has now been introduced to sport and rehabilitation. The basis of this is based on the theoretical principle the human body's neuromuscular components are adjustable hence, “stronger body movement patterns of spiral and diagonal in nature are used to facilitate weaker ones, and to increase motor and sensory awareness” (Shrestha , 2013). It's also stated by Stecco et al. (2020) that when the muscle is stretched the tissue initially goes into tension and the relationship between stress and strain is non-linear with the increasing stretch causing an increase in the slope due to the straightening of the wavy-like collagen fibrils in the muscle. Next the elastic phase happens after the fibrils have completely straightened, but the changes are still reversible in this stage. The plastic stage occurs after the elastic stage where irreversible changes occur and the tissue does not return to its original form even when stretch is released, also known as the yield point which therefore increases the flexibility of the muscle. Additionally, it was found “a neurological contribution is supported by the increase in peak passive moment (stretch tolerance) detected after CR stretching (10.6%)” (Kay, Husbands-Beasley and Blazevich, 2015) which is related to the increase in ROM as there is strong evidence related to stretch tolerance being an important mechanism relating to increase in ROM.  To add to this, Smedes et al. (2016) states the wide beneficial effects of PNF stretching on individuals highlighting why PNF was the main/ obvious choice of my personal research question as it will be beneficial for the athletes I work with.
 It is clearly stated how PNF is excellent and more effective for improving ROM of the hamstrings than other stretching techniques. It was also stated that PNF could have the possibility of improving muscle performance if applied consistently and post exercise and PNF was found to be beneficial in a rehab setting as PNF was found be beneficial with either stabilizing reversal or combination of isotonics at improving pain perception, functional ability and muscle endurance compared to natural spontaneous recovery.

One systematic review by Liyanage et al. (2024) researched into the effects that different physical therapy interventions had on the effect of hamstring tightness in university students. The interventions neurodynamic exercises and electrotherapy were used combined with stretching and were compared to only stretching. The review concluded that these interventions combined with stretching were superior to that of just stretching with neurodynamic exercises combined with stretching being the most effective. Therefore, from this review it was obvious that interventions combined with stretching were found to be beneficial but there was no research done on massage and stretching. 

Another systematic review compared stretching and foam rolling combined as a warm up technique for stiffness improvement and acute flexibility to other warm up interventions (walking, cycling, vibration, strength training, calisthenics and other) that enhance muscle temperature. With the studies used in the review the time of duration of stretching “ranged from 10 s to 60 min of static stretching per set, with 1 set to 8 sets. With the included foam rolling studies, set duration ranged from 20 s to 15 min (each set lasting 1 min of unilateral or bilateral rolling), with 1 set to 8 sets” (Warneke et al. 2024). The conclusion of this review was that stretching and foam rolling were successful and effective at increasing range of motion in isolation however there was no evidence to state that they were superior to other interventions on reducing stiffness and increasing range of motion. Therefore, there is no emphasis on the inclusion of stretching and foam rolling to be used in the warm up period, and that interventions should be used interchangeably. This review focused on stretching and foam rolling massage in warming up which is similar to the research question explored in this study. However, this research will focus on manual soft tissue massage and PNF and not specifically in a warm up setting. However, the information gained from this article can go beyond the warm up setting as it’s suggested that the intervention would also be effective post exercise or as a treatment option for increasing range of movement which would lead to a decrease in risk of injury. This article showed me that there are benefits for combined massage and stretching. 

A study by Hussein, Abdo and Abdel (2020) studied the “impact of 8-weeks combined cyriax soft tissue release and proprioceptive neuromuscular facilitation on glenohumeral rhythm in post mastectomy adhesive capsulitis”. In this particular study they looked into cyriax soft tissue release which is know as deep friction massage which is applied to soft tissue structures such as muscle ligaments and tendons and has the beneficial effects of decreasing pain. This study also focuses on adhesive capsulitis which is known to cause pain for patients when going through active or passive range of motion and can suffer from stiffness and limited range of movement (Hussein, Abdo and Abdel, 2020). The conclusion of this study was that the combined intervention of the massage and PNF to the shoulder resulted in an increased shoulder flexion and abduction range of movement as well as decreasing the patient's pain. Although aspects of this study such as type of massage, location and duration is different compared to this research project, there are some similarities such as combining massage and PNF to see its effects. Positive, they found an increase in range of movement which shows that the combined interventions are able to increase range of motion which therefore suggests they will have the same effect on the hamstrings and be beneficial.

An article by Sonkusale, Damke and Bhave (2016) researched “Comparing the Effectiveness of Deep Transverse Friction Massage on Supraspinatus as an Adjunct to PNF in Idiopathic Adhesive Capsulitis of Shoulder”. Which relates to this research project however their research focused on a different type of massage technique and a different body part with the addition to looking at pain levels after the interventions. This particular study found that the deep transverse friction massage provided a faster response than PNF alone in reducing pain and increasing external rotation abduction range of motion of the shoulder.

As stated by Rudisill et al. (2022)  about hamstring injuries “interventions aimed at increasing strength and range of motion have become integral components of contemporary prevention strategies”, therefore, PNF combined with massage from the literature gathered have the ability to elicit these effects and therefore lower the risk of injury to the hamstring but my study will conclude if massage increases these effects with PNF or if PNF on its own is just as effective. The proof of the scientific basis behind massage and PNF stretching as mentioned does strengthen the theory that massage will have a beneficial effect on the effectiveness of PNF and enhance the flexibility of the hamstrings as the underlying physiological effects of both will potentially cause a greater difference together. 



Aims
The main aim of this research project was to establish if massage has a positive effect with PNF to increase flexibility of the hamstrings. By the end of the research, vital knowledge was gain on, if these techniques together are beneficial for increasing flexibility, rather than just using PNF stretching on its own, therefore giving insight when applying future treatments. The hypothesis for this research project is that PNF with massage will have the most positive effect on hamstring flexibility rather than just PNF stretching because in an article by Zvetkova et al. (2023) it was found that stretching combined with other techniques like massage was found to be extremely beneficial due to increasing flexibility, reducing stiffness as well as improving  joint, fascia, muscle, ligament and tendon health. It was also noted in the article that stretching alone was beneficial, however with the knowledge of the benefits of massage and as mentioned previously both techniques combined with their proposed benefits will be significantly successful at increasing the flexibility of the hamstrings.



Method
To answer the research question, a pre-post experimental designed quantitative study was conducted. 

Participants
The study aimed to recruit 15-20 participants so that enough data was available to be analyzed at a future date and this number of participants was the most practical for the amount of time there was available to data collect. These participants were recruited by asking fellow students and flat mates to take part either verbally or through an email stating briefly what will be expected from them and when a convenient time is for them. The sampling technique used therefore was convenience sampling as the participants were easily contacted and location wise were convenient and close to be able to collect the data, which meant time wasn't wasted in contacting individuals and planning dates and times for collecting the data which made the process quicker and easier with less complications. Convenience sampling is stated as collecting data “from whoever is willing to partake in a study, is the most approachable or is, in other ways, conveniently accessible to the researcher” (Scholtz, 2021). Before any data collection could take place, it was necessary to ensure that the research was ethically correct therefore an ethics form was completed and approved before any data collection. In advance of data collection, ethical approval was provided by the department for Sport and Healthy Living at the University of Wales Trinty Saint David. Protocol was therefore followed in conjunction with the University of Wales Trinity Saint David, Research Ethics & Integrity Code of Practice (2022). Following the approval of the ethics form, the consent form and information sheet was written to ensure participants were certain of what was expected and could formally provide informed consent (Appendix 1). To begin with, it was ensured that each participant had signed the informed consent form before starting any data collection. All participants received both PNF on its own and PNF with massage, one week apart. Half of the participants received only PNF and the other half received combined massage and PNF one week then the following week this was alternated.  It was also ensured that all the participants usually partake in some form of exercise or sport regularly as good hamstring flexibility is mainly beneficial for athletes. This criterion was met as it was included in the informed consent form that they must participate in some kind of exercise to participate in this research project and the participants filled out a par-q before participating (Appendix 2). To ensure that the research and data was as reliable as possible each individual was asked not to take part in any physical exercise at least 48 hours before collecting the data. Therefore, they were made aware of this request approximately a week before collecting the data. This request was made because after exercising, individuals can suffer from “loss of skeletal muscle function and soreness” and this soreness usually peaks between 24 and 48 hours after exercising (Owens et al. 2018), and as athletes were used as the participants, leaving this amount of time after exercise was the most realistic.

Procedure
Warm up- Firstly, before collecting the data, each participant was asked to warm up, which included some gentle static stretches. The warm up was important in order to lower the risk of injuring themselves during the testing, because as mentioned by Chaabene et al. (2019) in an article a full warm-up including short durations of static stretching can contribute to lowering the risk of receiving an injury and that warming up causes the muscle temperature to increase. The participants did do a 5 minutes cycle on a watt bike provided with an RPE scale in front of them allowing them to communicate how they feel and ensure that they reach a level 11, 10 lunges on each leg and 10 squat jumps to increase muscle temperatures as this is an important part of a warm up (Haff and Triplett, 2016). Additionally, as stated by Emery and Pasanen (2019) “Neuromuscular training warm up programs including strength, balance, aerobic, and agility components can reduce the risk of musculoskeletal injuries” therefore these warm up exercises correlate with this statement. The participants also did a stretch which is called a hurdler's stretch which was explained on the day of testing. This stretch was used because in an article by Cai, Liu and Li (2023) they used this stretch when testing the effects of static stretch on the hamstrings. The stretch was held for a duration of 30 seconds as this duration is recommended as it’s the most effective (Haff and Triplett, 2016). The warm up was also conducted in the parry building as these warm ups did not require a large space of area. 

Data collecting- After the warm up, the hamstring flexibility of the individual's dominant leg before the treatment was noted and this was done by using a goniometer and asking them to do a straight leg raise. In this research data collection was only done on the dominant leg of each individual and this is because it performs better and is subjectively preferred by the individual (Virgile and Bishop, 2021) and from standardized protocol the goniometer needed to be placed on the greater trochanter as stated by Klässbo, Harms-Ringdahl and Larsson (2003). 

After noting the measurement, massage was performed on the dominant leg for 10 minutes. The massage was conducted for 10 minutes because in an article by Poppendieck et al. (2016) it was stated “A tendency was found for shorter massage (5–12 min) to have larger effects (+6.6 %, g = 0.34) than massage lasting more than 12 min (+1.0 %, g = 0.06)”. Additionally, the type of massage that was conducted on the participants was a classic massage which is “typically a combination of effleurage and petrissage, sometimes accompanied by vibration, friction or tapotement” (Poppendieck et al. 2016). I had chosen this type of massage because in an article by Poppendieck et al. (2016) it states that 17 studies used the classic massage method and the results found that “there was a tendency towards larger effects for shorter massage durations”, which therefore correlates with my method for applying the massage for 10 minutes.  Immediately after the massage, the PNF stretch was conducted and they were asked to perform a straight leg raise again and the measurement of the flexibility was noted. 

The next task to be undertaken was to collect data on the effectiveness of PNF stretching without massage.  Again, a measurement of the dominant leg before any treatment was taken by again asking the participant to do a straight leg raise to get a measurement of the flexibility of the hamstrings. Then the PNF stretch on the same leg was performed and then the measurement of the flexibility of the hamstrings immediately after the stretch with a goniometer to see if there is a change in the flexibility was taken. A CR (contract- relax) PNF stretch to the hamstrings was done by the practitioner raising the leg up into a straight leg raise and holding this position for 6 seconds and then the participant was asked to contract against the practitioner for another 6 seconds with maximal effort as during research many studies studying the effectiveness of PNF ensured maximal contraction from the participants for example Behm et al. (2016). The participant then relaxed for 6 seconds before receiving the stretch again. This was repeated 4 times in 1 session as noted in an article by Cayco, Labro and Gorgon (2019). A straight leg raise was used to measure the participants hamstring flexibility because in an article by de la Motte et al. (2019) it is stated that a straight leg raise is used to assess an individual’s hamstring flexibility. The participants only received the one session of PNF and one session of massage and PNF together because in an article by Tedla  and Sangadala  (2019) where they reviewed the effectiveness of PNF it was stated after studies were conducted that “all the groups had shown significant differences after a single session of treatment interventions”. Which shows that PNF is effective after a single session, therefore I was able to compare PNF’s effectiveness against with and without massage in a single session.  

Data analysis
After collecting all the relevant data, analysis was undertaken using SPSS (IBM SPSS Statistics, version 29). Prior to the main analysis, all data was inputted into Microsoft Excel (Microsoft Excel, version 16) and screened for completeness. Subsequently, these data were transferred to SPSS (IBM SPSS Statistics, version 29) for analysis. Initially, descriptive analysis of the data was conducted (Means and Standard deviations). For the main analysis, SPSS was used to conduct a range of tests. Initially, independent t-tests were run to test for any differences between groups in advance of interventions. Next, a paired t test was used to evaluate if PNF on its own and massage combined with PNF work at increasing hamstring flexibility. Subsequently, a mixed method ANOVA was used to compare which method (PNF with massage or PNF without massage) had the greatest change on hamstring flexibility. A line graph showing the mean before and after of the PNF intervention on hamstring flexibility and massage and PNF on hamstring flexibility was created. This method was used because it meant that quantitative data would be available which meant, 2 sets of data would be available for each method that needs to be compared. 



Results
A total number of 14 participants took part in the research project and provided complete data sets available for analysis. Table 1shows the raw data from the data collection and how each participants measurements changed and improved following each intervention. 

Table 1: Individual participant data showing hamstring flexibility before and after both PNF only and Massage with PNF conditions. 
	
	Only PNF- goniometer (cm)
	
	Massage and PNF- goniometer (cm)
	

	Participant
	Before
	After
	Before
	After

	1
	112
	116
	102
	115

	2
	64
	76
	76
	94

	3
	64
	76
	83
	95

	4
	81
	85
	80
	90

	5
	86
	91
	75
	85

	6
	95
	104
	70
	105

	7
	75
	90
	85
	100

	8
	65
	72
	77
	90

	9
	85
	95
	86
	100

	10
	70
	77
	75
	86

	11
	68
	75
	65
	80

	12
	80
	90
	84
	95

	13
	81
	92
	80
	93

	14
	72
	81
	75
	90



Descriptive analysis of the data is presented in Table 2. The table shows that on average, hamstring flexibility increased from 78.4 to 87.1cm for the PNF intervention and increased from 79.5 to 94.1cm for the massage and PNF intervention. This table also highlights how the mean after measurement for combined massage and PNF was higher at 94.1cm compared to the mean after measurement of just PNF which was 87.1cm.

Table 2: descriptive statistics
	
	N
	Minimum (cm)
	Maximum (cm)
	Mean (cm)
	Std. Deviation

	PNF only- before score- goniometer
	14
	64.00
	112.00
	78.4286
	13.43769

	PNF only-after score- goniometer
	14
	72.00
	116.00
	87.1429
	12.41499

	Massage and PNF- before score- goniometer
	14
	65.00
	102.00
	79.5000
	8.73323

	Massage and PNF- after score- goniometer
	14
	80.00
	115.00
	94.1429
	8.88263



To establish for any pre-test differences between groups, independent t tests were undertaken.  Results from the independent t test indicated that there was no significant difference in hamstring flexibility before the interventions demonstrating a similar start point for groups in advance of treatment (Appendix 4).

Results from the paired t-test revealed significant effects for both groups. Table 3 shows after conducting a paired t test that PNF on its own and massage combined with PNF both worked on improving the flexibility of the hamstrings indicated by p values <.001 therefore lower than 0.05 showing that there is a significant difference.

Table 3: Mean hamstring flexibility before and after for each intervention including t value, degrees of freedom, p value and Cohen’s d value
	
	Mean hamstring flexibility before (cm)
	Mean hamstring flexibility after (cm)
	t
	df
	p
	Cohen's d

	PNF
	78.429
	87.143
	-10.049
	13
	<.001
	-2.686

	Massage+PNF
	79.500
	94.143
	-8.737
	13
	<.001
	-2.335



Results from the mixed method ANOVA revealed a significant difference; F(26) = 9.871, p=.004, pp2 = .275, indicating a moderate difference in relation to intervention and time for massage combined with PNF (Appendix 6). 
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Figure 1: Line graph showing mean measurement of hamstring flexibility before and after each intervention




Discussion
From the results analysed it's possible to conclude that massage combined with PNF stretching had a better effect at increasing hamstring flexibility compared to only PNF stretching on the hamstring. This statement supports and agrees with the hypothesis which was derived from other current research that massage combined with PNF stretching would be more effective at increasing the flexibility of the hamstring compared to only using PNF stretching. Therefore, these results were not unexpected due to the research conducted and the evidence gathered before the data was collected. The project showed that PNF stretching alone was an effective method for increasing hamstring flexibility but that massage combined with PNF stretching had a greater impact on the flexibility of the hamstrings.

By comparing the overall findings of this research project with previous studies and literature, as mentioned previously, it’s clear that there is a link between them as the results correspond to previous existing literature. As mentioned in the literature review soft tissue massage had shown to be successful in increasing flexibility as for example Koren and Kalichman (2018) stated that it can influence the benefits through the modulation of the autonomic nervous system, central nervous system and also accompanied by increased parasympathetic activity which leads to its effects. The research found therefore correlates with the outcome of the research project as massage paired with PNF had shown a greater effect at increasing the flexibility of the hamstrings. Additionally, the findings analysed in the literature review focusing on PNF stretching also correlates with the outcome of the research project because as stated PNF was successful at increasing range of motion and flexibility and was more effective than other methods. PNF, also as stated by Stecco et al. (2020) forces the muscle tissue into a plastic phase which creates greater flexibility of the tissue. 

The proposed benefits of PNF stretching and its great ability to improve flexibility is seen in this research project as PNF alone and combined with massage had a good outcome in increasing flexibility of the hamstring which highlights and supports previous research and literature. Although, during initial research into this topic there was no specific study on the impact massage had with PNF stretching on the effectiveness of increasing hamstring flexibility compared to just PNF stretching but there were similar and relevant other studies. On the whole, these studies concluded that stretching such as PNF combined with a massage intervention had a greater effect at increasing range of motion and flexibility compared to just a singular intervention of PNF stretching. This clearly relates to and corresponds to the results of the research project which shows that the literature supports the results and findings.

The implications of these findings are that when treating clients in a clinical setting practitioners should utilise the findings of this study and use combined massage and PNF in order to increase a client's flexibility due to its efficiency in doing so and because time allows. However, in a situation for example where a therapist is preparing an athlete in the pre-game period the therapist might use only PNF stretching to increase flexibility in the hamstrings if they suffer from poor flexibility to improve their performance (Kaya, 2018) and reduce injury risk (de la Motte et al. 2019) as time can be limited in pre-game scenarios when athletes are warming up and receiving any treatment if needed meaning time might be limited for the use of massage additionally. This can be utilised because from this study it’s clear that PNF on its own can acutely increase the flexibility of the athletes for the game. Specifically, in sports such as gymnastics and dance where high flexibility levels are required from individuals performing combined massage and PNF before competitions will help enhance their performance and ensure they are able to perform to the best of their ability. Following on with sports, athletes can use the combination of massage and PNF stretching during cool-downs after a game or competition because as Van Hooren and Peake (2018) states, massage in general performed in the cool-down has been found to reduce muscle soreness, increase range of movement and improve sports performance during the following day. Stretching additionally incorporated into cool-downs is used as a recovery method due to its benefits which also could help with performance the following day (Van Hooren and Peake, 2018).

Overall, the results emphasise the broader picture that PNF stretching is a great technique that can be used in manual therapy to help individuals/ athletes with increasing their flexibility which can mean decreasing the risk of receiving an injury. However, this research project has shown that massage combined with PNF stretching in a session will have a greater impact on increasing one's flexibility and also seeing earlier improvements to the hamstring rather than just an intervention of PNF which means further decreasing the risk of receiving an injury. The findings contribute to the existing theory and evidence that already exist as it has proven the effectiveness of PNF stretching and how it's useful in the use of increasing flexibility, especially to the hamstrings.

Strengths
[bookmark: _Int_6gdSmC26]The strengths of this research project include clear and concise results. There was no unexpected data in the results and it showed clearly how massage had an impact on hamstring flexibility combined with PNF stretching. All participants improved on only PNF stretching but greater improved with the addition of massage, therefore a conclusion was clear and easily made. Another strength was that a standardized method was kept and was completed by each participant which meant that the results were fair and reliable as each participant followed the protocol which removed any bias. This correlates to the warm up, intervention and time, pre data collection recommendations and equipment, which makes the study trustworthy. All participants ensured that they had increased muscle temperature through doing the warm up which is a vital part of a warm up (Haff and Triplett, 2016), and all were recommended not to take part in exercise at least 48 hours before collecting the data as Owens et al. (2018)   stated that muscle soreness usually peaks between 24 and 48 hours after exercising and individuals suffer from “loss of skeletal muscle function” after exercising which could've affected the results if participants weren't aware to not exercise 48 hours beforehand. The goniometer was used to measure each participants flexibility which is a reliable and useful device to measure hip flexion (Mohsin, McGarry and Bowers, 2015) and was placed on the greater trochanter (Klässbo, Harms-Ringdahl and Larsson, 2003) for ensuring reliable results. 

[bookmark: _Int_hsBsGUTt]The fact that the results from this study can be incorporated into the real world and by other therapists or can even be replicated by other researches is a strength, as it can further the knowledge of individuals in the field and act as evidence during reasoning of application of manual therapy. This statement supports the reason for the undertaking of the research study because it highlights the impact of the combined interventions and justifies the beneficial use of the method of massage combined with PNF. The main goal of the study was to further the knowledge and investigate the potential best way to increase flexibility of the hamstring in order to decrease the risk of injury associated with poor flexibility.

Limitations
There are possible limitations to this research project. One of these being the sampling method used to recruit participants for the data collection, which was convenience sampling. This method of sampling is a limitation because it can create bias in the project (McEwan, 2020) as convenience sampling is based on a non-randomized criteria which means that the sample chosen was not “representative of the population” and creates “limited generalizability” (Raifman et al. 2022) as there is a lack of variety in the specific population that is being targeted and is therefore not completely random. This subsequently means that the participants used were all “individuals with analogous backgrounds in terms of their socio-economic and racial or ethnic characteristics” (Hossan, Mansor and Jaharuddin, 2023). Time was also a limitation to the research study which does tie in with the reason for the use of convenience sampling. As time was limited for data collection and ultimately correctly analysing the data, convenience sampling was the most appropriate method of collecting the necessary data required to be able to establish a conclusion, even though this is a limitation. Another limitation for this research project is the number of participants that took part. The total number of participants was 14 when initially the target was between 15-20 which means the target was not quite met. Additionally, 14 participants meant that there potentially wasn't an adequate amount of data to be analysed which could mean insufficient statistical power which makes the research project potentially less reliable. When measuring the flexibility of the participants hamstring, this was done immediately after the interventions therefore presenting difficulty when concluding how long these effects lasted and had been maintained. As stated by (Thomas et al. 2018) there is a relation between time and flexibility improvements with stretching by which a higher frequency of session are needed to elicit significant improvements in flexibility. Massage due to the short term benefits are said to be beneficial in enhancing flexibility when up to 5 sessions are done (Cheatham et al. 2015). This suggests that multiple sessions may be needed to see more permanent lasting effects.

Future research
Questions that have been raised from this study include how further improvement could be seen in flexibility if a session of combined massage and PNF was repeated over a period of time using a longitudinal design. Further, research could be conducted on how other interventions used in manual therapy like cupping, soft tissue release or friction massage have an impact on flexibility paired with PNF to discover if these are more effective than soft tissue massage and therefore more beneficial for the individuals who need to increase their flexibility. Additionally, further research should be conducted on how massage and PNF combined are effective at increasing flexibility of the hamstrings over a longer period of time and the subsequent effect of this on the risk of hamstring injuries in athletes, therefore giving an insight to its impact over time and how useful it could be for therapists to use on clients over an extended period of time. This could be done by completing 5 sessions over a 5 week period, leaving a week between each session and therefore seeing if these effects are maintained over time.  These potential further research would not only be interesting but also very useful by providing insight to other individuals in the field. This would potentially lead to better treatment for the individual by improving outcomes as results may be achieved quicker which could lead to less injuries for the clients by lowering the risk of injury. The gaps in the current research include a lack of recognition of how stretching combined with different interventions can reduce the risk of injury in athletes by increasing flexibility.

With the knowledge gained from conducting this research study, a gap in the literature has been filled, which showed positively the impact massage had on PNF stretching on the flexibility of the hamstrings in a single session compared to only PNF stretching. With the knowledge gained from the study other therapists are able to incorporate the findings into their everyday practice.


Conclusion
To conclude, after completing this research project through collecting and analysing the data, the question ‘Does massage have an impact on the effectiveness of Proprioceptive Neuromuscular Facilitation at increasing hamstring flexibility?’ has been answered. Massage does have an impact on the effectiveness of PNF stretching at increasing hamstring flexibility compared to only using PNF. This main finding of the study was not unexpected due to the literature supporting this area of interest being based upon previous studies conducted by various experts in the field. The aim of the research project was therefore reached and the hypothesis produced based on current relevant research was accurate and supported the results. The results attained by using multiple different tests showed statistically that massage combined with a PNF stretching intervention was more effective at increasing the flexibility of the hamstrings compared to only an intervention of PNF stretching. Figure 1 Visually shows the difference in effectiveness between the different interventions in increasing the mean flexibility. Although the study presented limitations, such as the sampling method, time and number of participants, these did not appear to significantly affect the outcome of the study.  Whilst reviewing the research project overall, many strengths presented themselves in the form of the protocols and its usefulness for other individuals in the field. Future research questions were also generated from this specific research study which could further the knowledge already gathered around the topic by looking more in depth into the effectiveness and outcomes over an extended period of time and what other methods might be more suitable and useful.  This additionally presents an opportunity to fill further gaps in the literature. To end, massage had a positive impact on hamstring flexibility when combined with PNF stretching which highlights its possible usefulness in injury prevention strategies.
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Participant Informed Consent
My name is Ffion Thomas, and I study sports and exercise therapy at the university of Wales Trinity Saint David. For my independent research project, I have chosen to compare massage with Proprioceptive Neuromuscular Facilitation (PNF) stretching and PNF stretching on its own   on the flexibility of the hamstrings to see which method has the greatest effect. I chose to research this because good hamstring flexibility is very important in sports; as this potentially decreases the risk of injury, therefore as a therapist it's important to know what potential techniques can be used to lower this risk. The research question is ‘Does massage have an effect on the effectiveness of PNF at increasing hamstring flexibility?’.
To come to a conclusion, data collection will have to be done. Firstly, a participant must sign the following consent form to agree to be a part of the research. Secondly, dates and times will be agreed to collect the data. I anticipate that there will be up to two meetings to be able to collect the data needed. For the testing it would be advisable for the participant to wear loose clothing or shorts. The data collection will begin following a brief warm up which I will lead. Half of the participant will receive massage and a PNF stretch one week then just PNF stretching the next week. This will alternate with the other half. The participants hamstring flexibility will be measured before and after the intervention so that both readings can be compared. Every participant will be kept anonymous throughout by being given a number i.e. Participant 1, and all data collected will be stored on a password-secured computer. This computer will only be used by the researcher for the purpose of this research. As a participant you have the right to withdraw at any point. However, once your data has been analyzed, removing you from the project will not be possible. After submitting this research project, all data collected shall be deleted.
A potential risk of this research is injury to the hamstrings. Therefore, participants must not take part if they have any hamstring injuries or have an injury that makes them at a higher risk of developing an injury. 
 
By consenting to this research, you are agreeing to the following:
- You have been fully informed of the research project and have had the opportunity to ask questions;
- You understand that you will not benefit financially, or otherwise, from taking part in this research;
- You are free to withdraw from the project at any time and free to decline to answer particular questions;
- You will not be identified, and individual information will remain confidential due to participants being noted as numbers or letters or through the use of pseudonyms if applicable;
-You participate in some form of exercise or sports regularly
- You are 18 years or older.
 
Thank you for taking part in our research.
 
Ffion Thomas (2205064@student.uwtsd.ac.uk)
Lead Researcher

Signature-
Date-














Ffurflen Caniatad Cyfranogwr
Fy enw i yw Ffion Thomas, ac rwy’n astudio therapi chwaraeon ac ymarfer corff ym mhrifysgol Cymru Y Drindod Dewi Sant. Ar gyfer fy mhrosiect ymchwil annibynnol, rwyf wedi dewis cymharu massage ag ymestyn Proprioceptive Neuromuscular Facilitation (PNF) a PNF yn ymestyn ar ei ben ei hun ar hyblygrwydd y hamstrings i weld pa ddull sy'n cael yr effaith fwyaf. Dewisais ymchwilio i hyn oherwydd mae hyblygrwydd hamstrings da yn bwysig iawn mewn chwaraeon; mae hyn o bosibl yn lleihau'r risg o anaf, felly fel therapydd mae'n bwysig gwybod pa dechnegau posibl y gellir eu defnyddio i leihau'r risg hon. Y cwestiwn ymchwil yw ‘‘A yw massage yn cael effaith ar effeithiolrwydd PNF o ran cynyddu hyblygrwydd y hamstrings?’
I ddod i gasgliad, bydd yn rhaid casglu data. Yn gyntaf, rhaid i gyfranogwr lofnodi'r ffurflen ganiatâd ganlynol i gytuno i fod yn rhan o'r ymchwil. Yn ail, bydd dyddiadau ac amseroedd yn cael eu cytuno i gasglu'r data. Rwy’n rhagweld y bydd hyd at ddau gyfarfod i allu casglu’r data sydd ei angen. Ar gyfer y prawf byddai'n ddoeth i'r cyfranogwr wisgo dillad llac neu siorts. Bydd y gwaith o gasglu data yn dechrau yn dilyn cynhesu byr y byddaf yn ei arwain. Yna bydd un hanner or cyfranogwyr yn cael massage ac ymestyn PNF un wythnos yna dim ond PNF ymestyn yr wythnos nesaf. Bydd yr hanner arall yn gwneud yr wrthwyneb o hyn. Bydd hyblygrwydd hamstrings y  gyfranogwyr yn cael ei fesur cyn ac ar ôl yr ymyriad fel y gellir cymharu'r ddau ddarlleniad. Bydd pob cyfranogwr yn cael ei gadw’n ddienw drwy gydol y broses drwy gael rhif h.y. Cyfranogwr 1, a bydd yr holl ddata a gesglir yn cael ei storio ar gyfrifiadur sydd wedi’i ddiogelu gan gyfrinair. Dim ond at ddiben yr ymchwil hwn y bydd y cyfrifiadur hwn yn cael ei ddefnyddio gan yr ymchwilydd. Fel cyfranogwr mae gennych yr hawl i dynnu'n ôl ar unrhyw adeg. Fodd bynnag, unwaith y bydd eich data wedi'i ddadansoddi, ni fydd yn bosibl eich tynnu o'r prosiect. Ar ôl cyflwyno'r prosiect ymchwil hwn, bydd yr holl ddata a gasglwyd yn cael ei ddileu.
Un o beryglon posibl yr ymchwil hwn yw anaf i'r hamstrings. Felly, ni ddylai cyfranogwyr gymryd rhan os oes ganddynt unrhyw anafiadau I'r hamstrings neu os oes ganddynt anaf sy'n eu gwneud mewn mwy o berygl o ddatblygu anaf.
Drwy gydsynio i’r ymchwil hwn, rydych yn cytuno i’r canlynol: 

- Rydych wedi cael gwybod yn llawn am y prosiect ymchwil ac wedi cael cyfle i ofyn cwestiynau;

- Rydych yn deall na fyddwch yn cael budd ariannol, neu fel arall, o gymryd rhan yn yr ymchwil hwn; 

- Rydych yn rhydd i dynnu'n ôl o'r prosiect ar unrhyw adeg ac yn rhydd i wrthod ateb cwestiynau penodol; 

- Ni chewch eich adnabod, a bydd gwybodaeth unigol yn aros yn gyfrinachol oherwydd bod ymatebwyr yn cael eu nodi fel rhifau neu lythyrau neu drwy ddefnyddio ffugenwau os yn berthnasol; 
-Rydych yn cymryd rhan mewn rhyw fath o ymarfer corff neu chwaraeon yn rheolaidd 

- Rydych chi'n 18 oed neu'n hŷn.

Diolch am gymryd rhan yn ein hymchwil. 

Ffion Thomas (2205064@student.uwtsd.ac.uk) 

Ymchwilydd Arweiniol 



Llofnod- 

Dyddiad-
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a.The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.
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Tests of Within-Subjects Contrasts
Measure: flexibiliy

Type Il Sum of Partial Eta
Source time Squares df  MeanSquare sig Squared
time Linear 1908.446 1 1900445 153210 <001 855
time *intervention _ Lingar 123018 1 123018 9871 004 275

Ertor(time) Linear 324038 2% 12483





image14.png
Grand Mean
Measure: flexibiliy

95% Confidence Interval
Mean  Std.Eror  LowerBound Upper Bound

84804 2037 80615 88.092





image11.png
Measure: flexibiliy

Tests of Within-Subjects Effects

Type Il Sum of Partial Eta
Source Squares df  MeanSquare sig. Squared
time Sphericity Assumed 1909.445 1 1900445 153210 <001 855
Greenhouse-Geisser 1900.446 1000 1900445 153210 <001 855
Huynh-Feldt 1900.446 1000 1900445 153210 <001 855
Lower-bound 1900.446 1000 1900445 153210 <001 855
time *intervention _Sphericity Assumed 123018 1 123018 9871 004 275
Greenhouse-Geisser 123018 1.000 123018 9871 004 275
Huynh-Feldt 123018 1.000 123018 9871 004 275
Lower-bound 123018 1.000 123018 9871 004 275
Error(time) Sphericity Assumed 324038 2 12.483
Greenhouse-Geisser 324036 26.000 12.483
Huynh-Feldt 32403 26000 12.483
Lower-bound 324036 26.000 12483
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Tests of Between-Subjects Effects

Measure: flexibiliy
Transformed Variable: Average

Type Il Sum of Partial Eta
Source Squares df  MeanSquare sig. Squared
Intercept 402732161 1 402732181 1732376 <001 985
intervention 228018 1 228018 981 33t 036

Ermor 6044.321 2% 232474
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Independent Samples Test
Levene's Testfor Equality of

Variances testfor Equaliy of Means
95% Confidence Interval of the
Significance Mean std. Ermor Diference
F sig t o One-Sidedp Two-Sidsdp  Difference Difference Lower Upper

before Equal variances assumed 2068 162 -250 2 402 804 107143 428320 587566 773281

Equal variances not 250 22319 402 805 107143 428320 -8.946887 780401
assumed

aftsr  Equal variances assumed 1723 201 716 2 048 098 ~7.00000 407985 -15.38626 1.38626

Equal variances not 4716 23548 050 099 ~7.00000 407985 -15.42001 1.4200

assumed
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Descriptive Statistics

N WMinimum | Maimum  Mean  Std. Deviation
PINF only - before score - 14 6400 11200 784286 13.43769
goniometer

PINF only - after score - 14 7200 11600 87.1420 1241499
goniometer

Massage and PIF - befors 14 6500 10200  79.5000 873323
score - goniomster

Massage and PIF - befors 14 8000 11500 941429 888263
score - goniomster

Valid N (istwise) 14
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Multivariate Tests”

Partial Eta
Effect Value F_ Hypotnesisdf Emordt  sig Squared
time Pillais Trace 855 153.210° 1000 26000 <001 855
Wilks'Lambda 145 153.210° 1000 26000 <001 855
Hotelling’s Trace. 5803 153210° 1000 26000 <001 855
RoyslargestRoot 5893 153210° 1000 26000 <001 855
time *intervention _Pillais Trace. 275 aan® 1000 26000 004 275
Wilks'Lambda 725 aan® 1000 26000 004 275
Hotelling’s Trace. 80 e’ 1000 26000 004 275
Roy's LargestRoot 380 ssn® 1000 26000 004 278

a.Design: Intercept + intervention
Within Subjects Design: time

b. Exact statistc
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Within-Subjects

Factors
Measure: flexibiliy

Dependent
time Variable
1 before

2 after
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Mauchly's Test of Sphericity”
Measure: fexbilty

Epsilon®
Approx. Chi- Greennouse-
Within Subjects Effect_Mauchlys W Square df sig. Geisser  Huynh-Feldt Lowsr-bound
time 1.000 000 0 1.000 1.000 1.000

Tests the null iypothesis hat e ermor covariance matrx of the orhonormalized transformed dependent vanabies is
proportional to an idnity matrix.

a Design: Intercept + intervention
Within Subjects Design: time

b. May be used to adjustthe degrees of freedom for the averaged tests of significance. Corrscted tests are displayed in the
Tests of Within-Subjscts Effects table.
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Par Q Form

Name: Date:

Telephone:

Date of Birth: Age: Height: Weight:
In Case of Emergency Contact: Relationship:
Address: Phone:
Physician: Specialty:
Address: Phone:

Are you currently under a doctor’s care: Yes[] No[]

If yes, explain:

‘When was the last time you had a physical examination?

Have you ever had an exercise stress test: Yes No Don’t Know []
If yes, were the results: Normal [ ] Abnormal [_]
Do you take any medications on a regular basis? Yes No |

If yes, please list medications and reasons for taking:

Have you been recently hospitalized? Yes No

If yes, explain:

Do you smoke? Yes No
Are you pregnant? Yes[] No[]
Do you drink alcohol more than three times/week? Yes No
Is your stress level high? Yes[] No[]
Are you moderately active on most days of the week? Yes No

Do you have:

High blood pressure? Yes No
High cholesterol? Yes[] No[]
Diabetes? Yes No
Have parents or siblings who, prior to age 55 had: Yes[] No[]
A heart attack? Yes No
A stroke? Yes[] No[]
High blood pressure? Yes No





