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Chapter 1: Abstract 
[bookmark: _Int_Xmt1zqh5]Various stretching techniques are primarily used to increase flexibility and widen a person's range of movement. These types of stretching are commonly used before performance in sport mostly within the warmup. This makes it important to assess the other factors that these techniques could possibly help or hinder, such as muscular strength and power output, to allow for conclusion of which would be best used within these sporting environments. 
The aim of this study was to assess the possibility of a potential impact the stretching techniques Proprioceptive Neuromuscular Facilitation (PNF) stretching and dynamic stretching may cause on individuals' strength and power outputs. Fourteen participants separated into the two intervention groups (seven in each) performed their maximal results using the Keiser leg press machine. This followed with the intervention of each technique (PNF or dynamic) being completed and finished with yet another measurement being taken of their maximal output. 
Through this study it was concluded that dynamic stretching showed to have a much more significant impact on a person's power output through the results that were calculated with the power output differneces that was measured ranged from 23.5 watts and 166 watts and accumulated an average or mean score of 100.42 watts with the standard deviation being that of 56.73.
With comparison the Proprioceptive Neuromuscular Facilitation (PNF) intervention group obtained a difference ranging from –46 watts to 68 watts from their power output. Their average result calculated through the mean was 17.36 watts and had a standard deviation of 38.94. 




Chapter 2: Introduction 
For the project there will be an exploration of the effects of Proprioceptive Neuromuscular Facilitation (PNF) stretching and dynamic stretching on a person's power and strength. These components as well as the two stretching techniques will be compared with each other to decide which one each stretching technique has a greater effect on if any. This will be done with individuals within the sport of rugby due to the high demand of these fitness components with their sport.
PNF is described as ‘a stretching technique utilized to increase ROM and flexibility’ as well as ‘to improve muscle elasticity and has been shown to have a positive effect on active and passive range of motions’ (Funk et al., 2003) and is widely used with all types of athletes, healthcare professionals and individuals. 
The method of how the Proprioceptive Neuromuscular Facilitation (PNF) stretching technique is done says that ‘the target muscle (TM) being lengthened and held in that position while the participant contracted the TM to its maximum isometrically for an allotted amount of time. This was followed by a shorter relaxation of the TM that usually included a passive stretch’ (Etnyre and Abraham, 1986). Different variations of this can be carried out with different time limits being used for the contraction part of the exercise. 
Funk et al has described the effects of this type of training by explaining ‘PNF increases ROM by increasing the length of the muscle and increasing neuromuscular efficiency’ he has then added to this statement by saying ‘Effects can last 90 minutes or more after the stretching has been completed’.
Dynamic stretching has been defined by saying that the involvement of this stretching technique is ‘making active movements that stretch the muscles to their full range of motion.’ (medical news today 2021). The effect of this technique is said to include ‘increase joint flexibility, reduce the stiffness of muscle-tendon units, and optimize performance’ (Behm et al., 2016). Which is the reason it is usually performed prior to exercise commonly within the warmup section. 
Hough et al., (2009) has suggested that other performance linked benefits attained from using dynamic stretching have included ‘improve muscle strength, muscle power, sprint time, vertical jump performance, and golf swing performance’. This links to the study being done due to the mention of the components of muscle strength and muscle power and that this stretching technique produces a positive effect on performance regarding the components stated. 
The component of fitness strength has been described as ‘the extent to which muscles can exert force by contracting against resistance’ (Mackenzie, Brian. 2019). With an example being holding or restraining an object or person. This component can be categorised into three types including static strength where the muscle contracts and holds a position, dynamic strength where the muscle contracts and extends while moving and explosive strength where the muscle contracts at high speed. 
[bookmark: _Int_sLeJItby]The power component is described as being ‘the ability to exert maximum muscular contraction instantly in an explosive burst of movements’ (Mackenzie, Brian. 2019). This component of fitness is made up of a combination of strength and speed and is alternatively known as explosive strength. 
Rugby union (RU) has been widely determined as being ‘a high contact field-based team sport which consists of an 80-min game’ (Duthie, Grant, et al. 2003) with this being broken up into two 40-minute halves with a break of no longer than 15 minutes in between. The description of the game played is said to be composed of ‘collisions and intermittent exercise, where short periods of maximal or high intensity activity’ (Duthie, Grant M, et al. 2006) which includes sprinting, tackling, rucking, scrummaging, and mauling, only lasting short periods of time of between approximately 5 seconds and 15 seconds.
The reason I have chosen to base my project around the sport of rugby is because of the demand these specific fitness components are said to have within the sport as proved by Redman, Kellyanne J., et al. (2021) when stating ‘The ability of a rugby league player to express high levels of strength and power is crucial for success in competition.’ This means that if the stretching technique Proprioceptive Neuromuscular Facilitation (PNF) shows to have a positive effect by increasing these components it would be a useful tool to use within the sport potentially some point around training or before a game. 
The aim of the research project is to assess if there is an impact made from performing Proprioceptive Neuromuscular Facilitation (PNF) on rugby individuals to their strength and power components to deem if this is a successful technique to use on these specific athletes.















Chapter 3: Literature review 
It is widely suggested that traditionally stretching being performed before partaking in physical activity are said to have their advantages. This includes being used to increase flexibility or widen the range of motion (ROM) in a pain free zone within a joint most commonly as part of a warmup before taking part in some sort of physical activity or sport. Many people believe that by performing these stretching it could help with the reduction of sustaining an injury and even promote an improvement in individuals' performance. 
The four main stretching techniques that are used today consist of static, dynamic, ballistic, proprioceptive neuromuscular facilitation (PNF) which are applied in various settings including athletic, fitness, and rehabilitation. 
 One study by Bandy, William D, et al. (1997) favours this opinion by stating that this warm up stage is there to ‘prepare the body for physical activity and athletic events by improving joint range of motion’ and further suggesting that by following this there would be a promotion of improved performance and reduction within the incidence of injury. 
In a review by Arntz, Fabian, et al. (2023) with the title of “Chronic Effects of Static Stretching Exercises on Muscle Strength and Power in Healthy Individuals across the Lifespan: A Systematic Review with Multi-Level Meta-Analysis.” the main objective was to examine the chronic effects of static stretching exercises on muscle strength and power as well as flexibility within healthy individuals. 
[bookmark: _Int_f9TzKcjT]The author was able to find through the articles that static stretching exercises have the potential to improve muscle strength and power. However, they have suggested that ‘improvements appear to benefit sedentary more than recreationally active participants. This improvement showed to have a larger benefit of this type of stretching within populations containing higher proportions of female, and older participants with also ‘a higher number of repetitions per stretching exercise and session’ (Arntz, Fabian, et al. 2023) providing a larger impact within the improvements caused by the chronic static stretching. 
[bookmark: _Int_mbR7oss9]In regard to flexibility, results indicated an enhancement within this after the performance of chronic static stretching, with larger effects being shown within passive than active static stretching when being compared with each other. With the focus on flexibility improvement, it was shown that an indication of larger benefits followed with a higher number of repetitions per exercise and a longer time under stretching per session as well as a longer total time under stretching.
[bookmark: _Int_SILvsxyL][bookmark: _Int_3eMd2gxC]However, many authors within their systematic reviews and studies including THACKER, STEPHEN B., et al. (2004) has made the suggestion that ‘pre-exercise stretching may temporarily compromise a muscle's ability to produce force’. This then causes for the revaluation of if using stretching in a warmup before specific types of physical activity is actually a useful form of activity. In team sports that require a large amount of muscular power within the disadvantages of stretching may outweigh the advantages due to the demands of the sport and a possibility of hindering the skills they most prominently require. 
Two previous studies have been done comparing the effects of static stretching and the proprioceptive neuromuscular facilitation (PNF) stretching technique on performance measures such as power through a vertical jump test. These were both produced by Young, Warren, and Simon Elliott. (2001) titled “Acute Effects of Static Stretching, Proprioceptive Neuromuscular Facilitation Stretching, and Maximum Voluntary Contractions on Explosive Force Production and Jumping Performance.” and Church, J. Brian, et al. (2001) titled “Effect of Warm-up and Flexibility Treatments on Vertical Jump Performance.” 
The study produced by Church, J. Brian, et al. (2001) reported a difference showing that ‘the vertical jump heights after PNF stretching were lower than after the static stretching’ showing a favourable towards using static stretching over the PNF stretching technique. However, with a conflict in results Young, Warren, and Simon Elliott. (2001) study demonstrated that ‘no significant differences in jump performances between the PNF stretching and control conditions but significant decreases as a result of static stretching’. This specific study disapproves the idea that one of these specific stretching techniques has a positive impact within a person's power through vertical height jumps and even shows a negative impact through this. 
A very recent study conducted by Marek, Sarah M, et al. (2025) again explores the effects static and Proprioceptive Neuromuscular Facilitation Stretching has on Muscle Strength and Power Output. Within this study the author produced results with peak torque (PT) and muscle power (MP) with the findings showing ‘a 2.8% decrease in PT and a 3.2% decrease in MP as a result of the static and PNF stretching exercises’ following the previous studies that there is a decrease in the short term on performance measurements after being taken through a stretching exercise. 
Fowles, J R, et al. (2000) created a study titled “Reduced Strength after Passive Stretch of the Human Plantar flexors.” was created ‘to assess strength performance after an acute bout of maximally tolerable passive stretch (PS (max)) in human subjects.’ During the study 10 participants of both male and female underwent 30 min of cyclical passive stretch which included 13 stretches of 135 s each over 33 min and a similar control period (Con) of no stretch of the ankle plantarflexors.  
Maximal voluntary contraction to measure isometric strength was assessed before (Pre) the stretch exercise, immediately after (Post) the stretch, and at 5, 15, 30, 45, and 60 min after. The pre and post results from the isometric contraction were compared which overall showed a decrease of 28% within the post followed by decreases of 21% at 5 minutes 13% at 15 minutes, 12% at 30 minutes,10% at 45 minutes, and 9% at 60 minutes post passive stretch. 
The conclusion that Fowles, J R, et al. (2000) proved through his data indicated that ‘prolonged stretching of a single muscle decreases voluntary strength for up to 1 h after the stretch’ he further suggested that this decrease in data is caused as a result of ‘impaired activation and contractile force in the early phase of deficit and by impaired contractile force throughout the entire period of deficit.’
A similar study conducted by Avela, Janne, et al. (2004) with the title of “Neural and Mechanical Responses of the Triceps Surae Muscle Group after 1 H of Repeated Fast Passive Stretches.” carried out experiments on the interaction between mechanical changes of the muscle-tendon unit and reduced reflex sensitivity after repeated and prolonged passive muscle stretching (RPS). 
The results of this specific study showed that there was a decreased-on average by 13.8, 10.4, 7.6, and 16.8% regarding maximal voluntary contraction (MVC), average electromyographic activities of the gastrocnemius and soleus muscles, and maximal twitch contraction. This demonstrates a clear deterioration of voluntarily and electrically induced muscle contractions after the repeated passive muscle stretching.
Within a study named as “Acute Muscle Stretching Inhibits Muscle Strength Endurance Performance.” written by Nelson, Arnold G., et al. (2005) measurements of both the muscle strength endurance performance after acute static stretching exercises and the repeatability of the differences were taken. To review this two experiments were conducted with the first containing ‘the knee-flexion muscle strength endurance exercise was measured by exercise performed at 60 and 40% of body weight following either a no-stretching or stretching regimen’ and then the second is done by ‘using a test-retest protocol, a knee-flexion muscle strength endurance exercise was performed at 50% body weight on 4 different days, with 2 tests following a no-stretching regimen (RNS) and 2 tests following a stretching regimen (RST)’. 
Concluded from the study experiment one showed a reduction in muscle strength endurance of 24% when performing at 60% of body weight after stretching significantly followed by a reduction of 9% when performing at 40% of body weight. The same effect was shown within the second experiment showing a reduction of 28% making stretching also significantly reducing muscle strength endurance. This backs up the recommendation of avoiding heavy static stretching exercises of muscle groups prior to any performances requiring maximal muscle strength endurance. 
With the various studies disproving the idea of static stretching and proprioceptive neuromuscular facilitation (PNF) having a positive impact on specific sports components it is said that ‘professionals have turned their attention to forms of stretching that could be used without a concurrent decrease in performance’ (Manoel, Mateus, et al. 2008) which includes more active or dynamic style of stretching within warm-ups. 
[bookmark: _Int_EaYXaqf2]These assorted styles of stretching that involve an increase in active movement has been explored by both Wb, Young, and Behm Dg. (2003) and Yamaguchi, Taichi, and Kojiro Ishii. (2005) with its effect on power both through a vertical jump test and leg extension. From their studies they have provided the outcome that performance on each of these tests have been shown to have improved as a result of the dynamic style of warmups. 
The other effects dynamic stretching has on the body other than the standard of increased flexibility and range of motion include raising core body and deep muscle temperatures, stimulating the nervous system, decreasing the inhibition of antagonist muscles, and increasing post activation potentiation while also having the possibility of the reduction of injury risk. The link between these benefits and effects on different sporting components like the enhancement of force development, power development, and vertical jump performance has been suggested with minimal research done to conclude this. 
A study titled “Effects of Static Stretching for 30 Seconds and Dynamic Stretching on Leg Extension Power.” published by Yamaguchi, Taichi, and Kojiro Ishii. (2005) explores the effects of static stretching for 30 seconds and dynamic stretching on leg extension power. This study consisted of eleven males' healthy students who each performed static stretching and dynamic stretching on the 5 muscle groups in the lower limbs and then also non stretching on separate days. Before each style of stretching was carried out leg extension power was measured and then again after the static and dynamic stretches were performed as well as those who partook in no stretching gathered the two results. 
To conclude this study the results found that there was no significant difference between the before and after results of the leg extension power within the static stretching. Whereas it was prominent to see a greater power output from leg extension after the performance of dynamic stretching to that of no stretching. The results of this specific study suggest the need for static stretching for 30 seconds is minimal due to it neither improving or reducing muscular performance and that dynamic stretching causes an enhancement of this type of muscular performance. 
When studying “The Acute Effects of Dynamic and Ballistic Stretching on Vertical Jump Height, Force, and Power.” Jaggers, Jason R, et al. (2008) had twenty healthy students consisting of ten male and ten female with ages ranging from 21 to 34 years partake within the trial. These individuals were each given stretching protocols which were designed to target major muscle groups used during a countermovement jump. When creating the jump movement Jump height, force, and power were measured through a force plate. 
Within this study the stretching types of both ballistic stretching and dynamic stretching were used with each consisting of five different stretches all targeting the lower body. when looking at the results that were produced when comparing to that of a person who partook in no stretch, ballistic stretching showed to have no significant difference in vertical jump height, force, or power. This same conclusion considering the components of vertical jump height and force when measured within the countermovement jump was found when it came to the comparison of the same non stretching to dynamic stretching. 
However, there was a significant difference found within people's vertical jump power when making the same comparison between no stretch with dynamic stretch. This means that the use of dynamic stretching can be seen to be beneficial dependant on an individual's goals or sporting needs whereas the ballistic stretching shows to not have any improvement or beneficial use to it.

















Chapter 4: Aims
The primary aim of this research project will be to assess the possibility of a potential impact from the stretching techniques Proprioceptive Neuromuscular Facilitation (PNF) stretching and dynamic stretching on individuals' strength and power results. The two separate techniques will have the opportunity to have a comparison made between them to further examine if one of them are more favourable than the other at causing a significant or insignificant difference in the strength and power results. This will be done by comparing the baseline results from the Keiser leg press with the results accumulated after the clinical trial is carried out to then be able to see the extent of a difference if any is made from the use of the specific stretching techniques. 
The reason for the choice of the specific components is due to the demands of the focused sport that is rugby union. Strength and power are constantly used within this sport all throughout so being able to be at their maximum ability within these is incredibly important to be successful in their sport. By making this link between the sport and the research trial it would allow for the ability to see if the stretching techniques used (Proprioceptive Neuromuscular Facilitation (PNF) and dynamic stretching) would be useful to implement within their training or use before a game depending on the outcomes of the study. 







Chapter 5: Method 
Before partaking within the study for the project participants were advised to not partake in any sports or physical activity (not including day to day activities) 48 hours before the study was to take place. As well as this they were asked to not take any sort of energy enhancers including drinking coffee or energy drinks also 48 hours before the trial. This is to allow for a fairer test and to ensure a more reliable test that has not been manipulated in anyway. 
For this independent project to be carried out a baseline test will need to be done on all individuals who are participating within the trial, which consists of performing on the Kaiser leg press machine and collecting the data which correlates to the person's strength and power. The Keiser leg press machine is described as ‘a pneumatic resistance-based seated leg press machine’ (LeBrasseur, Nathan K., et al. 2008) Which enables testing of an individual's maximal strength and power of their lower limbs through performing a pushing motion with the legs. This type of testing equipment can be used to be applied to sporting specifics due to this movement that the machine creates being similar of that in certain sports.
After the baseline scores have been recorded all individuals will be within two trial groups, the first consisting of performing the stretching technique Proprioceptive Neuromuscular Facilitation (PNF) and the second carrying out a range of dynamic stretches given to them which include forward leg swings, walking lunges, side lunges, and walking leg sweeps which will be shown to the individuals and then continuously examined to ensure correct performance of them are done.
[bookmark: _Int_qAmuNujh]The stretching technique Proprioceptive Neuromuscular Facilitation (PNF) previously described by Funk et al., (2003) as being utilized to increase ROM and flexibility while improving muscle elasticity will be applied to each individual. This is done by the individuals lying on their back on a bed or plinth of some sort and lifting their leg bilaterally in a straightened position as far as they can comfortably reach.
The therapist or other assistant will then provide a pushing force on the lower limb of the participant in this same lengthened position as far as it can go which stretches the muscle used (which in this case is the hamstring) and holds it in that position. The individual then proceeds to contract this specific muscle which is done by causing a pushing motion against the therapist for around 10 to 15 seconds. They then relax briefly by stopping this contraction which is then followed by the limb being pushed up again into the same initial stretch in the straight lengthened position, then followed by the same method of the contract and relax protocol repeated 3 times to complete the technique. 
This technique will be shown and taught to all the volunteers to be able to perform it on each other with supervision to ensure it is being carried out correctly and safely. This will allow for a much more efficient and prompt trial process, allowing for the avoidant of the risk of the participants being bored due to waiting for potential large periods of time for their turn to receive the treatment while others are in the testing area. Also giving them all more hands-on involvement increases the enjoyment of the activity which could have the potential in reduction of risk of the participants dropping out of the study meaning a more optimal outcome due to a wider number of individuals' results being collected. 
[bookmark: _Int_zHduEBrQ]When each individual has had the Proprioceptive Neuromuscular Facilitation (PNF) technique performed on them they will then again perform on the Keiser leg press machine. When redoing this machine, it will calculate the person's leg strength and power by making the pressing movement to extend the legs, the power is worked out from the legs being pushed as quickly and powerfully as they are able to. The machine increases the weight of the panels until the individual is not able to press it anymore, giving their maximum strength calculated with the weight they are able to press. 
The results of both strength and power will be recorded the same as the original baseline results to later be compared to answer the question of the study. 
The other half of participants would perform the dynamic stretches given (forward leg swings, walking lunges, side lunges, walking leg sweeps) to them which focus on the increased flexibility and reduced tightness within the lower limbs more specifically the hamstring muscles. These specific exercises use has the potential to help loosen up the area that is being tested to allow for the study of if this has an influence on the production of strength and power components. These will be shown to the participants while also being talked through and then continuously monitored to ensure they are being correctly performed. This will help to ensure a valid and reliable test is being done and everyone is carrying out the same stretches the same way to reduce the risk of anomaly happening in the data. 
[bookmark: _Int_HBMKmMo6]When each individual has had the Proprioceptive Neuromuscular Facilitation (PNF) technique performed on them or have alternatively performed the dynamic stretches they will then again carry out the same protocols as initially done on the Keiser leg press machine. When redoing this machine, it will calculate each individual person's leg strength and power by making the pressing movement to extend the legs, the power is worked out from the legs being pushed as quickly and powerfully as they are able to. The machine increases the weight of the panels until the individual is not able to press it anymore, giving their maximum strength calculated with the weight they are able to press. 
The results of both strength and power will be recorded the same as the original baseline results with the separation of the two trial groups (Proprioceptive Neuromuscular Facilitation (PNF) and dynamic stretching) dependent on which one each person took part in. The results collected from these after trial exercise will later be compared against the baseline results earlier collected to help with answering the question of the study.



Chapter 6: Results 
Table 6.1 
PNF intervention group power results.
	Participant
	Baseline power
	After PNF (power)
	Results difference

	1
	325.5
	329
	3.5

	2
	573
	527
	-46

	3
	605
	642
	37

	4
	807.5
	802.5
	-5

	5
	359
	427
	68

	6
	711.5
	721
	9.5

	7
	612.5
	668
	54.5

	Standard deviation
	175.0084352
	168.1166333
	38.93981926



[bookmark: _Int_ayIvcxpy]Table one's data contains the baseline results for power collected initially by each individual in the first group when performing on the Keiser leg press machine. The participants are referred to as numbers to keep anonymity throughout the study but were personally named while carrying out the study to make it easier when comparing results, but this was kept private. 
This first group took part in Proprioceptive Neuromuscular Facilitation (PNF) stretching with the after results for amount of power conducted being collected and in the next category within the table in line with the correct participant number. Calculation of the difference made between the two results from before the stretching intervention took place and then the results that were collected after this. This was done by subtracting the baseline number away from the after result to obtain the amount the score either increased or decreased by.
The standard deviation for each of the sections including the baseline power score, the results of power after the Proprioceptive Neuromuscular Facilitation (PNF) stretching was carried out and the difference found between each of the individuals results was calculated and is plotted underneath each appropriate category. 

Table 6.2
Dynamic intervention group power results. 
	participant
	Baseline 
	After Dynamic (power) 
	Results difference

	8
	476
	536
	60

	9
	598
	732
	134

	10
	621
	644.5
	23.5

	11
	742.5
	786
	43.5

	12
	458
	624
	166

	13
	723.5
	873
	149.5

	14
	628
	754.5
	126.5

	Standard deviation
	109.5535855
	113.0739855
	56.7269987



[bookmark: _Int_lTGugMxU]Table two's data contains the baseline results for power collected initially by each individual in the second group when performing on the Keiser leg press machine. The participants are again referred to as numbers to keep anonymity throughout the study but were personally named while carrying out the study to make it easier when comparing results, but this was kept private, the same with the participants from the first group. 
This second group took part in dynamic stretching with the after results for amount of power conducted being collected and in the next category within the table in line with the correct participant number. Calculation of the difference made between the two results from before the stretching intervention took place and then the results that were collected after this. This was done by subtracting the baseline number away from the after result to obtain the amount the score either increased or decreased by.
The standard deviation for each of the sections including the baseline power score, the results of power after the dynamic stretching was carried out and the difference found between each of the individuals results was calculated and is plotted underneath each appropriate category.

Figure 6.1 
PNF intervention group power results plotted.
[image: ]

Figure one shows a line graph with the results plotted from the baseline scores of the first group that took part in the Proprioceptive Neuromuscular Facilitation (PNF) stretching and the results collected from after this intervention was carried out. 
The blue line represents the baseline results collected with the orange showing the data that was received after the PNF stretching intervention was performed.



Figure 6.2
Dynamic intervention group power results plotted.
[image: ]

Figure two shows a line graph with the results plotted from the baseline scores of the first group that took part in the dynamic stretching and the results collected from after this intervention was carried out. 
The blue line represents the baseline results collected with the orange showing the data that was received after the dynamic stretching intervention was performed.








Figure 6.3
PNF and dynamic intervention differences plotted.
[image: ]

[bookmark: _Int_xdBjMyX8]Figure three is a line graph with the plotted data consisting of the difference that was found between each result from the baseline and after with each individual. It is evident that with the blue line representing the difference results made with the PNF intervention group that this overall has made a less difference than that of the orange line representing the dynamic group and their differences. This is due to most of the blue line being plotted much lower on the graph than the orange and even at times lowering into the negatives showing a decrease in power was made.  






Figure 6.4
PNF and dynamic intervention mean difference results shown.
[image: ]

[bookmark: _Int_fIUqeznT]Figure four contains a bar graph showing the mean found from the differences within each of the two intervention groups (PNF and dynamic stretching). This was found by adding up all of the differences results from one of the two groups and then dividing that result by the number of participants that were in that group which in this case was seven, which then found the mean result. The same thing was done to the second group which then allow for them to be plotted onto the chart for comparison. These results consist of the PNF groups overall power difference mean being 17.36 watts and the dynamic stretching group being 100.42 watts, meaning the dynamic group overall was able to produce 83.06 more watts of power than the PNF group.






Chapter 7: Discussion  
Within this study the key findings that was obtained was that the group that underwent the dynamic stretching intervention produced a much higher power output overall than those who were in the group containing the Proprioceptive Neuromuscular Facilitation (PNF) stretching technique. This is shown through the results obtained being that the overall difference made between the baseline and after intervention score was much more significant within the group who underwent the dynamic stretching than those who performed PNF.
[bookmark: _Int_OoXWLtOo]This produces the idea that the dynamic stretching technique is a reliable and advantageous technique at promoting the increase of the power component in regard to comparing it to the Proprioceptive Neuromuscular Facilitation (PNF) stretching technique. 
[bookmark: _Int_IFvevdey]With the main aims of the study being ‘to assess the possibility of a potential impact from the stretching techniques Proprioceptive Neuromuscular Facilitation (PNF) stretching and dynamic stretching on individuals' strength and power results.’ it has shown that this aim has been met. This is due to the results showing the impact that these two stretching techniques have on each individual's power output, and then through this difference it can be seen which of the interventions may have produced a greater increase which in this case was apparent to be the dynamic stretching. 
The reason for this aim was to allow for the decision of if any of the stretching interventions that were included in the study are useful technique when focusing on increasing power output on individuals. This conclusion made can be used to help sporting athletes and coaches within sports with needs for considerable amounts of power to dictate whether to add the stretching interventions into training or warm up plans to potentially help with this goal.
[bookmark: _Int_3NYqi4sZ]The results within this study trial were calculated to find the difference between the results of power output that were performed before and after the stretching interventions to allow for the easy examination of the effects each of them has on the individuals results. Within the first trial group where the stretching technique Proprioceptive Neuromuscular Facilitation (PNF) was used, seven participants obtained a difference in power ranging from –46 watts to 68 watts with their mean result 17.36 watts making this the average score for this particular group.
[bookmark: _Int_MfBhegf4]Within the second group of the study with dynamic stretching being the technique used, another seven individuals took part who were seen to have a power output difference ranging from 23.5 watts and 166 watts which upon calculation found their average or mean score to be 100.42 watts. When looking at both of these average scores it is evident that the group with the intervention containing dynamic stretching overall had a higher increase in their power output scores than the group who used the PNF style of stretching technique as their intervention. 
Limited studies have been done previously on the effects of dynamic stretching specifically on leg power output and even less amounts of research have been done with comparing this stretching technique with that of Proprioceptive Neuromuscular Facilitation (PNF) stretching. However, the study published by Yamaguchi, Taichi, and Kojiro Ishii. (2005) which explores the comparison of static and dynamic stretching with its effects on leg extension power gives some incite for the study due to the use of dynamic stretching and more specifically how it effects leg extension power. 
This specific study followed a similar style of method with the leg extension power being measured at the beginning of the trial and then again after the static and dynamic stretches were performed. The results that were concluded throughout this study favoured the dynamic stretching technique over the static stretching due to finding that there was no significant difference between the before and after results of the leg extension power within the static stretching. Whereas when looking at the results from the dynamic stretching group there was a significant result of greater power output through leg extension when compared to no stretching intervention. 
A similar study Jaggers, Jason R, et al. (2008) created focuses on The Acute Effects of Dynamic and Ballistic Stretching on Vertical Jump Height, Force, and Power. Even though this specific trial uses a countermovement jump rather than a machine-based leg exercise it still has the exploration of the power measurement. Again, with the opposing stretching technique used, in this case ballistic stretching, it was concluded that it showed to have no significant difference any of the measurements they focused on, including vertical jump height, force, or power.
[bookmark: _Int_REC1l46D]When concluding the results the dynamic stretching group obtained it was evident that when considering the components of vertical jump height and force no significant differences were found. However, like in previous studies there was found to be an increase in regard to looking at jump power when being compared to that of a person who did not perform any type of stretching intervention. 
This shows that the findings that were produced within the study align with previous research suggesting that when focusing on an increase in power output the technique that is dynamic stretching may be a useful tool to use when planning to increase this component. 
[bookmark: _Int_KwWG0lpH]The similarities between these specific previous studies and the focused study are that they each provide a comparison using the dynamic stretching intervention against various other stretching techniques within their clinical trial. These also all provide a conclusion of how the stretching techniques have an effect on (if any effect at all) different components such as height of jumps, force produced and power output. Making these useful in backing up data produced within this trial that focuses on power exertion. 
The differences that are evident when comparing the published studies and the current is that there is not one shown to use the dynamic stretching style against the proprioceptive neuromuscular facilitation (PNF) stretching technique. This means that even though observation can be carried out on the one technique (dynamic stretching) on its own, it is not able to be further judged against the other technique (PNF) that this current study is focusing on.
[bookmark: _Int_kaWFiaQT]When taking into account the proprioceptive neuromuscular facilitation (PNF) stretching technique in previous studies, majority concluded that the difference it promotes when focusing on various sporting components is not significant due to the minimality of it. Young, Warren, and Simon Elliott. (2001) study when providing the comparison of PNF stretching and static stretching found that there were no significant differences made when looking at jump performance before and after PNF stretching was carried out and even found that static stretching caused a clear decrease in the participants measurements. 
With similar interests Church, J. Brian, et al. (2001) used the same two intervention techniques (proprioceptive neuromuscular facilitation (PNF) stretching and static stretching) to also study vertical jump performance in individuals. The same findings with the fact that the PNF technique showed to have not made any significant difference to the vertical jump heights was shown, however they reported that these differences were lower than the ones found from the static stretching.
More recently Marek, Sarah M, et al. (2025) used yet again the same techniques of Proprioceptive Neuromuscular Facilitation (PNF) Stretching and static stretching to explore the effects these have on muscle strength and power output. With comparison both stretching interventions produced a decrease in both measurements of peak torque (PT) and muscle power (MP), which aligns with the much older previous studies meaning there has not been much of a change with the analysis of the two stretching techniques on those specific sporting components. 
[bookmark: _Int_zvCiSNcX]All of the studies found that include the Proprioceptive Neuromuscular Facilitation (PNF) Stretching technique have all produced a similar outcome. This is that the PNF stretching intervention is unsuccessful at causing a positive impact on a person's performance skills when more specifically focusing on lower limb activities such as leg extension and vertical jump. These previous studies allow for a true comparison to this current study due to the further theory resulting that this intervention type (PNF) is not advantageous at the improvement of an individual's power output within the lower extremities.
[bookmark: _Int_i97tWYBY]The similarities that these focused studies have produced against the current study is the exploration of the stretching style that is proprioceptive neuromuscular facilitation (PNF). Within this, matching results have been produced within each of the clinical trials with the fact that no significant differences to the measured areas were observed when the use of this technique (PNF) was carried out. From this conclusion it is evident that the use of the PNF stretching intervention is not greatly advised if improving in the selected areas the studies focused on is an aim for any individual. 
[bookmark: _Int_1geBUjUy]The differences that the studies containing the PNF technique have within the focused study is what comparison has been chosen against it. Being that this study produces a comparison to the dynamic style of stretching and all previous reviews giving the comparing element against static stretching. This makes it difficult to gain any research specifically when studying how the two interventions (PNF and dynamic stretching) are seen against each other, meaning there is no information to help back up any possible comparisons needed. 
It was apparent that throughout the previous studies there was need for more knowledge and findings to be produced when considering the effects of dynamic stretching and specifically on certain sporting components and needs. By creating this study, it will allow for this wider information to be available and allow for comparison against a fresh style of technique (PNF) to be focused on. 
[bookmark: _Int_cHtFrVne]The strengths that were apparent within this study was the individuality of it due to the comparison of the techniques dynamic and proprioceptive neuromuscular facilitation (PNF) stretching not being done explicitly. This allows for a new perspective for the intervention types to be produced due to the new comparison type that would have been made. However, this may also be seen as a weakness towards the study due to the fact that there is no previous data and information to take inspiration and go off to help when producing the methods of the trial and then again with the comparison to previous literature. 
Another strength of the study was the use of participants, and the equipment used (Keiser leg press machine) being convenient due to all being in one place that is accessible to the author. This allowed for a flexible time given to participants who also had the convenience of use of equipment allowing for a less strict environment and reduced pressure put on for not having to attend a specified one time slot. 
However, this strength spotted also became a weakness throughout the study more specifically through the trial component. This was due to participants who originally agreed to voluntarily participate then dropped out which could have been due to the laid-back essence that was given regarding attendance. This then caused a more limited number of individuals to partake in the study lessening the numbers which in turn reduces the reliability and validity of the overall study. 
A limitation to this study came to be the use of the equipment used specifically the Keiser leg press machine. This is due to the complexity that was had when attempting to calculate the strength element within the study. When producing the calculation of power output, the machine done this simplicity with limited work having to be produced by the author or volunteers. However, when the turn of strength calculation was there it was proved to be much too difficult and in carrying out this component measure would cause a loss of interest and retention of the volunteers. This decision was made to switch the focus primarily on the power output to still allow with a trial session and study to go ahead. 
[bookmark: _Int_9NApp0KA]This specific study has got the potential to be used with help within certain sports who require high amount of power output specifically to the lower extremities (for example rugby and football). This will help them to decipher if there are any stretching techniques that not only serve their primary purpose of increasing flexibility and range of motion but also have a worthwhile effect on increasing a person's muscular power. 























Chapter 8: Conclusion 
Overall, this study concluded that the intervention that is dynamic stretching was shown to have a significant impact on an individual's power output, more specifically on the lower body using the Keiser leg press machine as measurement. This was indicated through the results having an increase in power output which ranged from 23.5 watts and 166 watts. With these various numbers throughout the seven participants, it was found that their average or mean score would be 100.42 watts. 
When examining the group who underwent the proprioceptive neuromuscular facilitation (PNF) stretching intervention there was seen to be a significantly less difference made from the baseline and the post intervention score. Within this group the difference in power output ranged from a minus number starting at –46 watts with the highest being 68 watts. 
[bookmark: _Int_B0H9G9QB]This meant that for some of the individuals the stretching technique (PNF) produced a negative effect on them by reducing the amount of muscular power they can emit. Making this specific intervention type to possibly be detrimental towards a person's sporting or fitness goals meaning it would not be advised in use of any sport specific conditions where the component that was hindered by it would be needed. 
 The average result calculated by the mean for this group was a result of 17.36 watts which when being compared to that of the dynamic group at 100.42 watts is significantly lower. This indicates the conclusion that when in comparison with the PNF style of stretching, dynamic stretching is a much more favourable and advantageous competitor due to the impact it has shown to create on a person's maximal power output. Alternatively, as well that performing PNF as a style of stretching is not significantly useful in the way of actively improving on muscular power especially when in the comparison to other more influential techniques such as dynamic stretching. 
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