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Abstract
Hamstring injuries are among the most common in football and are occurring at an increasing rate. They occur primarily whilst loading the hamstring under length, otherwise known as an eccentric contraction. Strength training is said to reduce injury risk and increase football performance, this study aimed to identify if this was true, whilst also identifying whether or an eccentric only strength program was more effective than a concentric only strength program at increasing hamstring strength and reducing injury risk. 
A total of 10 amateur male footballers aged 18 and over were recruited and randomly allocated into two groups: an eccentric-only hamstring training group and a concentric-only hamstring training group. Both groups completed pre- and post-intervention testing using a one-repetition maximum (1RM) leg curl on the Technogym Selection 900 machine to assess maximal hamstring strength. The intervention lasted four weeks. The hypothesis prior to conducting the research was that the group who carried out the eccentric program would illicit greater improvements in hamstring strength. 
The results indicated that there was no significant difference in hamstring curl one rep max between the two groups after their interventions, t(8) = 0.77, p = .46 (two-tailed). Participants in Group 1 (M = 55.00 kg, SD = 7.91) demonstrated a slightly higher mean strength compared to participants in Group 2 (M = 50.00 kg, SD = 6.12); however, this difference was not statistically significant.  The results indicated that there was no significant difference in hamstring curl one rep max between the two groups after their interventions, t(8) = 0.77, p = .46 (two-tailed). Participants in Group 1 (M = 55.00 kg, SD = 7.91) demonstrated a slightly higher mean strength compared to participants in Group 2 (M = 50.00 kg, SD = 6.12); however, this difference was not statistically significant.  A paired samples T test showed that the eccentric only group experienced significant changes in hamstring strength post intervention (M = 49.00 kg) to post-intervention for the eccentric only group (M = 55.00 kg), t(4) = 3.21, p < .05. The mean increase in strength was 6.00 kg, indicating a significant improvement following the intervention. Mean 1RM increased from 47 kg (pre-intervention) to 50 kg (post-intervention), indicating an average improvement of 3 kg. However, statistical analysis showed that this increase was not significant, level of 0.05, t(4) = 2.45, p = 0.070.  
Overall, the study indicated that eccentric loading creates greater hamstring strength improvements over a 4 week period. However, the small sample size and short duration of the program affected the reliability of the study
Introduction
The physical demands of contemporary sport continue to rise across all levels, from amateur participation to elite professional competition (Gabbett, 2016). As a result, athletes are exposed to increased training loads, volumes, and frequencies, which are associated with a heightened risk of injury, as identified by Alquist et al. (2020). This emphasises the importance of implementing effective injury risk reduction strategies for athletes at every level of sport and exercise (Hägglund et al., 2013). 
The hamstring consists of the bicep femoris, semitendinosus and semimembranosus and is located on the posterior thigh (Standring, 2016). Its primary functions are to extend the hip, flex the knee and rotate the tibia (Neumann, 2010). It is involved both eccentrically and concentrically in football and most commonly injured during the late swing phase of sprinting, where the hamstrings are loaded eccentrically (Schache et al., 2012). 
Eccentric contractions involve lengthening the hamstring under load whereas concentric contractions involve shortening the muscles under load (McArdle et al., 2015). Football involves a variety of high intensity movements such as sprinting, cutting and changing direction, deceleration, jumping and striking a ball (Stølen et al., 2005). To maximise performance increasing strength as well as reducing injury risk is vital (Suchomel et al., 2016). 
Hamstring injuries specifically present at an increasingly high rate as shown by a study from Al Attar et al. (2016) which reported that 12% of all injuries recorded by 17 European topflight male football teams were hamstring injuries. 
The review of literature in this area allowed us to identify that strength training reduced sports injuries to less than one third and found that overuse injuries were halved (Lauersen et al., 2014). However, deciding which form of strength training is slightly unclear within the literature (Timmins et al., 2018). In the last 20 years sports therapy and strength and conditioning knowledge has developed and progressed rapidly and the amount of injury risk reduction measures has also increased substantially (Behm et al., 2017). Clarifying whether eccentric and concentric loading provides better strength adaptations is vital to maximise sporting performance at all levels of sport (Douglas et al., 2017). To add to this, being able to link and identify the role of maximal hamstring strength to injury risk reduction is also imperative for sports and exercise therapists (Opar et al., 2012). Furthermore, identifying which contraction type is most appropriate and optimal for injury risk reduction during a busy season makes session programming much more simple. 
The primary aim of this research project was to determine whether a program consisting of eccentric only hamstring exercises had a greater effect on hamstring strength than a program consisting of concentric only hamstring exercises. The study was also conducted with the aim of monitoring injuries during the respective programs. Education of the reasoning behind strength training and its role in injury risk reduction was also a key aim of this study. The study used and was primarily focused on male footballers aged 18 and over.
In order to achieve these aims, objectives were set. These were first, accurate testing of maximum force output of the knee flexors prior to program prescription. Prescription of the respective hamstring programs with education and demonstrations of exercises. Another objective was to maintain adherence and consistency throughout the program by attending university strength and conditioning sessions and participant check ins, this would not only ensure adherence but also aid injury monitoring. Gaining accurate results post program was another objective.

The hypothesis prior to conducting the research was that the group who carried out the eccentric program would illicit greater improvements in hamstring strength. This hypothesis was because during eccentric exercises athletes are able to perform eccentric exercises with greater loads and therefore, it was hypothesized that this would produce greater adaptations (Douglas et al., 2017).








Literature Review-
The physical demands of modern sport are increasing at all levels of sport, from amateur to the elite professional level. With this comes greater loads, training volumes and frequencies which influence a greater risk of injury, as stated in a study by Alquist et al., (2020). This highlights the importance of putting injury risk reduction measures in place as an athlete at any and all levels of sport and exercise. It is also important to identify which injuries athletes are most susceptible to within the specific demands of their sport and training and how that relates to different sports and specific populations within said sports. In football specifically, hamstring injury incidence is on the rise. Whether or not this is due to an increase in actual injuries or just an increase in reported injuries is up for debate however, the point remains that hamstring injuries are very prevalent in all levels of football. Al attar., (2016) reported that 12% of all injuries recorded by 17 European topflight male football teams, were hamstring injuries which further highlights the significance of implementing hamstring injury risk reduction measures in football. A meta analysis by Maniar et al., (2022) stated that “The incidence of hamstring injury in field-based team sports is 0.81 per 1000 exposure hours, while the prevalence is 13% for a 9-month period, increasing 1.13-fold for every subsequent month of observation.”
There are multiple variations of what are considered hamstring injuries. To gain a comprehensive understanding of these injuries, the different hamstring muscles must be defined. All three of the hamstring muscles (bicep femoris, semitendinosus and semimembranosus) originate from ischial tuberosity, with the bicep femoris and semitendinosus forming a common tendon. The bicep femoris is the most lateral of the three with the semimembranosus being the most medial (Sato et al., 2012). The same paper also states that the bicep femoris is the most commonly injured muscle of the three. Garret et al., (1988) stated that most hamstring injuries occur at the musculotendinous junction, which is where the muscle belly and tendon interact and join, it is also the primary site of force transmission making it an extremely important part of high intensity movements in football such as sprinting (Adams et al., 2025). Konakalla et al., (2025) states that hamstring injuries often recur, which emphasises the importance of implementing injury risk reduction measures post injury. The same paper states that the insertion of the bicep femoris is at the fibular head and lateral condyle of the tibia and that the function of the short head being knee flexion and lateral rotation of the tibia and the long head also contributing to hip extension. This differs from semitendinosus and semimembranosus, both of which insert at the medial tibia. They share the same functions which are: Knee flexion, hip extension, and medial rotation of the tibia (with knee flexion). Knowing the function of the hamstring is imperative when trying to gain an understanding of hamstring injuries and when prescribing strength exercises, as without it can’t be insured that exercises are correctly targeting the hamstrings. It was decided that both the eccentric and concentric programs would include one hip dominant movement and one knee dominant movement so that the hamstrings were trained in both hip extension and knee flexion.
A systematic review by Danielsson et al., (2020) explored the different mechanisms of hamstring injuries how exactly they occurred. The review first stated that the risk of hamstring injuries in footballers increases when fatigue leads to reduced eccentric hamstring strength, a key factor in the muscle’s ability to resist lengthening under load. This is particularly relevant as the review also found that athletes with a history of previous hamstring injuries consistently demonstrate lower levels of eccentric strength, suggesting a lingering deficit that may predispose them to reinjury. Additionally, neuromuscular imbalances appear to play a role, with greater activation of the biceps femoris relative to the semitendinosus during eccentric testing being associated with a higher risk of first-time injury. In the review, it is stated that in running-based activities, injuries most commonly occur during the late swing phase of the gait cycle, where simultaneous hip flexion and knee extension place substantial eccentric strain on the hamstrings. Similarly, stretch-related injuries are frequently observed during actions such as kicking a ball, which impose high mechanical demands through combined hip extension and knee flexion.  The review also found that shorter hamstring fascicles have been linked to a greater susceptibility to strain, reinforcing the role of structural muscle properties in injury prevention. An article published by Tosovic and Mytilinaios (2024) stated the definition of a muscle fascicle to be “a group of muscle cells (fibers) that are grouped together in parallel within a connective tissue sheath called the perimysium.”
To put injury risk reduction measures in place, it is first important to conduct research and identify what kind of measures can be implemented to reduce injury risk in sport. 
A study by Lauresen et al., (2014) found that strength training reduced sports injuries to less than 1/3 and found that overuse injuries were halved. 
 The Nordic Hamstring Eccentric (NHE) exercise has become increasingly popular in the world of strength conditioning as well as sport and exercise science and therapy in the last few years. The basis of its implementation is that it loads the knee flexors eccentrically, which is the phase of the movement in which most sprint-related hamstring injuries occur (Danielsson et al., 2020). To further strengthen the rationale behind using the NHE as an injury prevention tool it must be noted that evidence suggests it reduces injury risk by increasing hamstring fascicle length. As stated in the previous section, this adaptation is important, as shorter fascicles have been linked to a greater susceptibility to strain, reinforcing the role of structural muscle properties in injury prevention (Danielsson et al., 2020). The eccentric phase of a movement refers to lengthening a muscle under load. A study by Mjolsnes et al., (2004) strengthens the rationale behind NHE and eccentric hamstring training as it found that the NHE more effectively develops maximal eccentric hamstring strength in well-trained football players than a comparable program based on traditional Hamstring Curl. However, this piece of research was published over 20 years ago and since there has been a vast addition of research and innovation into injury risk reduction, this is why it’s important to compare different modes of training in order to find out what is most effective at this current point in time. From this information it could be interpreted that all eccentric hamstring exercises are beneficial for injury risk reduction through the same mechanisms. However, Pasquet et al., (2000) found that eccentric exercises require greater amounts of energy compared to concentric contractions.  As stated in the systematic review by Danielsson et al., (2020) when fatigue induces lower amounts of eccentric strength, injury risk increases. This suggests that the higher energy requirements of eccentric contractions may increase injury risk during sessions due to fatigue. Not to mention longer recovery times during a busy season. This creates a debate as to whether concentric or eccentric exercises are more beneficial to footballers during the season.
To continue this debate in more detail, clear definitions of both concentric and eccentric muscular contractions must be stated. An eccentric contraction occurs when a muscle lengthens under load (Willis et al., 2021). As discussed previously an eccentric hamstring contraction occurs in football during the late swing phase of a gait cycle whilst sprinting and can also occur after striking the ball. A concentric contraction occurs when the muscle shortens under load. The hamstrings are responsible for hip extension (Willis et al.,). From this fact we can see that the hamstrings concentrically contract in the early phase of the gait cycle whilst sprinting. The study referenced compares adaptations caused by eccentric and concentric strength training making it a particularly relevant source of information when creating this study and discussing the top of eccentric versus concentric exercise.  Similarly to the review published by Tosovic and Mytilinaios (2024), this study states that eccentric exercises will induce chronic fascial length increases. However, it also states that in the first 4 weeks of exercise eccentric exercises are associated with a greater damage repair profile and therefore increased recovery time. A systematic review by Ansari et al., (2023) looked to explore and compare the research related to eccentric and concentric training in healthy individuals and individuals with metabolic disease. Despite this review’s main focus relating more to overall health than the sport specific demands of football, it has collected valuable data in relation to the strength outcomes of eccentric and concentric resistance training. The researchers found that eccentric exercises not only create larger eccentric and isometric strength gains, but also produce greater concentric strength outcomes when compared with traditional/concentric training. Once again, highlighting the effectiveness of eccentric training. When considering the previously discussed relationship between hamstring strength and injury risk this study suggests eccentric exercise training to be the most effective for footballers. An experimental study comparing 4 weeks of concentric exercise training and 4 weeks of eccentric exercise training found that concentric exercises cause lower levels of acute muscle damage and are said to induce chronic increases in fiber pennation angle (Willis et al., 2024). A higher pennation angle allows for more muscle fibers within the muscle, potentially creating larger amounts of force production (Eng, Azizi and Roberts, 2018). This study shows that the discussion can be more nuanced than one mode of training being more effective than the other. It suggests that if an athlete is in the middle of a busy and potentially hectic season that concentric exercise training may be more optimal for them as it causes less fatigue. The conflicting research and potential nuance needed when deciding which form of exercise training to use or prescribe is the over arching reason for this study. The study aims to add to the current available information and clarify this area of research.
The exercises prescribed to the participants were carried out before university training sessions (if they participated in them). This makes it important to research and state the effects of performing these exercises before a training session. Furthermore, it is useful to know whether or not they could be used as part of an injury risk reduction warm up protocol. A study by Conceicao et al., (2014) aimed to investigate the effects of strength training on the neuromuscular system, cardiorespiratory response and endurance performance. The study found that maximal strength training reduced endurance performance, the study also found that maximal strength training decreased maximal voluntary contraction, which as stated previously can increase risk of injury. However, the design of the study was not specific to football but rather used an ergometer to measure endurance. The study also did not test the effects of strength training with reduced intensity on endurance and overall sporting performance. A study by Garbisu-Hualde & Santos-Concejero (2021) stated that performing a higher load conditioning activity such as heavy resistance training stimulates post activation potentiation which improves physical performance in similar movements. The FIFA 11+ warm up is used to maximise physical performance whilst reducing injury risk that incorporates strength exercises. Which was the main reason for using a modified version of it as a warm up. The FIFA 11+ also incorporates general pulse raising activities as well as sport specific movements like sprinting and cutting to fully prepare footballers for performance. A systematic review conducted by Soligard et al., (2008) found that FIFA 11+ warm up reduced injury risk by 30-50%. To add to this Maloney et al., (2014) also stated that post activation potentiation has been used to increase muscular power output and muscular performance





Methodology-
10 amateur footballers over the age of 18 were selected for the study. They were randomly placed into groups 1 and 2. Group 1 performed the eccentric only hamstring program, and group 2 performed the concentric only hamstring program. Both groups undertook initial and post program testing via a one rep max test on the Technogym selection 900 leg curl , they underwent a modified version of the FIFPRO 11+ program as a warm up before testing to reduce injury risk and ensure correct preparation is in place for maximum force output. They were also instructed to complete the same warm up before completing sessions that were removed from university training. The FIFPRO 11+ warm up was originally developed by FIFA’s Medical Assessment and Research Centre (F-MARC) in collaboration with FIFPRO (the international players’ union). It is a structured injury risk reduction warm up program consisting of three progressive components. Part 1 of this modified version involved approximately eight minutes of low intensity running and dynamic movements, including hip rotations, partner circling, and mobility drills, designed to prepare the muscles and joints for subsequent activity. Part 2 comprised of six core exercises targeting strength, balance, and plyometric control, each performed with progressive difficulty levels. These exercises will include plank variations for core stability, single-leg balance, lunges, squats, and jumping or landing control drills. Part 3 will conclude the warm-up with moderate- to high-speed running and sport-specific movements such as cutting and directional changes to enhance neuromuscular readiness. Also performed 3 sets of 3 20 second unilateral hamstring bridge isometrics to maximise the benefits of post activation potentiation.
Group 1 underwent a 4 week eccentric only hamstring program incorporated into their university team strength and conditioning session (for those who were university footballers) as well as one independently performed session (2 for the non-university athletes). The session comprised of 3 sets of 2 eccentric only hamstring exercises. The exercises performed were the eccentric split stance Romanian Deadlift (RDL) and the band assisted Nordic Hamstring Exercise (NHE). The split-stance Romanian Deadlift was performed with participants standing with their feet in a staggered position whilst holding dumbbells, with the front foot bearing most of the load and the rear foot positioned behind as a balance assist. Throughout the movement, participants maintained a neutral spine while executing a hip-dominant hinge. The hips were flexed and the participants were queued to push their hips posteriorly as the torso inclined forward. The participants were instructed to perform the movement with a controlled tempo and to resist the descent. This ensured that hamstrings were contracting whilst lengthening i.e. an eccentric contraction. The participants continued to flex their hips until they felt a hamstring stretch, at this point the participants dropped the dumbbells. The front knee remained slightly flexed throughout the movement. To get the dumbbells back into position, the participants were instructed to perform a squat like movement to pick up the dumbbells with the least amount of hip hinge possible.  The band assisted NHE was performed in a kneeling position on a padded surface with extended hips and an upright torso. The participants' knees were positioned just inside shoulder width; a resistance band was fixed on a squat rack above them and looped around their torsos. They were instructed to lower their torso to the ground at a controlled tempo whilst attempting to maintain extended hips and a neutral spine whilst actively resisting the descent. This was done to place the majority of the tension on the knee flexors ensuring that the hamstrings were lengthening whilst contracting i.e. an eccentric contraction. Once the participants had lowered their chest to the ground they were instructed to return to the start position using their arms and without placing tension on the hamstrings in order to eliminate the concentric phase of the movement.
They performed the exercises in the 3-6 rep range and aimed to implement progressive overload by increasing the weight and/or repetitions performed in the RDL and increasing the reps and/or decreasing the resistance of the band for the NHE. Participants did not perform any other specific hamstring movements. University team strength and conditioning sessions are programmed after the football sessions, so an extended specific warm up was not used after these sessions. However, they were instructed to perform 2 warm up sets gradually increasing the resistance by increasing the weight of the dumbbells with the RDL and reducing the thickness of the band with the NHE. Furthermore, the FIFPRO 11+ program was performed before independent sessions.
Group 2 underwent a 4 week concentric only hamstring program incorporated into their university team strength and conditioning session (if they were university athletes) as well as one independently performed session. The session comprised of 3 sets of 2 concentric only hamstring exercises. The exercises performed were the concentric only split stance Romanian Deadlift (RDL) and a band assisted concentric Nordic Hamstring Exercise (NHE). The split-stance Romanian deadlift was performed with participants standing in a staggered stance while holding dumbbells, with the front foot bearing the majority of the load and the rear foot positioned posteriorly for balance assistance. Participants maintained a neutral spine throughout the movement and executed a hip-dominant hinge pattern. Each repetition began from the bottom position with the hips flexed and the torso inclined forward. Participants were instructed to extend the hips to raise the torso to an upright position, emphasizing concentric contraction of the hamstrings. The eccentric phase was eliminated by returning the load to the starting position by dropping the dumbbells and returning to the starting position. Movement execution was controlled in tempo in order to ensure concentric contraction of the hamstrings. The band-assisted Nordic hamstring exercise was performed in a kneeling position on a padded surface with the hips extended and an upright torso. Participants’ knees were positioned just inside shoulder width, and a resistance band was secured to a squat rack above and looped around the torso. Each repetition began with the participant’s chest positioned close to the ground, a neutral spine and the knees extended. Participants were instructed to actively contract the knee flexors to pull the torso upward toward an upright position, maintaining extended hips and a neutral spine. This was instructed to create a concentric hamstring contraction. A thicker resistance band was used in comparison to the eccentric NHE as eccentric movements can be performed with a greater load. The participants were instructed to return to the starting position using their arms to lower themselves, this ensured that the eccentric phase of the movement was eliminated.They performed the exercises in the 3-6 rep range and aimed to implement progressive overload by increasing the weight and/or repetitions performed in the RDL and increasing the reps and/or decreasing the resistance of the band for the NHE. They did not perform any other specific hamstring movements. University team strength and conditioning sessions are programmed after the football session. However, they were instructed to perform 2 warm up sets gradually increasing the resistance by increasing the weight of the dumbbells with the RDL and reducing the thickness of the band with the NHE. Furthermore, the FIFPRO 11+ program was performed before independent sessions.
Injuries were monitored by the conductors of the study, weekly check-ins with both players and coaches were performed. If players sustained an injury that prevented them from performing the program, they had their program put on hold until full recovery is made.




















Results
Table 1 documents the pre intervention hamstring curl one rep max values for the group that were prescribed the eccentric only program, as well as the mean for the group.
Table A1
	Participant Number
	Hamstring Curl 1 Rep Max

	1
	50kg

	2
	65kg

	3
	40kg

	4
	45kg

	5
	45kg

	Mean
	49kg



The Standard deviation for this group was 9.62
Table 2 documents the pre intervention hamstring curl one rep max values for the group that were prescribed the eccentric only program as well as the mean for the group.
Table A2
	Participant Number
	Hamstring Curl 1 Rep Max

	5
	45kg

	6
	50kg

	7
	40kg

	8
	60kg

	9
	40kg

	Mean
	47kg



The standard Deviation for this group was 8.37
This data was used to conduct an independent samples t test with SPSS. An independent test was selected to identify if there was a significant difference in hamstring curl one rep max between the groups prior to the intervention. The results showed that there was no significant difference in hamstring curl one rep max values between the eccentric only and concentric only groups prior to the intervention, t(8) = 0.35, p = .73 (two-tailed). Participants in Group 1 (M = 49.00 kg, SD = 9.62) demonstrated slightly higher mean strength compared to participants in Group 2 (M = 47.00 kg, SD = 8.37); however, this difference was small and not statistically significant. These findings suggest that there is no meaningful difference in hamstring curl strength between the two groups, and any observed variation is likely due to random chance, it also demonstrates that the two groups were largely similar in physical capability.

After this testing the participants carried out their program for 4 weeks, they were then retested. Table 3 documents the results of the group who performed the eccentric only program, as well as the mean for the group. 
Table A3
	Participant Number
	Hamstring Curl 1 Rep Max

	1
	60kg

	2
	65kg

	3
	45kg

	4
	50kg

	5
	55kg

	Mean
	55kg


The standard deviation for this group was 7.91
Table 4 documents the results of the group who performed the concentric only program, as well as the mean for the group.
Table A4
	Participant Number
	Hamstring Curl 1 Rep Max

	5
	50kg

	6
	50kg

	7
	45kg

	8
	60kg

	9
	45kg

	Mean
	50kg


The standard deviation for this group 6.12.
This data was used to conduct an independent T test with SPSS. An independent T test was selected to examine whether there was a difference in hamstring curl one rep max between Group 1 and Group 2 after their respective interventions. 
The results indicated that there was no significant difference in hamstring curl one rep max between the two groups after their interventions, t(8) = 0.77, p = .46 (two-tailed). Participants in Group 1 (M = 55.00 kg, SD = 7.91) demonstrated a slightly higher mean strength compared to participants in Group 2 (M = 50.00 kg, SD = 6.12); however, this difference was not statistically significant. 
These findings suggest that there is no meaningful difference in hamstring curl one rep max between the two groups after their programs were undertaken, and any observed variation is likely due to chance rather than a true effect.
A paired samples T test was also conducted on pre and post intervention data for each group respectively to identify if each program had any significant effect on hamstring one rep max at all. There was a significant increase in hamstring curl one rep max from pre-intervention. (M = 49.00 kg) to post-intervention for the eccentric only group (M = 55.00 kg), t(4) = 3.21, p < .05. The mean increase in strength was 6.00 kg, indicating a significant improvement following the intervention. Mean 1RM increased from 47 kg (pre-intervention) to 50 kg (post-intervention), indicating an average improvement of 3 kg. However, statistical analysis showed that this increase was not significant, level of 0.05, t(4) = 2.45, p = 0.070. 
Despite the observable improvement in performance, the results suggest that the strength program did not produce a statistically significant effect on hamstring curl 1 rep max for the concentric only group. 
No injuries were recorded throughout the program.













Discussion
The purpose of this quantitative randomised control trial was to identify which was more effective at increasing hamstring strength, an eccentric only exercise program or a concentric only exercise program. It also set out to monitor injuries of the participants during the study. This chapter includes more in-depth discussion and analysis of the data retrieved, major findings and how they relate to the aims of the research as well as other research in this area of study. The chapter concludes with a discussion of the limitations of the study, areas for future research, and a brief summary. 
First of all, it is important to state that the groups had no significant variances in hamstring curl one rep max prior to their respective interventions. This made for a clearer and more reliable basis to analyse their results according to an independent T test. The test showed a p value of 0.73, an value over 0.05 is seen as insignificant; hence, the pre testing values were not significantly different.  An independent T test calculates whether or not fluctuations in data are down to chance or are likely caused by an intervention. 0.05 is the generally accepted threshold for this in statistics. A p value of over 0.05 does not mean that there are no fluctuations at all as can be seen by simply reading the data in the table; but, it does mean that fluctuations are largely down to chance in this case. 
A second independent T test found that there was no significant difference between the eccentric only and concentric only groups after their interventions as the test identified a p value of 0.77. Whilst this does tell us that there was no statistically significant difference hamstring curl on rep max values between the groups, it does not measure the individual improvements the programs may or may not have induced. Both groups had similar values before testing, so both having similar values after the interventions may just mean both groups have improved their one rep max values at a similar rate. Furthermore, this test does not tell us how these exercise programs affected performance day to day. The testing used was simply a one rep max test on a hamstring curl machine, no monitoring in relation to football performance in games was conducted. 
No injuries were reported by either group which indicates both groups were not overtrained. However, fatigue was not monitored in any way, nor were any sport specific movements consistently measured throughout the program. Because of this it is difficult to reliably identify if either program caused more fatigue than the other. In the literature review section it was stated that eccentric exercises can cause more muscle damage and fatigue which would lead to a higher risk of injury; despite this, the negligible difference between the two groups indicates that the eccentric program did not cause more fatigue or increase injury risk over the 4 week period. 
To identify whether the interventions produced any significant adaptations at all, a paired samples T test was conducted on the pre and post intervention data respectively. This means the data was related (dependent) rather than independent, as each participant acts as their own control. This explains why a paired samples T test was selected over an independent T test in this instance. Using a paired test accounts for individual differences in baseline one rep max values and focuses on the change within each participant, as opposed to comparing both groups. This makes it more appropriate and statistically accurate than an independent samples t-test for this design. For the group that performed the eccentric only program, the paired samples t-test produced a value of t(4) = 3.21, p < .05, indicating a statistically significant increase in hamstring curl one rep max following the intervention. This result is considered statistically significant because the calculated t-value (3.21) is greater than the critical t-value (approximately 2.78 for df = 4 at the 0.05 level). This means the observed improvement is unlikely to have occurred by chance alone. To elaborate on this, the t-value represents the size of the difference relative to the variability in the data; a larger t-value indicates that the difference between pre- and post-intervention scores is large compared to the spread of the differences. This indicates that the eccentric only program induced significant hamstring strength adaptations as a result of the 4-week program. 
In comparison, the group that performed the concentric only program produced a value of t(4) = 1.12, p > .05, which is not statistically significant. This is because the calculated t-value (1.12) is smaller than the critical value (2.78), meaning the identified statistical variance could reasonably occur due to random variation. The smaller t-value indicates that the mean change is small relative to the variability between participants. This statistical analysis demonstrates that the concentric only program did not illicit significant hamstring strength adaptations over 4 weeks. The independent t-tests that were conducted showed that the sample groups were at largely similar levels of hamstring strength. However, what was identified during data analysis was that the eccentric-only program elicited greater and more significant adaptations in hamstring strength than the concentric-only program. 
This finding is supported by previous research suggesting that eccentric training produces greater increases in muscle strength and fascicle length, which are important for injury prevention and performance (Douglas et al., 2017; Timmins et al., 2016). Despite this information, it is unclear whether this data proves an eccentric-only strength program is more applicable to a footballer, as football performance requires a combination of physical attributes and qualities. First, it is important to note that this sample size is relatively small compared to the vast majority of data in this area, which limits the reliability of the findings (Batterham and Hopkins, 2006). It must also be noted that the program only lasted 4 weeks; any adaptations that could have been made after this period remain unidentified by this study. Longer interventions are typically required to observe substantial neuromuscular adaptations (Kraemer and Ratamess, 2004). Moreover, any injuries that could have been sustained after 4 weeks also remained unidentified. Although injuries were monitored and weekly check-ins were held, technique was not monitored in person often, which may have influenced exercise effectiveness and injury risk (Impellizzeri et al., 2005). If there were variances in motivation and adherence between individuals, this could have skewed results. This is quite likely as the participants were not professional players, and training status is known to influence adaptation rates (Suchomel et al., 2018). As previously mentioned, fatigue was not monitored day to day; this is important as excessive fatigue can negatively impact performance and increase injury risk (Gabbett, 2016). Practical application must also be considered, as if the sessions caused players to feel fatigued during training and matches, this could impair performance as well as increase injury risk. The diet and recovery of the players were not monitored, nor was any advice given. Nutrition and recovery are critical components of strength development and muscular adaptation (Tipton and Wolfe, 2004). Poor diet and inadequate recovery may therefore have contributed to the lack of results observed in some participants. Furthermore, having only one form of injury risk reduction and performance-based strength and conditioning training may have limited the adaptations that could have been achieved. For example, plyometric training has been shown to improve power output and reduce injury risk, making it highly beneficial for footballers (Markovic and Mikulic, 2010). Additionally, a combination of concentric and eccentric training may have produced greater overall hamstring strength adaptations, while also providing more sport-specific benefits by targeting multiple aspects of muscle function.
To further expand on the limitations of the study, the objective marker used may lack accuracy in comparison to other methods. The hamstring curl machine, whilst a reliable training exercise to target the hamstrings, does not share the same level of precision as devices such as the Norbord or a handheld dynamometer. The Norbord not only measures force output in Newtons but also quantifies inter-limb differences, allowing for the identification of muscular imbalances, which are associated with an increased risk of injury (Opar et al., 2015). Furthermore, the Norbord has been widely used in research to assess hamstring strength and injury risk, particularly in athletic populations (Opar et al., 2012). The handheld dynamometer can also assess each limb independently and provides a more specific measurement of force production, whereas the hamstring curl machine is limited by fixed a weight increment of 5 kg, reducing measurement sensitivity (Stark et al., 2011). As a result, the use of more advanced and sensitive equipment may have provided more accurate and detailed insights into strength adaptations within this study. 
A key strength of this study is its design, as the use of a randomised controlled trial (RCT) helps to reduce bias and increase the validity of the data. By randomly allocating participants to either the eccentric or concentric training group, the study minimises the influence of confounding variables, such as prior training experience or baseline strength differences, ensuring that any observed changes are more likely to be the result of the intervention itself rather than chance. This was demonstrated by the independent t test which was conducted on both groups prior to the intervention. Furthermore, the controlled nature of the intervention, where both groups followed structured, specific training programs over the same timeframe, enhances the reliability of the comparison, as it ensures consistency in training exposure aside from the type of contraction included in the program. Another important strength is the use of an objective measure of performance, namely the hamstring curl one-rep max. Objective measures reduce the risk of subjective bias and increase the accuracy and reproducibility of the data collected. This allows for more precise measurement of strength changes over time, strengthening the credibility of the results, and supporting more robust conclusions about the effectiveness of the interventions. It also created a baseline target for participants to aim to improve. Future research into this field of study would benefit from a similar study design. 
A randomised control trial with a larger sample size of at least 40 participants of the same age and a similar training background to each other would help maximise the benefits of this type of study. A study of this nature would reduce and increase validity in order to give a more clear and detailed set of data. In addition, a longer training program of around 12 weeks would help increase reliability, as well as giving the researcher a longer period to monitor injuries and performance. Using the Norbord for hamstring strength assessment would allow the researcher to gain a more comprehensive and detailed understanding of the participants force output, as well as identifying imbalances before and after the program. Testing in the off/preseason would allow participants more time to undertake the program with full intensity without worrying about recovery. Additionally, different modes of training such as plyometrics could be tested to give a more comprehensive understanding of how best to train male footballers for injury risk reduction and performance.
Summary
This study investigated whether eccentric-only or concentric-only training was more effective at increasing hamstring strength. No significant differences were found between groups before or after the intervention; however, paired samples t-tests revealed that the eccentric group experienced statistically significant improvements, while the concentric group did not. This suggests that eccentric training may be more effective for increasing hamstring strength. Despite these findings, limitations such as small sample size, short duration, and lack of monitoring for fatigue, diet, and performance reduce the reliability and practical application of the results. No injuries were reported, indicating both programs were safe over four weeks. The use of a randomised controlled design and objective strength measurement were key strengths. Future research should involve larger samples, longer interventions, and more precise measurement tools, while also incorporating sport-specific performance metrics. Overall, eccentric training shows promise but should be considered alongside other training methods.
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 Appendices
Table A1
	Participant Number
	Hamstring Curl 1 Rep Max

	1
	50kg

	2
	65kg

	3
	40kg

	4
	45kg

	5
	45kg

	Mean
	49kg



Table A2- 
	Participant Number
	Hamstring Curl 1 Rep Max

	5
	45kg

	6
	50kg

	7
	40kg

	8
	60kg

	9
	40kg

	Mean
	47kg



Table A3
	Participant Number
	Hamstring Curl 1 Rep Max

	1
	60kg

	2
	65kg

	3
	45kg

	4
	50kg

	5
	55kg



Table A4
	Participant Number
	Hamstring Curl 1 Rep Max

	5
	50kg

	6
	50kg

	7
	45kg

	8
	60kg

	9
	45kg
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Set out how anonymity of participants and confidentiality will be ensured in any outputs. If
anonymity is not being offered, explain why this is the case.

To protect the anonymity of participants, all personal identifiers will be removed or replaced with
coded references from the point of data collection onward. Each student will be assigned a unique
P ant ID code (e.g., P01-P10) that will be used on all data collection sheets, test results, and
digital files instead of names or student numbers.

The link between participant names and ID codes will be stored in a separate, password-
protected document accessible only to the principal investigator and research supervisor. This file
will be stored securely on a password protected device

During testing and training sessions, participants will not be identified by name in front of others.
Any video or observational data (if collected) will exclude faces or identifiable features, or will be
blurred before analysis.

All findings will be presented in aggregate form, ensuring no individual can be identified in reports,
presentations, or publications. Quotes or qualitative comments (if used) will be paraphrased and
anonymised.

(this box should expand as

SECTION J: Data Protection and Storage

Does the research activity involve personal data (as defined by the General
Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 YES NO
“DPA")?
“Personal data” means any information relating to an identified or
identifiable natural person (‘data subject’). An identifiable natural —
person is one who can be identified, directly or indirectly, in
Pparticular by reference to an identifier such as a name, an
1 identification number, location data, an online identifier or to one or o1l [m]
more factors specific to the physical, physiological, genetic, mental,
economic, cultural or social identity of that natural person. Any
video or audio recordings of participants is considered to be
personal data.

If YES, provide a description of the data and explain why this data needs to be collected:

Their name, age, gender and whether or not there are a university footballer, this will be done to
2| ensure they meet the criteria for the study.
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both programs have their place in a training program that incorporates injury risk reduction, regardiess of which
program produces greater results.

(this box should expand as you type)
Objectives of Research Act
To test 10 university footballers’ eccentric knee flexor strength via the NordBord prior to a 4 week
training program. To prescribe 5 university footballers a 4 week eccentric only hamstring strength L
program. To prescribe 5 university footballers a 4 week concentric only hamstring strength program.
6 To re test all participants post program. To analyse the data collected, compare both groups and
assess whether they had a significant effect on eccentric knee flexor strength individually.

(this box should expand as you type)

Proposed methods (maximum 600 words)

Provide a brief summary of all the methods that may be used in the research activity, making it clear
what specific techniques may be used. If methods other than those listed in this section are deemed
appropriate later, additional ethical approval for those methods will be needed. You do not need to
justify the methods here, but should instead describe how you intend to collect the data necessary for|
you to complete your project.

(this box should 10 university student footballers will be selected for the study with ages ranging from 18-25. They will be
randomly placed into groups 1 and 2. Group 1 will perform the eccentric only hamstring program, and group 2 will perform
the concentric only hamstring program. Both groups will undertake initial and post program testing via the NordBord, they
will undergo a modified version of the FIFPRO 11+ program as a warm up before testing to reduce injury risk reduction

and ensure correct preparation is in place for maximum force output. The FIFPRO 11+ warm up was originally developed
by FIFA's Medical Assessment and Research Centre (F-MARC) in collaboration with FIFPRO (the intemational players’
union). Itis a structured injury risk reduction warm up program consisting of three progressive components. Part 1 will
involve approximately eight minutes of low intensity running and dynamic movements, including hip rotations, partner
circling, and mobility drils, designed to prepare the muscles and joints for subsequent activity. Part 2 will comprise six core
exercises targeting strength, balance, and plyometric control, each performed with progressive difficulty levels. These
exercises will include plank variations for core stability, single-leg balance, lunges, squats, and jumping or landing control
drills. Part 3 will conclude the warm-up with moderate- to high-speed running and sport-specific movements such as cutting
and directional changes to enhance neuromuscular readiness. Participants will also perform 3 practice Nordics on

the NordBord prior to testing to ensure familiarity with the apparatus and increase Post Activation Potentiation and therefore
output

Group 1 will undergo a 4 week eccentric only hamstring program incorporated into their university team strength and
conditioning session as well as one independently performed session. The session will comprise of 3 sets of 2 eccentric
only hamstring exercises. The exercises performed will be the eccentric split stance Romanian Deadiift (RDL) and a

7 band assisted NHE_Thev will perform the exercises in the 3-6 ren ranae and aim to imolement proaressive overload.

: Investigate B ®& ——&+—+
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SECTION B: Approval for Research Activity

1 Has the research activity received approval in principle by a
member of staff? YES = NO ]

Date

SECTION C: Internal and External Ethical Guidance Materials

Please list the core ethical guidance documents that have been referred to during the completion of
this form (including any discipline-specific codes of research ethics, location-specific codes of
research ethics, and also any specific ethical guidance relating to the proposed methodology).
Please tick to confirm that your research proposal adheres to these codes and guidelines. You may
add rows to this table if needed.

1 UWTSD Research Ethics & Integrity Code of Practice =

2 UWTSD Research Data Management Policy =

3 Subject specific resources if applicable: m}

SECTION D: Details of Research Activity

Does an Eccentric only Hamstring Program Produce Greater Improvements
1 Indicative title: in Eccentric Hamstring Strength than a concentric only Program, as
measured by the Nordbord?
2 Proposed start date: 19/01/26 Proposed end date: 23/02/26

Introduction to the Research (maximum 300 words per section)

Ensure that you write for a Non-Specialist Audience when outlining your response to the
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This form must be completed and approved prior to undertaking any research activity. Please
see Checklist for details of process for different categories of application. .

SECTION A: About You (Principal Researcher)
]

1 Full Name: Matthew Stephen Francis

2 Undergraduate Student =

3 Institute/Academic University of Wales Trinity Saint David
Discipline/Centre:
4 Campus: Carmarthen

5 E-mail address: 2318301@student.uwtsd.ac.uk

For students:
7 Student Number: 2318301
8 Programme of Study: Sport and Exercise Therapy
9 Project Supervisor: Kerry Nicholas
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APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted
ethically. A researcher may not be covered by the University’s insurance if ethical approval
has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research a : “creative work
undertaken on a systematic basis in order to increase the stock of knowledge, including
knowledge of man, culture and society, and the use of this stock of knowledge to devise new
applications”. As such this covers activities undertaken by members of staff, postgraduate
research students, and both taught postgraduate and undergraduate students working on
dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies,
testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please
see Checklist for details of process for different categories of application.

SECTION A: About You (Principal Researcher)

1 Full Name: Matthew Stephen Francis

2 Undergraduate Student =

Institute/Academic University of Wales Trinity Saint David
Discipline/Centre:
page 1of 12 4se6words [IR i E &5 —F——+
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country in question and that of England and Wales. (2]
1
(this box should expand as you type)
Does your research relate to one or more of the seven aims of the Well-being
of Future Generations (Wales) Act 20157 YES NO
12 | A prosperous Wales m} =
13 | Aresilient Wales ] = [
14 | Ahealthier Wales o = B
15 | A more equal Wales m} =
16 | A Wales of cohesive communities a =
17 | A Wales of vibrant culture and thriving Welsh language m} =
18 | A globally responsible Wales m} =
SECTION F: Scope of Research Activity
Will the research activity include: YES NO
1 Use of a questionnaire or similar research instrument? m} =
2 Use of interviews? o =
3 Use of focus groups? m} =
4 Use of participant diaries? m} =
5 Use of video or audio recording? m} =
6 Use of computer-generated log files? m} =
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Ensure that you write for a Non-Specialist Audience when outlining your response to the
points below:

Dk

o Purpose of Research Activity

* Proposed Research Question
* Aims of Research Activity

* Objectives of Research Activity

Demonstrate, briefly, how Existing Research has informed the proposed activity and explain

* What the research activity will add to the body of knowledge
* How it addresses an area of importance.

Purpose of Research Activity

To assess whether eccentric only hamstring exercises are more effective than concentric only hamstring
3 |exercises atincreasing eccentric knee flexor strength across a 4 week program and how that relates to injury
risk reduction in football

(this box should expand as you type)
Research Question

Does an Eccentric only Hamstring Program Produce Greater Improvements in Eccentric Hamstring
Strength than a concentric only Program, as measured by the Nordbord?

Aims of Research Activity

5 | The primary basis for this research is to assess whether an eccentric only hamstring program is more effective
than a concentric only hamstring program at increasing output on the NordBord. This research also aims to

assess whether both programs have a significant effect on NordBord output at all and whether

XXX 2021 2 Ethical Approval Form
Prifysgol Cymru
University of Wales PG2/E1 FORM

both programs have their place in a training program that incorporates injury risk reduction, regardiess of which —
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19 | Use of data management system? m} = [4]
20 | Data archiving? m} =

If YES to any question, please provide full details, explaining how this will be conducted in
21 | accordance with the GDPR and Data Protection Act (2018) (and any international equivalents,
where appropriate):

13. Shared document with supervisor (Kerry Nicholas) 17. Email addresses and phone numbers
will be stored on a password protected device
(this box should expand as you type)

22 | List all who will have access to the data generated by the research activity:

Matthew Francis and Kerry Nicholas
(this box should expand as you type)

23 | List who will have control of, and act as custodian(s) for, data generated by the research activity:

Matthew Francis and Kerry Nichlas
(this box should expand as you type)

Give details of data storage arrangements, including security measures in place to protect the data,
24 | where data will be stored, how long for, and in what form. Will data be archived — if so how and if
not why not.

Data will be stored on a password protected device within password and two factor authenticated

software (onedive)

(this box should expand as you type)
Please indicate if your data will be stored in the UWTSD Research Data Repository (see
https:/researchdata.uwtsd.ac.uk/ ). If so please explain. (Most relevant to academic staff)

25

XXX 2021 10 Ethical Approval Form —
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Outline any anticipated risks that may adversely affect any of the participants, the
researchers and/or the University, and the steps that will be taken to address them.

If you have completed a full risk assessment (for example as required by a laboratory, or external
research collaborator) you may append that to this form.

Yes x

i 2
Full risk assessment completed and appended? No =

Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm,
transfer of personal data, sensitive organisational information

Risk to participants: How you will mitigate the risk fo participants.

1. Thorough warm-up via FIFPRO 11+
program, 3 practice Nordics before
testing, Proper coaching and technique
supervision, Gradual load progression
(3-6 reps range), Stop exercise if pain is

1. Injury

2. Equipment Malfunction
3. Data confidentiality
4. Hygiene

(this box should expand as y«
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Dictate Editor Copilot
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reported
2. Inspect and test equipment before use
3. Use password protected devices and .
software
4. Sanitise equipment before and after use

(this box should expand as )

If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity,
drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give
details of the procedures to deal with these issues, including any support/advice (e.g. helpline
numbers) to be offered to participants. Note that where applicable, consent procedures should
make it clear that if something potentially or actually illegal is discovered in the course of a project,
it may need to be disclosed to the proper authorities

(this box should expand as

4 | For example: personal health & safety, physical harm, emotional distress, risk of accusation of
harm/imnronrietv_conflict of interest
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