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[bookmark: OLE_LINK6]Abstract 
This study looked at how a 4-week activation-based warm-up affected the dynamic stability of the knee and the performance of the lower limbs in amateur and semi-professional male rugby players. Rugby union is a collision sport that puts a lot of stress on the lower limbs, especially when players are sprinting, tackling, jumping, or changing direction quickly. Because of this, warm-up strategies that improve neuromuscular readiness may be important for both performance and lowering the risk of injury.
There was a pre-post experimental design. Thirteen male rugby players between the ages of 18 and 24 did an activation-based warm-up three times a week for four weeks before training. Based on the RFU Activate program, the warm-up included exercises for mobility, activating the glutes and core, plyometric exercises, and stability on one leg. We used the Balance Error Scoring System (BESS) to test static balance, the 8-Point Star Excursion Balance Test (SEBT) to test dynamic balance, and the Countermovement Jump (CMJ) to test lower-limb power before and after the intervention. We used SPSS to run paired-samples t-tests on the data, and we set the level of statistical significance at p < 0.05.

The results showed that both balance measures got a lot better after the intervention. BESS scores went down a lot, from 16.15 ± 4.36 to 10.77 ± 2.42. This means that static balance got better, t(12) = 8.09, p < .001. SEBT scores went up a lot, from 66.56 ± 7.12 to 68.96 ± 6.84, showing that dynamic balance got better (t(12) = -8.71, p <.001). The CMJ score also went up a little, from 34.75 ± 4.50 to 34.89 ± 4.50. There was a statistically significant difference, t(12) = -4.73, p < .001, but the change was small.
Overall, the results show that warm-ups that involve activation work well to improve balance and neuromuscular control in amateur and semi-professional rugby players. They have less of an effect on explosive lower-limb power.






Introduction
[bookmark: OLE_LINK5]Rugby union is a physically demanding, collision-based sport that requires repeated high-intensity actions such as sprinting, tackling, jumping, and rapid changes of direction. Players are required to repeatedly perform high-intensity actions such as collisions, accelerations, and decelerations. jumping, landing, and changing direction through both games and training. These physiological demands place a huge amount of mechanical stress on the lower limbs. 

Lower-limb performance plays a crucial role in the ability to generate force, maintain balance, and execute efficient movement patterns during dynamic sporting actions. Activities such as accelerating, deaccelerating and changing direction rely heavily on coordinated muscular activation and effective force transfer through the lower body. In addition, the ability to maintain stability during single-leg and multidirectional movements is essential for both performance and movement efficiency.

Given these demands, preparing the lower limbs for impact is a key component of training and game day. Warm-up strategies are widely implemented to enhance physical readiness and prepare the neuromuscular system for performance. 

Neuromuscular control is an important factor when it comes to lower limb performance, as it refers to the interaction between the nervous system and muscles to coordinate movement and maintain joint stability. Effective neuromuscular control allows athletes to generate force efficiently, maintain balance, and control movement during dynamic sporting movements. This is particularly important in rugby due the high physiological demands on the lower limb during actions such as accelerations, decelerations, and changing direction.

Warm-up strategies, particularly activation-based warm-ups, are commonly used to enhance neuromuscular readiness prior to performance. These warm-ups aim to stimulate key muscle groups, including the glutes, hamstrings, quadriceps and calves, which also improve coordination and movement efficiency. Activation-based exercises usually include some mobility, balance and plyometric-based movements to prepare the body for the physiological demands of the game. 

Despite the widespread use of activation-based warm-ups in sport, there is still limited research examining their combined effects on both balance and lower-limb performance, particularly within semi-professional rugby players. Previous research has suggested that activation and neuromuscular warm-ups/training may improve balance and movement control, however, findings relating to performance-based measures remain inconsistent. Therefore, further research is needed to understand better how an activation-based warm-up influences multiple aspects of lower-limb performance within rugby players.

Previous research has emphasised the role of structured warm-up protocols in enhancing physical readiness and preparing athletes for performance. Dynamic and activation-based warm-ups have been shown to improve joint mobility, muscle activation, and movement efficiency, all of which are essential for optimal performance. During high-intensity activities.

Neuromuscular and activation-based training has been particularly associated with improvements in balance and movement control. Enhanced proprioception and motor coordination may allow athletes to better control joint positioning during dynamic and unilateral movements, which are often performed in rugby.

In addition to improvements in balance and stability, activation-based warm-ups may also have an influence on performance-related outcomes such as force production and power output. Mechanisms such as increased neural drive and motor unit recruitment have been proposed to contribute to improvements in explosive movements. However, some of the findings within the literature remain inconsistent, particularly in relation to power-based measures such as a countermovement jump.

Therefore, assessing balance and performance-based measures were essential to provide a more comprehensive understanding of the effects of activation-based warm-ups. Measures such as Balance Error Scoring System (BESS), Star Excursion Balance Test (SEBT), and the Countermovement Jump (CMJ) allow for the evaluation of static and dynamic balance as well as lower-limb power.

The Study aims to examine the effect of an activation-based warm-up targeting knee stability exercised based on dynamic knee stability and lower limb performance in amateur and semi-professional male rugby players.
Dynamic knee stability plays a critical role in maintaining joint integrity during high-intensity sporting movements such as acceleration, deacceleration, cutting, tackling, and rapid changes in directions. Poor neuromuscular control and instability around the knee joint have been strongly linked to increased risk of lower limb injuries, particularly anterior cruciate ligament (ACL) and medial collateral ligament (MCL) injuries, which are prevalent in rugby due to the sports high contact and multidirectional nature. Therefore, interventions that enhance knee stability may not only reduce the risk of injury, but could also improve overall performance by enabling more efficient force transfer and movement control.
The hypothesis before conducting the research was that there would be a slight increase in performance after the 4-week activation warm-up intervention. This hypothesis was because that these exercises would increase neuromuscular control and the plyometrics would help increase the CMJ.








[bookmark: OLE_LINK4]
Literature review
Rugby union is a contact sport, which means that the knees and other lower limbs are put under a lot of mechanical stress. Rugby players often hurt their knees, which can make it harder for them to play and hurt their performance (Anderson, et al., 2020). Players need to use good warm-up techniques to get ready for the physical demands of changing direction, tackling, and sprinting over and over again (Bradley & Warren, J, 2017). More people are looking for ways to make their knees stronger and reduce the risk of injury. Lower-limb activation warm-ups are often used to get the muscles and nerves ready for practice and games. That's why lower-limb activation warm-ups are often used to get the nerves and muscles ready for practice and games (Keisuke, 2025). This literature review examines the incidence and mechanisms of knee injuries in rugby, followed by an analysis of how neuromuscular control and activation-based warm-up programs can enhance athletic performance. The activation-based warm-up  (Parr et al., 2017) part is particularly relevant given the high physical demands of rugby, which require both stability and rapid force production during repeated high-intensity actions, highlighting the importance of warm-up strategies (De Sire et al., 2021).

The femur, tibia, and patella make up the knee joint, which functions as a hinge joint. The ACL, PCL, MCL, and LCL are ligaments that provide structural stability. These structures keep things steady but still let you bend, straighten, and turn a little. Rugby places substantial stress on the knees because players are always changing directions, accelerating, de-acceleration. These movements are fundamental for playing rugby. It's important to keep your joints stable while you do these moves so you don't hurt yourself and can play your best.

Dallalana et al. (2007) discovered that 72% of knee injuries occurring during matches resulted from contact, in contrast to 48% of knee injuries during training (P=.13).  The other injuries were either non-contact injuries (22% in matches and 39% in training) or injuries whose cause was not known (6% in matches and 12% in training). In the end, they say that each of the clubs they looked at had about 10 knee injuries each season. This meant that players missed work for an average of 353 days because of their injuries. The most common knee injuries were to the meniscus, MCL, and ACL. This shows how often rugby players hurt their knees. These results show how hard rugby is on the knee joint and how important it is to get in shape before playing. Montgomery et al. (2016) analysed 36 cases from professional and international rugby matches, indicating that 57% of ACL injuries resulted from contact. There were two main things that could happen: (1) running with the ball and (2) getting tackled. In other words, the person who has the ball might be more likely to hurt their ACL. A cutting move that changed direction hurt the ACLs without touching them. These mechanisms show how important it is to prepare your neuromuscular system before a competition. When you do high-risk moves like changing direction and tackling, a good warm-up can help you control your movements better. It is also important to note that both contact and non-contact mechanisms contribute to injury risk, suggesting that improving movement control may play a key role in injury reduction.


Rugby union players sustain a lot of knee injuries due to the physiological demands of rugby union, acceleration, deceleration, change of direction, contact, etc. These quick moves are important for playing rugby well, but they also make your legs work harder. These are some ways that knees can hurt without touching anything. Contact activities like tackling, Jackling, and carrying make knee injuries more likely. Brooks et al. (2005) conducted a comprehensive study of injuries sustained by professional rugby union players during matches. A two-season prospective design was employed to investigate injuries occurring during matches among 546 rugby union players from 12 English Premiership clubs. Every week, the team's doctors wrote down all the injuries that happened during games. They wrote down where they happened, what they were, how bad they were, and how they happened. The study found that forwards were more likely to injure their anterior cruciate ligaments, while backs were more likely to miss more work because of hamstring injuries. This shows that knee injuries will happen regardless of what position you play. Dallalana et al. (2007) found that ACL injuries happened less often during games and practices than other types of knee injuries. But these injuries were the worst on average, which meant that players missed the most games. This is mostly because ACL injuries require surgery and a long time to heal.

Manoharan et al. (2024) reported that a minimum rehabilitation period of approximately 9 months is required before returning to sports following ACL reconstruction. This schedule doesn't say when the surgery will happen, so athletes might not be able to play for a year or more. This is especially true for lower levels of rugby, where surgery may take longer, because ACL injuries take a long time to heal, rugby players need to be in good shape.

Research by De Sire (et al., 2021) and Parr (2017) states that warm-up during game preparation can be critical in lowering injury. As part of your warm-up, research has shown that lower-limb activation exercises are essential help encourage your muscles and nerves to work together better and in doing so, your whole body is more likely to move smoothly. Consequently, ensuring an effective and purposeful warm-up could help athletes to get ready in a more meaningful way that would ideally decrease the likelihood of injury and increase performance. Lower-limb activation warm-ups not only lowers the chance of getting injured, but also, according to Ding (et al., 2022) it could help players perform for longer period of time by avoiding injury.

Neuromuscular control is how the muscles and the nervous system work together to move and keep joints from moving too much. Good neuromuscular control is important for staying balanced, having good posture, and moving quickly while doing dynamic sports like sprinting, jumping, and changing direction (Promsri et al., 2025). Neuromuscular control is a big part of how rugby players stay stable and balanced, which is good for their health and safety. Wang et al. (2024) examined seven studies on neuromuscular training for athletes and determined that it significantly enhanced dynamic balance in both the right and left lower extremities. The overall composite balance score and multiple reach directions exhibited improvement. This indicates that neuromuscular training can enhance the stability and control of the lower limbs, despite a minor publication bias. We found that the main results and the level of evidence stayed the same after we looked more closely. Most of the time, activation exercises are done as part of a warm-up to get the glutes, quadriceps, hamstrings, and calves ready to move. If you can better control your muscles and nervous system, you can stay balanced, keep your posture steady, and move around more easily. These studies demonstrated that employing various activation methods exerted minimal influence on performance. They also showed that the type of exercise, how hard it is, and when you do it can all change how well they work.

“Dynamic warm-ups are preparatory activities involving active movements designed to increase muscle temperature, flexibility, and readiness for subsequent physical performance” (Gogte, Srivastav and Miyaru, p1, 2017). This makes the nerves and muscles work together, which helps athletes get ready for the physical demands of their sport. This helps to strengthen your glutes, hamstrings, and quadriceps. These muscles help stabilise the lower-body and, consequently, the whole body with gross body movements. These muscles also help keep your joints stable and make you stronger when you exercise. Studies show that dynamic warm-ups that include activation-based exercises can improve neuromuscular function and performance measures like speed, strength, and agility (Silva et al., 2018; Blazevich & Babault, 2019). Activation strategies may also help athletes run faster by getting their motor units to work together (Saeterbakken et al., 2020). Rugby players will be better at running, jumping, and changing directions if they do lower body warm-up exercises before games.

The following exercises were included in the activation warm-up for this research project. The warm-up started with the Soleus slump. This was done in order to stabilise the posterior muscles. This is very important for keeping your balance and moving quickly when you need to do things that require a lot of movement. The second exercise was Banded March Walks, which meant lifting an arm on the other side. This exercise works the hip flexors, makes the core stronger, and helps the arms and legs work better together (Baggen et al., 2018). It's harder to move your feet and ankles when you wear the band. If you move your other arm like you're running, it helps your nerves and muscles work together better, which makes it easier to walk. The third exercise is the glute jump outs, which is a plyometric exercise with an isometric contraction at the end. This helps create stability and strength, whilst putting the posterior muscles under load, like game-type scenarios (Heick et al., 2018). The fourth exercise is a T-hop; the main goal of T-hops is to learn how to land safely and stay balanced on one leg. It’s a plyometric exercise; the athlete needs to have as little ground contact time as possible (Oktaviano et al., 2026). The fifth exercise is a Strict pogo, which is a plyometric exercise that can make your ankles stiffer. The athlete needs to quickly absorb force and become stable (Keitaro, Toshiniro, Hideaki, 2021). The sixth exercise is a triple hop. The triple hop is a great exercise for this warm-up as it is measurable throughout and therefore, able to track progress within the warm-up too, it is also good for ankle stiffness and single-leg power (Williams et al., 2017). The final exercise is an A-Skip. The A-skip is a plyometric exercise that mimics running mechanics, which preps the body for running. It gets your hip flexors ready and makes your muscles and nervous system work together (Abran et al., 2025). The RFU Activate program aims to help players move better, stay balanced, and prep their muscles and nerves system before games and practices. These exercises can help you with important things that affect how well your legs work, like how strong you are, how well you can control your nerves and muscles, and how well you can keep your balance. To play rugby safely and well, you need to do all of these things.

How Activation Warm-ups Improve Your Performance, An increasing number of athletes are utilising dynamic warm-ups because they help them prepare for competition and improve their heart, nerves, and muscles before they begin (Sople & Wilcox, 2024). Activation-focused warm-ups prime the nerves and muscles for action. This can aid athletes in becoming better. In the past, dynamic warm-up exercises have improved people's flexibility, strength, and speed. This is probably because more motor units are being used and there is more neural drive (Silva et al., 2018; Behm et al., 2016). Explosive performance can improve after activation performance enhancement (PAPE) and other techniques that have been demonstrated to increase power production and force creation during dynamic movements (Blazevich & Babault, 2019; Seitz & Haff, 2016). For running, jumping, and tackling in rugby union, having strong legs is crucial. As a result, many people use tests like the countermovement jump (CMJ) to gauge their leg strength. The effectiveness of activation warm-ups could also be evaluated using these figures.

Additionally, it has been demonstrated that activation and priming exercises enhance sprinting and movement efficiency, two crucial aspects of rugby (Loturco et al., 2018; Dobbs et al., 2019). However, there is no benefit to the research. Activation strategies have little effect on performance, according to some research. According to Saeterbakken et al. (2020), they may only be effective for certain exercises, at certain intensities, and at certain times.
Activation-focused warm-ups may help you improve your strength and balance, two things that are crucial for rugby. These are things that the SEBT, BESS, and CMJ can teach you.


























Methodology
Study type
This research project is an “experimental design which are generally used to identify whether an independent variable has an effect on a chosen dependent variable” (Gratton and Jones., p.92., 2004)
Rationale
The study looked into the effects of an activation warm-up on dynamic knee stability and lower-limb performance in semi-professional male rugby players. Knee stability is critical in rugby due to the high incidence of lower-limb injuries, particularly to the knee, such as ligament or muscle injuries (Deighan et al., 2012). A proper warm-up should include movements that focus on the posterior chain, core, activation, mobility and balance which may enhance neuromuscular control and reduce the risk of injuries (Lee et al., 2024). The outcome measures (BESS, SEBT, CMJ) were all chosen for their reliability, validity and specificity for knee stability, & lower limb. 
Study design
This study will see how an activation warm-up with knee stability exercises affects dynamic knee stability and lower limb performance in male rugby players, each player will perform an activation warm-up 3x a week before their training/workout performance (Z-Torabi et al., 2024).
Participants
A total of 10-15 male semi-professional rugby players, aged between 18-24, took part in this study. Players from the university who play for semi-professional-level rugby clubs. All participants were required to be training or playing at least once a week. Participants were excluded from the study if they had sustained a lower-body injury within the last 8 weeks that would affect them from participate in the study, as well as any participants recovering from knee surgery within the last 9 months. Participants were also excluded if they reported any neurological or musculoskeletal conditions that could affect balance or lower-limb function. All participants were asked to complete a health questionnaire, which included personal information and previous medical history. Written informed consent was obtained before participation. Supervising lecturers granted ethical approval for the study.
Intervention
The activation warm-up will involve some exercises that I’ve picked out from the RFU Activate study and will include exercises for mobility, glute and core activation, and single-leg stability, and balance drills. Ideally, the warmups will be done before gym on Monday, Thursday, and Friday. Here is a list of the exercises in order with the sets & reps:
Standing slouch  1 x 12
Banded march walks, bands around toes, opposite arm raises 2 x 15m
Glute jump outs 1 x 12
T hop 6reps each side (Plyo)
Strict pogos (hands on hips) 2 x 15m
Hop and stick 1 x 7 each side
Triple hop for distance 1 x 6es
A switch 1 x 12es

Outcome measures
8-Point Star Excursion Balance Test (SEBT)
Knee stability will be measured using the 8-point star excursion balance test (SEBT). Players will stand on one leg in the centre of an eight-point star marked floor and reach as far as possible with the other leg in each direction, while keeping their balance. Reach distances will be measured and adjusted for leg length. Each player will get three practice goes and three recorded attempts on each leg, and the average distance will be used. The SEBT is a reliable test of balance and control (Picot et al., 2021 and Zhang et al., 2025)

Countermovement Jump (CMJ)
Explosive leg power will be measured with the CMJ. Players will perform three jumps with their hands on their hips, using a force platform to record jump height and power, the platform can also address any imbalances. “(CMJ) has been suggested to be an important test in rugby league given that the CMJ height distinguishes between age groups (25) and shares positive associations with faster 5, 10, and 30 m sprint performances (r = 0.56–0.62, p < 0.05)” (McMahon et al., 2020 and Johnson et al., 2024).

Balance Error Scoring System (BESS)
Static balance will be measured using the Balance Error Scoring System (BESS). This test involves three stances (Double-leg, single-leg and tandem) performed on both a firm and foam surface for 20s each. Participants will keep their hands on their hips and eyes closed during each trial. Errors such as opening eyes, stepping, or lifting hands are counted, and a total error score is recorded. A lower score indicates better balance control (Finnoff et al., 2008 and Planchet et al., 2023 and Mihalik et al., 2021)

Procedures
Health Questionnaires were sent out to participants before coming in for testing, as well as written informed consent. Baseline testing was conducted in a standardised order by 2 other Sport & Exercise Therapy students to speed up the process. The Balance Error scoring system (BESS) was first, followed by the Star excursion balance test (SEBT), and finished with the Counter movement jump (CMJ). After completing the baseline testing, participants were given the activation warm-up protocol to complete 3 times a week pre pre-training for 4 weeks. After the 4 weeks are up, we will proceed with the post-intervention testing, where we will compare the before & after results using paired sample T-tests.

Reliability & Validity
To ensure reliability and validity, all testing sessions were conducted by the same people each time and using the same standardised protocols. Outcome measures selected, SEBT, CMJ, and BESS have established reliability & validity in the literature (McMahon et al., 2020, Finnoff et al., 2008, Picot et al., 2021). Consistent procedures, controlled enviroments, and the same testers helped maintain accuracy and reproducibility of the data/results.

Data analysis
All data will be entered into SPSS for analysis. Differences between pre v post-intervention scores for SEBT, BESS, and CMJ will be analysed using a paired-samples t-test, as the same participants are measured at two time points. Statistical significance will be set at p value of anything less than 0.05.
Results
[bookmark: OLE_LINK3]A sample of 13 semi-professional male rugby players with an age range of 18-24 years old, all of whom are actively training or competing at least once per week. Participants took part in a 4-week intervention involving an activation warm-up performed three times per week before training. The warm-up consisted of mobility, plyometric, glute and core activation as well as single-leg stability exercises based on the RFU Activate programme.

A Pre v Post intervention design was used to assess changes in lower-limb performance and dynamic knee stability. The Pre v Post testing included the 8-point star excursion balance test (SEBT) for dynamic stability, the Balance Error Scoring System (BESS) for static balance, and the Countermovement Jump (CMJ) for lower-limb power. All tests were conducted under standardised conditions to ensure reliability and validity.

Data were analysed using SPSS, with pre- and post-intervention results compared using paired-samples t-tests to determine statistical significance (p < 0.05). SPSS was chosen as it allows for accurate calculation of p-values, reduces the risk of manual error, and is widely recognised within sport science research.



Figure 1 : This graph shows the difference between pre- & post-intervention in the Balance Error Scoring System (BESS)

Paired samples t-test analysis was conducted to examine differences in BESS scores pre- and post-intervention (n = 13). The mean BESS score at pre-test was 16.15 (SD=4.36), which decreased to 10.77 (SD=2.42) at post-test. As lower scores indicate better performance on the BESS test, this reflects a reduction in errors between the two. The mean difference between pre- and post-test scores was 5.38 (SD=2.40). 

The results of the paired samples t-test indicated that this difference was statistically significant, t(12) = 8.09, p < .001 (two-tailed). The effect size was large, with a. Cohen’s d value of 2.24. 

The graphical data supports these findings, showing a clear decrease in BESS scores from pre- to post-intervention across participants.


Figure 2: This graph shows the difference between pre- & post-intervention in the 8-Point Star Excursion (SEBT).

[bookmark: OLE_LINK1]We used SPSS to do a paired samples t-test to see if there were any differences in 8-Point SEBT performance before and after the intervention (N=13). The average score before the intervention was 66.56 (SD=7.12), and after the intervention, it went up to 68.96 (SD=6.84). This indicates a general enhancement in the 8-point star excursion balance test subsequent to the intervention. The average difference between the pre- and post-intervention was 2.40 (SD=0.99), which shows that all of the participants' reach distances went up by the same amount. 

The paired samples T-test results showed that this increase was statistically significant, t(12) = -8.71, p <.001 (two-tailed). This means that the changes in SEBT performance were probably not random. The mean difference's 95% confidence interval ranged from -2.01 to -1.80, showing that the sample consistently improved in that direction.
The effect size was large, with a Cohen's value of 2.42, which means that the change was very big after the intervention.

Figure 2 shows that most of the people who took part in the study had higher SEBT scores after the intervention, which backs up these findings. There is some variation between participants, but the overall trend shows that the activation warm-up program improved dynamic balance performance.



Figure 3: This graph shows the difference between pre- and post- intervention in countermovement jump (CMJ) performance.

We used a paired samples t-test to look at changes in CMJ performance before and after the intervention (n = 13). Before the test, the average CMJ score was 34.75 (SD = 4.50). After the test, it went up a little to 34.89 (SD = 4.50). This shows that the intervention had a small effect on lower-limb power. The mean disparity between scores prior to and subsequent to the test was 0.13 (SD = 0.10).

The paired samples t-test results indicated that this difference was statistically significant, t(12) = -4.73, p < .001 (two-tailed). The mean difference's 95% confidence interval was between -0.20 and -0.07. This means that the change was always in the same direction for everyone. The effect size was big, with a Cohen's d value of 1.31. This means that the change after the intervention was very big.

Figure 3 shows that these results are true by showing that participants' CMJ performance got a little better after the intervention. But the change doesn't seem to be as big as the change in measures based on balance.

The findings demonstrate that the warm-up for activation had a substantial impact on balance and lower-limb performance. The Balance Error Scoring System (BESS) and the Star Excursion Balance Test (SEBT) both got a lot better. After the intervention, participants made fewer mistakes and were able to reach farther. These results show that the sample's postural stability and dynamic balance have both gotten better.

After the intervention, the countermovement jump (CMJ) performance also showed a small but statistically significant improvement. This means that the power in the lower limbs got a little better. The change in CMJ wasn't as big as the change in balance measures, but the results still show that all participants are getting better.

Overall, these results show that the activation warm-up worked to improve balance-related performance metrics and made small improvements in explosive power.
Discussion
The purpose of this quantitative research project was to see if a lower-limb activation warm-up affects the performance of semi-professional male rugby players.
The key finding of this research project was that the 4-week activation warm-up had a positive effect on lower-limb performance in semi-pro rugby players. This was a small outcome with a small cohort of participants. This research project supported the majority of the literature that had been reviewed in that dynamic warm-up exercises do improve people's flexibility, strength, and speed (Silva et al., 2018; Behm et al., 2016). Consequently, this research project didn’t support Saeterbakken et al. (2020) view that activation strategies have little effect on performance (Williams and Wragg, 2004)

BESS Discussion
The results of the Balance Error Scoring System (BESS) showed a significant reduction in error scores following the intervention, indicating an improvement in static balance and postural stability. This aligns with the initial expectation that the activation-based warm-up targeting neuromuscular control would enhance BESS scores. As a lower BESS score reflects on improved stability, the findings suggest that the intervention was effective in improving participants ability to maintain balance under external conditions.

The results are consistent with the literature, where it highlights the role of neuromuscular control in maintaining joint stability and reducing the risk of injury. Promsri et al., (2025) identified neuromuscular coordination as a key factor iin postural stability, particularly during dynamic sport-specific movements. Similarly, Wang et al., (2024) reported that neuromuscular training significantly improves balance performance, supporting the improvements seen in the study. The inclusion of activation exercises targeting key stabilising muscle such as the glutes, hamstrings, and calves likely improved proprioceptive feedback and motor control, contributing to the improved BESS score.

Furthermore, the exercises selected, including T-hops and and triple hops, emphasise single leg stability and force absorption, both of which are essential for maintaining balance during sport-specific movements. This aids the findings by De Sire et al., (2021), who demonstrated that a structured warm-up programme can enhance neuromuscular readiness and reduce injury risk.

Considering the prevalence of knee injuries in rugby, particularly those associated with cutting and landing movements (Dallalana et al., 2007 and Montgomery et al., 2016), the improvements in BESS performance are particularly relevant. Enhanced postural stability may contribute to improved joint control during physically demanding high-risk movements, potentially reducing the risk of injury. Overall, the findings support the literature and hypothesis that activation-based warm-ups can positively influence performance through improvements in neuromuscular control.






SEBT Discussion
From analysing the results from the SEBT, you can see a significant increase in reach distance following the 4-week warm-up intervention, indicating improved dynamic balance and lower-limb stability. This finding supports the hypothesis where it was predicted that the 4-week intervention would have a positive effect on dynamic balance and neuromuscular control. As the SEBT is a measure of dynamic balance, the observed improvements suggest that participants were able to control their balance whilst reaching in multiple directions, which is specific to the sport of rugby.

These findings are supported by previous research demonstrating the effectiveness of neuromuscular training in improving dynamic balance. Wang et al., (2024) reported significant improvements in reach distances following neuromuscular interventions, suggesting enhanced joint mobility and proprioceptive control. The improvements observed in this research study could be attributed to increased motor unit recruitment and improved coordination, which could have come from exercises such as banded walks and A-skips, which mimic sport-specific movement patterns.

Dynamic knee stability is a very important topic in rugby, due to the frequent demands of change of direction, acceleration, and deceleration (Montgomery et al., (2016) identified change of direction as a key mechanism for non-contact ACL injuries, highlighting the importance of dynamic knee stability. The improvements in SEBT results may suggest that the activation warm-up could enhance the rugby players’ ability to control these changes of direction movements, which would reduce the risks of injuries.

The inclusion of unilateral and plyometric exercises likely improved eccentric control and force absorption, both of which are critical for maintaining stability during landing and directional changes. This aligns with Parr et al., (2017), who reported that a structured warm-up can improve movement quality and reduce the risk of injury.

CMJ Discussion
The Countermovement jump results showed a small but statistically significant increase in jump height following the intervention, indicating a small improvement in lower-limb power. While this aligns with the initial hypothesis that activation-based warm-ups may enhance performance, the magnitude of improvement was considerably smaller compared to the SEBT and BESS. This suggests that while the intervention had a positive effect on power output, it was not the primary adaptation observed.

These findings partially support existing literature, which suggests that the dynamic warm-ups can enhance performance through increased neural drive and motor unit recruitment (Silva et al., 2018 and Behm et al., 2016). Additionally, post-activation performance enhancement (PAPE) has been shown to increase force production and power output (Blazevich & Babault, 2019 and Seitz & Haff, 2016). The inclusion of plyometric exercises such as pogoes and triple hops may have contributed to this effect by priming the neuromuscular system before testing.

These relatively small improvements may be explained by several factors. One of the first factors is the sample size (n = 13), which is relatively small, which could limit the extent to which large performance changes can be detected. Secondly, the standard of players could affect the results; most players came under the “semi-pro” category, but some haven’t played that level, just trained, therefore, which could potentially reduce the effectiveness of activation-based strategies on power outputs. The study length also did not help with the results, as it would be hard to see major changes in jump height in just 4 weeks. This is all supported by Saeterbakken et al., (2020), who reported that the effectiveness of activation strategies on performance is highly dependent on factors such as training intensity, exercise selection and training status.

Results conclusion
Overall, these findings suggest that the activation-based warm-up was effective in improving measures of balance and, to lesser extent, lower-limb power in semi-professional rugby players. Significant improvements were observed in both the BESS and SEBT, indicating increased static and dynamic balance scores. These findings support the initial hypothesis and align with existing literature, which highlights the importance of neuromuscular control in maintaining joint stability and reducing the risk of injury (Promsri et al., 2025 and Wang et al., 2024). The improvements in SEBT and BESS suggest that the activation exercises were successful in enhancing proprioception, coordination, and postural control, all of which are critical for rugby performance and injury reduction.

Contrast to the balance tests, the CMJ performance showed a statistically significant increase, but the magnitude of improvement was relatively small. Suggesting that although the activation warm-ups may contribute to enhanced neuromuscular readiness, their impact on explosive power may be limited, particularly over a short intervention period. This links with previous research indicating that performance improvements in power-based measures are influenced by factors such as training status, intensity and duration (Saeterbakken et al., 2020).

These results indicate that activation-based warm-ups are particularly effective for improving balance and neuromuscular control, with smaller effects on explosive performance. These findings highlight the importance of incorporating a structured activation-based warm-up into your pre rugby routine, which would help clubs reduce the risk of injury as well as improve performance on the pitch.


Limitations
Research design came from the RFU Activate program which gave me some credibility to this project and in particular, the movements to include in the intervention. In following the research design, Ideally the SEBT, BESS and CMJ would have been conducted on the same day. Unfortunately, due to unforeseen circumstances, it was not possible to conduct the pre- testing all on the same day, the CMJ was done the following day. And the post- testing was completed all on the same day during the 6th week (Jones, 2022).

One of the limitations for this research study was that the participants needed to do 3 of these warm-ups a week, only 2 of those warm-ups were supervised, the other one was done independently, therefore there was an element of trust where you aren’t actually sure if the participants performed the warm-up on the third day, this could have had a big impact on the results because instead of doing 3 sessions a week for 4 weeks, which would equal in 12 sessions, they would have done 8 sessions. Which could mess with the results. To get over this limitation, next time you can make sure all 3 sessions are supervised so there’s no doubt that all sessions are completed.

Another limitation is that there were too many exercises; you aren’t able to see specifically which exercise has the biggest effect on the test results. Instead, you just assume the whole 8-exercise battery had the effect and can’t pick out one exercise or a few. Doing 8 exercises is quite time-consuming, especially as a warm-up. To resolve this next time, you may pick a smaller group of exercises (3-4), and it would be slightly more specific. 

The 3rd limitation is that there wasn’t a control group; it was only 1 group doing the activation warm-up. The reason this is a limitation is that other than the other literature, you haven’t got anything specific to compared it to, whereas if you had one group doing a set of exercises and another group doing different ones, you can see which exercises had the biggest effects. The only downside to having a control group, f.g. giving 15 good programs to a group and 15 bad ones to another group, this is ethically wrong as it puts the 15 bad programs group at a disadvantage which is ethically wrong and could lead to performance issues, confidence, mental health, so on and so fourth.


Future research
Due to the high demand of collisions within rugby union, having more research in this field will further support coaches and trainers in their design and content of warm-ups. It would be advantageous to explore this field of research and expand into women’s rugby due to their injury prevalence, especially when it comes to lower-limb injuries (Fuller et al., 2021). Another study for future research would be to keep track of a team over 2 seasons, in the first season you just keep track of injuries, the second season, you implement a more focused warm-up and see if the levels of injuries reduce, whilst keeping track of performance levels too.

Recommendations
I would recommend that any clubs struggling with warm-up ideas or fancy a different style of warm-up look into activation-based warm-ups and implement them, you will see a massive change in performance long-term, and it will also help prepare the players’ bodies for the game. Whilst prepping the player’s body will boost their performance, it should also reduce the risk of injuries. 




Conclusion
This study examined the impact of an activation-based warm-up on the lower limb performance and dynamic knee stability of male semi-professional rugby players. The results show that the intervention improved balance performance and had a small but still positive effect on lower-limb power. After the four-week intervention, the Star Excursion Balance Test (SEBT) and the Balance Error Scoring System (BESS) showed significant progress, indicating enhancements in both static and dynamic balance. These findings support the notion that activation-based warm-ups can improve neuromuscular control and movement efficiency.

The intervention was effective in improving proprioception, dynamic control, and postural stability in the lower limbs, as demonstrated by the elevated BESS and SEBT scores. Rugby is a physically demanding sport that requires players to accelerate, decelerate, tackle, jump, land, and change directions. This makes these results especially important. Better neuromuscular control during these tasks may not only improve performance, but it may also make movements during high-intensity sports more stable and efficient.

The improvement in balance measures was greater than the improvement in CMJ performance, even though it was clear that CMJ performance got better. This suggests that activation-based warm-ups may exert a greater influence on balance and joint control than on explosive power, particularly during a short intervention period and among a limited cohort of semi-professional players. But all three-performance metrics showed a generally positive trend.

The study's findings indicate that activation-based warm-ups may serve as an effective approach for improving the lower-limb readiness of rugby players. These warm-ups may not give you a lot of extra power, but they do seem to help with neuromuscular control and balance. To get ready for the game, rugby union players and coaches may want to add an organised activation-based warm-up to their pre-training or pre-match routines. This will help them get ready both mentally and physically.
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