Hamstring Strains within Elite Football

1. Introduction 
Hamstring injuries very commonly occur in sports that involve muscle lengthening skills or movement patterns, kicking, sprinting, and high-speed movements with hip flexion and knee extension (Erikson and Sherry, 2017). These movements and skills are where the hamstring is most vulnerable due to the elongation of the muscle. Not all hamstring tears require surgery, the majority are nonoperative. However, in extreme cases such as the tendon tearing from the bone surgery is usually required. In football, hamstring injuries are very prevalent (Ekstrand et al., 2023). In a study based on men's professional football, UEFA elite clubs, 2636 hamstring injuries were noted. Of all injuries, this number accounted for 19%. From the first season to the most recent season the proportion of injuries increased from 12% to 24%. In that period, hamstring injuries that caused days of absence increased to 20% from 10% (Ekstrand et al., 2022).

2. Classifications
Hamstring grades are classified into different grades. A grade 1 is where microscopic tearing of the muscle is seen, with slight swelling and pain. This type of tear will show that the athlete has little or no loss of strength. An obvious weakness can be seen along with a partial tear of the muscle in a grade 2 hamstring tear. This type of tera will be more painful and tender it may present with swelling and bruising around the area. A grade 3 tear is a total rupture of the hamstring resulting in loss of function (Larson et al., 2023). Grade I and II hamstring tears can be treated nonoperatively. They are treated commonly by following a three-phase plan.  
Phase One occurs from the day of injury to up to 4 weeks. During this phase, the aims are to prohibit scar formation and minimize muscle atrophy in the surrounding structures. High-impact exercises are avoided in this stage, and the use of isometric exercises within the bounds of the range of motion available is important in phase one to minimize atrophy whilst avoiding eccentric contractions that could cause pain (Larsen et al., 2023). There would be a slow introduction to concentric strength work in this phase. From week 2 to week 6, phase 2 takes place. A gradual return to the full range of motion, avoiding overpressure at the end of the range is targeted. Submaximal eccentric strengthening would begin in phase 2 to strengthen the hamstring when it is most vulnerable in a lengthened position, agility, and trunk stabilization and strength. Phase 3 occurs between 4 to 8 weeks and 8 weeks onwards. It incorporates sport-specific drills, high-speed running, sprinting, and position-specific movements. Eccentric strengthening progresses to maximal effort also (Larsen et al., 2023). 

3. Risk Factors
3.1 Intrinsic Risks
There are several risk factors for hamstring injuries, intrinsic and extrinsic factors. Intrinsic factors are based on the player's fitness, decisions, and lifestyle. It is stated that residual weakness from a previous injury and strength asymmetry of the hamstrings are a risk factor for a hamstring tear. Lack of strength and weakness could result in the muscle not being able to tolerate the load placed upon it, for example, velocity running (Ekstrand et al., 2023).  When discussing strength, the primary issue is the lack of hamstring eccentric strength. During a match eccentric hamstring strength is noted to decrease especially during the second half of the match. During the second half of the match and during or after an overloaded match period where the player has little to no time to recover. 
Player fatigue is another main risk factor. Fatigue can be caused by several components, for example, excessive training, too many matches in a week, and overloading. Specific muscle groups like the hamstring can fatigue quickly when it is underloaded due to lack of specific exercise prescription, causing dysfunctions like lack of eccentric strength. This predisposes the hamstring to potential injury in the eccentric phases of skill/ movement (Ekstrand et al., 2023). Poor lumbopelvic control affects the functionality and kinematics of the lower limb muscles. Poor Lumbopelvic control can contribute to the possibility of a hamstring injury (Fadaei Dehcheshmeh, Gandomi, and Maffulli, 2021). Poor coordination and flexibility are also risk factors due to the lack of range available and jerky, unstable movements that put the muscle at risk (Ekstrand et al., 2023). There's also the effect of player wellness, their sleep patterns, relationships, mental state, and nutrition. 
3.2 Extrinsic Factors                                                                                                                                                               Although several risks come from the players some risks can be out of their control, these are known as extrinsic factors. Lack of correct training is a major issue within many clubs, specifically lower league clubs, semi-pro and below. Within this risk factor, several branches can amount to an injury. For example, lack of exposure to high-speed football during training and specific strength training (isometric, concentric, and eccentric contractions) are potential risk factors for an injury (Ekstrand et al., 2023). It is important for training to mimic gameplay so that the hamstrings are prepared for similar moves at the same velocity they would use within a game. 
Whilst running active deceleration is the hamstrings' primary role during the terminal swing phase. Not mimicking deceleration during training can cause potential fatigue of the hamstring when a game is played and lack of effect deceleration. A primary risk is the lack of strategies put in place and the lack of interest in prevention strategies within the club. Disuse of movement health to target the specific tissue as part of training to stay on top of the range of movement and strength (Ekstrand et al., 2023). Prevention strategies can also be known as prehabilitation, building the area/ muscle of weakness where a possible injury has already occurred or could occur to make it less likely to happen.

4. Management of Return to Sport                                      
Late and return to play rehabilitation is split into four stages in professional football. A study that included a survey of 131 premier league teams deemed these four stages as highly important and necessary for hamstring injuries. Phase one is to return to high-speed running. High-speed running occurs after the player has been cleared to run on the field. Slow and gradual increases in their speed based on their pre-injury speed results (Dunlop et al., 2019). To progress from this stage there should be an absence of pain as well as full strength of the hamstrings. 
Phase two is the return to training. At this stage player should be able to sprint at max speed without pain or discomfort. They should be comfortable and natural with sharp changes of direction, acceleration, and deceleration, they should be able to complete these with specific football skills involved. During the return to the training, they will start restricted, for example, no contact and gradually build to full contact through drills (Dunlop et al., 2019). When a player has returned to training with no restrictions, still at full hamstring strength and asymmetry in strength of both legs they can progress to the next stage. Their training load should also be back to where it was before the injury before progressing. 

Phase three is the return to play. This is where the player is cleared for match play. At this stage, the player's decision-making should be sharp and clean without any hesitation and their training load should be at the same level or above than their pre-injury training load. When returning to play, the athlete should not play a full game straight away. Small playing time should be prescribed to begin, for example, 20 minutes for the first game, then progress to half a game. Players' GPS benchmarks should be achieved, and their position-specific metrics for maximum speed, sprint number, and high-speed distance running (Dunlop et al., 2019). 
The final stage, that not all clubs follow/ progress to is the return to performance. This stage is where the player is fully fit and functional back to where they were before the injury without any awareness or differences in the muscle. In this stage, they should feel 100% confident within themself and continue to progress further past their pre-injury fitness/functional levels. However, hindrances may occur during these stages due to other considerations like mental state and psychological blocks (Dunlop et al., 2019).

5. Screening Protocol
A study by Lahti et al, (2020) stated that screening for hamstring injuries, should be completed once at the beginning of pre-season, once at the end of pre-season/beginning of the season, and a final test mid-season. The protocol followed is the Football Hamstring Screening (FHS), which is split into 3 categories: Lumbopelvic control, range of movement, and strength assessments.  For lumbopelvic control, a walk test is completed to provide 3D kinematics of the pelvis during walking.  As well as a 30m sprint test to see 2D sagittal plane sprinting kinematics. It assesses lumbopelvic movement suboptimally in the sagittal plane. Range of movement testing consists of active straight leg raises and the Jurdan test. The Jurdan test is a combination of a modified Thomas test and active knee extension (Lahti et al., 2020). It assesses the difference in angle between the opposite legs' passive thigh and the lengthened leg shin. Strength is measured in the posterior chain through isometric hip extensors and knee flexor strength using a dynamometer. The second test is a sprint output test. a 30m maximum sprint sequence that involves football practice (Lahti et al., 2020). Sprint mechanical output and maximum velocity are combined to provide an individual linear sprint force-velocity profile of the player.

6. High-Speed Running and Sprint Mechanics
During rehabilitation, the control chaos continuum is taken into consideration (Taberner et al., 2020). It has 5 stages: High control, Moderate control, control over chaos, Moderate chaos, and high chaos. It uses player chronic running loads (GPS) in conjunction with average tissue healing times. During high control, the goal is to have low-impact forces and build the players' confidence in running. For an early return to running, it is suggested that running at lower speeds and implementing a gradual increase in the volume, whilst limiting the exposure to high-speed running (less than 60% of max speed) and decreasing the demands on the body.  In this stage, primarily linear running at lower speeds is recommended, it prevents high and fast acceleration and deceleration levels (Taberner, Allen and Cohen,2019). Sport-specific skills are limited to avoid movement unpredictability. 

Moderate control introduces a change of direction and sport-specific tasks with the ball. Acceleration and deceleration levels are determined in this phase based on the player's status and types of change of direction. Starting with S bends where a change of direction is not sharp and quick, this would progress to sharp changes of direction using Z bends and T bends. A progression of explosive distance that involves accelerations and deceleration will be implemented based on player position and their pre-injury demands.

Control to chaos stage targets football-specific structure.  overload. This targets game-specific demands that provide the passage from control to chaos It integrates technical aspects that move from the player being in control to increasing levels of chaos. Passing and movement drills used are more reactive, adding another player can be useful (Taberner, Allen and Cohen,2019). They are position-specific and are used to reproduce speed, acceleration, deceleration, and explosive movement that would occur in a match. The use of larger areas to cover more distance at high speeds is introduced in this stage.

Moderate chaos is the introduction of sport-specific skills at higher speeds that match gameplay. It includes sub-directional movements. Sprint distance is also increased, based on position-specific demands of distance covered in a game. High chaos occurs when the players return to their weekly training demands (Taberner, Allen, and Cohen, 2019). During this final phase, the drills are increasingly more chaotic where the worst possible case scenarios are created into a drill to prepare the athlete for little to no control. Skills will match what they achieve in-game day under similar conditions. For example, two players challenging for a header and tackling. Position-specific training is considered here, as speed volume, distance volume, and technical skills under game situations, to prepare the player and their body for the demands of a game (Taberner, Allen, and Cohen, 2019).  See the control chaos continuum below (Table 1).

Table 1: A diagram of the Control Chaos Continuum. Demonstrating the progression in rehabilitation when players are returning to maximum speed running. Prescriptions and exercises are stated within.
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7. Neuromuscular Control 
Neuromuscular control, specifically of the lumbopelvic area has been specified as one of the most important components for hamstring optimal functionality (Erickson and Sherry, 2017). It is the muscles' unconscious response to a signal provided by joint dynamic stability (Kerspuy, 2023). Lack of optimal function will hinder the pelvic rings' magnitude to transfer load between the lower limbs and trunk (Kerspuy, 2023). Fall and landing retraining is part of neuromuscular control. Exercises would progress from stepping onto a box to jumping onto a box. Jumping off and landing from the box would be the next progression as gravity affects bringing the athlete to the ground. Progression from landing on two feet to 1 foot and adding a change of direction (Kerspuy, 2023). Jumping exercises in different planes of motion is an essential component of the stretch-shortening cycle (Mendiguchia et al., 2023).  Poor neuromuscular control will negatively impact balance and coordination.

8. Plyometrics
Landing and fall training are important for plyometric exercises as they are explosive movements that generate maximum force in short cycles and have a time frame of taking off and landing. For example, before moving on to sprinting the player should be able to do exercises such as polygons, bounding, jump squats, and box jumps (Van de Hoef et al., 2018).  Plyometrics tend to be sport-specific in rehabilitation and aid in the return to sprinting (Lauti et al, 2021). Lauti et al. (2021) study stated that plyometric exercises such as pogo, and bounding were used in their sprint training drills.

9. Strength 
According to Mendiguchia et al., (2017), maximal strength and power training will prepare the musculoskeletal system to adapt to and produce high load at fast velocity. This study determines restoring strength, which occurs at high forces and low velocity will not prepare the musculoskeletal system for sport-specific demands which is essential for football. A program study by Lauti et al, (2021) shows a posterior chain strength program that includes the hamstring, the hip, the knee over the hip, and stiffness at the knee and hip. A range of exercises are listed under each category following the up to 3 sets and 6 reps’ protocol for strength. Depending on their pre-screening strength test results players would have 2-4 sessions of strength a week (Lauti et al., 20221).

10. Conclusion
Overall, within the current research, there is a lack of consistency in the rehabilitation of hamstring injuries. However, each protocol and research stated has the evidence and a valid explanation as to why it is used and how it is beneficial. Position-specific research is very undetailed and there is a lack of evidence based on this and how rehab may differ from position to position. More research and practical rehabilitation studies are required to further investigate what route is most beneficial within n9elite football. The use of the control chaos Continuum for return to running is an excellent protocol to use as a guideline. It shows progress within safe environments and would be suitable for all players at different levels and positions. Ultimately, there is a large evidence and research base for hamstring injury return to port rehabilitation that provides a good understanding and information on how to get players back to performing. 
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