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Rehabilitation and Prevention of Hamstring Injuries in Late-Stage Rehabilitation
Introduction
Hamstring injuries are among the most prevalent non-contact musculoskeletal injuries in football, particularly given the sport’s high intensity demands, including sprinting, jumping, and rapid directional changes. They frequently occur in high-speed movements, making them a persistent challenge for players and medical staff (Maniar, 2023). The hamstring muscle group, composed of the biceps femoris, semitendinosus, and semimembranosus, plays a crucial role in both hip extension and knee flexion, with its function being particularly vital during sprinting. These muscles experience substantial eccentric loads during the late swing phase, increasing their susceptibility to strain injuries (Kellis and Blazevich, 2022; Kalkhoven et al., 2023; Miyazaki and Fujii, 2022).
Among hamstring injuries, the biceps femoris long head is most frequently affected, particularly during high-speed running (Yagiz et al., 2022). Paton et al (2023) states hamstring strains are classified into three grades based on severity, with Grade II injuries representing partial muscle fibre disruption, resulting in moderate pain, loss of function, and localised swelling. Recovery from a Grade II strain requires a structured rehabilitation programme to restore muscle strength, flexibility, neuromuscular control, and biomechanical efficiency while minimising the risk of reinjury.
Rehabilitation approaches for hamstring injuries have evolved to prioritise evidence-based interventions tailored to both the severity of the injury and the specific demands of football (Hickey, Weiss and Heiderscheit, 2022). Late-stage rehabilitation is particularly crucial, as persistent strength deficits and impaired neuromuscular control contribute to the high reinjury rates observed in football players (Thomas et al., 2024). This paper will critically examine the rehabilitation of Grade II hamstring strains in football, with a particular emphasis on late-stage recovery protocols. Key components, including eccentric strengthening, sprint mechanics retraining, and injury prevention strategies, will be analysed to optimise return to play (RTP) outcomes and enhance long-term athletic resilience.
Pathophysiology of Hamstring Injuries

Hamstring injuries in football commonly occur due to the high eccentric demands placed on the muscle group during high-speed running, particularly in the terminal swing phase of the gait cycle. At this stage, the hamstrings act eccentrically to decelerate the lower limb while transitioning to a concentric contraction. This process places considerable mechanical strain on the muscle fibres, increasing the risk of strain injury. The biceps femoris long head is particularly vulnerable due to its unique anatomical structure and primary role in force absorption during sprinting and sudden directional changes (Danielsson et al., 2020).
The hamstring group originates from the ischial tuberosity, with the biceps femoris inserting at the fibular head, while the semimembranosus and semitendinosus insert medially onto the tibia. Their biarticular nature makes them particularly susceptible to tensile loads, especially during eccentric contractions (Marušič et al., 2020). The primary mechanism of injury in football is high-speed sprinting, which imposes substantial forces on the hamstrings as they control knee extension. Additional risk factors include overstretching, inadequate warm-up, neuromuscular fatigue, and muscle imbalances (Gutierrez-Coronado et al., 2023). Inefficient sprint mechanics and an impaired neuromuscular control further increase injury susceptibility (Afonso et al., 2021).
A Grade II strain involves partial muscle fibre tearing, resulting in moderate pain, localised swelling, and functional impairment. Imaging modalities such as ultrasound and MRI provide essential diagnostic information, confirming the extent of muscle damage and guiding rehabilitation protocols (Kruse et al., 2021). The healing process consists of three overlapping phases: the inflammatory phase (0–7 days), the proliferative phase (7–21 days), and the remodelling phase (three weeks to months). Effective rehabilitation strategies should align with these phases to ensure optimal tissue healing, neuromuscular recovery, and biomechanical restoration (Forcina, Cosentino and Musarò, 2020).
Late-Stage Rehabilitation
The late-stage rehabilitation phase is essential in restoring strength, power, and neuromuscular control while preparing the athlete for football specific demands. Initiated approximately four to six weeks post-injury, this phase emphasises eccentric strengthening, plyometric conditioning, and sprint mechanics refinement to mitigate reinjury risk and optimise performance (Thomas et al., 2024; Doma, Burt and Connor, 2021; Kasmi et al., 2023). A structured, evidence-based approach ensures athletes regain functional capacity while addressing biomechanical deficits that may contribute to reinjury.
Strength, Hypertrophy, and Power Development
Eccentric strengthening is integral to hamstring rehabilitation, enhancing muscle tendon resilience and reducing recurrence rates (Emirzeoglu, Firat and Ulger, 2021). Nordic hamstring curls are widely prescribed due to their effectiveness in promoting fascicle length adaptation and load tolerance (Medeiros, Marchiori and Baroni, 2021). Romanian deadlifts and hip-hinge variations target the posterior chain, reinforcing sprint mechanics. Isometric holds help maintain neuromuscular activation, particularly when pain limits dynamic movement (McCurdy, 2024). Flywheel eccentric exercises and heavy sled pushes enhance force absorption and functional lower limb strength (De Keijzer, Gonzalez and Beato, 2022) Progressive overload remains crucial in advancing neuromuscular adaptations (Kakavas et al., 2023).
Sprint Mechanics and Speed Progression
As high-speed running is a primary injury mechanism, refining sprint mechanics is critical. Submaximal drills such as A-marches, A-skips, and bounding exercises improve coordination, preceding controlled tempo runs (Bramah, Christopher et al., 2023). Sprinting is gradually reintroduced at increasing intensities, culminating in maximal effort sprints. Performance metrics, including sprint times and limb symmetry indices, determine readiness for competition. Optimising stride length, cadence, and ground contact time enhances sprint efficiency and minimises mechanical overload (Bishop et al., 2021).
Plyometric and Change of Direction Training
Plyometric training enhances force production and absorption, with box jumps and depth jumps reinforcing landing mechanics. Bounding drills and lateral hops develop multidirectional power, vital for football specific movements (Bianchi et al., 2019). Change of direction (COD) training replicates match-play demands, incorporating agility drills such as the pro-agility shuttle (5-10-5) and the T-test to assess cutting efficiency and reacceleration control (Jimenez-Iglesias et al., 2024; Friebe et al., 2024). Progressive reactive agility drills ensure neuromuscular readiness for in game scenarios.


Neuromuscular Retraining and Landing Mechanics
Neuromuscular deficits contribute to reinjury risk, necessitating perturbation-based training to enhance proprioception and stability. Progressive landing drills, from soft to firm surfaces, reinforce safe force absorption (Rutkowski, 2023). External perturbations, such as resistance bands or partner applied forces, further challenge dynamic stability, ensuring the athlete can withstand unpredictable match conditions (Rhodes et al., 2021).
By incorporating these elements into a structured rehabilitation program, football players recovering from a Grade II hamstring strain could achieve optimal functional recovery, a safe return to competition, and improved long-term resilience.
Return to Play Criteria 
A safe RTP following a Grade II hamstring strain requires a comprehensive assessment of physical, functional, and psychological readiness. Given the high reinjury rate associated with hamstring injuries in football, RTP protocols must be individualised, and evidence based to ensure full recovery and mitigate recurrence risk (Rudisill et al., 2021). Strength, neuromuscular control, sprint biomechanics, and psychological preparedness must be thoroughly evaluated before clearance for competitive play. Additionally, a period of monitored training in a team setting allows for assessment under sport specific conditions, ensuring the athlete can withstand the unpredictable demands of match play (Haller et al., 2022).
Strength and Power Metrics
Hamstring strength, particularly in relation to the quadriceps, is a key determinant of RTP readiness. A concentric hamstring to quadriceps ratio of 60–70% is optimal for injury prevention, with lower values linked to increased risk (Fritsch et al., 2023). Isokinetic dynamometry assesses peak torque and bilateral strength symmetry, with deficits over 10% considered a reinjury risk factor (Rhodes et al., 2022). Eccentric strength, assessed through Nordic hamstring curls and Romanian deadlifts, is crucial for restoring hamstring resilience (McCurdy, 2024; Medeiros, Marchiori and Baroni, 2021). Additionally, hop for distance and side bridge can be used as functional strength assessments to gauge limb symmetry and muscular endurance in footballers, ensuring both concentric and eccentric muscle function are restored (Girdwood et al., 2023).
Functional Performance Testing
Given that most hamstring injuries occur at high running speeds, sprint assessments form a core component of RTP. The sprint test ensures post injury performance aligns with pre-injury benchmarks, while stride mechanics and ground contact time are analysed for compensatory patterns using the sprint mechanics assessment score (Bramah, Chris and Dos’Santos, 2023). Change of direction (COD) tests such as T-test evaluate an athlete’s ability to accelerate, decelerate, and cut effectively without biomechanical inefficiencies (Wilk et al., 2023). Football specific drills, such as reactive sprints and positional movement patterns, further assess whether the athlete can handle dynamic, game-like scenarios. GPS tracking and inertial measurement units can provide objective data on sprint intensity and movement efficiency, offering additional insights into readiness (AM Alanen et al., 2021).
Psychological Readiness
Psychological readiness significantly influences RTP success, as fear of reinjury can lead to altered movement patterns and suboptimal performance. The Injury Psychological Readiness to Return to Sport scale assesses confidence and fear avoidance (Dunlop et al., 2023). Implementing exposure-based training, cognitive reframing, and visualisation strategies could help mitigate psychological barriers and enhance competitive readiness. Gradual exposure to full contact training sessions can also be beneficial, allowing players to regain confidence in their movement patterns and execution under pressure (Teune et al., 2021).
Reinjury Risk and Long-Term Considerations
Even after RTP clearance, athletes remain vulnerable to reinjury due to residual strength deficits, suboptimal sprint mechanics, and neuromuscular fatigue (Garrett et al., 2019). Inadequate eccentric strength, excessive anterior pelvic tilt, or overstriding can further elevate risk. Ongoing strength maintenance and sprint retraining should be incorporated into training programs, while monitoring load distribution can help detect emerging risk factors. Preventative protocols such as the FIFA 11+ have been shown to reduce reinjury rates (Kim, Lee and Kim, 2020). Additionally, consistent monitoring of athlete fatigue levels and training workload can further aid in reducing recurrence, ensuring a sustainable return to high level performance (Draper et al., 2021).
Screening and Risk Identification
Early detection of intrinsic risk factors is crucial for implementing targeted preventive strategies. Functional Movement Screening is a widely utilised tool to assess movement dysfunctions, asymmetries, and neuromuscular control deficits that may predispose football players to Grade II hamstring injuries (Christopher, Brandt and Benjamin-Damon, 2021). By evaluating movement patterns such as deep squats and active straight leg raises, practitioners can identify biomechanical limitations and design corrective interventions accordingly.
Evidence-Based Prevention Programs
Implementing evidence-based prevention programs is vital in mitigating the risk of Grade II hamstring strains among footballers. The Nordic Hamstring Protocol, for instance, has been shown to significantly reduce hamstring strain incidence by enhancing muscle architecture and eccentric strength, leading to a reduction in injury rates by up to 50% (Medeiros, Marchiori and Baroni, 2021). Similarly, the FIFA 11+ program, which integrates strength, plyometrics, and balance exercises, has been demonstrated to improve neuromuscular control and reduce lower limb injury risk (Kim, Lee and Kim, 2020).
Training Load Management
Regulating training intensity and volume is critical in injury prevention. Sudden increases in training load, particularly in sprinting activities, elevate the risk of hamstring injuries. Utilising tools such as GPS tracking and sessional ratings of perceived exertion provides real-time workload data, allowing for progressive load adjustments and optimal neuromuscular adaptation while minimising injury risk (Haller et al., 2022).
Biomechanical Optimisation
Optimising sprint mechanics is essential to reduce hamstring strain risk. Poor running techniques, such as excessive anterior pelvic tilt, overstriding, and inadequate lumbopelvic control, increase mechanical stress on the hamstrings. Corrective interventions, including posture training and stride adjustments, enhance running efficiency and reduce hamstring loading (Girdwood et al., 2023).
A comprehensive injury prevention approach that integrates screening, training load management, and biomechanical refinement is essential in reducing the occurrence and recurrence of Grade II hamstring strains in football players, ultimately enhancing athletic performance and longevity.
Physiological Demands and Sport-Specific Considerations
Rehabilitation for a Grade II hamstring strain in football must align with the sport’s unique physiological demands to facilitate an effective return to play while minimising reinjury risk. Football requires frequent high-intensity sprints, rapid deceleration, and explosive COD, all of which impose significant mechanical stress on the hamstrings. A sport-specific rehabilitation strategy is essential to optimise functional recovery and ensure the athlete can withstand the physical demands of competitive match play (Silvers-Granelli et al., 2021).
Sport-Specific Physiological Demands in Football
Footballers perform numerous short-to-moderate sprints and dynamic movements that require both acceleration and deceleration. The hamstrings play a vital role in eccentric braking, stabilising the knee and hip, and generating propulsion during sprinting and cutting manoeuvres (Kalkhoven et al., 2023). Given that hamstring injuries frequently occur during high-speed running, rehabilitation must incorporate progressive sprint drills, eccentric strengthening, and neuromuscular coordination exercises to replicate match conditions.
Lateral movement and agility are also critical in football, particularly when evading opponents or adjusting to unpredictable play scenarios. Rehabilitation must integrate multi-directional agility drills, reactive COD exercises, and proprioceptive training to enhance neuromuscular control and injury resilience. Plyometric exercises such as bounding, lateral hops, and resisted COD drills prepare the hamstrings for the high loading experienced in match situations (Jimenez-Iglesias et al., 2024).


Tailoring Rehabilitation to Football-Specific Demands
A general rehabilitation framework is insufficient instead, a progressive, football-specific approach is necessary. Rehabilitation should transition from isolated strength training to functional sport-specific drills, ensuring seamless reintegration into full training. Functional assessments, including sprint tests, agility drills, and movement screenings, provide objective RTP markers. Biomechanical analysis helps refine movement efficiency, reducing mechanical overload on the hamstrings (Haddad, 2024).
Aligning rehabilitation with the physiological demands of football ensures that players achieve optimal performance, reduce reinjury risk, and safely reintegrate into competition.
Critical Evaluation of the Evidence Base
Extensive research supports the role of eccentric strengthening and structured prevention programs in reducing hamstring injury rates in football. Eccentric exercises, such as Nordic hamstring curls, have been shown to decrease injury incidence by enhancing muscle architecture, increasing fascicle length, and improving eccentric strength, key adaptations for reducing strain susceptibility during high-speed running (van Dyk et al., 2019). Similarly, structured injury prevention protocols, including the FIFA 11+, integrate neuromuscular control, plyometric drills, and strength training to mitigate hamstring injuries in footballers (Al Attar et al., 2017). Despite strong empirical support, several methodological limitations challenge the generalisability of current evidence.
Methodological Constraints in Hamstring Injury Research
One of the primary limitations is the frequent reliance on small sample sizes, which restricts the statistical power and external validity of findings. Many studies are conducted on elite football teams, limiting applicability to amateur and youth athletes with different training loads, biomechanics, and physiological profiles. Additionally, inconsistencies in study design such as variations in intervention duration, exercise protocols, and outcome measures complicate direct comparisons, making it difficult to establish universal rehabilitation guidelines due to its multifaceted nature (Buckthorpe et al., 2018).
Another critical issue is the lack of longitudinal studies assessing reinjury rates beyond the initial RTP period. While short-term improvements in strength and injury reduction are well documented, the long-term sustainability of these benefits remains uncertain. Given that hamstring injuries have a high recurrence rate in football, research should prioritise extended follow up periods to evaluate the effectiveness of rehabilitation and preventative strategies over multiple seasons (Heiderscheit et al., 2022).
Challenges in Standardising RTP Criteria
The absence of standardised, football-specific RTP criteria further complicates injury management. RTP decisions often vary based on clinician expertise, team philosophy, or competition demands, leading to inconsistencies in rehabilitation endpoints. Establishing evidence-based, sport-specific RTP protocols could enhance decision-making and reduce reinjury risk. Future research should prioritise large-scale, multicentre trials with standardised methodologies to improve the reliability and applicability of findings.
Conclusion
The effective rehabilitation and prevention of Grade II hamstring injuries in football require a comprehensive, evidence-based approach that aligns with the sport’s physiological demands. Late-stage rehabilitation plays a crucial role in restoring eccentric strength, power, and neuromuscular control, ensuring the athlete can tolerate the high-speed, multidirectional demands of match play. Exercises such as Nordic hamstring curls and Romanian deadlifts have been extensively validated for improving hamstring resilience and reducing reinjury risk. Additionally, sprint mechanics refinement, COD training, and optimal load management are critical for addressing modifiable biomechanical factors and minimising strain recurrence.
RTP protocols must integrate objective strength, functional, and psychological assessments to ensure readiness for competition. Hamstring to quadriceps strength ratios, sprint performance analysis, and psychological readiness scales provide measurable criteria to support safe RTP decisions. However, inconsistencies in RTP criteria across football teams and leagues highlight the need for standardised guidelines tailored to the sport’s demands.
Beyond rehabilitation, targeted injury prevention strategies remain essential for long-term hamstring health. Structured warm-up programs such as FIFA 11+, individualised eccentric strength training, and biomechanical optimisations enhance athletic performance while reducing injury prevalence. A multidisciplinary approach that incorporates sport science, physiotherapy, and coaching expertise is vital for facilitating a safe and sustainable return to football while promoting long-term musculoskeletal resilience.
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