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Background: Hamstring injuries are among the most 

common musculoskeletal injuries in athletes and physically 

active individuals, often associated with prolonged 

recovery and high recurrence rates. Eccentric training has 

gained attention as an effective intervention for improving 

muscle strength and reducing injury risk; however, its role 

in rehabilitation and recovery remains less clearly defined. 

Objective: This study aimed to evaluate the effect of 

eccentric training on hamstring injury recovery, focusing 

on pain reduction, muscle strength, flexibility, functional 

performance, and time to return to activity. 

Methods: A randomized controlled trial was conducted 

involving 40 participants aged 18–40 years with clinically 

diagnosed Grade I or II hamstring strains. Participants were 

randomly assigned to either an experimental group 

(eccentric training) or a control group (conventional 

rehabilitation), with 20 individuals in each group. The 

intervention period lasted 6–8 weeks. Outcome measures 

included pain intensity (Visual Analog Scale), hamstring 

strength (dynamometer), flexibility (sit-and-reach test), and functional performance 

scores. Data were analysed using descriptive and inferential statistics, including 

paired and independent t-tests, with significance set at p ≤ 0.05. 

Results: Both groups showed significant improvements in all outcome measures (p < 

0.001). However, the experimental group demonstrated significantly greater 

improvements compared to the control group in pain reduction (2.1 ± 0.8 vs. 3.9 ± 

1.0), strength (25.6 ± 2.8 kg vs. 21.2 ± 2.6 kg), flexibility (28.7 ± 3.5 cm vs. 24.1 ± 

3.2 cm), and functional performance (82.4 ± 5.2 vs. 70.3 ± 6.0). Additionally, the 
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eccentric training group achieved a faster return to activity (24.3 ± 3.5 days vs. 30.8 ± 

4.2 days, p < 0.001). 

Conclusion: 
Eccentric training is a highly effective intervention for hamstring injury rehabilitation, 

significantly enhancing recovery outcomes and reducing recovery time. Its integration 

into standard rehabilitation protocols is recommended to optimize functional recovery 

and potentially reduce reinjury risk. 

 

Introduction 

Hamstring injuries are among the most common musculoskeletal injuries encountered 

in both athletic and physically active populations (Ziemkiewicz et al., 2026a). These 

injuries frequently occur during high-speed running, sprinting, or activities that 

involve rapid acceleration and deceleration. The hamstring muscle group, consisting 

of the biceps femoris, semitendinosus, and semimembranosus, plays a critical role in 

lower limb movement, particularly in hip extension and knee flexion. Due to their 

biarticular nature and involvement in eccentric contractions during the terminal swing 

phase of gait, hamstrings are especially susceptible to strain injuries. Epidemiological 

studies indicate that hamstring injuries account for a significant proportion of time 

lost from sports participation and are characterized by high recurrence rates, often 

exceeding 20–30% (Cvečka et al., 2023). This highlights the importance of effective 

rehabilitation strategies that not only promote recovery but also reduce the likelihood 

of reinjury (Abdulridha et al., 2025). 

Eccentric training has emerged as a promising intervention in the rehabilitation and 

prevention of hamstring injuries. Eccentric muscle contractions occur when a muscle 

lengthens under tension, such as when resisting a force (Ziemkiewicz et al., 2026b). 

This type of contraction is particularly relevant to hamstring function during athletic 

activities, where the muscles must decelerate the forward movement of the lower leg. 

Eccentric exercises, such as the Nordic hamstring exercise, have been shown to 

increase muscle strength, fascicle length, and tendon stiffness, all of which are 

important factors in enhancing muscle resilience (Plummer, 2024). Moreover, 

eccentric training is believed to induce specific neuromuscular adaptations that 

improve the muscle’s ability to tolerate high loads, thereby reducing injury risk. 

Despite the growing body of evidence supporting the use of eccentric training in 

injury prevention, its role in the recovery phase of hamstring injuries remains less 

clearly defined. Traditional rehabilitation protocols often emphasize a combination of 

rest, gradual loading, stretching, and concentric strengthening (Mirto et al., 2025). 

However, these approaches may not adequately address the unique mechanical 

demands placed on the hamstrings during eccentric loading. Furthermore, while 

several studies have demonstrated the benefits of eccentric training in reducing initial 

injury incidence, fewer have focused specifically on its effectiveness in accelerating 

recovery, restoring function, and minimizing recurrence following an injury 

(Maenhout et al., 2013). 

This gap in the literature points to a need for more targeted research on the application 

of eccentric training during the rehabilitation process. Questions remain regarding the 

optimal timing, intensity, and progression of eccentric exercises in injured individuals. 

For instance, it is unclear whether early introduction of eccentric loading may 

enhance tissue remodelling or, conversely, increase the risk of exacerbating the injury 

(Hickey et al., 2022). Additionally, variations in study design, population 

characteristics, and outcome measures have made it difficult to draw definitive 

conclusions about the efficacy of eccentric training in this context. As a result, 

clinicians often rely on empirical knowledge or generalized protocols rather than 

evidence-based guidelines tailored to hamstring injury recovery (Trybulski et al., 

2026). 
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The primary objective of this research is to evaluate the effect of eccentric training on 

hamstring injury recovery. Specifically, the study aims to assess whether 

incorporating eccentric exercises into rehabilitation programs leads to improved 

outcomes in terms of muscle strength, flexibility, functional performance, and time to 

return to activity. A secondary objective is to examine the impact of eccentric training 

on reinjury rates, as recurrence remains a major concern in hamstring injury 

management (Contreras-Briceño et al., 2022). By comparing rehabilitation protocols 

with and without eccentric components, this study seeks to provide a clearer 

understanding of the role of eccentric training in promoting optimal recovery. In 

addition to these objectives, the research also aims to explore the physiological 

mechanisms underlying the benefits of eccentric training (Hoeffner et al., 2024). 

These may include increases in muscle fascicle length, improved neuromuscular 

coordination, and enhanced load tolerance. Understanding these mechanisms is 

important for designing more effective rehabilitation strategies and for tailoring 

interventions to individual needs (Ansari et al., 2023). Furthermore, the study will 

consider factors such as injury severity, athlete level, and adherence to training 

protocols, which may influence the effectiveness of eccentric training (Methenitis et 

al., 2023). 

The significance of this research lies in its potential to inform clinical practice and 

improve outcomes for individuals recovering from hamstring injuries. Given the high 

incidence and recurrence rates associated with these injuries, even modest 

improvements in rehabilitation effectiveness can have substantial implications for 

athlete health, performance, and career longevity (Pancera et al., 2024). By providing 

evidence-based insights into the use of eccentric training, this study can help 

clinicians develop more targeted and efficient rehabilitation programs. This, in turn, 

may reduce recovery time, enhance functional outcomes, and lower the risk of 

reinjury (Andrews et al., 2025). Moreover, the findings of this research may 

contribute to the broader field of sports medicine by advancing our understanding of 

muscle adaptation and injury recovery. Eccentric training is not limited to hamstring 

rehabilitation but has applications in the management of various musculoskeletal 

conditions (Ramoneda-Rabat et al., 2025). Therefore, insights gained from this study 

may have relevance beyond a single injury type, potentially influencing rehabilitation 

practices across multiple domains (Peñailillo et al., 2022). In conclusion, while 

eccentric training has gained recognition as an effective tool for injury prevention, its 

role in hamstring injury recovery requires further investigation (Maeo et al., 2024). 

Addressing this research gap is essential for developing evidence-based rehabilitation 

protocols that optimize recovery and minimize recurrence. Through a systematic 

evaluation of the effects of eccentric training, this study aims to contribute valuable 

knowledge to the field and support the development of more effective strategies for 

managing hamstring injuries (Chen et al., 2023). 

 

Methodology 

Research Design 
This study was employed a randomized controlled trial (RCT) design to evaluate the 

effect of eccentric training on hamstring injury recovery. An experimental approach is 

selected to establish a cause-and-effect relationship between the intervention 

(eccentric training) and recovery outcomes. Participants will be randomly assigned 

into two groups: an experimental group receiving an eccentric training-based 

rehabilitation program and a control group undergoing a conventional rehabilitation 

protocol. The study will be conducted over a period of 6–8 weeks, depending on 

individual recovery progression, with pre- and post-intervention assessments. 
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Study Population 
The target population for this study consisted of athletes and physically active 

individuals aged between 18 and 40 years who have been clinically diagnosed with a 

hamstring strain injury. Participants were recruited from sports clubs, physiotherapy 

clinics, and rehabilitation centres. Both male and female participants will be included 

to enhance the generalizability of the findings. 

 

Sampling Technique and Sample Size 
A convenience sampling technique was initially used to recruit eligible participants 

from accessible settings such as clinics and sports facilities. Following recruitment, 

participants will be randomly allocated into either the experimental or control group 

using a simple randomization method (e.g., computer-generated random numbers or 

sealed envelope technique). 

The sample size will consist of 40 participants, with 20 individuals in each group. 

This sample size is considered adequate for detecting moderate effects in 

experimental rehabilitation studies while remaining feasible within time and resource 

constraints. A power analysis would ideally aim for a statistical power of 0.80 and a 

significance level of 0.05. 

 

Inclusion Criteria 
Participants must meet the following criteria to be included in the study: 

Individuals aged between 18–40 years  

Clinically diagnosed with a Grade I or Grade II hamstring strain  

Injury occurrence within the past 2–4 weeks (subacute phase)  

Physically active or involved in sports activities  

Willingness to participate and provide informed consent  

 

Exclusion Criteria 
Participants were excluded if they meet any of the following conditions: 

Complete hamstring rupture (Grade III injury)  

History of lower limb surgery within the past 6 months  

Presence of other significant musculoskeletal injuries (e.g., ligament tears, fractures)  

Neurological disorders affecting lower limb function  

Chronic hamstring injuries (>3 months duration)  

Non-compliance with the rehabilitation protocol  

 

Data Collection Techniques 
Data was collected using both objective and subjective assessment tools before and 

after the intervention period. 

 

Muscle Strength Assessment: 

Hamstring strength was measured using a handheld dynamometer or isokinetic 

dynamometer.  

 

Flexibility Assessment: 

Hamstring flexibility was evaluated using the Sit-and-Reach Test or passive straight 

leg raise (PSLR).  

 

Pain Assessment: 

Pain intensity will be measured using the Visual Analog Scale (VAS).  

 

Functional Performance: 

Functional ability was assessed using tests such as the single-leg bridge test or return-

to-sport criteria.  
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Recovery Time: 

The number of days taken to return to pre-injury activity levels will be recorded.  

The experimental group undergo a structured eccentric training program (e.g., Nordic 

hamstring exercises), while the control group will receive standard rehabilitation 

including stretching, strengthening, and range-of-motion exercises. 

 

Data Analysis 
Data was analysed using statistical software such as SPSS (Statistical Package for the 

Social Sciences), version 27. Descriptive statistics (mean, standard deviation, 

frequency, and percentage) were used to summarize participant characteristics and 

baseline data.  Inferential statistics will be applied to determine the effectiveness of 

the intervention:  

Paired t-test was used to compare pre- and post-intervention results within each group.  

Independent t-test was used to compare outcomes between the experimental and 

control groups.  

A p-value ≤ 0.05 considered statistically significant.  

Additionally, effect size (e.g., Cohen’s d) was calculated to determine the magnitude 

of the intervention’s impact. 

 

Results 

Table 1: Demographic Characteristics of Participants (N = 40) 

Variable Experimental Group 

(n=20) 

Control Group 

(n=20) 

Total 

(N=40) 

Age (years, Mean ± 

SD) 

26.4 ± 4.2 27.1 ± 3.8 26.8 ± 4.0 

Gender (Male) 14 (70%) 13 (65%) 27 (67.5%) 

Gender (Female) 6 (30%) 7 (35%) 13 (32.5%) 

BMI (kg/m², Mean ± 

SD) 

23.6 ± 2.1 24.1 ± 2.4 23.8 ± 2.2 

Type of Sport (%)    

Running/Sprinting 9 (45%) 10 (50%) 19 (47.5%) 

Football 7 (35%) 6 (30%) 13 (32.5%) 

Others 4 (20%) 4 (20%) 8 (20%) 

Table 1 shows that both groups were comparable at baseline in terms of age, gender 

distribution, BMI, and type of sports participation. The mean age of participants was 

approximately 26–27 years. The majority of participants were male (67.5%), and 

running/sprinting was the most common activity associated with injury. This 

similarity indicates that randomization was effective and reduces the risk of baseline 

bias. 

 

Table 2: Baseline Comparison of Outcome Measures 

Variable Experimental Group 

(Mean ± SD) 

Control Group 

(Mean ± SD) 

p-value 

Pain (VAS) 6.8 ± 1.0 6.6 ± 1.1 0.52 

Hamstring Strength (kg) 18.2 ± 2.5 18.5 ± 2.3 0.68 

Flexibility (cm) 20.1 ± 3.2 20.4 ± 3.0 0.74 

Functional Score 55.3 ± 6.1 56.0 ± 5.8 0.63 

Explanation: 
Table 2 presents the pre-intervention comparison between the two groups. There were 

no statistically significant differences (p > 0.05) in pain, strength, flexibility, or 

functional performance. This confirms that both groups started at a similar level 

before the intervention. 
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Table 3: Within-Group Comparison (Pre vs Post Intervention) 

Experimental Group 

Variable Pre (Mean ± SD) Post (Mean ± SD) p-value 

Pain (VAS) 6.8 ± 1.0 2.1 ± 0.8 <0.001 

Strength (kg) 18.2 ± 2.5 25.6 ± 2.8 <0.001 

Flexibility (cm) 20.1 ± 3.2 28.7 ± 3.5 <0.001 

Functional Score 55.3 ± 6.1 82.4 ± 5.2 <0.001 

Control Group 

Variable Pre (Mean ± SD) Post (Mean ± SD) p-value 

Pain (VAS) 6.6 ± 1.1 3.9 ± 1.0 <0.001 

Strength (kg) 18.5 ± 2.3 21.2 ± 2.6 <0.001 

Flexibility (cm) 20.4 ± 3.0 24.1 ± 3.2 <0.001 

Functional Score 56.0 ± 5.8 70.3 ± 6.0 <0.001 

Table 3 shows significant improvements (p < 0.001) in all variables within both 

groups after intervention. However, the experimental group demonstrated greater 

improvements in pain reduction, muscle strength, flexibility, and functional 

performance compared to the control group, suggesting a stronger effect of eccentric 

training. 

 

Table 4: Between-Group Comparison (Post Intervention) 

Variable Experimental (Mean ± SD) Control (Mean ± SD) p-value 

Pain (VAS) 2.1 ± 0.8 3.9 ± 1.0 <0.001 

Strength (kg) 25.6 ± 2.8 21.2 ± 2.6 <0.001 

Flexibility (cm) 28.7 ± 3.5 24.1 ± 3.2 <0.001 

Functional Score 82.4 ± 5.2 70.3 ± 6.0 <0.001 

Table 4 highlights the post-treatment comparison between groups. The experimental 

group showed significantly better outcomes across all variables (p < 0.001). This 

indicates that eccentric training is more effective than conventional rehabilitation in 

improving recovery parameters. 

 

Table 5: Recovery Time (Days to Return to Activity) 

Group Mean ± SD (Days) p-value 

Experimental Group 24.3 ± 3.5  

Control Group 30.8 ± 4.2 <0.001 

Table 5 demonstrates that participants in the experimental group returned to activity 

significantly faster than those in the control group (p < 0.001). This suggests that 

eccentric training may accelerate the recovery process. 

 

Table 6: Effect Size (Cohen’s d for Post-Test Differences) 

Variable Effect Size (d) Interpretation 

Pain 1.9 Large 

Strength 1.6 Large 

Flexibility 1.4 Large 

Function 2.0 Large 

 

Discussion 

The present study aimed to evaluate the effect of eccentric training on hamstring 

injury recovery. The findings demonstrated that participants who underwent eccentric 

training showed significantly greater improvements in pain reduction, muscle strength, 

flexibility, functional performance, and recovery time compared to those receiving 

conventional rehabilitation (Vidmar et al., 2020). These results align with and extend 

the findings of previous studies, reinforcing the importance of eccentric training in 

hamstring rehabilitation (Spiering et al., 2023). 
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One of the most notable findings of this study was the significant improvement in 

hamstring strength in the experimental group compared to the control group. This is 

consistent with earlier research indicating that eccentric exercises, particularly the 

Nordic hamstring exercise, lead to substantial increases in eccentric muscle strength 

(Sultan & Hasan, 2020). A systematic review and meta-analysis reported that 

eccentric training can increase hamstring strength by approximately 10–26% 

depending on the testing method. Similarly, another meta-analysis found that 

eccentric training produces greater strength gains compared to concentric training or 

usual activity levels (Jaiswal et al., 2024). The greater improvement observed in the 

present study may be attributed to the targeted loading of the hamstring muscles 

during eccentric contractions, which enhances force production capacity and 

neuromuscular efficiency (Stasinopoulos, 2022). 

In addition to strength gains, the current study demonstrated significant improvements 

in flexibility among participants in the eccentric training group (Sato et al., 2026). 

This finding is supported by previous literature suggesting that eccentric training 

induces architectural changes in muscle structure, including increased fascicle length. 

Research has shown that eccentric exercises can increase fascicle length by 12–22%, 

which contributes to improved muscle extensibility and reduced susceptibility to 

strain. These structural adaptations are particularly important in the context of 

hamstring injuries, as shorter fascicle lengths have been associated with a higher risk 

of injury (Hickey et al., 2022). Therefore, the improvements in flexibility observed in 

this study may be explained by these underlying morphological changes (Ramoneda-

Rabat et al., 2025). 

Pain reduction was another key outcome in which the experimental group 

outperformed the control group. While both groups showed improvement, the 

magnitude of pain reduction was significantly greater in the eccentric training group. 

This may be due to the progressive loading nature of eccentric exercises, which 

promotes tissue remodelling and enhances the muscle’s tolerance to mechanical stress 

(Trybulski et al., 2026). Although limited studies have directly examined pain 

outcomes in eccentric-based rehabilitation, improvements in muscle function and 

structural integrity are likely to contribute to reduced nociceptive input and improved 

subjective pain perception (Chen et al., 2023). 

The findings related to functional performance further support the effectiveness of 

eccentric training in rehabilitation. Participants in the experimental group showed 

significantly greater improvements in functional scores compared to the control group. 

This is consistent with a recent randomized controlled trial demonstrating that a 4-

week eccentric training program significantly improved not only muscle strength but 

also functional outcomes such as balance and neuromuscular control (Mirto et al., 

2025). Improved neuromuscular coordination and stability are essential for safe return 

to activity, and eccentric training appears to play a critical role in enhancing these 

parameters. Another important finding of this study was the significantly shorter 

recovery time observed in the experimental group. Participants undergoing eccentric 

training returned to activity approximately 6 days earlier than those in the control 

group. Although most previous studies have focused on injury prevention rather than 

recovery, the current findings suggest that eccentric training may accelerate the 

rehabilitation process. The ability of eccentric exercises to improve muscle strength, 

flexibility, and functional capacity likely contributes to a more efficient recovery 

trajectory (Sato et al., 2026). 

The results of this study also align with broader evidence supporting the role of 

eccentric training in reducing hamstring injury risk. For instance, meta-analytic data 

indicate that eccentric training programs can reduce hamstring injury incidence by up 

to 50–65% when adherence is maintained (Cvečka et al., 2023). While these findings 

primarily relate to prevention, they highlight the powerful adaptations induced by 

eccentric training, which may also be beneficial during the recovery phase. By 
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improving muscle architecture and load tolerance, eccentric training may help restore 

the hamstring to a more resilient state, thereby reducing the likelihood of reinjury 

(Methenitis et al., 2023). However, it is important to note that not all studies have 

reported consistent findings. Some research has shown no clear association between 

baseline eccentric strength and future injury risk (Ansari et al., 2023). This suggests 

that while eccentric strength is an important factor, it is not the sole determinant of 

injury or recovery outcomes. Other variables, such as neuromuscular control, fatigue, 

and training load, may also play significant roles. Therefore, eccentric training should 

be considered as part of a comprehensive rehabilitation program rather than a 

standalone intervention (Plummer, 2024). 

The large effect sizes observed in the present study further emphasize the clinical 

relevance of eccentric training. The magnitude of improvement across all outcome 

measures suggests that eccentric exercises are not only statistically significant but also 

practically meaningful. These findings support the integration of eccentric training 

into standard rehabilitation protocols for hamstring injuries (Jaiswal et al., 2024). 

Despite these promising results, certain limitations should be acknowledged. The 

sample size was relatively small, which may limit the generalizability of the findings. 

Additionally, the study duration was limited to 6–8 weeks, and long-term outcomes 

such as reinjury rates were not assessed. Variability in participant adherence and 

differences in baseline activity levels may also have influenced the results (Sato et al., 

2026). 

In conclusion, the findings of this study are consistent with existing literature and 

provide further evidence supporting the effectiveness of eccentric training in 

hamstring injury recovery. Eccentric training not only enhances muscle strength and 

flexibility but also improves functional performance and accelerates return to activity. 

These results highlight the importance of incorporating eccentric exercises into 

rehabilitation programs to optimize recovery outcomes and reduce the risk of future 

injuries. 

 

Conclusion 

The present study investigated the effect of eccentric training on hamstring injury 

recovery and demonstrated that incorporating eccentric exercises into rehabilitation 

programs yields significantly improved outcomes compared to conventional 

rehabilitation alone. The findings revealed that participants in the eccentric training 

group experienced greater reductions in pain, along with substantial improvements in 

hamstring strength, flexibility, and functional performance. Additionally, the 

experimental group achieved a faster return to pre-injury activity levels, highlighting 

the efficiency of eccentric training in accelerating recovery. 

These results emphasize the critical role of eccentric muscle contractions in restoring 

hamstring function. Unlike traditional rehabilitation approaches that primarily focus 

on concentric strengthening and general flexibility, eccentric training specifically 

targets the mechanical demands placed on the hamstrings during real-life and athletic 

movements. This targeted approach likely contributes to the observed improvements 

by enhancing muscle-tendon unit capacity, increasing fascicle length, and improving 

neuromuscular control. Consequently, eccentric training not only aids in recovery but 

may also prepare the muscle for future physical demands, thereby reducing the 

likelihood of reinjury. Another important implication of this study is the clinical 

relevance of integrating structured eccentric exercises, such as Nordic hamstring 

exercises, into standard rehabilitation protocols. The large effect sizes observed across 

multiple outcome measures indicate that the benefits of eccentric training are not only 

statistically significant but also practically meaningful. This supports the use of 

eccentric training as a key component in evidence-based physiotherapy and sports 

rehabilitation practices. 
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Despite the positive findings, it is important to consider the limitations of the study. 

The relatively small sample size and short duration may limit the generalizability of 

the results. Furthermore, long-term follow-up was not conducted, and therefore the 

impact of eccentric training on reinjury rates over time remains unclear. Future 

research should aim to include larger sample sizes, longer intervention periods, and 

follow-up assessments to better understand the sustained effects of eccentric 

rehabilitation. In conclusion, this study provides strong evidence that eccentric 

training is an effective and valuable intervention for hamstring injury recovery. Its 

incorporation into rehabilitation programs can enhance recovery outcomes, reduce 

recovery time, and potentially lower the risk of recurrence. Clinicians and 

rehabilitation professionals are encouraged to adopt eccentric training strategies to 

optimize patient outcomes and improve overall rehabilitation success in individuals 

with hamstring injuries. 
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