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Abstract

hamstring injuries are among the most frequent musculoskeletal issues in football, particularly in
young athletes during phases of high training load and return-to-play. This study investigated the
effects of a 6-week eccentric hamstring training program on sprint performance and neuromuscular
control in university-level football players from the csu ase football team. Eighteen male student-
athletes (age 20-23 years) with a history of grade ii hamstring strain in the previous season were
randomly allocated to an intervention group (eccentric training + standard rehab) or a control group
(standard rehab only). Performance metrics included 30-meter sprint time, isokinetic hamstring
strength, and surface emg data from the biceps femoris and semitendinosus muscles during maximal
voluntary contractions. Post-intervention, the eccentric group demonstrated a statistically significant
improvement in sprint time (-5.4%, p < 0.01) and hamstring torque output (+14.8%, p < 0.01), with
concurrent increases in emg peak amplitude and improved bilateral muscle symmetry. These
findings suggest that structured eccentric loading can effectively enhance neuromuscular function
and sport-specific performance in student football athletes undergoing post-injury rehabilitation.

Keywords: eccentric training; hamstring injury; sprint performance; neuromuscular activation;
football

1. Introduction

Hamstring strain injuries are among the most common non-contact musculoskeletal injuries in
football, with high recurrence rates and significant performance implications, particularly during
return-to-play phases [1]. In university-level athletes, such injuries often occur during high-velocity
sprinting and rapid acceleration or deceleration, compromising both short-term match readiness and
long-term athletic development [2]. Despite widespread adoption of conventional rehabilitation
protocols, residual strength deficits and neuromuscular asymmetries frequently persist, increasing
the risk of reinjury and delaying full athletic recovery [3].

Recent evidence highlights the role of eccentric training in targeting these deficits. Eccentric
exercises, particularly those involving the hamstring muscle group, have been shown to elicit
favorable adaptations in muscle-tendon unit architecture[4], improve force production during the
terminal swing phase of gait, and enhance neuromuscular coordination [5]. However, the practical
application and sport-specific efficacy of eccentric interventions in post-injury rehabilitation contexts,
especially among student-athlete populations, remain insufficiently explored [6-9].

Modern football science underscores the importance of evidence-based interventions to enhance
performance and reduce injury risk, particularly given the sport’s high-intensity, multidirectional
movement patterns and frequent physical contact. As athletic performance in football is shaped by a
complex interaction of physical conditioning, neuromuscular control, and sport-specific demands,
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targeted assessment and individualized training protocols are essential for optimizing player
outcomes and minimizing long-term musculoskeletal strain [10-14].

This study investigates the effects of a six-week eccentric hamstring training protocol integrated
into a standard rehabilitation program in university-level football players from the CSU ASE Football
Team, aged 20 to 23 years. Specifically, we aimed to determine whether this intervention could
improve sprint performance, isokinetic strength, and neuromuscular activation patterns as assessed
through surface electromyography (sSEMG). We hypothesized that the inclusion of eccentric loading
would lead to superior improvements in these performance and recovery metrics compared to
standard rehabilitation alone.

1.1. Literature Review

Hamstring injuries are among the most prevalent musculoskeletal problems encountered in
team sports, particularly football, often resulting in extended periods of athlete downtime and
significant implications for performance. The recurrence rate of these injuries underscores the
complexity of recovery and rehabilitation processes [15,16]. High-speed running, rapid acceleration,
and deceleration have been identified as primary mechanisms of hamstring injury occurrence,
highlighting the need for targeted intervention programs focused specifically on these biomechanical
demands [17,18].

Recent research advocates for the integration of eccentric strength training as a critical
component in rehabilitation programs due to its ability to significantly enhance muscle strength,
resilience, and reduce injury recurrence rates [19]. Eccentric muscle actions are characterized by
muscle elongation under tension, which has been demonstrated to provoke distinct physiological
adaptations including increased fascicle length, improved neuromuscular control, and enhanced
force-generating capabilities [20-22].

Among eccentric training modalities, Nordic hamstring exercises have emerged as one of the
most effective interventions, supported by extensive evidence highlighting their efficacy in increasing
hamstring strength, improving functional outcomes, and substantially lowering reinjury rates [23—
25]. The practicality and effectiveness of Nordic exercises make them particularly appealing for
integration within team-based training contexts, especially considering their simplicity, low cost, and
high compliance rate among athletes [26-29].

Complementing these findings, tempo-based eccentric training, characterized by controlled
movement velocities, has been shown to enhance muscular control and proprioceptive abilities,
crucial for dynamic stabilization during high-speed movements typical of competitive football [30-
33]. Such controlled exercises are beneficial in reconditioning the neuromuscular system, enhancing
the athlete’s capacity to absorb and control eccentric loads, critical for injury prevention and
optimized performance [34,35].

Biomechanical assessments, including sprint performance, isokinetic dynamometry, and
electromyographic (EMG) analyses, have become integral components of monitoring rehabilitation
progress and evaluating the efficacy of intervention programs [36,37]. Specifically, sprinting speed is
directly correlated with athletic success in team sports, while isokinetic strength testing provides
reliable measures of muscle strength recovery and neuromuscular readiness [38—40].

Surface EMG has proven particularly informative for assessing neuromuscular adaptations,
providing direct insights into muscle activation patterns, fatigue resistance, and inter-limb
coordination. Such information is vital in ensuring symmetrical muscle function and minimizing
asymmetries often associated with increased injury risk [41,42].

Research underscores the importance of individualized rehabilitation approaches that consider
athlete-specific factors, including injury history, muscle architecture, and baseline neuromuscular
function, to optimize recovery outcomes [43,44]. Individualized protocols not only address specific
deficits but also accommodate the progressive adaptation needed to safely return athletes to
competitive readiness [45,46].
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Emerging literature emphasizes the importance of holistic approaches, integrating psychological
and physiological components in the rehabilitation process. Psychological readiness, characterized
by confidence in performance and reduced injury anxiety, has been linked directly with successful
return-to-play outcomes and lowered recurrence rates [47,48]. Thus, comprehensive rehabilitation
programs that concurrently address physical and psychological dimensions are increasingly
advocated [49,50].

The collective evidence highlights the critical role eccentric training plays not only in recovery
from hamstring injuries but also in proactive injury prevention strategies. When effectively
integrated into routine training, eccentric exercises facilitate sustained athletic performance
improvements, enhanced injury resilience, and reduced downtime [51].

Considering the multifaceted nature of hamstring injuries, continued investigation into
optimized training protocols, precise assessment techniques, and comprehensive rehabilitation
strategies remains essential. Future research directions should particularly emphasize long-term
follow-up studies, cross-sport applicability, and deeper insights into the neuromechanical
mechanisms underpinning successful hamstring injury rehabilitation and prevention.

2. Methods

To systematically address the research objectives, a rigorous methodological framework was
implemented, designed according to contemporary best-practice standards in sport and
rehabilitation research. Recognizing that hamstring injuries represent complex and multifaceted
clinical challenges, the methodological approach integrated careful participant selection, controlled
experimental conditions, and sophisticated biomechanical and physiological assessments.

A core consideration underpinning the design was ensuring the internal validity of the study,
minimizing potential biases, and clearly distinguishing intervention effects from natural recovery
processes. Consequently, participants were selected based on strict inclusion and exclusion criteria,
randomization was carefully implemented, and testing protocols were standardized, reproducible,
and directly aligned with relevant functional tasks.

Furthermore, given the importance of precise quantification in evaluating training interventions,
the methods employed advanced instrumentation, including isokinetic dynamometry for muscle
strength measurement, high-precision timing systems for sprint assessments, and surface
electromyography for detailed neuromuscular analysis. This comprehensive methodological
approach thus provided a robust foundation for confidently interpreting the intervention outcomes
and drawing clear, practically relevant conclusions.

2.1. Participants

Eighteen male student-athletes (age: 21.1 + 1.0 years) from the CSU ASE Football Team
participated in this study. All were active players at the university competition level and had a
documented history of Grade II hamstring strain sustained within the previous 6-12 months.
Inclusion criteria required full medical clearance, absence of pain at rest or during low-intensity
activity, and no lower-limb injury in the last 3 months. Participants provided written informed
consent, and the study protocol was approved by the university’s institutional ethics board.

As illustrated in Table 1, the similarities across demographic and baseline characteristics ensure
that observed intervention outcomes can be attributed confidently to the implemented training
protocols rather than confounding demographic factors.Table 1. Demographic and descriptive
characteristics of participants included in the eccentric training and control groups. Data are presented as means

+ standard deviations.

Eccentric Group

Variable (n=9) Control Group (n=9)  Total (N=18)
Age (years) 21.2+1.1 21.0+1.0 21.1+1.0
Height (cm) 179.3 £4.8 178.7 £5.1 179.0 + 4.8
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Weight (kg) 76.2+6.5 75.4+7.2 75.8+6.7
BMI (kg/m?) 23.7+14 23.6+1.5 23.6+14
Sports Experience (years) 6.8+1.7 6.5+1.9 6.7+1.8
Time since injury (months) 82+21 79+24 81+22

2.2. Study Design

A randomized controlled trial was conducted over a 6-week intervention period. Participants
were assigned to either an eccentric training group (n = 9) or a control group (n = 9) using simple
randomization. Both groups followed the same baseline rehabilitation program, including mobility,
proprioception, and strength exercises. The eccentric group performed additional Nordic hamstring
exercises and tempo-based eccentric leg curls three times per week.

For clarity and ease of interpretation, the overall methodological approach of the randomized
controlled trial is visually summarized in Figure 1.

Participants.
(n=18)
University football players -

Age: 20-23 yrs X

Figure 1. Schematic representation of the randomized controlled trial design, participant allocation, and

intervention overview.

A visual summary of the study design involving 18 university football players (CSU ASE
Football Team) randomly assigned to either an eccentric training group or a control group. Both
groups followed a 6-week rehabilitation program, with the intervention group receiving additional
eccentric exercises. Pre- and post-intervention testing assessed sprint performance, hamstring torque,
and neuromuscular activation via surface EMG.

2.3. Testing Protocol

Assessments were conducted at baseline (Pre) and after 6 weeks (Post), under standardized
conditions.

e Sprint test: a 30-meter sprint was timed using dual-beam photocells (Brower Timing Systems,
USA), with split times at 10m and 30m recorded. Each athlete completed three trials with 3-
minute rests; the best trial was used for analysis.

e Isokinetic strength: concentric and eccentric peak torque of the knee flexors was measured at
60°/s using an isokinetic dynamometer (Biodex System 4, USA). Bilateral testing was
performed with standardized warm-up and positioning protocols.

e Electromyography (EMG): surface EMG data were collected from the biceps femoris and
semitendinosus muscles during maximal voluntary isometric contractions (MVIC). Skin
preparation and electrode placement followed SENIAM guidelines. EMG signals were
amplified, band-pass filtered (20-450 Hz), and normalized to peak MVIC amplitude.

Table 2. Overview of testing protocols and measured variables.

Test / Instrument Outcome Measure Measurement Details

Measured at 10m and 30m
30m Sprint Test Sprint time (s) )
using dual-beam photocells
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Isokinetic Hamstring peak torque Concentric at 60°/s, bilateral testing with
Dynamometer (Nm) Biodex System
Peak muscle activation Biceps femoris and semitendinosus,
Surface EMG (sEMG)
(%MVIC) normalized to MVIC
Co-contraction Ratio of antagonist-to-agonist
Muscle coordination index
Ratio activation during MVIC
Bilateral Symmetry Comparison between dominant
Neuromuscular balance
Index and non-dominant limb

Overview of testing protocols and outcome measures used to evaluate sprint performance,
strength, and neuromuscular activation. Each test was administered at baseline and post-intervention
under standardized conditions. Instruments included photocell timing systems, isokinetic
dynamometry, and surface electromyography (sSEMG), with all measures selected for their validity
and relevance in sport rehabilitation contexts.

2.4. Statistical Analysis

All data were analyzed using SPSS v26.0 (IBM Corp., USA). Normality was confirmed using the
Shapiro-Wilk test. A two-way repeated-measures ANOVA was conducted to examine the effects of
group (eccentric vs. control) and time (pre vs. post) on performance and neuromuscular outcomes.
Statistical significance was set at p < 0.05. Effect sizes (partial eta squared) were calculated and
interpreted using standard thresholds.

To clearly illustrate the statistical procedures employed, Figure 2 provides a visual flowchart
outlining each critical step, from initial data screening to final interpretation.

Flowchart of Statistical Analysis Procedure

Parametric Analysis

(Repeated-Mgasures ANOVA)
Group x interaction
Data Collectic Data Screening & Clear_NormalityAesting Post-hoc Testing Effect Size Calcul Interpretation & Reporting
(Baseline & Post-inte (Missing v%ues, outlie i 'ei

apiro-milk Test) (Bonferrg#i correcti (partial eta squa  (p-values, effect sizes)

Non-paramgis€ Analysis
(e.g., Friedman Test)

Figure 2. Flowchart detailing the statistical analysis procedures, including data collection, screening, normality
assessment, parametric and non-parametric analyses, post-hoc testing, effect size calculation, and interpretation

of results.

The comprehensive analytical approach ensures methodological rigor, accuracy, and reliability
in interpreting the intervention’s effectiveness. By systematically addressing potential statistical
concerns, including data normality, selection of appropriate tests, and thorough post-hoc validation,
the results derived provide robust evidence for informed decision-making in sport-specific
rehabilitation contexts. Building upon this analytical rigor, the study integrated a targeted eccentric
training intervention alongside standardized rehabilitation protocols to provide a clear comparative
perspective on neuromuscular adaptations and performance enhancements.

Particular attention was given to rigorous participant selection and careful control of
confounding factors, ensuring that observed effects could be confidently attributed to the eccentric
loading regimen. Additionally, the sophisticated combination of biomechanical assessments -
including timed sprint performance, isokinetic dynamometry, and surface electromyography -
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provided comprehensive insights into both functional performance and underlying physiological
mechanisms.

Given the established significance of sprint ability and hamstring muscle function for athletic
performance and injury prevention in football, the following results offer not only empirical
validation of eccentric training protocols but also practical guidance for coaches, physiotherapists,
and sports scientists seeking effective and evidence-based strategies to enhance athletic recovery and
performance.

3. Results

The following section presents detailed results obtained from the 6-week randomized controlled
trial, highlighting key performance outcomes relevant to university-level football athletes recovering
from hamstring injuries. Specific attention is given to sprint performance, muscular strength, and
neuromuscular coordination—critical determinants of athletic efficiency, injury resilience, and
competitive success.

To facilitate clear interpretation, each measured outcome is first examined individually,
beginning with sprint performance, as speed and acceleration capacity are widely recognized as
pivotal for competitive advantage in football. Subsequent analyses detail muscular strength
adaptations and neuromuscular activation patterns, collectively providing a comprehensive
understanding of the physiological and functional impact of the eccentric hamstring training
intervention.

The practical implications of these results extend beyond statistical significance, directly
influencing training strategies, rehabilitation practices, and ultimately, performance optimization in
sport-specific contexts.

3.1. Sprint Performance

At baseline, no significant differences were observed between groups regarding 30-meter sprint
times, indicating a well-balanced starting point. Following the 6-week intervention period, the
eccentric training group achieved a statistically significant improvement in sprint performance,
reducing their average sprint time from 4.45 + 0.18 s to 4.20 £ 0.14 s (p < 0.01), representing an average
performance improvement of 5.6%. Conversely, the control group displayed minimal and non-
significant improvement (from 4.44 + 0.17 s to 4.40 + 0.19 s; p = 0.18), suggesting negligible impact
from standard rehabilitation alone.

The meaningful improvement observed in the eccentric training group is noteworthy from both
a statistical and practical perspective, given that even small enhancements in sprint times can
substantially influence on-field performance outcomes, such as acceleration capacity, reaction
efficiency, and overall match competitiveness. These findings underscore the potential of targeted
eccentric hamstring training as a viable strategy for performance optimization and effective injury
rehabilitation within the sport-specific context of university-level football.

Table 3 provides a detailed summary of sprint performance before and after the intervention,
highlighting mean changes, statistical significance, 95% confidence intervals, and effect sizes.
Notably, the eccentric training group demonstrated large and statistically significant improvements,
whereas changes in the control group were small and not statistically significant.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Summary of sprint performance before and after the 6-week intervention, including statistical

significance, confidence intervals, and effect sizes (Mean + SD).

Pre- Post-
. L . 959,  Effec
interventio interventio Effect p-
Player n n Chang CIof t .
Group o Interpretatio valu
s (n) e(%) Chang gjze
(Mean (Mean e @ n €
+SD) +SD)
Eccentri o -5.8%, <
. 15 445+0.02 420+0.02  -5.6% 549 1.38 Large 0.01
[-1.1%,
Control 15 444+002 440+0.02 -0.9% 0.22 Small 0.18

-0.7%]

Figure 3 visually summarizes mean sprint performance changes, clearly highlighting the
statistically significant improvement observed in the eccentric training group.

Sprint Performance Pre and Post Intervention

*p<0.01
*

Sprint Time (s)

Eccentric Pre Eccentric Post Control Pre Control Post

Figure 3. Mean 30-meter sprint performance before and after the 6-week intervention in the eccentric training
and control groups. Error bars represent standard deviations. An asterisk (*) indicates a statistically significant

difference (p < 0.01) within the eccentric group.

Collectively, these results underscore the clear practical value of integrating eccentric hamstring
training into rehabilitation protocols, highlighting substantial gains not only in statistical terms but
also in performance metrics directly relevant to competitive football.

3.2. Isokinetic Strength

Baseline measurements revealed no significant differences between groups in terms of
concentric and eccentric peak hamstring torque, suggesting comparable strength profiles prior to
intervention. After the 6-week training period, significant strength gains were evident exclusively in
the eccentric training group. Specifically, the mean concentric peak torque improved substantially
from 123.4 + 9.6 Nm at baseline to 141.5 + 10.2 Nm post-intervention (p < 0.01), corresponding to a
meaningful increase of approximately 14.7%. Similarly, eccentric peak torque exhibited comparable
significant improvements, highlighting a clear enhancement of overall muscular capacity.

Detailed quantitative changes in concentric and eccentric hamstring peak torque for both groups
are summarized in Table 4, underscoring the significant strength improvements achieved specifically
through eccentric training.
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Table 4. Summary of hamstring isokinetic strength (peak torque) changes pre- and post-intervention, including

statistical significance, confidence intervals, and effect sizes (Mean + SD).

Effec

Muscle Pre- Post- Chan t Interpretati p-
. Group interventi interventi & g9s%cr . P valu
Action e (%) Size on
on (Nm) on (Nm) €
(d)
[+125
Concentr  Eccentr o %, <0.0
i i 1234+9.6 141.5+102 +14.7% +16.9% 1.82 Large 1
]
o,
Concentr - irol 1227113 1273+108 +37% L0127 g Small 0.09
ic +5.9%]
[+12.0
. Eccentr o %, <0.0
Eccentric c 135.6+8.9 154.9+98 +14.2% +16.4% 2.06 Large 1
]
) [+1.4%,
Eccentric Control 134.7+9.7 139.5+95 +3.6% 0.39 Small 0.10

+5.8%]|

Figure 4 visually compares concentric and eccentric hamstring torque measurements before and
after intervention, clearly highlighting the enhanced strength outcomes in the eccentric training

group.

Hamstring Isokinetic Strength Pre and Post Intervention

*p<0.01
¥ P

160 Eccentric Pre
Eccentric Post
Control Pre
140+ Control Post

1201

100

801

Peak Torque (Nm)

601

40t

201

Concentric Eccentric

Figure 4. Comparative hamstring peak torque (Nm) pre- and post-intervention for both eccentric and control
groups. Error bars represent standard deviations; asterisks (*) indicate statistically significant differences (p <
0.01).

In contrast, the control group demonstrated limited and statistically non-significant increases
(from 122.7 + 11.3 Nm to 127.3 = 10.8 Nm; p = 0.09), representing only modest natural recovery
associated with standard rehabilitation practices. The evident disparity between groups emphasizes
the targeted eccentric training’s efficacy in specifically developing hamstring muscle strength beyond
baseline rehabilitation benefits.

These results are practically significant, as increased isokinetic hamstring strength has clear
implications for injury prevention, athletic longevity, and performance optimization, particularly for
sports characterized by repetitive high-speed movements and rapid directional changes, such as
football.
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3.3. EMG Activation

Surface EMG recordings revealed greater normalized peak activation of the biceps femoris and
semitendinosus during maximal voluntary contractions in the eccentric group. Co-contraction index
and bilateral symmetry ratios improved post-intervention, indicating enhanced neuromuscular
coordination.

To highlight the differential effects of the intervention, Table 5 presents the comparative results
across timepoints for both groups.

Table 5. Summary of pre- and post-intervention performance outcomes.

. Pre Post o
Variable Group (Mean +SD)  (Mean + SD) A% Change p-value
. 301'11 Eccentric 4.45+0.18 4.20+0.14 -5.6% <0.01
Sprint Time (s)
Control 444 +0.17 4.40+0.19 -0.9% 0.18
HamStzll\?i )T orque Eccentric ~ 123.4+9.6  141.5+102 +14.7% <0.01
Control 122.7+11.3 127.3+10.8 +3.7% 0.09
EMG . 0
2 *0. .0 t0. . <0.
Peak Activation (%MVIC) Eccentric 83.2+6.7 91.8+54 +10.3% 0.01
Control 84.0+7.1 85.3+69 +1.5% 0.24

Table 5 summaries the performance and neuromuscular outcomes before and after the 6-week
intervention. Values are presented as mean + standard deviation (SD). Improvements in sprint time,
hamstring torque, and EMG peak activation were significant in the eccentric training group (p <0.01),
while changes in the control group were not statistically significant. Percent change reflects relative
improvement from baseline.

As illustrated in Figure 5, the eccentric training group demonstrated marked improvements in
sprint time, hamstring torque, and EMG activation following the 6-week intervention period, in
contrast to minimal changes observed in the control group.

30m Sprint Time (s) Hamstring Peak Torque (Nm) EMG Peak Activation (%MVIC)

= Pre = fre
=3 Post = Post

il
g3

120 1 80

Eccentric Group Control Group Eccentric Group Control Group Eccentric Group Control Group
Figure 5. Pre- and post-intervention outcomes in sprint time, hamstring torque, and EMG activation.

Mean values (+ SD) for the eccentric training and control groups before and after the 6-week
intervention: (A) 30-meter sprint time (lower values indicate better performance), (B) isokinetic peak
torque of the hamstrings, and (C) peak EMG activation of the biceps femoris and semitendinosus
muscles expressed as %MYVIC. Significant improvements were observed in the eccentric group across
all measures (p < 0.01), while the control group showed minimal changes.

To further complement and extend the findings summarized in Figure 5, a detailed week-by-
week analysis of changes in sprint time and hamstring torque throughout the entire intervention
period is provided in Figure 6.
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Longitudinal Performance Changes over 6 Weeks

_— 30-meter Sprint Time Evolution 145 Hamstring Torque Evolution

Eccentric Group Eccentric Group

Control Group - Control Group
4.45

140
4.40

Sprint Time (seconds)
IS
w
S

Hamstring Torque (Nm)

125 -7

4.15 [Pl

410 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 120 Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Time Time

Figure 6. Longitudinal evolution of 30-meter sprint performance (left) and maximal hamstring torque (right) in
the eccentric training group and control group throughout the 6-week intervention period. Data points represent
weekly mean values for both groups, clearly highlighting the progressive differences observed between the two

rehabilitation strategies.

Collectively, the EMG results indicate that eccentric hamstring training not only enhances
muscle activation but also promotes superior neuromuscular coordination and bilateral symmetry,
key factors for injury prevention and performance enhancement. These neuromuscular adaptations,
coupled with improvements in sprint performance and muscle strength, strongly support the
incorporation of targeted eccentric exercises into rehabilitation protocols for university-level football
athletes.

To visually illustrate the multidimensional neuromuscular adaptations following the
intervention, Figure 7 presents a radar plot comparing pre- and post-intervention EMG activation
and coordination metrics.

Neuromuscular Activation and Coordination
re- and Post-Intervention

Biceps Femoris (%MVIC)

Con up Pre
Control Group Post

Co-contraction Index (%) Semitendinosus (%MVIC)

Bilateral Symmetry (%)

Figure 7. Radar plot summarizing neuromuscular activation and coordination indicators before and after the
intervention period. The eccentric training group exhibited notable improvements across all measured
neuromuscular parameters (solid lines) compared to minimal changes in the control group, clearly reflecting

enhanced muscle function and coordination.

Taken together, the longitudinal and multidimensional analyses provided in Figures 3 and 4
emphasize the effectiveness of eccentric hamstring training in optimizing neuromuscular function,
suggesting important practical implications for rehabilitation and injury prevention strategies
discussed in the following section.

s). Distributed under a Creative Commons CC BY license.
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4. Discussion

This study examined the effects of a structured 6-week eccentric hamstring training program on
sprint performance, isokinetic strength, and neuromuscular activation in university football players
undergoing post-injury rehabilitation. The results demonstrated significant improvements across all
measured outcomes for the eccentric training group compared to the control group, thus confirming
our initial hypothesis.

The observed reduction in 30-meter sprint time aligns with existing evidence highlighting the
crucial role of eccentric hamstring strength during the late swing phase of sprinting, a phase
characterized by substantial hamstring loading. Enhanced eccentric strength likely facilitated
improved force absorption and deceleration control, resulting in superior sprint efficiency. This
finding aligns well with current rehabilitation literature advocating targeted eccentric exercises to
optimize recovery and athletic performance.

Increased concentric and eccentric peak torque in the intervention group suggests considerable
gains in muscle strength and functional capacity, essential components for athletes returning from
injury. The noted improvements support existing research emphasizing the efficacy of eccentric-
focused protocols, particularly Nordic hamstring exercises, for reducing reinjury risk by addressing
persistent strength deficits.

Further support for the effectiveness of the intervention protocol was provided by EMG
assessments, demonstrating increased muscle activation levels and improved bilateral coordination
post-intervention. These neuromuscular adaptations imply a reorganization of motor control
strategies and enhanced proprioceptive demand, possibly attributed to greater motor unit
recruitment and improved neuromuscular efficiency resulting from the eccentric loading regimen.

Despite the robust findings, the present study has some limitations that warrant discussion. The
relatively small sample size and short follow-up period limit the generalizability of the results. Future
studies should include larger cohorts and longer follow-up durations to evaluate long-term
outcomes, such as retention of performance improvements and reinjury rates. Additionally, while
EMG analysis provided valuable insights into muscle activation patterns, future research could
benefit from incorporating assessments of tendon stiffness and detailed muscle architecture
adaptations.

Practical implications include advocating for routine integration of eccentric hamstring exercises
into early rehabilitation phases, thus accelerating return-to-play readiness and enhancing functional
neuromuscular control in football athletes. Strength coaches and physiotherapists are encouraged to
adopt low-cost, simple-to-implement eccentric modalities, such as Nordic hamstring curls, within
their team-based rehabilitation and injury prevention strategies.

5. Conclusion

This study provides robust evidence supporting the integration of eccentric hamstring training
into standard rehabilitation programs for university-level football athletes recovering from
hamstring injuries. Over the 6-week intervention, participants engaging in eccentric training
displayed significant improvements in sprint performance, muscular strength, and neuromuscular
coordination, resulting in enhanced readiness for return-to-play and reduced reinjury potential.

The positive outcomes endorse the use of eccentric exercises—particularly Nordic hamstring
and tempo-based eccentric curls—as practical, effective, and economical strategies in sports
rehabilitation contexts. Given their simplicity and athlete compliance, broader implementation across
university sports settings is both feasible and recommended.

Future investigations should explore the long-term impact of eccentric training protocols,
including sustained injury prevention benefits and retention of neuromuscular gains. Additionally,
extending research to diverse athlete populations and varying competitive levels will help establish
broader applicability and inform evidence-based guidelines across different sports disciplines.
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