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Abstract

Background: In soccer, the repeated execution of unilateral actions may lead to uneven
limb development, promoting the occurrence of asymmetries. However, there is no con-
sensus on the impact of these asymmetries on sports performance or the influence of
playing position on their magnitude. Methods: A cross-sectional study was conducted
with 33 male federated soccer players (age: 18.42 ± 4.24 years; body mass: 70.23 ± 8.74 kg;
height: 1.76 ± 0.07 m; body mass index: 22.6 ± 2.7 kg/m2). Hamstring strength asymmetry
between the dominant and non-dominant limbs was assessed using functional electrome-
chanical dynamometer (FEMD) at eccentric velocities of 0.4, 0.8, and 1.2 m/s. Physical
performance was evaluated through a 30 m sprint and countermovement jump (CMJ).
Differences according to playing position were also analyzed. Results: Significant between-
limb differences were found in strength, power, and impulse, with effect sizes increasing
as testing velocity rose. No significant differences in asymmetry levels were observed
across playing positions, and no correlations were found between hamstring asymmetry
and physical performance outcomes. Conclusions: Although functional lower-limb asym-
metries were identified in soccer players, these asymmetries did not directly influence
performance nor vary across playing positions. The findings suggest that certain asym-
metries may represent normal functional adaptations in soccer rather than pathological
structural imbalances.

Keywords: functional asymmetry; eccentric strength; sprint; inter-limb differences;
sports performance

1. Introduction
Hamstring muscle injuries are among the most prevalent and burdensome injuries in

professional soccer, accounting for approximately 12–15% of all injuries and up to 24% in
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recent competitive seasons [1,2]. The multifactorial etiology of these injuries includes high-
speed running exposure, insufficient eccentric strength, fatigue, and inter-limb neuromus-
cular asymmetries [3–5]. Soccer is characterized by a complex interplay of high-intensity
actions. While fundamental locomotor movements such as sprinting and deceleration
involve alternating and integrated engagement of both limbs [6], specific key actions like
kicking, cutting, and landing impose distinct mechanical demands on each leg [3,7,8]. the
non-dominant leg often acts as a stabilizer to support the kinetic chain, while the dominant
leg performs manipulative actions, while the dominant leg performs manipulative actions
with high angular velocities [3,7,8]. Consequently, despite the bilateral nature of locomo-
tion, this repetitive exposure to role-specific mechanical loading facilitates the development
of functional inter-limb asymmetries in hamstring strength [9,10]. Eccentric hamstring
strength plays a key role during the late swing phase of sprinting, where the hamstrings
act eccentrically to decelerate knee extension and prepare for ground contact [11,12]. Re-
duced eccentric capacity has been associated with impaired sprint performance, lower
explosive output, and increased injury risk [4,11,13,14]. Consequently, inter-limb strength
asymmetries greater than 10–15% have traditionally been considered undesirable and
potentially harmful for both performance and injury prevention [15–17]. Playing position
may further modulate hamstring loading profiles, as defenders, midfielders, and forwards
are exposed to different sprinting volumes, accelerations, and high-intensity actions during
match play [5]. Despite this, the influence of playing position on hamstring strength asym-
metry remains poorly understood, with inconsistent findings across studies [18,19]. The
Nordic Hamstring Exercise (NHE) is recognized as the gold standard for assessing eccentric
hamstring strength, demonstrating positive effects on injury prevention and sprint per-
formance [4,5,12–14,20,21]. However, as an analytic movement performed with a neutral
hip, its mechanical specificity regarding the dynamic hip-knee coupling observed during
sprinting is limited [4,5,12–14,20,21]. Advances in functional electromechanical dynamom-
etry now allow the assessment of more sport-specific tasks, such as the Swing Eccentric
Hamstring Exercise (SEHE), which reproduces the hip–knee coordination and eccentric
demands characteristic of the late swing phase of sprinting [22,23]. Based on the preceding
rationale, the objectives of this study were to quantify inter-limb asymmetries during the
SEHE and analyze their relationship with physical performance and playing positions. We
hypothesized that: (i) significant inter-limb asymmetries in hamstring strength would be ob-
served due to the specific demands of soccer; (ii) these asymmetries would vary according
to playing position, reflecting role-specific mechanical loading; and (iii) greater asymmetry
values would be negatively correlated with linear sprint and vertical jump performance.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was conducted to analyze eccentric hamstring strength at three
velocities (0.4, 0.8, and 1.2 m/s) and its relationship with sprint and jump performance
in soccer players. Data collection was carried out between the 2021/22 and 2023/24
competitive seasons.

2.2. Participants

Thirty-three male federated soccer players from competitive levels ranging from
División de Honor to 1ª Andaluza Cadete voluntarily participated (age: 18.42 ± 4.24 years;
body mass: 70.23 ± 8.74 kg; height: 1.76 ± 0.07 m; body mass index: 22.6 ± 2.7 kg/m2,
Countermovement Jump: 35.6 ± 5.06 cm; Sprint 30 m: 4.22 ± 0.19). Inclusion criteria were:
(i) ≥5 years of competitive experience and (ii) absence of musculoskeletal injuries in the
hip, knee, or thigh in the six months prior to testing. Exclusion criteria included: (i) any
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history of hamstring strain injury in the previous six months, (ii) current musculoskeletal
pain affecting the lower limbs, and (iii) inability to complete all testing procedures. Players
maintained their habitual training schedule (three 90 min sessions per week and one official
match). All participants provided written informed consent. Limb dominance was defined
as the participants’ preferred kicking leg, determined by asking which leg they would
choose to kick a ball for maximum force/ability.

2.3. Procedures

Warm-up and familiarization. Players completed standardized warm-ups (light aero-
bic exercise, mobility, posterior chain activation) and two familiarization sessions before
testing. Participants were asked to maintain their regular training schedules during the
study but were advised to avoid vigorous activity for 24 h before testing. Their weekly
routine included three 90 min training sessions and an official match on the weekend.

Swing Eccentric Hamstring Exercise (SEHE): The SEHE was performed using a func-
tional electromechanical dynamometer (Myoquality M1, Myoquality Solutions, Granada,
Spain), following the protocol of Sánchez-Sánchez et al. [22]. The reliability of SEHE-
derived variables has been previously established, showing good-to-excellent test–retest
reliability for peak force, power, and impulse across velocities in soccer players [22]. Players
stood upright with the support foot placed on a box, while the test leg was attached to
the dynamometer via an ankle strap. From an initial position of ~30◦ knee flexion (mea-
sured with a goniometer), participants executed a forward swing replicating the late-swing
phase of sprinting (Figure 1). The concentric phase was standardized at 0.2 m/s, while
the eccentric phase was assessed at 0.4, 0.8, and 1.2 m/s. Three sets of five repetitions
were completed at each velocity, with 3 min passive recovery. Inter-limb asymmetry was
calculated from peak eccentric force using the equation proposed by Coratella et al. [24].

 

Figure 1. Swing Eccentric Hamstring Exercise (SEHE).
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Countermovement Jump (CMJ). Bilateral CMJ height was assessed on a contact plat-
form (Chronojump®, Barcelona, Spain), a validated system for vertical jump evaluation [25].

Sprint Test. Linear sprint performance was measured over 30 m on synthetic turf
using infrared timing gates (Chronojump®, Barcelona, Spain). Players performed three
attempts with 3 min recovery; the best time was used for analysis. The jump and sprint
assessments were conducted by a strength and conditioning specialist with experience in
these measurements.

2.4. Statistical Analysis

An a priori power analysis was conducted using G*Power (version 3.1.9.7) to deter-
mine the minimum sample size required. Based on an alpha level of 0.05, a power of 0.80,
and an expected effect size of (moderate-to-large, consistent with previous literature on
eccentric hamstring assessments [4,5], a total sample of 36 participants was estimated. Due
to the inherent challenges in recruiting professional cohorts, the final sample consisted of
33 players (91.6% of the target). While slightly below the a priori estimate, this sample
size is comparable to or exceeds those of similar field-based studies in professional soc-
cer [22–24] and proved sufficient to verify the main study hypothesis regarding inter-limb
differences. Data are reported as mean ± standard deviation (SD). Normality was assessed
using the Shapiro–Wilk test and sphericity with Mauchly’s test. Inter-limb comparisons
across velocities were analyzed using repeated-measures ANOVA. When significant main
effects were observed, post hoc pairwise comparisons were performed with Bonferroni
corrections to control for Type I error rates. Effect sizes for ANOVA were reported as
omega squared (w2) interpreted as small (0.01), medium (0.06), and large (>0.14) [26]
Pearson’s correlation coefficients (r) were used to examine relationships between SEHE
variables and performance outcomes (CMJ, sprint), with effect size thresholds interpreted
as small (0.3), moderate (0.5), and strong (0.6) [27]. Analyses were performed using JASP
software (v0.19.1).

2.5. Ethical Approval

Before participating, all participants were informed about the nature, aims, and poten-
tial risks of the experimental procedures and provided written informed consent. Informed
consent was signed by the participant or, in the case of individuals under 18 years of
age, by a legal guardian. The study followed the ethical standards of the Declaration of
Helsinki and received ethical approval from the Human Research Ethics Committee of the
University of Granada, Spain (4248/CEIH/2024).

3. Results
3.1. Inter-Limb Comparisons

Significant differences were observed between dominant and non-dominant limbs
in peak force, power, and impulse during the SEHE (Table 1). Effect sizes ranged from
small-to-moderate (d = 0.31–0.51) at 0.4 m/s to predominantly moderate (d > 0.5) at higher
velocities. The only non-significant difference was impulse at 0.4 m/s. Figure 2 illustrates
these inter-limb differences across velocities.

Table 1. Differences in peak force, power, and impulse between dominant and non-dominant limbs
during the SEHE at different velocities.

Variable Dominant (Mean ± SD) Non-Dominant (Mean ± SD) p-Value Effect Size (ω2)

Peak Force (kg)—0.4 m/s 82.60 ± 30.45 78.26 ± 30.79 0.011 * 0.51 (Moderate)
Peak Power (W)—0.4 m/s 337.23 ± 140.22 320.53 ± 120.22 0.042 * 0.41 (Small)

Impulse (N·s)—0.4 m/s 3897.31 ± 1533.88 3952.46 ± 1583.88 0.123 0.31 (Small)
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Table 1. Cont.

Variable Dominant (Mean ± SD) Non-Dominant (Mean ± SD) p-Value Effect Size (ω2)

Peak Force (kg)—0.8 m/s 101.17 ± 33.70 90.50 ± 26.84 <0.001 ** 0.65 (Moderate)
Peak Power (W)—0.8 m/s 792.42 ± 301.52 726.07 ± 208.53 0.010 * 0.50 (Moderate)

Impulse (N·s)—0.8 m/s 2587.04 ± 949.54 2344.12 ± 758.73 <0.001 ** 0.73 (Moderate)
Peak Force (kg)—1.2 m/s 110.85 ± 28.43 94.72 ± 28.43 <0.001 ** 0.74 (Moderate)
Peak Power (W)—1.2 m/s 1284.78 ± 370.14 1095.93 ± 301.71 <0.001 ** 0.78 (Moderate)

Impulse (N·s)—1.2 m/s 1997.55 ± 634.94 1782.86 ± 567.24 <0.001 ** 0.98 (Large)

Significance Level p < 0.05 *; p < 0.001 **.

Figure 2. Inter-limb differences (dominant vs. non-dominant) in peak force, peak power, and impulse
across SEHE velocities (0.4, 0.8, 1.2 m/s). Significance Level p < 0.05 *; p < 0.001 **.

3.2. Playing Position

No significant differences in force, power, or impulse were found between defenders,
midfielders, and forwards at any testing velocity (Table 2), with effect sizes being negligible
to small (ω2 < 0.06). Likewise, no positional differences were observed in inter-limb
asymmetry indices (Table 3).

Table 2. Comparisons of force, power, and impulse between playing positions during the SEHE.

Variable Defenders n = 16
(Mean ± SD)

Midfielders n = 10
(Mean ± SD)

Forwards n = 7
(Mean ± SD) p-Value Effect Size (ω2)

Force (kg)—0.4 m/s 78.76 ± 23.1 80.79 ± 33.1 93.90 ± 42.0 0.548 0.000
Power (W)—0.4 m/s 318.03 ± 92.09 323.09 ± 130.38 401.31 ± 157.10 0.292 0.017

Impulse (N·s)—0.4 m/s 4003.75 ± 1615.35 3166.75 ± 1723.10 4697.66 ± 1877.22 0.195 0.042
Force (kg)—0.8 m/s 99.06 ± 32.85 93.17 ± 36.10 117.43 ± 29.42 0.327 0.010
Power (W)—0.8 m/s 780.21 ± 246.58 730.41 ± 280.22 908.90 ± 224.40 0.359 0.004

Impulse (N·s)—0.8 m/s 2581.82 ± 989.11 2369.84 ± 1035.95 2909.26 ± 940.97 0.552 0.000
Force (kg)—1.2 m/s 111.65 ± 32.50 101.28 ± 38.59 122.69 ± 39.63 0.486 0.000
Power (W)—1.2 m/s 1298.07 ± 365.65 1182.03 ± 444.10 1401.19 ± 443.60 0.548 0.000

Impulse (N·s)—1.2 m/s 2029.51 ± 551.28 1807.61 ± 664.02 2195.85 ± 787.57 0.459 0.000

Table 3. Inter-limb asymmetry (%) across playing positions.

Velocity Defenders n = 16
(Mean ± SD)

Midfielders n = 10
(Mean ± SD)

Forwards n = 7
(Mean ± SD) p-Value Effect Size (ω2)

0.4 m/s 8.19 ± 7.18 0.29 ± 18.63 1.70 ± 8.64 0.228 0.032
0.8 m/s 8.84 ± 16.57 7.54 ± 14.09 9.66 ± 12.20 0.957 0.000
1.2 m/s 17.23 ± 11.55 9.16 ± 16.64 6.74 ± 25.53 0.300 0.015
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3.3. Relationship with Performance

No significant correlations were identified between hamstring strength asymmetry and
physical performance outcomes (CMJ and 30 m sprint) at any velocity (Table 4). observed
associations were negligible to weak (r < 0.3) across all variables.

Table 4. Correlations between asymmetry indices and physical performance (CMJ and sprint).

Velocity Asymmetry vs. CMJ (r, p) Asymmetry vs. Sprint (r, p)

0.4 m/s −0.128; p = 0.478 −0.007; p = 0.971
0.8 m/s 0.103; p = 0.568 −0.034; p = 0.851
1.2 m/s 0.026; p = 0.885 −0.159; p = 0.375

4. Discussion
The main finding of this study was that soccer players exhibited significant inter-

limb differences in eccentric hamstring strength, power, and impulse during the SEHE,
and these differences became more pronounced as the testing velocity increased. These
velocity-dependent differences suggest that faster eccentric phases amplify the mechanical
demands placed on the hamstrings, suggesting that inter-limb differences may become
more pronounced under higher mechanical demands. However, it is also important to
consider that movement variability and measurement error tend to increase at higher
isokinetic speeds. Therefore, while these values may indicate rate-dependent deficits, they
should be interpreted with caution until confirmed by reliability studies at these specific
angular velocities. However, no association was observed between asymmetry indices and
physical performance (CMJ and sprint), and no positional differences were detected.

Our results confirm the presence of functional asymmetries in soccer players, con-
sistent with previous evidence reporting inter-limb imbalances as a common feature in
unilateral sports [3,7,28]. The magnitude of asymmetry observed in our sample (8–17%)
aligns with traditional guidelines regarding asymmetry thresholds [15,16]. However, re-
cent prospective evidence indicates that such asymmetry levels are common in healthy
professional players and are not consistently associated with injury risk [29]. Thus, the
observed values in our sample likely reflect physiological adaptations to training rather
than clinical impairments [15,16]. Nevertheless, the absence of negative correlations with
performance supports the hypothesis that certain asymmetries may represent functional
adaptations to the mechanical demands of soccer rather than pathological deficits [7,28,30].
This interpretation is supported by recent computational models demonstrating that lower-
limb asymmetry does not necessarily impair running efficiency or global locomotor per-
formance [10]. Importantly, large-scale prospective studies in professional soccer have
reported much wider ranges of normal asymmetry (e.g., −27% to +20% in hip strength and
ROM), with no clinically significant associations to injury risk. These findings underscore
that asymmetry must be contextualized within the mechanical characteristics of the test and
the sport [29]. The findings reported by Kocak et al. show no association between eccentric
hamstring strength or between-limb asymmetry at return-to-sport and the risk of re-injury
in athletes. This reinforces the notion that asymmetry alone may have limited clinical utility
in identifying athletes at higher injury risk [31]. Thus, the asymmetry magnitude alone may
not be a valid indicator of functional impairment [7,28,30]. It is plausible that soccer players
develop compensatory neuromuscular strategies that allow them to maintain sprint and
jump performance despite measurable strength imbalances, particularly when assessed in
sport-specific tasks such as the SEHE [18,19].

Contrary to some studies linking strength asymmetries with reduced sprint or jump
performance [17], our findings suggest that these imbalances did not impair explosive
capacity in our sample. Differences in testing methods may explain these discrepancies.
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Most previous research has used the NHE, which isolates knee flexion with limited hip
involvement [4,12–14,20,21]. This makes the NHE mechanically distant from the late-swing
mechanics of sprinting. In contrast, the SEHE reproduces the hip-knee coupling observed
during the late swing phase, engaging the hamstrings in a lengthened, high-velocity ec-
centric action. Thus, while it lacks the ground reaction forces of sprinting, it offers a
mechanically complementary assessment to the NHE by isolating the specific joint dynam-
ics of the swing phase that fixed-hip exercises cannot capture [22,23]. This methodological
difference may partially explain the lack of association with performance outcomes.

No positional differences were observed in strength, power, impulse, or asymmetry
levels, suggesting that the development of inter-limb asymmetry is not substantially in-
fluenced by playing role. This contrasts with previous evidence linking sprint demands
to increase hamstring load and injury risk in attacking players [5]. Our results suggest
that accumulated training and match exposure may attenuate positional differences in
mechanical loading across positions.

From an applied perspective, these results highlight several key considerations. First,
inter-limb asymmetry should not be assumed to represent dysfunction; instead, it should
be evaluated within the context of the specific task being measured. Second, sport-specific
assessments such as the SEHE may offer a more ecologically valid approach to interpreting
eccentric hamstring function compared with traditional field tests. Third, rather than
applying universal asymmetry thresholds, practitioners should prioritize longitudinal,
athlete-specific monitoring, in line with current recommendations emphasizing individual-
ized asymmetry profiles.

This study has limitations. Its cross-sectional nature prevents causal inference or pre-
diction of hamstring injury risk based on SEHE-derived asymmetries. The sample included
athletes from various competitive levels, potentially increasing variability. Furthermore,
performance evaluation relied only on sprint and CMJ tests; additional sport-specific met-
rics (e.g., changes in direction or repeated sprint ability) might provide further insights.
Although the SEHE was designed to mimic the hip-flexion and knee-extension mechanics
of the late swing phase, it is important to acknowledge that it does not fully reproduce the
complex dynamic loads of maximal velocity sprinting. Unlike actual locomotion, the SEHE
is performed under controlled isokinetic-like conditions with a stable, non-reactive support
leg. Consequently, the test eliminates the ground reaction forces, higher angular velocities,
and dynamic lumbopelvic control requirements inherent to high-speed running. Therefore,
the SEHE should be interpreted as a mechanically specific proxy for isolated hamstring
capacity rather than an ecologically perfect replication of the sprint action. Additionally,
it is important to note that the physical performance assessments employed in this study
(bilateral CMJ and linear sprint) are predominantly global measures involving both limbs
simultaneously. While these tests are standard in professional soccer assessment batteries,
their bilateral nature may allow the stronger limb to compensate for the weaker one, po-
tentially masking the functional impact of hamstring asymmetry. This mismatch between
a unilateral strength metric (SEHE) and global performance outcomes could explain the
lack of significant correlations observed. Future research should incorporate unilateral
functional tests, such as single-leg countermovement jumps or change-of-direction tasks, to
better elucidate the direct transfer of hamstring asymmetry to sport-specific performance.
Furthermore, although players were categorized by position, this study did not control for
external load metrics (e.g., GPS-derived high-speed running distance or sprint volume)
during the weeks prior to testing. Consequently, the influence of acute accumulated fatigue
on the observed position-specific asymmetry profiles remains a confounding factor. Finally,
the a priori power analysis relied on a moderate-to-large, expected effect size (r = 0.45). Con-
sequently, interpretations regarding the lack of significant correlations or position-specific
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differences should be made with caution, as the study may have been underpowered to
detect smaller, yet potentially meaningful, effects (Type II error).

Future research should examine whether SEHE-derived asymmetries predict ham-
string injury prospectively, explore sex-specific and elite populations, and incorporate
kinematic and workload indicators to better understand the functional meaning of inter-
limb differences.

5. Conclusions
This study showed that competitive soccer players present significant inter-limb

differences in eccentric hamstring strength, power, and impulse during the SEHE, with
asymmetries becoming more pronounced as movement velocity increases. Despite these
differences, asymmetry indices were not associated with sprint or jump performance, nor
did they vary across playing positions. These findings suggest that inter-limb asymmetries
measured through the SEHE may represent functional adaptations to soccer rather than an
indicator of impaired performance. The use of a functional electromechanical dynamometer
to assess hamstring strength in a sport-specific task provides an innovative approach that
may complement traditional field tests. Future research should examine whether SEHE-
derived asymmetries have relevance for injury prediction and examine their behavior
across different competitive levels, sexes, and longitudinal training periods.
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