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In light of previous research highlighting the prevalence of asymmetries in soccer players and possible links to injury risks, there is a crucial gap in the biomechanical understanding of complex relationships between lower extremity and trunk asymmetries in elite soccer players. The purpose of this study was to investigate the level, relationships, and differences among twelve different parameters of strength, morphological, and neuromuscular asymmetries in elite soccer players.
Methods: Elite male soccer players (n = 25, age 21.7 ± 3.9 years) were tested in the following tests: bilateral fluid distribution, hip flexor range of motion, postural stability, isokinetic strength of knee extensors and flexors, isometric lateral trunk rotation strength, eccentric strength of knee flexors, isometric bilateral strength of hip adductors, and vertical ground reaction force in counter-movement jump-free arms, counter-movement jump, squat jump, and drop jump tests. One-way ANOVA, Pearson’s coefficient (r), and partial eta squared (ηp2) were used for data analysis.
Results: Significant differences in asymmetries were found in elite soccer players (F11,299 = 11.01, p < .01). The magnitude of asymmetry over 10% was in postural stability and drop jump parameters. The lowest magnitudes of asymmetries were in the fluid distribution of the lower limbs and the vertical ground reaction force during the take-off phase in squat jumps. The highest asymmetries between the dominant and non-dominant sides were found in postural stability and drop jump. A total of eleven significant correlations (p < 0.05, r = 0.41–0.63, R2 = 0.17–0.40) were detected between the analyzed asymmetries in elite soccer players. The lateral trunk rotation asymmetries were significantly correlated to vertical ground reaction force asymmetries and knee extensors.
Conclusion: Long-term exposure in elite soccer leads to unilateral biomechanical loading that induces abnormal strength and morphological adaptations in favor of the dominant side while linking lower limb and trunk strength asymmetries. By unraveling these complex relationships, we strive to contribute novel methods that could inform targeted training regimens and injury prevention strategies in the elite soccer community. The data should encourage future researchers and coaches to monitor and develop trunk strength linked to lower body kinematics.
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1 INTRODUCTION
In elite soccer, the interaction between lower limb and trunk strength is crucial for the intricate demands of kicking (Carvalho et al., 2021), running, and rapid changes in movement direction (Hodges and Richardson, 1997; Hedrick, 2000; Liebenson, 2010; Nagahara et al., 2018; Niewiadomy et al., 2021). Santana (2003) mentioned that the diagonal pre-stretch in the trunk’s ventral musculature, also known as the “serape effect,” optimizes force production by providing the core muscles with an optimal length-tension environment. This mechanism is an excellent way to produce force between the shoulder and the opposite hip (Santana, 2003). The majority of soccer players have a preferential or dominant lower limb to carry out repetitive unilateral movements, such as kicking a ball or changing directions (Carey et al., 2001). When unilateral load is involved in sport-specific movement, the limb becomes preferred by neural-motor patterns, resulting in different morphological and strength asymmetries (SAs) (Maly et al., 2019). Studies suggest that genetic factors, such as the LRRTM1 and protocadherin11X/Y gene pair, not only play a role in handedness but also acknowledge the influence of accidental variation, developmental instability, and early fetal development (Annett, 1978; Yeo and Gangestad, 1993; Francks et al., 2007; Crow et al., 2009). Asymmetries may result in significant changes in the myodynamic characteristics of the muscle, particularly in the dominant leg (Fousekis et al., 2010a). According to Iga et al. (2009), soccer players rarely use both limbs with the same emphasis, and this preference is related to hemispheric brain dominance. As the specific adaptation to imposed demands (SAID) principle dictates, this creates a functional asymmetry (FA) as the limbs respond to their respective roles of force generation during movement (Barbieri et al., 2015), balance (Gstottner et al., 2009; King and Wang, 2017), and morphology (Mala et al., 2023). These functional asymmetries between limbs (BLAs) fluctuate due to the demands of the environment (Maloney, 2019). They can manifest in aspects ranging from gait mechanics to the change of direction differences (Nicholson et al., 2022). However, the largest BLA in soccer has been reported in lower limb strength (Nicholson et al., 2022), with this being affected by long-standing participation in soccer (Fousekis et al., 2010b; Maloney, 2019; Maly et al., 2021). Côté et al. (2007) reported that elite players achieved more hours in specific football training during childhood and adolescence compared to those who did not achieve professional status. Long-term and highly specific physical activity (especially with more frequent use of the dominant lower limb compared to the non-dominant) may give athletes an incentive to reproduce functional and morphological asymmetries (Fousekis et al., 2010c). Hanimann et al. (2023) compared the asymmetry in knee valgus (medial knee displacement during drop jump) and core stability (displacement during dead bug bridging exercise) in high-level soccer and alpine skiers athletes. The study reported a similar magnitude of asymmetries in athletes, but the effect on the direction of laterality was different, which means differences in sport-specific demands. The most predominately measured BLA has been knee extensor and flexor muscles (Fousekis et al., 2010a; Menzel et al., 2013; Nicholson et al., 2022) and ground reaction force or heights attained during jump testing (Menzel et al., 2013; Arundale et al., 2020; Read et al., 2021). Asymmetry evaluation in elite soccer has also expanded to eccentric hamstring strength (Bishop et al., 2022a), trunk strength (Kubo et al., 2010), hip strength (Ocarino et al., 2021), and hip range of motion (Ocarino et al., 2021). The reason for this expansive search for SA in soccer players is due to its link to performance deficit (Read et al., 2021), decreased soccer-specific skills (Maly et al., 2018), or increased injury risk (Mala et al., 2020; Markovic et al., 2020; Helme et al., 2021). However, no consensus exists on these effects (Bishop et al., 2022a). This may be because asymmetries are usually analyzed in isolation despite BLA adaptations occurring throughout the lower limbs of elite soccer players in response to long-term sports participation (Fousekis et al., 2010b; Maly et al., 2021). Given the significant role that the trunk plays in energy transfer in soccer, revealing the mechanical strategies and kinematics between the lower limbs, hips, and trunk during kicking and running, the available data on trunk rotational strength in elite soccer players and its correlation with lower limb strength is incomplete. In particular, the effects of unilateral loading and asymmetry on optimal trunk performance require further investigation. However, addressing these gaps in knowledge will be critical to improving athletic performance and reducing the risk of injury. Thus, a novel approach to this problem would be to analyze the relationship between different morphological, neuromuscular, strength, and power asymmetries of lower limbs and trunk muscles. The purpose of the study was to investigate the level, relationships, and differences between twelve different parameters of strength, morphological, and neuromuscular asymmetries in elite soccer players.
2 MATERIALS AND METHODS
2.1 Study design
A cross-sectional design was used in this investigation. The study overview was explained before testing, and signed informed consent was collected from all players. The study was approved by the Ethical Committee of the Faculty of Physical Education and Sport, Charles University, under approval no. 107/2021. The ethical document preparation and measurement taking were completed in accordance with the ethical standards of the Declaration of Helsinki and the ethical standards in sport and exercise science research (Harriss et al., 2017).
2.2 Participants
Elite male soccer players from the highest division of the Czech Republic (n = 25, age 21.7 ± 3.9 years) volunteered to participate in the study. The majority of the players were recent members of their national teams. The playing positions of the players were as follows: goalkeepers (n = 4), fullbacks/wingbacks (n = 5), central backs (n = 4), midfielders (n = 5), wingers (n = 4), and attackers (n = 3). In total, 19 players were classified as right-footed and 6 players as left-footed. The average years of football training experience of the players was 15.4 ± 3.9 years. The typical weekly training/match frequency in-season is shown in Table 1. Inclusion criteria included the following: 90% of training and competition availability for the last 2 months prior to measurement; free from any musculoskeletal injuries or medical conditions that may significantly affect physical performance. Exclusion criteria included the following: high resistance or strenuous training performance within the last 48 h that may affect the maximal physical performance and strength asymmetry manifestation; recent history of lower limb or trunk injury within the last 6 months to minimize the potential for injury-related strength asymmetries; and any knee surgery in their entire playing career that may cause increased strength asymmetry.
TABLE 1 | Brief overview of weekly training/match in-season period in relation to a match day.
[image: Table 1]2.3 Data collection
Measurements were taken before the beginning of the regular season 2022/2023 in the morning from 9:00 to 11:30 a.m. The players were not exposed to any exhausting physical load 2 days before testing.
2.3.1 Anthropometric data
Body height was measured using a digital stadiometer (SECA 242, Hamburg, Germany), and body mass was measured using a digital scale (SECA 769, Hamburg, Germany).
2.3.2 Morphological asymmetries
The bilateral fluid distribution in the lower limbs (MA_FD) was assessed using a multi-frequency bio-impedance analyzer (MC-980MA; Tanita Corporation, Tokyo, Japan). MA_FD was calculated as a percentage difference between the dominant vs non-dominant limb. Dominancy was assessed by determining which limb was preferred by the participant to kick a ball (Maly et al., 2019). To ensure consistency for bio-impedance measurements (Kyle et al., 2004), the procedure was conducted in the morning from 9:00 to 11:30 when the participants had not been exposed to various foods and hydration during lunchtime. This approach accounts for the potential limitations of three-frequency analyzers, such as the presence of material in the human body and hydration level, which may influence the measurements (Cridlig, 2013).
2.3.3 Range of motion
Range of motion in hip flexion (HIPS_ROM) was performed as previously described by Cameron and Bohanon (1993). It was an active straight leg raise test. The examiner fixed the contralateral leg in place while the player raised their leg as far as possible. HIPS_ROM was measured by using a VALD DYNAMO goniometer (Vald Performance, Queensland, Australia), which was positioned and fixated on the outer femur.
2.3.4 Neuromuscular asymmetry
Neuromuscular asymmetry was tested by the multi-sensory FOOTSCAN platform (RS scan; Belgium; 0.5 m × 0.4 m; approximately 4,100 sensors; sensitivity from 0.1 of N.cm-2; sampling frequency 500 Hz) during posturographic examination. Postural stability (PS_COP) was tested by single leg stance (flamingo stance). The total distance of the center of pressure excursion was recorded for 60 s for each leg, while the non-standing leg was in a semi-flexed knee position, as previously described (Marencakova et al., 2018).
2.3.5 Isokinetic strength of knee extensors and flexors
The isokinetic peak torque of knee extensors and flexors was measured in concentric muscle contraction at 60°·s-1 using the Cybex Humac Norm isokinetic dynamometer (Cybex NORM ®, Humac, CA, United States). There was high reliability of peak muscle torque in isokinetic testing on Cybex Humac Norm for knee extensors (ICC = 0.98, 95% CI = 0.95–0.99) and flexors (ICC = 0.95, 95% CI = 0.88–0.98) (Impellizzeri et al., 2008). The testing protocol consisted of three attempts, with the maximal effort during knee flexion and extension. The bilateral ratio of knee extensors (ISOK_QQ) and flexors (ISOK_HH) was expressed as the percentage differences of peak torques between the legs. The torque was gravity-corrected, and dynamometer calibration was performed in accordance with the manufacturer’s instructions. After five submaximal warm-up repetitions, the participants performed three repetitions with maximum effort. Visual feedback and verbal stimulation were provided during the testing.
2.3.6 Isometric lateral trunk rotation strength
The isokinetic dynamometer device was also used for the isometric lateral trunk rotation strength (ISO_TRUNK) test. The maximal voluntary contraction (MVC) of ISO_TRUNK measures was obtained with an additional Trunk Modular Component (CSMi, Stoughton, MA, United States) and the Humac NORM wheel attachment (CSMi, Stoughton, MA, United States). The peak force of MVC was represented in kilograms (kg) by the manufacturer and, consequently, in the percentage of individual body weight (%BW), which was used for further analysis. Before testing, a standardized warm-up of three sets of 10-s planks, three sets of six repetitions (each side) of the bird–dog exercise, and three sets of 5-s (each side) Pallof press with a band was performed. For testing, players were in a vertical position, standing straight, and secured above and under their knees with stabilizing pads to prevent leg movement and allow maximal efforts during rotational movement. The height of the trunk modular component was set to individual positions until the dynamometer attachment reached the celiac plexus. Both hands held the Humac NORM wheel attachment at shoulder height while the shoulders were retracted with arms straight (elbow bending during setup and testing was not allowed). Depending on the side of rotation, the hand closer to the dynamometer was always on top (Figure 1). Prior to maximal effort, players were instructed to perform two submaximal 3-s trials at a level between 50% and 70% of their individual MVC with a 10-s rest in between due to familiarization. The testing protocol consisted of four trials of 3 s of rotational full-body pulls with a 30-s rest between trials. The test was performed for the dominant and non-dominant sides. Intra-rater reliability was calculated before data analysis by intra-class correlation coefficient (ICC = 0.979) with the standard error of measurement = 3.07 (%SEM = 13.38%) and the smallest detectable change = 4.86 (SDC% = 21.17%). This reliability refers to the consistency of the data recorded by one rater over several trials and is best determined when multiple trials are administered over a short period of time (Scheel et al., 2018).
[image: Figure 1]FIGURE 1 | Maximal voluntary contraction test of trunk rotational strength using the isometric mode of the Humac NORM dynamometer with trunk modular and wheel components (CSMi, Stoughton, MA, United States).
2.3.7 Eccentric strength of knee flexors
Eccentric peak force in newton of knee flexors (NB_ECC) was tested on the NordBord device (Vald Performance, Queensland, Australia) in a kneeling position at a sampling frequency of 50 Hz. High test–retest correlations of eccentric peak force (left leg: r = 0.906, CI = 0.798–0.962; right leg: r = 0.792, CI = 0.571–0.924) on NordBord devices in elite football players were reported by Rhodes et al. (2022). Per the protocol described by Drury et al. (2020), players kneeled on the board with their ankles fixed by an individual hook for each leg (uniaxial load cell), hips fully extended, and arms across the chest. Players were instructed to move forward and lower their upper body with the slowest possible speed to achieve their maximal prone position until failure. A single set of three repetitions was performed with 30-s rest between each repetition.
2.3.8 Isometric strength of hip adductors
The isometric bilateral peak force in newton of hip adductors (FF_ADD) was tested on the ForceFrame Strength Testing System device (Vald Performance, Queensland, Australia) at a sampling frequency of 400 Hz. Ryan et al. (2019) reported a high test–retest reliability of GroinBar adductor strength testing using the Vald Performance system in professional Australian footballers (ICC = 0.87–0.96, %CV = 6.3, and %SWC = 5.0). The players were in a lying supine position with knees flexed at 45°. They performed three maximal voluntary isometric contractions (5 s) when they pushed their knees into the sensors (load cells), which were placed on the medial malleoli femoral condyles, followed by a minimum of 10 s of rest between trials (Desmyttre et al., 2019). Excellent reliability and minimal detectable change were reported in previous studies (Desmyttre et al., 2019).
2.3.9 Vertical ground reaction force in jumps
Force differences in power assessment (vertical jump test) were examined by two Kistler 8611 force plates (Kistler Group, Winterthur, Switzerland) at a sampling frequency of 1,000 Hz and using software (BioWare 5.4.3.0, Winterthur, Switzerland). Hori et al. (2009) reported the following coefficient of reliability for the Kistler force plate: peak force: ICC = 0.92, peak velocity: ICC = 0.98, and peak power: ICC = 0.98. The peak vertical ground reaction forces (VGRFs) in newton exerted under each foot separately were examined during the take-off phase of four different jump tasks: counter-movement jump-free arms (CMJFA), counter-movement jump (CMJ), squat jump (SJ), and drop jump (DJ). Based on the height of each jump type, the best of three attempts was selected for data processing.
2.4 Data processing
Descriptive statistics were calculated for all variables (mean, standard deviation, 95% confidence interval, and range). The normality of the data distribution was verified using the Shapiro–Wilk test. Research data were processed using a one-way ANOVA followed by multiple comparisons of Bonferroni’s post hoc tests. Pearson’s coefficient (r) and coefficient of determination (R2) were used to examine the relationships between the investigated variables. Statistical significance was set at p < 0.05. Partial eta squared (ηp2) was also calculated, and effect sizes were estimated as follows: between ≥0.01 and <0.06—small, between ≥0.06 and <0.14—medium, and ≥0.14—large (Richardson, 2011). Statistical analysis was carried out using IBM® SPSS® v21 (Statistical Package for Social Science, Inc., Chicago, IL, 2012).
3 RESULTS
3.1 Magnitude of asymmetries
Significant differences of asymmetries were found in elite soccer players (F11,299 = 11.01, p < 0.01). While the highest level of asymmetries between the dominant and non-dominant sides were found in PS_COP (15.54% ± 9.76%, CI95 = 11.51–19.57%) and DJ (14.40% ± 13.00%, CI95 = 9.04–19.77%), the lowest asymmetries were in fluid distribution of lower limbs, MA_FD (1.03% ± 1.15%, CI95 = 0.50–1.50%), and in the SJ test, where VGRF difference during the take-off phase was 3.22% ± 0.91% (CI95 = 2.02–4.42%; Figure 2). Post hoc analysis revealed significant differences between the variables (Table 2). The magnitudes of measured asymmetries between ISOK_QQ, ISOK_HH, NB_ECC, and FF_ADD were insignificant (p > 0.05). The VGRF difference between SJ and DJ was significant (3.22% ± 2.91% vs 14.41% ± 13.00%).
[image: Figure 2]FIGURE 2 | Level of asymmetries in the measured parameters. Data are expressed in relative values (%). MA_FR, morphological asymmetries; HIPS_ROM, range of motion asymmetries; PS_COP, neuromuscular asymmetry; ISOK_QQ, isokinetic strength of knee extensors; ISOK_HH, isokinetic strength of knee flexors; NB_ECC, eccentric strength of knee flexors; FD_ADD, isometric strength of hip adductors; CMJFA, vertical ground reaction force asymmetry in counter-movement jump with arms; CMJ, vertical ground reaction force asymmetry in counter-movement jump; SJ, vertical ground reaction force asymmetry in squat jump; and DJ, vertical ground reaction force asymmetry in the drop jump test.
TABLE 2 | Levels and differences between asymmetries (the letter in post hoc means a significant difference with the variable in the same row).
[image: Table 2]3.2 Correlations between asymmetries
Eleven significant correlations (p < 0.05, r = 0.41–0.63, R2 = 0.17–0.40; Table 3) were detected between the examined asymmetries in elite soccer players. The highest relationships were revealed between CMJFA vs. CMJ (r = 0.63, R2 = 0.40, d = moderate), MA_FD vs. ISOK_HH (r = 0.61, R2 = 0.37, d = moderate), CMJ vs. DJ (r = 0.58, R2 = 0.34, d = moderate), and ISO_TRUNK vs. DJ (r = 0.56, R2 = 0.31, d = moderate). HIPS_ROM and PS_COP showed no relationship with any other parameter (p > 0.05).
TABLE 3 | Relationships between morphological, strength, and neuromuscular asymmetries.
[image: Table 3]4 DISCUSSION
Eleven out of a total of sixty six analyzed relationships were significantly correlated in a group of elite players. Those most strongly related to each other were the jump tests. The counter-movement jump has been analyzed extensively in the literature, with results indicating a typical asymmetry in vertical ground reaction force of 0.9%–7.0% (Menzel et al., 2013; Yanci and Camara, 2016; Nicholson et al., 2022). Asymmetries as low as 5% in CMJ testing have been found to be associated with decreased physical performance during sports tasks (Bishop et al., 2021). Our results found 5.6%–7.1% asymmetries in our two CMJ movements. This indicates that there is still room for elite soccer players to improve this asymmetry. The drop jump has been analyzed previously but without vertical ground reaction force (Arundale et al., 2020). The results presented here show a moderate correlation between all jump tests, except between SJ and DJ. Since these jumps represent different measures of the stretch-shortening cycle, it is interesting to find that the test of the fastest reaction (slowest possible ground time-contact control in drop jump) had the largest SA of the jump tests (14.41% on average). Given that 10%–15% is often used as a cut-off for jump asymmetry assessment (Menzel, et al., 2013), elite players may still require an intervention to limit potential performance deficits and reduce injury risk. Moreover, high-level reactive jump training, with a focus on balanced load (force) production, may be required to reduce the large asymmetry in the DJ.
Lower-limb muscle strength values were below 10% (except VGRF in DJ), which is generally accepted as a “low asymmetry.” This is in line with more recent research (Lutz et al., 2022), as elite male soccer players have benefitted from the intervention programs implemented to reduce asymmetries, as indicated by previous studies (Tyler et al., 2001; Fousekis et al., 2010a). On the other hand, we need to pay attention to individual player strength and asymmetric profile instead of group mean assessment because large inter-individual values were found (Table 2). Constant loading of one side of the body over time (passing, shooting, ball dribbling, and specific movement patterns) may lead to strength asymmetry and imbalances in tissue adaptation. Among the strength asymmetry variables, it is interesting to note that the relationship between the NordBord eccentric hamstring strength and the isokinetic concentric hamstring strength was only moderate (r = 0.407). A similar correlation (r = 0.35) between eccentric strength in “Nordic hamstring curls” (NordBord device) and the isokinetic test in professional soccer players (n = 306) has been reported by van Dyk et al. (2018). This reinforces the point that both concentric and eccentric hamstring strength should be tested in elite soccer players as their asymmetries cannot be interchanged. Another key aspect was that eccentric strength on the NordBord device was tested bilaterally in the closed kinetic chain, while testing on isokinetic dynamometry was performed unilaterally in the open kinetic chain and concentric muscle contraction. Different lower limb muscle asymmetries were associated with different jump tests. Adductor asymmetry was significantly correlated to SJ, which may be because the reduced movement of the hips requires more adductor input into the jumping movement (Yoshioka et al., 2011). The quadriceps asymmetry was significantly correlated to DJ, with this test requiring the most elastic energy activity from the quadriceps (Peng et al., 2011). Connected to both of these variables is the isometric trunk-rotation strength, which was moderately correlated to both asymmetries. This represents an interconnection between the asymmetry of the trunk, quadriceps, and DJ. This indicates a multifaceted approach and adaptations to reactive jumping in elite soccer players (Hammami et al., 2019). This is a novel relationship that has not been identified previously. This result can be used in designing strengthening programs by practitioners, especially when ISO_TRUNK rotation strength testing was just one of the tests that were performed in the transverse plane. Strength testing of players in the transverse plane may be beneficial for players and practitioners as soccer players move their whole-body segments to produce and transfer mechanical energy in all three planes during soccer movements. It has been reported that trunk–pelvic motion in the transverse plane is related to sports performance in soccer (Fonseca et al., 2011), but research has also shown asymmetry in the trunk–pelvic stabilization in the transverse plane in soccer players regardless of limb dominancy or field position (Santos et al., 2014).
Hamstring strength asymmetry (ISOK_HH) was significantly correlated with fluid distribution in lower limbs (morphological asymmetry). This can be explained through biomechanical and physiological considerations. If one lower limb exhibits greater strength repetitively, it may affect muscle activation during movement (Mertz et al., 2019). Fluid asymmetry, often observed as interstitial fluid distribution changes, may be a consequence of altered biomechanics and load repetition (Pereira and Shefelbine, 2014). The muscles play a role in the lymphatic system’s function, which helps regulate fluid balance (Muthuchamy and Zawieja, 2008). Asymmetric muscle forces may impact this system, potentially leading to fluid asymmetry in the affected limb. Moreover, hamstring strength asymmetry can influence joint mechanics and increase the risk of injuries (Fousekis et al., 2010c; Koźlenia et al., 2022; Oleksy et al., 2023), which may further contribute to fluid asymmetry. It is crucial to consider the interconnected nature of the musculoskeletal and fluid systems, recognizing that alterations in muscle strength and function can have cascading effects on fluid dynamics within the body. Additional research is needed to provide a more comprehensive understanding of this link. Postural stability had the largest asymmetry in elite soccer players, a parameter that remains highly asymmetrical (Chaari et al., 2022). Surprisingly, it was not significantly correlated to adductor asymmetry in our results, as previous research has linked groin injury to postural stability asymmetry (Chaari et al., 2022). This may be due to the difference in testing and measures attained between the studies. Like postural stability asymmetry, HIPS_ROM asymmetry was not significantly correlated to any other parameter, even though it is important for kicking a ball (Barbieri et al., 2015). These results indicate that other aspects also play a role instead of just the muscle strength and force generation of the lower limbs, such as flexibility in ROM and visuospatial systems in balance performance (Ocarino et al., 2021; Zemková and Zapletalová, 2022). Studies suggest that integrating the action/motor preference framework can enhance the precision of tailored training programs in soccer by analyzing top players’ motor skills (Castañer et al., 2017), improving various aspects of performance (Slimani et al. 2016; Lee et al., 2020), and helping coaches monitor young players’ progress (Raiola and Altavilla, 2020). Examining players’ motor preferences and their alignment with hemispheric brain dominance, as suggested by Serrien and Sovijärvi-Spapé (2015), may provide an understanding of the observed asymmetries. Integrating the action/motor preference framework into the analysis could enhance the precision of tailored training programs, considering individual variations in motor dominance within the context of soccer performance.
While this research highlights significant correlations between lower limb and trunk strength in elite soccer players, it is crucial to recognize that these associations do not inherently imply a causal relationship. Factors such as training methodologies, individual biomechanics, and other confounding variables may contribute to the observed correlations. Another limitation is that the results cannot be generalized to amateur, youth, or female players, all of whom present with even higher percentages of asymmetries (Arundale et al., 2020; Maly et al., 2021; Bishop et al., 2022b), as we focused only on male elite soccer players. Future research will benefit from a larger sample size (n > 25) to generalize the conclusions to a broader population of elite soccer players. Additionally, future research may consider, where possible, other contextual factors, such as participants’ injury history, which could also influence the strength or morphological asymmetries. The influence of lower-limb asymmetry linked to trunk strength on high-level soccer training may vary based on the specific positions of the players. Different player positions demand distinct physical attributes, movement patterns, and performance requirements (Arjol-Serrano et al., 2021). We recommend analyzing player position differences in future research, as it may reveal more detailed information to tailor training interventions. In future analysis, we encourage carefully considering these complexities, acknowledging that establishing causation requires further investigation through controlled experiments or longitudinal studies. Maintaining a functional ‘baseline’ asymmetry and its impacts should be the focus of future research, as the statement highlights the complexity of the relationship between reducing asymmetry below a certain threshold, such as 10%, and a decrease in injury risk. Objective evaluations must be used to identify any abnormalities, as it is recognized that some degree of asymmetry may be inherent and natural for soccer players, while an increasing number may exhibit abnormalities. Reducing something may not necessarily result in injury prevention, as current scientific evidence is not in agreement with the baselines. However, the majority of research on elite soccer players suggests that strength asymmetries can impact performance, particularly in short sprints and dynamic tasks, and increase the risk of injury, especially hamstring strains and muscular imbalances (Lehance et al., 2008; Fousekis et al., 2010a; Sannicandro et al., 2011; Bishop et al., 2021; Ascenzi et al., 2022; Stella et al., 2022).
5 CONCLUSION
The magnitude of asymmetries in elite soccer players varied by each parameter, from lower than 5% (MA_FD, HIPS_ROM, NB_ECC, CMJFA, SJ), asymmetries from 5% to 10% (ISOK_QQ, ISOK_HH, FF_ADD, CMJ, ISO_TRUNK), and those over 10% (PS_COP, DJ). The players with long lengths of exposure to soccer practice may develop asymmetry in different body segments. Morphological asymmetries were linked with knee flexor asymmetries (ISOK_HH). The novelty of this study was that lateral trunk-rotation asymmetries (ISO_TRUNK) were significantly correlated to VGRF asymmetries in power assessment (DJ) and knee extensors in elite soccer players. The results indicate that unilateral lower-limb load and its power characteristics at the elite soccer level may influence the development of abnormal strength and morphological adaptations in favor of the dominant side and also in the strength parameters of the trunk. Higher attention should be paid to players who had higher asymmetries (>10%) and those who suffer from hamstring and adductors muscle group based on individual assessment. Clinicians and conditioning practitioners should be aware of monitoring whole-body strength throughout the season and intentionally intervene in abnormalities.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The studies involving humans were approved by the Ethical Committee of the Faculty of Physical Education and Sport, Charles University, Prague. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
TM: conceptualization, funding acquisition, investigation, methodology, supervision, and writing–original draft. MH: data curation, software, validation, and writing–original draft. FV: formal analysis, investigation, and writing–original draft. CC: conceptualization, data curation, investigation, supervision, and writing–original draft. KP: data curation, formal analysis, methodology, software, visualization, and writing–review and editing. FZ: funding acquisition, project administration, resources, supervision, and writing–review and editing. LM: data curation, investigation, validation, and writing–review and editing. KF: supervision and writing–review and editing.
FUNDING
The authors declare that financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Cooperatio Sport Sciences B&R Medicine.
ACKNOWLEDGMENTS
The authors would like to thank all the players and coaches for their disciplined manners during measurements and scarce attitude to share experiences and ideas. Special thanks should be given to AC Sparta Praha soccer club and Sport Research Center for the opportunity to realize this study and for its excellent support.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Annett M. (1978). Genetic and nongenetic influences on handedness. Behav. Genet. 8, 227–249. doi:10.1007/BF01072826
 Arjol-Serrano J., Lampre M., Díez A., Castillo D., Sanz-López F., Lozano D. (2021). The influence of playing formation on physical demands and technical-tactical actions according to playing positions in an elite soccer team. Int. J. Environ. Res. Public Health 18, 4148. doi:10.3390/ijerph18084148
 Arundale A., Kvist J., Hagglund M., Faltstrom A. (2020). Jump performance in male and female football players. Knee. Surg. Sports. Traumatol. Arthrosc. 28 (2), 606–613. doi:10.1007/s00167-019-05747-1
 Ascenzi G., Filetti C., Salvo V., Núñez F., Suárez-Arrones L. Ruscello B., et al. (2022). Inter-limb asymmetry in youth elite soccer players: effect of loading conditions. PLoS ONE 17, e0269695. doi:10.1371/journal.pone.0269695
 Barbieri F., Bucken Gobbi L., Pereira Santiago P., Cunha S. (2015). Dominant-non-dominant asymmetry of kicking a stationary and rolling ball in a futsal context. J. Sports Sci. 33 (13), 1411–1419. doi:10.1080/02640414.2014.990490
 Bishop C., Brashill C., Abbott W., Read P., Lake J., Turner A. (2021). Jumping asymmetries are associated with speed, change of direction speed, and jump performance in elite academy soccer players. J. Strength Cond. Res. 35 (7), 1841–1847. doi:10.1519/JSC.0000000000003058
 Bishop C., Manuel J., Drury B., Beato M., Turner A. (2022a). Assessing eccentric hamstring strength using the NordBord: between-session reliability and interlimb asymmetries in professional soccer players. J. Strength Cond. Res. 36 (9), 2552–2557. doi:10.1519/JSC.0000000000004303
 Bishop C., P R., Bromley T., Brazier J., Jarvis P. Chavda S., et al. (2022b). The association between interlimb asymmetry and athletic performance tasks: a season-long study in elite academy soccer players. J. Strength Cond. Res. 36 (3), 787–795. doi:10.1519/JSC.0000000000003526
 Cameron D. M., Bohannon R. W. (1993). Relationship between active knee extension and active straight leg raise test measurements. J. Orthop. Sport. Phys. 17 (5), 257–260. doi:10.2519/jospt.1993.17.5.257
 Carey D., Smith G., Smith D., Shepard J., Skriver J. Ord L., et al. (2001). Footedness in world soccer: an analysis of France '98. J. Sports Sci. 19 (11), 855–864. doi:10.1080/026404101753113804
 Carvalho D., Ocarino J., Cruz A., Barsante L., Teixeira B. Resende R., et al. (2021). The trunk is exploited for energy transfers of maximal instep soccer kick: a power flow study. J. Biomech. 121, 110425. doi:10.1016/j.jbiomech.2021.110425
 Castañer M., Barreira D., Camerino O., Anguera M., Fernandes T., Hileno R. (2017). Mastery in goal scoring, T-pattern detection, and polar coordinate analysis of motor skills used by lionel messi and cristiano ronaldo. Front. Psychol. 8, 741. doi:10.3389/fpsyg.2017.00741
 Chaari F., Boyas S., Sahli S., Fendri T., Harrabi M. Rebai H., et al. (2022). Postural balance asymmetry and subsequent noncontact lower extremity musculoskeletal injuries among Tunisian soccer players with groin pain: a prospective case control study. Gait Posture 98, 134–140. doi:10.1016/j.gaitpost.2022.09.004
 Côté J., Baker J., Abernethy B. (2007). Practice and play in the development of sport expertise. Handb. Sport Psychol 3 (1), 184–202. 
 Cridlig J. (2013). Bioimpedance spectroscopy and body composition in nephrology and dialysis: factors of influence. Dr. Diss. Univ. Lorraine . 
 Crow T., Close J., Dagnall A., Priddle T. (2009). Where and what is the right shift factor or cerebral dominance gene? A critique of Francks. Laterality 14, 10–13. doi:10.1080/13576500802574984
 Desmyttre G., Gaudet S., Begon M. (2019). Test-retest reliability of a hip strength assessment system in varsity soccer players. Phys. Ther. Sport 37, 138–143. doi:10.1016/j.ptsp.2019.03.013
 Drury B., Green T., Ramirez-Campillo R., Moran J., March H. (2020). Influence of maturation status on eccentric hamstring strength improvements in youth male soccer players after the nordic hamstring exercise. Int. J. Sport. Physiol. 18, 990–996. doi:10.1123/ijspp.2019-0184
 Fonseca S. T., Souza T. R., Ocarino J. M., Goncalves G. P., Bittencourt N. F. (2011). “Applied biomechaniscs of soccer,” in Athletic and sport issues in musculoskeletal rehabilitation ed . Editors D. J. Magee, R. C. Manske, J. E. Zachazewski, W. S. Quillen (China: Saunders Elsevier), 287–306. 
 Fousekis K., Tsepis E., Poulmedis P., Athanasopoulos S., Vagenas G. (2010c). Intrinsic risk factors of non-contact quadriceps and hamstring strains in soccer: a prospective study of 100 professional players. Br. J. Sports Med. 45, 709–714. doi:10.1136/bjsm.2010.077560
 Fousekis K., Tsepis E., Vagenas G. (2010a). Lower limb strength in professional soccer players: profile, asymmetry, and training age. J. Sports Sci. Med. 9 (3), 364–373.
 Fousekis K., Tsepis E., Vagenas G. (2010b). Multivariate isokinetic strength asymmetries of the knee and ankle in professional soccer players. J. Sports Med. Phys. Fit. 50 (4), 465–474.
 Francks C., Maegawa S., Laurén J., Abrahams B., Velayos-Baeza A. Medland S., et al. (2007). LRRTM1 on chromosome 2p12 is a maternally suppressed gene that is associated paternally with handedness and schizophrenia. Mol. Psychiatry 12, 1129–1139. doi:10.1038/sj.mp.4002053
 Gstottner M., Neher A., Scholtz A., Millonig M., Lembert S., Raschner C. (2009). Balance ability and muscle response of the preferred and nonpreferred leg in soccer players. Mot. Control 13 (2), 218–231. doi:10.1123/mcj.13.2.218
 Hammami M., Gaamouri N., Shephard R., Chelly M. (2019). Effects of contrast strength vs. Plyometric training on lower-limb explosive performance, ability to change direction and neuromuscular adaptation in soccer players. J. Strength Cond. Res. 33 (8), 2094–2103. doi:10.1519/JSC.0000000000002425
 Hanimann J., Ellenberger L., Bernhard T., Franchi M. V., Roth R. Faude O., et al. (2023). More than just a side effect: dynamic knee valgus and deadbug bridging performance in youth soccer players and alpine skiers have similar absolute values and asymmetry magnitudes but differ in terms of the direction of laterality. Front. Physiol. 14, 1129351. doi:10.3389/fphys.2023.1129351
 Harriss D., Macsween A., Atkinson G. (2017). Standards for ethics in sport and exercise science research: 2018 update. Int. J. Sport Med. 38 (14), 1126–1131. doi:10.1055/s-0043-124001
 Hedrick A. (2000). Training the trunk for improved athletic performance. J 22, 50. doi:10.1519/00126548-200006000-00013
 Helme M., Tee J., Emmonds S., Low C. (2021). Does lower-limb asymmetry increase injury risk in sport? A systematic review. Phys. Ther. Sport 49, 204–213. doi:10.1016/j.ptsp.2021.03.001
 Hodges P., Richardson C. (1997). Contraction of the abdominal muscles associated with movement of the lower limb. Phys. Ther. 77 2, 132–142. doi:10.1093/ptj/77.2.132
 Hori N., Newton R. U., Kawamori N., McGuigan M. R., Kraemer W. J., Nosaka K. (2009). Reliability of performance measurements derived from ground reaction force data during countermovement jump and the influence of sampling frequency. J. Strength Cond. Res. 23 (3), 874–882. doi:10.1519/JSC.0b013e3181a00ca2
 Iga J., George K., Lees A., Reilly T. (2009). Cross-sectional investigation ofindices of isokinetic leg strength in youth soccer players and untrainedindividuals. Scand. J. Med. Sci. Sports 19 (5), 714–719. doi:10.1111/j.1600-0838.2008.00822.x
 Impelizzeri F. M., Bizzini M., Rampini E., Cereda F., Maffiuletti N. A. (2008). Reliability of isokinetic strength imbalance ratios measured using the Cybex NORM dynamometer. Clin. Physiol. Funct. Imaging 28, 914–918. doi:10.1111/j.1475-097X.2007.00786.x
 King A., Wang Z. (2017). Asymmetrical stabilization and mobilization exploited during static single leg stance and goal directed kicking. Hum. Mov. Sci. 54, 182–190. doi:10.1016/j.humov.2017.05.004
 Koźlenia D., Struzik A., Domaradzki J. (2022). Force, power, and morphology asymmetries as injury risk factors in physically active men and women. Symmetry 14, 787. doi:10.3390/sym14040787
 Kubo T., Muramatsu M., Hoshikawa Y., Kanehisa H. (2010). Profiles of trunk and thigh muscularity in youth and professional soccer players. J. Strength Cond. Res. 24 (6), 1472–1479. doi:10.1519/JSC.0b013e3181d32eb1
 Kyle U., Bosaeus I., De Lorenzo A., Deurenberg P., Elia M. Manuel Goméz J., et al. (2004). Bioelectrical impedance analysis—part II: utilization in clinical practice. Clin. Nutr. 23 (6), 1430–1453. doi:10.1016/j.clnu.2004.09.012
 Lee S., Byun S., An J., Lee Y., Lee J. Shin W., et al. (2020). The Field application of youth soccer training program based on the motor learning techniques. Korean J. Sport Sci. 31, 432–448. doi:10.24985/KJSS.2020.31.3.432
 Lehance C., Binet J., Bury T., Croisier J. (2008). Muscular strength, functional performances and injury risk in professional and junior elite soccer players. Scand. J. Med. Sci. Sports 19, 243–251. doi:10.1111/j.1600-0838.2008.00780.x
 Liebenson D. (2010). Improving trunk rotation. J. Bodyw. Mov. Ther. 14 3, 302. doi:10.1016/j.jbmt.2010.04.002
 Lutz F., Cleary C., Moffatt H., Sullivan V., LaRoche D., Cook S. (2022). Comparison of the H:Q ratio between the dominant and nondominant legs of soccer players: a meta-analysis. Sports Health 15 (4), 486–496. doi:10.1177/19417381221095096
 Mala L., Hank M., Stastny P., Zahalka F., Ford K. R. Zmijewski P., et al. (2023). Elite young soccer players have smaller inter-limb asymmetry and better body composition than non-elite players. Biol. Sport 40(1), 265–272. doi:10.5114/biolsport.2023.114840
 Mala L., Maly T., Cabell L., Hank M., Bujnovsky D., Zahalka F. (2020). Anthropometric, body composition, and morphological lower limb asymmetries in elite soccer players: a prospective cohort study. Int. J. Environ. Res. Public. Health 17 (4), 1140. doi:10.3390/ijerph17041140
 Maloney S. (2019). The relationship between asymmetry and athletic performance: a critical review. J. Strength Cond. Res. 33 (9), 2579–2593. doi:10.1519/JSC.0000000000002608
 Maly T., Ford K., Sugimoto D., Izovska J., Bujnovsky D. Hank M., et al. (2021). Isokinetic strength, bilateral and unilateral strength differences: variation by age and laterality in elite youth football players. Int. J. Morphol. 39 (1), 260–267. doi:10.4067/s0717-95022021000100260
 Maly T., Mala L., Bujnovsky D., Hank M., Zahalka F. (2019). Morphological and isokinetic strength differences: bilateral and ipsilateral variation by different sport activity. Open Med-Warsaw 14, 207–216. doi:10.1515/med-2019-0014
 Maly T., Sugimoto D., Izovska J., Zahálka F., Mala L. (2018). Effect of muscular strength, asymmetries and fatigue on kicking performance in soccer players. Int. J. Sports Med. 39 (4), 297–303. doi:10.1055/s-0043-123648
 Marencakova J., Maly T., Sugimoto D., Gryc T., Zahalka F. (2018). Foot typology, body weight distribution, and postural stability of adolescent elite soccer players: a 3-year longitudinal study. PLoS One 13 (9), e0204578. doi:10.1371/journal.pone.0204578
 Markovic G., Sarabon N., Pausic J., Hadzic V. (2020). Adductor muscles strength and strength asymmetry as risk factors for groin injuries among professional soccer players: a prospective study. Int. J. Environ. Res. Public. Health 17 (14), 4946. doi:10.3390/ijerph17144946
 Menzel H., Chagas M., Szmuchrowski L., Araujo S., de Andrade A., de Jesus-Moraledia F. (2013). Analysis of lower limb asymmetries by isokinetic and vertical jump tests in soccer players. J. Strength Cond. Res. 27 (5), 1370–1377. doi:10.1519/JSC.0b013e318265a3c8
 Mertz K., Reitelseder S., Jensen M., Lindberg J., Hjulmand M. Schucany A., et al. (2019). Influence of between-limb asymmetry in muscle mass, strength, and power on functional capacity in healthy older adults. Scand. J. Med. Sci. Sports 29, 1901–1908. doi:10.1111/sms.13524
 Muthuchamy M., Zawieja D. (2008). Molecular regulation of lymphatic contractility. Ann. N. Y. Acad. Sci. 1131, 89–99. doi:10.1196/annals.1413.008
 Nagahara R., Matsubayashi T., Matsuo A., Zushi K. (2018). Kinematics of the thorax and pelvis during accelerated sprinting. J. Sports Med. Phys. Fit. 58 9, 1253–1263. doi:10.23736/S0022-4707.17.07137-7
 Nicholson G., Bennett T., Thomas A., Pollitt L., Hopkinson M. Crespo R., et al. (2022). Inter-limb asymmetries and kicking limb preference in English premier league soccer players. Front. Sports Act. Living 17 (4), 982796. doi:10.3389/fspor.2022.982796
 Niewiadomy P., Szuścik-Niewiadomy K., Kuszewski M., Kurpas A., Kochan M. (2021). The influence of rotational movement exercise on the abdominal muscle thickness and trunk mobility - randomized control trial. J. Bodyw. Mov. Ther. 27, 464–471. doi:10.1016/J.JBMT.2021.05.008
 Ocarino J., Resende R., Bittencourt N., Correa R., Mendonca L. Reis G., et al. (2021). Normative data for hip strength, flexibility and stiffness in male soccer athletes and effect of age and limb dominance. Phys. Ther. Sport 47, 53–58. doi:10.1016/j.ptsp.2020.11.022
 Oleksy L., Mika A., Kielnar R., Szczudło M., Racheniuk H. Adamska O., et al. (2023). Composite score of readiness (CSR) as a data reduction technique for monitoring the RTS process in footballers following ACL reconstruction. Symmetry 15, 298. doi:10.3390/sym15020298
 Peng H., Kernozek T., Song C. (2011). Quadricep and hamstring activation during drop jumps with changes in drop height. Phys. Ther. Sport 12 (3), 127–132. doi:10.1016/j.ptsp.2010.10.001
 Pereira A., Shefelbine S. (2014). The influence of load repetition in bone mechanotransduction using poroelastic finite-element models: the impact of permeability. Biomech. Model. Mechanobiol. 13, 215–225. doi:10.1007/s10237-013-0498-8
 Raiola G., Altavilla G. (2020). Testing motor skills, general and special coordinative, in young soccer. J. Hum. Sport Exerc. 15, 206–212. doi:10.14198/jhse.2020.15.proc2.11
 Read P., McAuliffe S., Bishop C., Oliver J., Graham-Smith P., Abdulaziz-Farooq M. (2021). Asymmetry thresholds for common screening tests and their effects on jump performance in professional soccer players. J. Athl. Train. 56 (1), 46–53. doi:10.4085/1062-6050-0013.20
 Rhodes D., Greig M., Jeffrey J., Alexander J. (2022). Quantification of eccentric hamstrings strength in elite academy footballers: considerations for assessment. CEJSSM 39 (3), 5–16. doi:10.18276/cej.2022.3-01
 Richardson J. (2011). Eta squared and partial eta squared as measures of effect size in educational research. Edu. Res. Rev. 6 (2), 135–147. doi:10.1016/j.edurev.2010.12.001
 Ryan S., Kempton T., Pacecca E., Coutts A. J. (2019). Measurement properties of an adductor strength-assessment system in professional Australian footballers. Int. J. Sports Physiol. Perform. 14 (2), 256–259. doi:10.1123/ijspp.2018-0264
 Sannicandro I., Piccinno A., Rosa R., Pascalis S. (2011). Correlation between functional asymmetry of professional soccer players and sprint. Br. J. Sports Med. 45, 370–371. doi:10.1136/bjsm.2011.084038.171
 Santana J. (2003). The serape effect: a kinesiological model for core training. Strength Cond. J. 25, 73–74. doi:10.1519/00126548-200304000-00013
 Santos T. R. T., de Andrade J. A., da Silva B. L., Garcia A. F. A., Persichini J. G. W. Ocarino J. D., et al. (2014). Active control stabilization of pelvic position in the transverse plane: an evaluation of soccer players' performance. Phys. Ther. Sport 15 (3), 189–193. doi:10.1016/j.ptsp.2013.11.003
 Scheel C., Mecham J., Zuccarello V., Mattes R. (2018). An evaluation of the inter-rater and intra-rater reliability of OccuPro's functional capacity evaluation. Work 60 (3), 465–473. doi:10.3233/WOR-182754
 Serrien D., Sovijärvi-Spapé M. (2015). Hemispheric asymmetries and the control of motor sequences. Behav. Brain Res. 283, 30–36. doi:10.1016/j.bbr.2015.01.021
 Slimani M., Bragazzi N., Tod D., Dellal A., Hue O. Chéour F., et al. (2016). Do cognitive training strategies improve motor and positive psychological skills development in soccer players? Insights from a systematic review. J. Sports Sci. 34, 2338–2349. doi:10.1080/02640414.2016.1254809
 Stella A., Galimi A., Martini M., Lenarda L., Murena L., Deodato M. (2022). Muscle asymmetries in the lower limbs of male soccer players: preliminary findings on the association between countermovement jump and tensiomyography. Sports 10, 177. doi:10.3390/sports10110177
 Tyler T., Nicholas S., Campbell R., McHugh M. (2001). The association of hip strength and flexibility with the incidence of adductor muscle strains in professional ice hockey players. Am. J. Sports Med. 29 (2), 124–128. doi:10.1177/03635465010290020301
 van Dyk N., Witvrouw E., Bahr R. (2018). Interseason variability in isokinetic strength and poor correlation with Nordic hamstring eccentric strength in football players. Scand. J. Med. Sci. Sports 28 (8), 1878–1887. doi:10.1111/sms.13201
 Yanci J., Camara J. (2016). Bilateral and unilateral vertical ground reaction forces and leg asymmetries in soccer players. Biol. Sport 33 (2), 179–183. doi:10.5604/20831862.1198638
 Yeo R., Gangestad S. (1993). Developmental origins of variation in human hand preference. Genetica 89, 283–298. doi:10.1007/978-94-011-0830-0_22
 Yoshioka S., Nagano A., Hay D., Fukashiro S. (2011). The effect of bilateral asymmetry of muscle strength on the height of a squat jump: a computer simulation study. J. Sports Sci. 29 (8), 867–877. doi:10.1080/02640414.2011.568512
 Zemková E., Zapletalová L. (2022). The role of neuromuscular control of postural and core stability in functional movement and athlete performance. Front. Physiol. 13, 796097. doi:10.3389/fphys.2022.796097
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Maly, Hank, Verbruggen, Clarup, Phillips, Zahalka, Mala and Ford. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-15-1343090-t003.jpg
MA_FD  HIPS_ROM  PS_COP

MA_FD i
HIPS_ROM - 1
ps_COP 18 3
1S0K_QQ 0 -7
ISOK_HH, o

NB_ECC 3 -2
FF_ADD 2 -0
CMIEA -0 o8
EY) 19

s -0l 0
) -0l a8
1SO_TRUNK » -1

26

o8

15

7

0%

10

1SOK_QQ

@

-n

2

a6

30

ar

s

ISOK_HH

NB_ECC cMm. SI DI ISO_TRUNK

1
-1 1

13 -n 1
o8 B e 1

o a5 ES 1
a8 -1 ar 58 20 i

0 u 36 ] B s 1

MA_FD, morphological asymmetris:HIPS. ROM, rnge of motion ssymmetis;PS_COP, neuromusculr symmeteys ISOK_Q,sokinetic steengthof knee xtensors SOK_HH, skinete strengthof knee flexors NB_ECC, ecentric strength of Knee lsors;FD.

ADD, sometic seength of hip adductors CMIFA, vertical ground reac
s 1ot o it ooy aormmmit e e Tamnst etk

1 force asymmetryin countr-movement jump ith a

 CMJ,vertcal round racton frce asymmety n counter-moscnment jump: S, vertica ground reaction foce asymmetey i squ





OPS/images/fphys-15-1343090-t001.jpg
Day Field-based training Match (min)

‘ MD + 1 Recovery’, top-up (60 min)" ‘

‘ MD -2 60 min ‘

‘ MD -1 60 min ‘

‘ MD 20 min® ‘ %0

‘ MD + 1 Recovery", top-up (60 min)* 30 min® ‘

‘ MD - 1 60 min ‘

‘ MD 20 min® ‘ 90

MD, match day.

“Recovery and gym session for players who played for more than 45 min.
"Field-based session includes players who either did not appear in line-
e pesiiinbill shstan vl the i ay s U palatiestion el

or played less than 45 min.
o el






OPS/images/fphys-15-1343090-t002.jpg
Variable Mean + SD 95% CI Range
MA_FD* 103 115 0.56-1.50 364 odehk
HIPS_ROM® 456 +3.41 3.15-5.97 1190 ok
PS_COP* 1554 £ 976 1151-19.57 37.68 abdefghijl
ISOK_QQ" 817 £7.24 5.18-1116 26.60 ac
ISOK_HH® 876 + 629 616-11.36 2290 ac
NB_ECC' 404 + 489 203-607 2388 ok
FE_ADD* 632+ 456 444-820 1615 ok
CMJFA" 403 £3.35 265-541 1182 ok
7 eVl 7 898 +8.83 | 5331263 33.20 ac
s 3224291 202-4.42 1384 ok
» DJ* [ 1441 £ 13.00 9.04-19.77 46.20 abfighjl
ISO_TRUNK' 5.64 +3.64 414-7.14 14.00 ok

MA_FD, morphological asymmetries; HIPS_ROM, range of motion asymmetries; PS_COP, neuromuscular asymmetry; ISOK_QQ, isokinetic strength of knee extensors; ISOK_HH, isokinetic
strength of knee flexors; NB_ECC, eccentric strength of knee flexors; FD_ADD, isometric strength of hip adductors; CMJFA, vertical ground reaction force asymmetry in counter-movement
jump with arms; CMJ, vertical ground reaction force asymmetry in counter-movement jump; SJ, vertical ground reaction force asymmetry in squat jump; DJ, vertical ground reaction force
asymmetry in the drop jump test; SD, standard deviation; CI, confidence interval.





OPS/xhtml/nav.xhtml
Contents

		Cover

		Relationships of lower extremity and trunk asymmetries in elite soccer players		1 Introduction

		2 Materials and methods		2.1 Study design

		2.2 Participants

		2.3 Data collection

		2.4 Data processing





		3 Results		3.1 Magnitude of asymmetries

		3.2 Correlations between asymmetries





		4 Discussion

		5 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Physiology






OPS/images/fphys-15-1343090-g001.gif





OPS/images/fphys-15-1343090-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





