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Abstract

Background: Soccer demands a combination of speed, agility, endurance, and power. While
training and nutrition are crucial, genetic factors, particularly the ACTN3 gene, significantly
influence performance. The ACTN3 gene encodes a-actinin-3, a protein in fast-twitch muscle
fibres essential for power and speed. The R577X polymorphism results in three genotypes: RR,
RX, and XX, each affecting muscle function differently. Understanding these variations can
provide insights into soccer performance. Objectives: This study examines the impact of the
ACTN3 R577X polymorphism on soccer performance attributes such as sprinting, jumping,
endurance, and recovery. It also explores genotype-based training approaches for performance
optimization. Method: A scoping review was conducted following JBI guidelines, searching
PubMed, Web of Science, Scopus, SPORTDiscus, and Google Scholar. Studies on male and
female soccer players analysing ACTN3 R577X polymorphisms and performance outcomes
were included. Results: The RR genotype enhances sprint speed and power; the XX genotype
is linked to higher aerobic capacity (VO2 max) and endurance, while the RX genotype provides
a balance of power and endurance. RR-genotyped players recover faster. Genetic profiling may
aid in talent identification and personalized training strategies. Conclusion: ACTN3 genotypes
significantly influence soccer performance. Integrating genetic insights into training regimens
can optimize performance and reduce injury risks. Future research should explore genotype-
specific training interventions.

Keywords: ACTN3 gene, R577X polymorphism, soccer performance, speed and power,
endurance capacity, and genotype-based training

Introduction

Soccer is a dynamic sport that demands a blend of endurance, agility, and explosive power
from its players. The ability to perform rapid sprints, swift directional changes, and powerful
jumps is crucial for success on the field. While rigorous training and nutrition are fundamental
to developing these attributes, emerging research highlights the significant role of genetics in
influencing athletic performance (Coelho et al., 2016). One gene, in particular, the ACTN3
gene, has garnered attention for its impact on muscle function and, consequently, on soccer
players' performance. The ACTN3 gene encodes the protein a-actinin-3, predominantly
expressed in type Il (fast-twitch) muscle fibres responsible for generating rapid and forceful
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contractions(Doring et al., 2010). These fibres are essential for activities requiring explosive
strength, such as sprinting and jumping key components of soccer. A common polymorphism
in the ACTN3 gene, known as R577X (rs1815739), results in the replacement of arginine (R)
with a premature stop codon (X) at position 577 (Shang et al., 2010). Individuals homozygous
for the X allele (XX genotype) lack functional a-actinin-3 protein, leading to a complete
deficiency in their muscle fibres(Orysiak et al., 2017). This genetic variation is prevalent, with
approximately 20% of the global population carrying the XX genotype.

The absence of a-actinin-3 has been associated with a shift in muscle fibre composition and
metabolism(Vincent et al., 2012). Studies involving ACTN3 knockout mice have demonstrated
a reduction in fast-twitch muscle fibre diameter and mass, accompanied by enhanced endurance
capacity(Kikuchi & Nakazato, 2015). This suggests a trade-off where the deficiency of a-
actinin-3 Favors endurance at the expense of explosive power.

In human studies, the influence of the ACTN3 R577X polymorphism on athletic performance
has been extensively investigated(Jeremic et al., 2019). Research indicates that the RR
genotype is more prevalent among elite sprinters and power athletes, suggesting a genetic
advantage in disciplines requiring speed and power. Conversely, the XX genotype appears to
be overrepresented in endurance athletes, aligning with the enhanced aerobic capacity observed
in a-actinin-3 deficient muscles(Chiul et al., 2011).

Specific to soccer, a sport that necessitates both explosive actions and sustained effort, the
ACTNS3 genotype may influence player performance. A study involving professional Brazilian
soccer players revealed that individuals with the RR genotype exhibited superior performance
in speed and power tests, including faster 10-meter sprints and higher jump heights, compared
to their XX counterparts(Coelho et al., 2016). This suggests that the presence of functional a-
actinin-3 contributes to enhanced explosive capabilities on the field.

Moreover, the XX genotype has been linked to a higher maximal oxygen uptake (VO: max),
indicating a potential advantage in endurance aspects of soccer(Coso et al., 2024). This aligns
with the metabolic shift towards more oxidative pathways observed in a-actinin-3 deficient
muscles, which may enhance fatigue resistance during prolonged activities. Understanding the
distribution of ACTN3 genotypes among soccer players can provide valuable insights for talent
identification and personalized training programs(Chiul et al., 2011). For instance, players
with the RR genotype might benefit from training regimens focused on maximizing their innate
explosive strength, while those with the XX genotype could emphasize endurance training to
capitalize on their aerobic potential(Jeremic et al., 2019). This genotype-informed approach
could optimize individual performance and reduce injury risk by aligning training strategies
with genetic predispositions.

Additionally, with the rise of personalized medicine and training approaches, understanding
genetic predispositions can help optimize training programs. ldentifying players’ ACTN3
genotypes could lead to tailored training regimens that maximize their genetic strengths and
mitigate potential weaknesses(Baltazar-Martins et al., 2020). Such personalized approaches
could enhance performance, reduce injury risks, and support long-term athletic development.

Ultimately, this study aims to explore into how genetic information, particularly regarding the
ACTNS gene, can be integrated into soccer training and performance strategies. By focusing
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on a practical and applied setting, this research contributes to the broader field of sports
genomics and offers actionable knowledge for coaches, trainers, and athletes.

Method:

This study employed a scoping review methodology, guided by the framework proposed by
(Zouhal et al., 2021) and refined by the Joanna Briggs Institute (JBI) guidelines (Vincent et al.,
2012). Scoping reviews were utilized to map the breadth of research, identify knowledge gaps,
and summarize existing evidence on how the ACTN3 R577X polymorphism influenced soccer
player performance.

The inclusion criteria encompassed studies involving male and female soccer players of all
ages and skill levels, focusing on the ACTN3 R577X polymorphism and its impact on
performance. Performance outcomes included speed (e.g., sprint times), power (e.g., jump
height), endurance (e.g., VO: max), and overall soccer performance. Eligible studies included
observational, experimental, and genetic association studies, as well as systematic reviews and
meta-analyses published in English between 2000 and 2025. Exclusion criteria comprised
studies involving non-soccer athletes, lacking ACTN3 genetic analysis, or missing
performance-related outcomes.

A systematic search was conducted in PubMed, Web of Science, Scopus, SPORTDiscus, and
Google Scholar, using keywords and MeSH terms such as “ACTN3,” “R577X polymorphism,”
“soccer,” “football,” “speed,” “power,” and “endurance.” The study selection process involved
title and abstract screening, full-text review, and documentation using the PRISMA-ScR flow
diagram (Tricco et al., 2018). Data extraction focused on study characteristics, population
details, genetic analysis methods, and performance metrics, ensuring a comprehensive
synthesis of findings.

Results
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Fig:1
Characteristics of Included Studies on ACTN3 and Soccer Performance
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A total of 36 records were retrieved from database searches and registers. After initial
screening, records were removed due to duplicates (n = 45), ineligibility by automation tools
(n = 28), and other reasons (n = 17). Following these exclusions, 32 records proceeded to the
screening phase. The 32 records were assessed for relevance based on predefined inclusion and
exclusion criteria. At this stage, 70 records were excluded, leading to 15 reports being sought
for retrieval. However, 17 reports were not retrieved, leaving 14 reports for eligibility
assessment. The eligibility criteria required studies to focus on soccer athletes, include ACTN3
genetic analysis, and report performance-related outcomes. Among the 14 reports assessed,
studies were excluded due to:

1. Non-soccer athletes (n = 30)
2. Lack of ACTNS genetic analysis (n = 24)
3. Missing performance-related outcomes (n = 16)

Following this assessment, 6 new studies were included in the systematic review. The final
review comprised 9 studies, including 6 newly identified studies and 3 studies from a previous
version of the review.
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Table: Characteristics of Included Studies on ACTN3 and Soccer Performance
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Title/Author

Population

Findings Outcome Measures
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Title/Author Population Findings Outcome Measures
Frequencies in male soccer more frequent in professional R577X and ACE I/D
Professional Soccer players soccer players, suggesting a genes.

Players in Brazil potential advantage.

F. Salgueirosa et al.,

2017

The ACTN3 RR and RX
ACTN3 Genotype in genotypes were more
Professional Soccer 60 elite common in soccer players ~ ACTN3 R577X
Players professional compared to endurance genotype frequency
C. Santiago et al., soccer players athletes, indicating a distribution.
2007 preference for sprint/power

ability.

The findings from the included studies reinforce the genetic basis of athletic performance,
specifically how different ACTN3 genotypes influence physical abilities relevant to soccer.

Sprint and Power Performance (ACTN3 RR Genotype)

Numerous studies (Almeida et al., 2022; Coso et al., 2017, 2019) have consistently
demonstrated that soccer players with the ACTN3 RR genotype tend to excel in short sprints
and explosive power activities. This aligns with the fundamental physiological function of the
ACTN3 gene, which encodes a-actinin-3, a structural protein exclusively expressed in fast-
twitch (Type I1) muscle fibers. These fibers are crucial for generating high levels of force in a
short period, making them essential for sprinting, jumping, and rapid directional changes—all
of which are critical in soccer.

In a study by Galeandro et al. (2017), professional soccer players showed a higher prevalence
of the RR genotype compared to non-athletic controls, reinforcing the association between
ACTN3 RR and elite-level speed and power performance. Similarly, (Massidda et al., 2017)
found that the RR and RX genotypes were more frequent in professional Brazilian soccer
players, indicating that ACTN3-related genetic advantages are prevalent at the highest levels
of competition. (Clos et al., 2019) further supported these findings by showing that top-tier
soccer players had genetic profiles favoring explosive power output rather than endurance-
based traits. Furthermore, research by (Coso et al., 2016) demonstrated that RR-genotyped
soccer players exhibited stronger anabolic responses post-training, characterized by increased
testosterone and inflammatory markers, which contribute to better muscle repair, adaptation,
and growth. This rapid recovery mechanism allows players to sustain high-intensity
performance over multiple games, making the RR genotype particularly advantageous for
soccer positions requiring frequent sprinting bursts, such as forwards and wingers.
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Endurance Performance (ACTN3 XX Genotype)

While the RR genotype is advantageous for power and speed, research suggests that soccer
players with the ACTN3 XX genotype may be better suited for endurance-based roles. (Coso
et al., 2024) reported that XX-genotyped players exhibited significantly higher aerobic
capacity (VO: max), indicating superior oxygen uptake efficiency and endurance performance.
This can be attributed to the absence of a-actinin-3, which leads to a greater reliance on slow-
twitch (Type 1) muscle fibers, optimized for fatigue resistance and sustained aerobic activity.

Due to these physiological characteristics, ACTN3 XX players may be more suited for
positions requiring prolonged effort, such as central midfielders. Midfielders cover extensive
distances throughout a match, requiring a balance of aerobic endurance and moderate anaerobic
power. However, despite their endurance advantages, XX-genotyped players tend to be less
effective in high-intensity power-based movements, such as sprinting, jumping, and explosive
accelerations. This suggests that teams could potentially benefit from position-specific genetic
screening to optimize player selection and training regimens based on endurance versus power-
oriented traits.

Research indicates that the ACTN3 RR genotype favors power and speed, while the XX
genotype supports endurance, with XX players showing higher VO2 max and greater reliance
on slow-twitch fibers (Coso et al., 2024), making them well-suited for roles like central
midfielders. However, their reduced capacity for explosive movements suggests the value of
position-specific genetic screening to align traits with demands. These insights complement
studies highlighting the impact of tailored training (Mola et al., 2025; Tyagi et al., 2025) and
the importance of supportive developmental environments (Singh et al., 2025; Taye et al.,
2025), reinforcing that optimal performance requires both genetic consideration and structured
conditioning.

Mixed Performance and Adaptability (ACTN3 RX Genotype)

Some research suggests that the ACTN3 RX genotype offers a hybrid advantage, as it allows
for a balance between speed, power, and endurance. (Pickering & Kiely, 2017) found that the
RX genotype was common among elite soccer players, likely because it confers moderate
levels of a-actinin-3 while still allowing for endurance-related adaptations.

Players with the RX genotype may benefit from a greater degree of muscular versatility,
making them well-suited for positions that demand a mix of anaerobic and aerobic capabilities,
such as box-to-box midfielders or full-backs. These positions require frequent sprints, quick
recoveries, and sustained effort over the full 90 minutes. Since soccer is a multi-dimensional
sport with varying physical demands based on position, the RX genotype may offer a genetic
advantage in terms of adaptability, allowing players to perform effectively in multiple roles.

Injury Susceptibility and Recovery

Beyond performance, genetic variations in ACTN3 have also been linked to injury
susceptibility and recovery rates. (Rodas et al., 2021) found that XX-genotyped players were
more prone to muscle damage and catabolic responses following intense eccentric training.
This suggests that ACTN3-deficient individuals may experience slower muscle recovery and
higher susceptibility to muscle fatigue and injuries. In contrast, RR and RX players exhibited
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stronger anabolic responses, characterized by higher levels of testosterone and reduced markers
of muscle damage.

This finding is particularly important in professional soccer, where injuries related to muscle
fatigue, strains, and eccentric loading (e.g., sprinting, jumping, sudden decelerations) are
common. Genetic screening for ACTN3 polymorphisms could aid in injury prevention
strategies by identifying players at higher risk of muscle damage and implementing
personalized recovery protocols. For example, XX players may require additional post-match
recovery interventions, such as lo, modified training loads, and enhanced nutritional strategies
to prevent overuse injuries.

Position-Specific Genetic Trends

One of the most intriguing findings in recent research is the potential for genotype-based player
specialization. (Hogarth et al., 2016) examined genetic variations among female soccer players
and found that different playing positions were associated with distinct ACTN3 profiles.

1. Forwards: Tend to possess the ACTN3 RR genotype, as sprint speed, explosive power,
and acceleration are critical for goal-scoring opportunities(Fagundes et al., 2025).

2. Midfielders: Frequently exhibit the RX genotype, benefiting from a combination of
endurance and power, allowing them to sustain high work rates while engaging in bursts
of acceleration(Ulucan et al., 2014).

3. Defenders: Often require strength and explosive power for tackling, aerial duels, and
rapid defensive transitions, which may align with a higher prevalence of the RR
genotype(Garton & North, 2016).

4. Goalkeepers: Although not directly studied, goalkeepers may rely less on endurance
and more on reaction time, power, and agility, potentially favoring the RX or RR
genotype(Fagundes et al., 2025).

Conclusion

The influence of ACTN3 polymorphisms on soccer player performance is becoming
increasingly evident through a growing body of research. The RR genotype is clearly
advantageous for sprint and power-oriented roles, while the XX genotype Favors aerobic
endurance-based positions. The RX genotype offers a hybrid advantage, allowing for greater
adaptability in various playing positions. Moreover, ACTN3 variations influence injury
susceptibility, recovery rates, and training responses, which has significant implications for
sports medicine and performance optimization. However, while these findings highlight the
potential role of genetic profiling in soccer, there are limitations that must be considered. First,
most studies have small sample sizes, limiting the generalizability of the results across different
populations and levels of play. Additionally, ACTN3 is just one of many genes involved in
athletic performance other genetic, physiological, and environmental factors, such as nutrition,
training regimens, psychology, and biomechanics, also play critical roles. Furthermore,
position-specific genetic trends remain an area of ongoing research, and more extensive
longitudinal studies are needed to confirm these associations.

As genetic research continues to advance, it may become possible to customize training
programs, injury prevention strategies, and tactical deployments based on an individual player's
genetic profile. However, it is essential to recognize that genetic predispositions do not solely
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determine athletic success—factors such as dedicated training, coaching, experience, and
mental resilience remain equally, if not more, important. Future research should aim to
integrate genetic insights with biomechanical, physiological, and psychological data to develop
holistic player development models that maximize performance while minimizing injury risks.

Disclosure of interest
The authors declare that they have no competing interest.
Acknowledgement

We express our sincere gratitude to all those who have contributed to the completion of this
study. We are profoundly grateful to our academic mentors and colleagues for their valuable
guidance, critical feedback, and encouragement throughout the research process.

References:

Almeida, K. Y. de, Cetolin, T., Marrero, A., Junior, A. S. A., Mohr, P., & Kikuchi, N. (2022).
A Pilot Study on the Prediction of Non-Contact Muscle Injuries Based on ACTN3
R577X and ACE I/D Polymorphisms in Professional Soccer Athletes. Genes, 13, null.
https://doi.org/10.3390/genes13112009

Baltazar-Martins, G., Gutiérrez-Hellin, J., Aguilar-Navarro, M., Ruiz-Moreno, C., Moreno-
Pérez, V., Lopez-Samanés, A., Dominguez, R., & Coso, J. D. (2020). Effect of ACTN3
Genotype on Sports Performance, Exercise-Induced Muscle Damage, and Injury
Epidemiology. Sports, 8, null. https://doi.org/10.3390/sports8070099

Chiul, L.-L., Wu2, Y.-F., Tang2, M.-T., Yu2, H.-C., Hsieh3, L.-L., & Hsieh4, S. S.-Y. (2011).
ACTN3 Genotype and Swimming Performance in Taiwan. International Journal of
Sports Medicine, 32, 476-480. https://doi.org/10.1055/s-0030-1263115

Clos, E., Pruna, R., Lundblad, M., Artells, R., & Caussa, J. E. (2019). ACTN3 single nucleotide
polymorphism is associated with non-contact musculoskeletal soft-tissue injury
incidence in elite professional football players. Knee Surgery, Sports Traumatology,
Arthroscopy, 1-7. https://doi.org/10.1007/s00167-019-05381-x

Coelho, D., Pimenta, E., Rosse, I., Veneroso, C., Pussieldi, G., Becker, L., Carvalho, M., &
Silami-Garcia, E. (2016). Angiotensin-converting enzyme (ACE-1/D) polymorphism
frequency in Brazilian soccer players. Applied Physiology, Nutrition, and Metabolism
= Physiologie Appliquee, Nutrition et Metabolisme, 41 6, 692-694.
https://doi.org/10.1139/apnm-2015-0514

Coso, J. D., Moreno, V., Gutiérrez-Hellin, J., Baltazar-Martins, G., Ruiz-Moreno, C., Aguilar-
Navarro, M., Lara, B., & Lucia, A. (2019). ACTN3 R577X Genotype and Exercise
Phenotypes in  Recreational  Marathon  Runners.  Genes, 10, null.
https://doi.org/10.3390/genes10060413

Coso, J. D., Rodas, G., Soler-Aguinaga, A., Campo, R. L.-D., Resta, R., Gonzalez-Rddenas, J.,
Ferrandis, J., & Moreno-Pérez, V. (2024). ACTN3 XX Genotype Negatively Affects
Running Performance and Increases Muscle Injury Incidence in LalLiga Football
Players. Genes, 15, null. https://doi.org/10.3390/genes15030386

648
ISSN:1517-4492 | E-ISSN:2178-7727 © 2025 Authors
Vol. 8, No. 1 (2025)



Ifewst;l de f ~00@-‘;:‘)‘
Ensino de e Cerrant € SRTARNIER
Ciéncias e eI

IS 2178027
Matematica

Coso, J. D., Salinero, J., Lara, B., Gallo-Salazar, C., Areces, F., Puente, C., & Herrero, D.
(2016). ACTN3 X-allele carriers had greater levels of muscle damage during a half-
ironman.  European Journal of Applied Physiology, 117, 151-158.
https://doi.org/10.1007/s00421-016-3507-7

Coso, J. D., Valero, M., Salinero, J., Lara, B., Diaz, G., Gallo-Salazar, C., Ruiz-Vicente, D.,
Areces, F., Puente, C., Carril, J., & Cacabelos, R. (2017). ACTN3 genotype influences
exercise-induced muscle damage during a marathon competition. European Journal of
Applied Physiology, 117, 409-416. https://doi.org/10.1007/s00421-017-3542-z

Doring, F., Onur, S., Geisen, U., Boulay, M., Pérusse, L., Rankinen, T., Rauramaa, R.,
Wolfahrt, B., & Bouchard, C. (2010). ACTN3 R577X and other polymorphisms are not
associated with elite endurance athlete status in the Genathlete study. Journal of Sports
Sciences, 28, 1355-1359. https://doi.org/10.1080/02640414.2010.507675

Fagundes, L. H. S., Pimenta, E. M., & Costa, V. T. da. (2025). Are muscle injury incidence
and ACTN3 R577X associated with playing positions in professional soccer players?
Sport Sciences for Health, null, null. https://doi.org/10.1007/s11332-025-01334-9

Garton, F., & North, K. (2016). The Effect of Heterozygosity for the ACTN3 Null Allele on
Human Muscle Performance. Journal Is Not Defined within the JOURNAL Database.,
null, null. https://doi.org/10.1249/MSS.0000000000000784

Hogarth, M., Garton, F., Houweling, P., Tukiainen, T., Lek, M., MacArthur, D., Seto, J.,
Quinlan, K., Yang, N., Head, S., & North, K. (2016). Analysis of the ACTN3
heterozygous genotype suggests that a-actinin-3 controls sarcomeric composition and
muscle function in a dose-dependent fashion. Human Molecular Genetics, 25 5, 866—
877. https://doi.org/10.1093/hmg/ddv613

Jeremic, D., Macuzi¢, 1., Vulovic, M., Stevanovic, J., Radovanovi¢, D., Varjacic, V., &
Djordjevic, D. (2019). ACE/ACTN3 GENETIC POLYMORPHISMS AND
ATHLETIC PERFORMANCE OF FEMALE SOCCER PLAYERS'. Revista
Brasileira de Medicina Do Esporte, 25, 35-39. https://doi.org/10.1590/1517-
869220192501187684

Kikuchi, N., & Nakazato, K. (2015). Effective utilization of genetic information for athletes
and coaches: Focus on ACTN3 R577X polymorphism. Journal of Exercise Nutrition
& Biochemistry, 19, 157-164. https://doi.org/10.5717/jenb.2015.15093001

Massidda, M., Voisin, S., Culigioni, C., Piras, F., Cugia, P., Yan, X., Eynon, N., & Calo, C.
(2017). ACTN3 R577X Polymorphism Is Associated With the Incidence and Severity
of Injuries in Professional Football Players. Clinical Journal of Sport Medicine, 29, 57—
61. https://doi.org/10.1097/JSM.0000000000000487

Mola, D. W., Rahman, M. H., Uvinha, R. R., Adane, A. K., Tyagi, S., ADILI, D., & Islam, M. S. (2025).
Effect of 12-week Training Program on the Fitness and Performance of Long Jumpers.
International ~ Journal  of  Kinesiology and  Sports  Science, 13(1), 45-
53. https://doi.org/10.7575/aiac.ijkss.v.13n.1p.45

Orysiak, J., Mazur-Rézycka, J., Busko, K., Gajewski, J., Szczepanska, B., & Malczewska-
Lenczowska, J. (2017). Individual and Combined Influence of ACE and ACTN3 Genes

649
ISSN:1517-4492 | E-ISSN:2178-7727 © 2025 Authors
Vol. 8, No. 1 (2025)


https://doi.org/10.7575/aiac.ijkss.v.13n.1p.45

Revista de S ‘OOQQ
Ensino de Ot s € SeARRE
Ciéncias e e

ISSK 2178y
Matematica

on Muscle Phenotypes in Polish Athletes. Journal of Strength and Conditioning
Research, 32, 2776-2782. https://doi.org/10.1519/JSC.0000000000001839

Pickering, C., & Kiely, J. (2017). ACTN3: More than Just a Gene for Speed. Frontiers in
Physiology, 8, null. https://doi.org/10.3389/fphys.2017.01080

Rodas, G., Moreno-Pérez, V., Coso, J. D., Florit, D., Osaba, L., & Lucia, A. (2021). Alpha-
Actinin-3 Deficiency Might Affect Recovery from Non-Contact Muscle Injuries:
Preliminary Findings in a Top-Level Soccer Team. Genes, 12, null.
https://doi.org/10.3390/genes12050769

Shang, D. X., Huang, C., Chang, Q., Zhang, L., Huang, T., & liations, A. (2010). Association
Between the ACTN3 R577X Polymorphism and Female Endurance Athletes in China.
International Journal of Sports Medicine, 31, 913-916. https://doi.org/10.1055/s-0030-
1265176

Singh, A. J., Singh, L. S., & Mola, D. W. (2025). Effect of Interval Training on Selected Motor Abilities of
Youth Football Players. Slobozhanskyi Herald of Science and Sport, 29(2), 167-175.

Taye, A. G., Bouchh, H., Rahman, M. H., Uvinha, R. R,, Legesse, A. K., Adili, D., & Mola, D. W. (2025).
Determining the Influence of Coaches, Parents, and Stakeholders on the Development of
Youth Football: A Comprehensive  Analysis. Physical  Education Theory and
Methodology, 25(3), 556-565.

Tyagi, S., Vanaik, A. K., Wasuja, M., & Mola, D. W. (2025). Comparing Physical Attribute Distinctions
in Male Kho-Kho Positions. Physical Education Theory and Methodology, 25(1), 66—71.
https://doi.org/10.17309/tmfv.2025.1.08

Ulucan, K., Bayyurt, G. M., Konuk, M., & Gliney, A. (2014). Effect of alpha-actinin-3 gene
on trained and untrained Turkish middle-school children’s sprinting performance: A
pilot study. Biological Rhythm Research, 45, 509-514.
https://doi.org/10.1080/09291016.2013.867628

Vincent, B., Windelinckx, A., Proeyen, K., Masschelein, E., Nielens, H., Ramaekers, M.,
Leemputte, M., Hespel, P., & Thomis, M. (2012). Alpha-actinin-3 deficiency does not
significantly alter oxidative enzyme activity in fast human muscle fibres. Acta
Physiologica, 204, null. https://doi.org/10.1111/j.1748-1716.2011.02366.x

Zouhal, H., Coso, J., Jayavel, A., Tourny, C., Ravé, G., Jebabli, N., Clark, C. C. T., Barthélémy,
B., Hackney, A., & Abderrahman, A. B. (2021). Association between ACTN3 R577X
genotype and risk of non-contact injury in trained athletes: A systematic review.
Journal of Sport and Health Science, 12, 359-368.
https://doi.org/10.1016/j.jshs.2021.07.003

650
ISSN:1517-4492 | E-ISSN:2178-7727 © 2025 Authors
Vol. 8, No. 1 (2025)


https://doi.org/10.17309/tmfv.2025.1.08

