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Editorial on the Research Topic 
The Science of flywheel training: exercise physiology and practical applications


1 INTRODUCTION
Flywheel resistance training was initially designed and implemented to mitigate the negative effects in the absence of gravity on astronauts during space travels (Alkner and Tesch, 2004; Norrbrand et al., 2008). Later on, sport scientists and practitioners understood the advantages offered by this methodology and they started to use flywheel resistance training for several purposes, such as performance development of athletes, injury prevention and clinical rehabilitation (Tesch et al., 2017; Beato and Dello Iacono, 2020; Beato et al., 2021a). Flywheel resistance training offers some specific and unique advantages compared to traditional resistance training, which has increased the popularity of this training methodology. In detail, flywheel training is characterized by the use of rotational inertia to generate resistance throughout the entire range of motion. During the concentric phase, the force applied causes the connected cord/strap to unwind, resulting in the rotation and energy storage of the flywheel–the kinetic energy increases with rotational speed. Upon completing the concentric phase, the cord/strap rewinds, and the user must resist the pull of the flywheel through a braking eccentric phase. By employing the appropriate technique, selecting the right exercise, and using an adequate momentum of inertia, users can achieve an eccentric overload in terms of force and power values (Maroto-Izquierdo et al., 2017; Maroto-Izquierdo et al., 2022). It is important to highlight that the mechanical load performed during both concentric and eccentric phases is the mechanism by which neural and morphological adaptations happen (de Hoyo et al., 2015; Maroto-Izquierdo et al., 2017; De Keijzer et al., 2022). This statement is supported by recent research which reports that flywheel training is a valid method leading to positive morphological changes of muscle structure and architecture, hypertrophy, and strength gains (Maroto-Izquierdo et al., 2017; Allen et al., 2021). Although in the last decade, several researchers have studied the physiological effects of flywheel training and the related acute and chronic adaptations, much research is still needed on this specific argument (Norrbrand et al., 2010; Nuñez and Sáez de Villarreal, 2017; Beato et al., 2020).
Research that clarifies the state-of-the-art technology can be decisive for the optimal implementation of flywheel resistance exercises into training protocols, which is currently limited compared to traditional resistance training (Beato et al., 2019; Allen et al., 2021; de Keijzer et al., 2022b). Therefore, more research is needed to add information and knowledge about its physiological mechanisms as well as its utilization in ecological contexts, which could support the spread of this training modality in applied settings. Frontiers in Physiology recognize the importance of this Research Topic, which is titled “The Science of Flywheel Training: Exercise Physiology and Practical Applications”. This Research Topic aimed to better understand the motivations of some adaptive responses and to elucidate how to better implement such technology into the field of strength training.
2 ARTICLES
This Research Topic, “The Science of Flywheel Training: Exercise Physiology and Practical Applications”, contains seven original manuscripts that met the editorial criteria, including three original research articles (Martín-Rivera et al.; Weng et al.; Maroto-Izquierdo et al.), two opinion piece articles (Beato et al.; Maroto-Izquierdo et al.), and two brief research reports (de Keijzer et al.; de Keijzer et al.).
Martín-Rivera et al. studied if concentric linear velocity measurement was a valid method to quantify load and individualize the prescription of flywheel training (Martín-Rivera et al.). Specifically, the authors investigated the relationship between inertial load and mean concentric linear velocity during the flywheel squat exercise in a wide spectrum of moments of inertia. In addition, they compared mean concentric linear velocity and subjective rating of perceived exertion after each load. This article reported that the monitoring of mean concentric linear velocity can be proposed as a valid method to quantify load and to individualize the prescription of flywheel training. Moreover, rating of perceived exertion was a valid and reliable alternative to control flywheel training.
Weng et al. studied the effect of accentuated eccentric loading during flywheel training on the running economy of young male well-trained distance runners (Weng et al.). The authors found that, firstly, this training program improved the muscles’ explosive strength and other neuromuscular functions, as well as improved the athlete’s running economy under 65%, 75%, and 85% peak oxygen consumption (VO2peak), which can potentially increase endurance performance; secondly, flywheel resistance training can improve the height, rate of force development, the eccentric utilization ratio in jumps, and other lower limb elastic potential energy indicators of young male well-trained distance runners.
Maroto-Izquierdo et al. investigated the effects of submaximal and supramaximal accentuated eccentric training on changes in lean mass, anabolic hormonal responses, and muscle function (Maroto-Izquierdo et al.). The authors recruited a sample of physically active university students (n = 27), who were randomly assigned to two training groups. Participants performed isotonic training for 10 weeks, with eccentric loads set at 90% (submaximal load) or 120% (supramaximal load) of the concentric one-repetition maximum (1-RM), and a concentric load of 30% of the 1-RM. Supramaximal training was found to be more favorable than submaximal training for increasing 1-RM (effect size = 0.77). However, similar effects on maximal isometric voluntary contraction, local muscle endurance, mechanical power, lean mass, and anabolic hormonal responses (IGF-1 and IL6) were demonstrated after 10 weeks of training with both submaximal and supramaximal eccentric loads. Therefore, although supramaximal loading might be superior for increasing 1-RM, the use of this approach does not appear to be necessary in healthy active individuals.
Beato et al. published an opinion article with the aim to provide methodological bases for the periodization in team sports to practitioners. This paper was structured into four sections: 1) rationale and benefits of flywheel exercise; 2) strength training periodization in team sports; 3) flywheel training periodization in teams ports; and 4) limitations and future directions of flywheel training periodization (Beato et al.).
Maroto-Izquierdo et al. authored an opinion article that aimed to provide the methodological bases for load quantification and testing using flywheel devices in sports. This paper was structured into three sections: 1) load quantification during flywheel exercise; 2) the use of flywheel devices for testing; and 3) limitations and future directions of load monitoring and testing using flywheel devices. (Maroto-Izquierdo et al.), de Keijzer et al., wrote a brief research report that investigated, firstly, the effect of different flywheel moment of inertia on concentric and eccentric peak power and eccentric:concentric peak power ratio during unilateral flywheel leg curl and hip extension exercises. Secondly, the inter-session reliability of peak power in both exercises (de Keijzer et al.). These authors found that a variety of moments of inertia can elicit high eccentric knee flexor demands during unilateral leg curls, whereas higher moments of inertia are needed to achieve an eccentric-overload in peak power during hip extensions. Different exercises may have different inertia-power relationships. Finally, concentric and eccentric peak power measures can be used by practitioners to inform training, while the eccentric: concentric ratio should not be used because of its low reliability.
de Keijzer et al. wrote another brief research report that described the current application and perception of flywheel resistance training amongst therapists working in sport (de Keijzer et al.). The authors recorded the opinions of 52 therapists using an electronic questionnaire and they found that, firstly, most therapists either used or intended to use flywheel training with their athletes. Secondly, more than half suggested they were confident flywheel training could enhance strength and muscular pre-habilitation outcomes. Thirdly, it appeared that therapists would mostly include flywheel training within pre-habilitation or during the later stages of rehabilitation. Although therapists would prescribe most exercises, the squat, rotational exercise, and unilateral leg curl would be the most selected. Finally, the authors reported that the biggest perceived barriers to flywheel training implementation were equipment cost/space, scientific evidence, and scheduling.
Collectively, these studies contribute to a better understanding of flywheel resistance training, including valuable information about quantification, individualization, effects on performance and muscle function, and its potential application in sport and rehabilitation settings.
3 FINAL CONSIDERATIONS
This Research Topic aimed to better understand the motivations of some adaptive responses and to elucidate how to better implement such technology into the field of strength training.
The seven articles included gave evidence and opinions around training load monitoring, periodization, exercise selection, and so on, which may facilitate the implementation of flywheel resistance technologies into research and applied settings, may improve the coaches’ practice, and may foster new research ideas.
AUTHOR CONTRIBUTIONS
All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.
FUNDING
JR-G was supported by a Ramon y Cajal postdoctoral fellowship (RYC2021-031072-I) given by the Spanish Ministry of Science and Innovation, the State Research Agency (AEI) and the European Union (NextGenerationEU/PRTR).
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
 Alkner, B. A., and Tesch, P. A. (2004). Knee extensor and plantar flexor muscle size and function following 90 days of bed rest with or without resistance exercise. Eur. J. Appl. Physiol. 93, 294–305. doi:10.1007/s00421-004-1172-8
 Allen, W. J. C., De Keijzer, K. L., Raya-González, J., Castillo, D., Coratella, G., and Beato, M. (2021). Chronic effects of flywheel training on physical capacities in soccer players: A systematic review. Res. Sport. Med. 31, 228–248. doi:10.1080/15438627.2021.1958813
 Beato, M., Bigby, A. E. J., De Keijzer, K. L., Nakamura, F. Y., Coratella, G., and McErlain-Naylor, S. A. (2019). Post-activation potentiation effect of eccentric overload and traditional weightlifting exercise on jumping and sprinting performance in male athletes. PLoS One 14, e0222466. doi:10.1371/journal.pone.0222466
 Beato, M., and Dello Iacono, A. (2020). Implementing flywheel (isoinertial) exercise in strength training: Current evidence, practical recommendations, and future directions. Front. Physiol. 11, 569. doi:10.3389/fphys.2020.00569
 Beato, M., Madruga-Parera, M., Piqueras-Sanchiz, F., Moreno-Pérez, V., and Romero-Rodriguez, D. (2021a). Acute effect of eccentric overload exercises on change of direction performance and lower-limb muscle contractile function. J. strength Cond. Res. 35, 3327–3333. doi:10.1519/JSC.0000000000003359
 Beato, M., McErlain-Naylor, S. A., Halperin, I., and Dello Iacono, A. (2020). Current evidence and practical applications of flywheel eccentric overload exercises as postactivation potentiation protocols: A brief review. Int. J. Sports Physiol. Perform. 15, 154–161. doi:10.1123/ijspp.2019-0476
 de Hoyo, M., Pozzo, M., Sañudo, B., Carrasco, L., Gonzalo-Skok, O., Domínguez-Cobo, S., et al. (2015). Effects of a 10-week in-season eccentric-overload training program on muscle-injury prevention and performance in junior elite soccer players. Int. J. Sports Physiol. Perform. 10, 46–52. doi:10.1123/ijspp.2013-0547
 de Keijzer, K. L., McErlain-Naylor, S. A., Brownlee, T. E., Raya-González, J., and Beato, M. (2022b). Perception and application of flywheel training by professional soccer practitioners. Biol. Sport 39, 809–817. doi:10.5114/biolsport.2022.109457
 De Keijzer, K. L., Raya-González, J., and Beato, M. (2022). The effect of flywheel training on strength and physical capacities in sporting and healthy populations: An umbrella review. PLoS One 1, e0264375. doi:10.1371/journal.pone.0264375
 Maroto-Izquierdo, S., García-López, D., Fernandez-Gonzalo, R., Moreira, O. C., González-Gallego, J., and de Paz, J. A. (2017). Skeletal muscle functional and structural adaptations after eccentric overload flywheel resistance training: A systematic review and meta-analysis. J. Sci. Med. Sport 20, 943–951. doi:10.1016/j.jsams.2017.03.004
 Maroto Izquierdo, S., Nosaka, K., Blazevich, A. J., González-Gallego, J., and Paz, J. A. (2022). Cross-education effects of unilateral accentuated eccentric isoinertial resistance training on lean mass and function. Scand. J. Med. Sci. Sports 32, 672–684. doi:10.1111/sms.14108
 Norrbrand, L., Fluckey, J. D., Pozzo, M., and Tesch, P. A. (2008). Resistance training using eccentric overload induces early adaptations in skeletal muscle size. Eur. J. Appl. Physiol. 102, 271–281. doi:10.1007/s00421-007-0583-8
 Norrbrand, L., Pozzo, M., and Tesch, P. A. (2010). Flywheel resistance training calls for greater eccentric muscle activation than weight training. Eur. J. Appl. Physiol. 110, 997–1005. doi:10.1007/s00421-010-1575-7
 Nuñez, F. J., and Sáez de Villarreal, E. (2017). Does flywheel paradigm training improve muscle volume and force? A meta-analysis. J. Strength Cond. Res. 31, 3177–3186. doi:10.1519/JSC.0000000000002095
 Tesch, P. A., Fernandez-Gonzalo, R., and Lundberg, T. R. (2017). Clinical applications of iso-inertial, eccentric-overload (YoYoTM) resistance exercise. Front. Physiol. 8, 241. doi:10.3389/fphys.2017.00241
Conflict of interest: MB declares to have received financial support for his research from a private company producing flywheel devices in 2020.
The remaining 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 © 2023 Beato, Raya-González, Hernandez-Davo and Maroto-Izquierdo. 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/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: The science of flywheel training: exercise physiology and practical applications		1 Introduction

		2 Articles

		3 Final considerations

		Author contributions

		Funding

		Publisher’s note

		References









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






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





