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Esports is a natural extension of digital games. Digital games provide a platform for players to showcase their skills, thereby forming the foundation of e-sports. These two domains continuously support each other, demonstrating significant growth in popularity and establishing a solid presence in the competitive landscape. Digital games require high levels of attention, strategy, reflexes, and coordination, offering pathways to reach the pinnacle of competition. The benefits derived from digital games enhance the ability to perform effectively under stress, making them crucial for both physical and mental performance. This study investigates the effects of digital gaming on the physical performance, shoulder flexibility, muscle strength and reaction speed of female volleyball players. A total of 50 female volleyball players took part, who were divided into two groups based on their digital playing habits: Group 1 consisted of female players who played video games for at least 4 h per day in the last 6 months, while Group 2 included those who played <4 h per day. In the study, the Activ5© Handheld Digital Dynamometer was used to measure the strength of the shoulder muscles during various movements, including flexion, hyperextension, abduction, internal rotation and external rotation. In addition, the BlazePod™ trainer device was used to assess reaction times. The results showed that volleyball players who frequently played digitally showed significant improvements in shoulder flexibility, especially in flexion of the non-dominant side. In addition, these players showed faster reaction times than those who played less frequently. However, a significant decrease in hyperextension muscle strength was observed in the group that frequently played digital games. The study highlights that while digital games can improve certain physical skills such as reaction speed and shoulder flexibility, they can also contribute to muscular imbalances or a decrease in muscle strength in certain areas. These findings suggest potential benefits for volleyball players, particularly in movements that require quick reflexes and flexibility, such as serving and spiking. However, the results also raise concerns about potential negative effects on muscle strength and posture, highlighting the need for balanced training programs to mitigate these effects. Further research is needed to investigate the long-term effects of digital games on athletic performance and physical health.
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1 Introduction

Volleyball is a sport that requires high and low intensity activities, technical and tactical skills, and versatile performance such as high endurance, strength, speed, flexibility, and balance (1). While the actions performed by the players may differ in terms of the technical and tactical requirements of their individual roles, common movements include acceleration and deceleration, jumping, kicking, and multi-directional movement (2, 3). To perform well, players must have advanced physical and physiological capacities and important motor control and cognitive functions (4–7). In volleyball, especially during the attack, coordinative abilities such as quick strength and continuity in strength are important. Technological advancements are effectively utilized to enhance technical skills and physical performance in volleyball players. These developments contribute to the assessment and improvement of players' techniques, extending beyond applications such as match analysis, data monitoring, and match analysis. Furthermore, these technological innovations provide performance enhancements in areas that require attention, offering new trends aimed at the development of athletes.

Technology has affected sports and provided the emergence of new sports branches. One of these sports branches is e-sports (8). E-sports is any activity that is participated in offline or online, as a team or individually, via electronic device (9). E-sports, like volleyball, requires quick movements to control the game. One of the determinants of speed is muscle strength and muscle strength can increase in direct proportion to the performance of the video game (10). Playing games on the console for a long time will increase shoulder-muscle activity; It has been scientifically proven that sitting in the anterior position of the head for 5 minutes causes a significant reduction in shoulder external rotator muscle strength (11, 12). Considering that the competitions last for hours, the importance of anaerobic endurance in e-sports players emerges. One of the important factors in e-sports is the ability to react quickly (13). Neurocognitive research has shown that video game gamers display some superior cognitive characteristics (14). Video games require speed and concentration and these skills significantly reduce correct reaction times (15). Developing cognitive abilities in this way is vital to the success of the volleyball player; good performance is directly related to their capacity to anticipate and respond to changes in the environment (16). The ability to anticipate and adapt, crucial for cognitive development, can be further enhanced by practical applications targeting key physical attributes such as reaction time, strength, and endurance.

The existence of an application that affects reaction time, strength, and endurance performance in volleyball athletes has a great importance in the quality of sports skills (15). E-sports; It can contribute to the development of reaction time, strength and endurance in volleyball athletes.

Previous studies have mostly focused on negative effects on health-related component of physical fitness. The common sense about e-sports is, due to fact that players perform limited physical activities, it is a sedentary behavior. These actions may cause negative changes on the physical fitness parameters of e-sports players. This study is important in terms of investigating the effect of e-sports on selective performance-related component of physical fitness. On the contrary to previous studies, and limited national and international literature, present investigation may find out positive effects of e-sport on athlete selective performance. Parameters like shoulder flexibility, strength, and reaction time.

Important training models play a role in the development of physical performance. These training interventions aim to systematically and sustainably improve performance. Coordination/skills, condition, and cognitive-tactical skills are among these “building blocks” (17). There are different training interventions for performance development in athletes, and when repeated, these interventions can lead to monotony. Therefore, the impact of various interventions is as essential as training models. Digital games can serve as a valuable complementary resource that facilitates the multidimensional development of athletes, contributing to the holistic development of both physical and mental performance. This study aims to examine the effects of digital game playing status of volleyball players on shoulder flexibility, muscle strength, and reaction time.



2 Material and methods


2.1 Research group

The 1st and 2nd league female volleyball players of Ilbank Sports Club and Karayollari Sports Club voluntarily participated in the research. Participants were divided into 2 groups: For the 1st group; 25 volleyball athletes who played video games for a minimum of 4 h per day for at least the past 6 months. For the 2nd group; 25 volleyball athletes who have played video games < 4 h a day for at least the past 6 months.

The research group was determined through a subject information form. The form was filled by 54 volunteers. According to the results of the subject information form, 50 volleyball player who met the inclusion criteria were included and 4 volleyball player was excluded. Demographic data of participants is shown in Table 1.


TABLE 1 Demographic data of participants.
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2.2 Testing shoulder flexibility with digital goniometer

In the study, flexion, hyperextension, abduction, internal rotation, and external rotation shoulder joint range of motion were evaluated. A digital goniometer was used as a measurement tool. The Activ5© uses a Bluetooth-enabled sensor to measure the range of motion displayed to the user via a smartphone app. It enables a wireless connection to a mobile phone, providing the convenience of displaying the test score remotely. A study evaluating the reliability and concurrent validity of active shoulder flexion, abduction, external, and internal rotation, digital goniometer measurements equivalent to the Activ5© digital hand dynamometer demonstrated reliability coefficients (recommended threshold for making clinical decisions) exceeding 0.90 (18). After the people were given the correct position for measurement, the movements were explained in detail and in practice. Measurements were made bilaterally and were repeated 3 times for a healthy measurement.



2.3 Testing shoulder muscle strength with digital dynamometer

Shoulder flexion muscle strength (MS), hyperextension muscle strength, abduction muscle strength, external rotation muscle strength, and internal rotation muscle strength were evaluated using the Activ5© Handheld digital dynamometer in the study. The Activ5© is a HHD which can measure isometric strength (N or kg) and uploads the data immediately to a smartphone app. The Activ5 showed excellent results in a test- retest using the Instron ElectroPuls mechanical tester (a gold standard system) and was considered reliable (with ICC ≥ 0.971 for test-retest reliability) (19).

Volleyball athletes resisted the applied force in the tested position. The value seen on the digital hand dynamometer was recorded as Newton (N). Measurements were applied to both the dominant arm and non-dominant arm.



2.4 Testing reaction times with visual-cognitive technology—BlazePod™

The reaction times of the volleyball athletes in the hand-eye coordination test were carried out with the BlazePod™ Trainer Device (Play Coyotta Ltd., Tel Aviv, Israel), which consists of wireless light six discs that can be controlled with an application compatible with smart devices. The reliability and validity of the BlazePod system has been established in past studies (20, 21). Athletes were instructed to turn off the light signal as quickly as possible by touching the light sensor with their dominant hand when the light signal was turned on. Light discs were placed on a plate/floor at 20 cm intervals from the designated starting point and 45 cm from the center. Before starting the test, the athletes were allowed to take a pre-test. For each participant, the measurement began with the researcher manually tapping the “start now” button in the BlazePod phone app. After the “3-2-1-continue” warning sound stopped after the start command, the sensors started to flash randomly for 30 seconds. In this study, taking the measurement method of De-Oliveira et al. (20) as an example, the athletes were contacted for 30 seconds to determine their reaction times and 1-min rest was given between sets. Participants repeated this action until the end of the test period. The test was repeated three times. The best value obtained was recorded. The total number of hits and the mean reaction time were recorded.



2.5 Statistical analysis

IBM SPSS 24.0 package program (SPSS Inc., Chicago, IL, USA) was used in the statistical analysis of the data obtained from the study. The normality distribution of the data was carried out by Shapiro Wilk analysis since the number of participants was < 50 in both groups. In the comparison of the within-group means, the Paired Sample t-Test, which is a parametric test, was used for the mean differences in the data where the mean differences were normal. Independent t-Test was applied for statistical analysis of means between groups. Groups are expressed as means ± standard error. The significance value was accepted as 0.05 in all statistical analyzes.




3 Results

In the flexibility evaluations, the non-dominant shoulder flexion flexibility of the group playing digital games was found to be significantly higher than the group that do not play digital games (t = 2.092; P = 0.042) (Table 2).


TABLE 2 Comparison of shoulder flexibility values between groups.
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In the muscle strength evaluations, the hyperextension muscle strength on the non-dominant shoulder of the group that playing digital games was found to be significantly lower than the group that do not playing digital games (t = −3.284; p = 0.002) (Table 3).


TABLE 3 Comparison of shoulder strength values between groups.
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In the shoulder muscle strength evaluations of the group that playing digital games, Flexion (p = 0.002), Hyperextension (p = 0.001), Abduction (p = 0.001), and Internal Rotation (p = 0.031) muscle strengths on the dominant shoulder were found to be significantly higher than on the non-dominant shoulder (Table 4).


TABLE 4 Comparison of in-group shoulder muscle strength values of the group playing digital games.
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In the shoulder muscle strength evaluations of the group that do not playing digital games, Flexion (p = 0.014), Hyperextension (p = 0.022), Abduction (p = 0.044), Internal Rotation (p = 0.007), and External Rotation (p = 0.033) muscle strength on the dominant side were found to be significantly higher than on the non-dominant side (Table 5).


TABLE 5 Comparison of in-group shoulder muscle strength values of the group do not playing digital games.
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In the reaction time evaluations, the reaction time of the group playing digital games was found to be significantly lower on the dominant side (t = −2.135; p = 0.038) and on the non-dominant side (t = −2.460; p = 0.018) compared to the group do not playing digital games. The reaction hits on the non-dominant side of the group playing digital games were found to be significantly higher than the group that do not playing digital games (t = 2.245; p = 0.029), but the reaction hits on the dominant side did not differ significantly (p > 0.05) (Table 6).


TABLE 6 Comparison of reaction times values between groups.
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In the reaction time evaluations of the digital game playing group, the reaction time on the dominant side was found to be significantly lower than on the non-dominant side (p = 0.001). In the digital game playing group, Reaction Hits on the dominant side were found to be significantly higher than on the non-dominant side (p = 0.001) (Table 7).


TABLE 7 Comparison of in-group reaction times values of the group playing digital games.
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In the evaluations of the reaction time of the group who do not play digital games, the reaction time on the dominant shoulder was significantly lower than on the non-dominant shoulder (p = 0.002). In the group that do not play digital games, Reaction Hits on the dominant side were found to be significantly higher than on the non-dominant side (p = 0.004) (Table 8).


TABLE 8 Comparison of in-group reaction times values of the group do not playing digital games.
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4 Discussion

The aim of our study was to examine the effects of playing digital games on shoulder flexibility, shoulder muscle strength and reaction speed of female volleyball players. Flexibility evaluation results revealed that the non-dominant side flexion flexibility of the group that playing digital games increased significantly compared to the group that do not playing digital games. However, playing digital games; Compared to those who do not play digital games, no significant effect was found on the flexibility of the dominant shoulder Flexion, Hyperextansion, Abduction, Internal Rotation, External rotation on both the dominant, and non-dominant side shoulder flexibility (Table 2). Digital gaming was found to significantly reduce hyperextension muscle strength on the non-dominant shoulder compared to the non-digital gaming group. Playing digital games did not make a significant difference in the hyperextension muscle strength on the dominant side, flexion, abduction, internal rotation, and external rotation in both dominant and non-dominant shoulder muscle strength compared to the group that do not play digital games (Table 3). In the reaction time evaluations, it was found that the reaction time of the group playing digital games improved significantly on the dominant shoulder and on the non-dominant shoulder compared to the group do not playing digital games. Reaction hits on the non-dominant side were found to be significantly higher in the group that played digital games compared to the group that do not, but reaction hits on the dominant side did not differ significantly (Table 6).

This research revealed that shoulder flexibility, except flexion flexibility, is not affected by digital game playing (Table 2). The predominantly seated nature of digital gaming may contribute to this issue. Individuals engaged in digital gaming can remain in static positions for extended periods in poor postures, significantly impact shoulder flexibility (22). Similar to our study, Straker et al. (23), in a study investigating the posture and muscle activities of young children during the use of tablet computers, desktop computers and paper; found that shoulder flexion increased significantly especially during tablet use. Bullock et al. (24), in his study investigating the effects of sitting position on shoulder pain and range of motion in 28 subjects with shoulder impingement; significantly greater flexion ROM was recorded in an erect sitting posture compared to in a slouched posture.

Another reason for the decrease in shoulder flexibility may be microtraumas caused by repetitive actions. Hakala et al. (25) observed that excessive engagement in gaming and computer usage are associated with increased risk of experiencing body pain, while TV viewing does not exhibit the same correlation. Players need to rapidly move their upper extremities when playing games, and these physical burdens cause muscle stiffness in the shoulder girdle (26). The overload can lead to stiffness in the trapezius muscle, causing the scapula to become displaced (27). The scapular position is believed to influence overall shoulder girdle function because there are many muscle connections between the spine, humerus, scapula, and collarbone (28). Kebaetse et al. (28) investigated the effects of thoracic posture on scapular movement patterns, shoulder range of motion and strength in 34 asymptomatic subjects. Significantly less active shoulder abduction ROM was noted in a slouched posture. Contrary to this study, no significant change was observed in shoulder abduction flexibility in our study (Table 2). However, in our study, individuals maintain a certain sitting posture by playing digital games for at least 4 h a day for at least 6 months. This may result in persistent changes in the shoulder flexibility.

In our study, it was determined that playing digital games significantly reduced shoulder hyperextension muscle strength on the non-dominant side (Table 3). In addition, when all evaluated muscle strengths are compared, all muscle strengths in all directions except external rotation are high in the dominant shoulder for both groups (Tables 4, 5). However, there was no significant different in the dominant shoulder in the group playing digital games (Table 4). The decrease in external muscle strength in the dominant shoulder of the group playing digital games may suggest the effect of digital game on reducing muscle strength. Puolitaival et al. (29) compared adolescent men who played video games for more than 3 h a day on weekdays, similar to our study method, with adolescent men who played 3 h or less per day on weekdays. As a result of the research, it was found that the grip strength of the participants who played video games for more than 3 h a day on weekdays was 2.1% less. This may be due to abnormal repetitive movements or constant static postures while playing digital games (26). Maintaining postures while playing digital games causes several muscles to be in elongated positions while other muscles are placed in shortened positions. This change in length between the muscles is assumed to cause muscle weakness that causes muscle imbalance (30). One of the most common problems that occur as a result of these certain postures when playing digital games is forward head posture. Examining the prevalence problem of forward head posture in electronic players and related factors among electronic players, Ashok et al. (31) found that there was no relationship between the gaming device and forward head posture, and that the risk of developing forward head posture in gamers was significantly high. Villanueva et al. (32), in their study examining the relationship between sitting stance and shoulder and neck muscle activities, found increased muscle load in shoulder and neck electromyographic (EMG) activities of forward-leaning posture by changing screen height. Even a minor deviation from a neutral shoulder position has been associated with increased shoulder muscle load (32). Less active muscles have less load, more active muscles have more load (33). A systematic review found that muscle activity in the shoulder and forearm region increases as repeated upper extremity movements activate a sustained muscle contraction while using a smartphone (34). Niemi et al. (35) found that computer use required static loading of the upper extremities and was positively associated with shoulder pain in women. There are studies in which sitting posture significantly affects shoulder muscle strength (28, 36).

Video games require speed and concentration and these skills significantly reduce correct reaction times (15). People typically do 30 to 300 actions per minute (APM), which increases with player skill, with professional players often going over 500 APM (37). In terms of athletes, reaction times play a key role in achieving high performance and preventing injuries (38). Therefore, the improvement in reaction time can positively affect the performance of the volleyball player. There are many studies investigating the effect of playing digital games on reaction time. Lager and Bremberg (39) reported that digital games have supportive effects on reaction time and spatial perception in 30 studies they examined. The study noted improvement in reaction times for players who played video games for 14 to 33 h over a few months. Yuji (40) stated that video game players had faster reaction times to stimuli on discrimination perception tests using computers compared to non-players. In a study conducted by Goldstein et al. (41), older adults were randomly assigned to either an experimental group, where they played video games for 5 or more hours per week for a duration of 5 weeks, or a control group that did not engage in video gaming. The results of pre-experimental and post-experimental reaction time assessments revealed that participants in the experimental group exhibited significantly faster reaction times compared to those in the control group. The results of our study found that digital game improves reaction time and supports the literature. While the reaction hits on the non-dominant side of the playing digital game group were found to be significantly higher than the do not playing digital game group; The reaction time was significantly lower in both the dominant shoulder and non-dominant shoulder of the digital gaming group (Table 6).



5 Conclusions

In this study, the effects of playing digital games on shoulder flexibility, shoulder muscle strength and reaction time in female volleyball players were investigated. It was found that playing digital games significantly increased shoulder flexion on the non-dominant side. For muscle strength; It was observed, among groups, that playing digital games significantly reduced hyperextension muscle strength on the non-dominant shoulder. It is also thought that digital game affects external muscle strength on the dominant side. However, no significant effect of digital game on shoulder flexion, abduction, and internal rotation muscle strength was observed. Finally, it has been shown that playing digital games provides improvements by reducing reaction time.

Athletes who have sports branches where upper extremity flexibility, muscle strength and reaction time are important can benefit from the results of this research. Because each individual has a unique genetic, the results may not be the same for every athlete. Digital games can improve volleyball players' performances that require flexibility, such as spike and serve, which affect success. It can increase sports performance, especially by improving reaction speed. The length-tension relationship maintained during the game can increase the success of sports by providing muscle development. On the other hand, the lack of physical activity required by the digital game and the loss of muscle strength caused by the digital game can be compensated by the training program of the athlete. At the same time, this study may serve as a warning to digital game players, as the fixed posture maintained during the game may cause musculoskeletal problems.

The fact that the study was conducted exclusively with female volleyball players can be considered a limitation of the research. Future studies may investigate the effects of digital games on physical performance in both male and female volleyball players. Another limitation is the lack of clarity regarding the type of gaming device used and the specific digital games played. It is recommended that new research examine different types of digital games and various e-sports games. Additionally, assessing the effects of digital games on different physical performance parameters is crucial.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Ankara University Ethics Commission, meeting dated 19.09.2022, decision number: 14/142. 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.



Author contributions

ŞG: Conceptualization, Data curation, Investigation, Methodology, Software, Writing – original draft, Writing – review & editing. FNŞ: Conceptualization, Data curation, Investigation, Methodology, Supervision, Writing – original draft, Writing – review & editing. CA: Writing – review & editing, Writing – original draft. ÖG: Writing – original draft, Writing – review & editing. MA: Writing – original draft, Writing – review & editing. AD: Writing – original draft, Writing – review & editing. TAD: Writing – original draft, Writing – review & editing. GA: Writing – original draft, Writing – review & editing. OMY: Writing – original draft, Writing – review & editing. HK: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

This study is a Master's thesis of the Ankara University Institute of Health Sciences.



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.



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

 1. Kugler A, Kruger-Franke M, Reininger S, Trouillier HH, Rosemeyer B. Muscular imbalance and shoulder pain in volleyball attackers. Br J Sports Med. (1996) 30:256–9. doi: 10.1136/bjsm.30.3.256

 2. Forthomme B, Croisier JL, Ciccarone G, Crielard JM, Cloes M. Factors correlated with volleyball spike velocity. AJSM. (2005) 33:1513–9. doi: 10.1177/0363546505274935

 3. Ozawa Y, Uchiyama S, Ogawara K, Kanosue K, Yamada H. Biomechanical analysis of volleyball overhead pass. Sports Biomech. (2019) 20:844–57. doi: 10.1080/14763141.2019.1609072

 4. Borsa PA, Laudner KG, Sauers EL. Mobility and stability adaptations in the shoulder of the overhead athlete. Sports Med. (2008) 38:17–36. doi: 10.2165/00007256-200838010-00003

 5. Eckenrode BJ, Kelley MJ, Kelly IV JD. Anatomic and biomechanical fundamentals of the thrower shoulder. Sports Med Arthr Rev. (2012) 20:2–10. doi: 10.1097/JSA.0b013e3182471f03

 6. Arslan Y, Yavaşoglu B, Beykumül A, Pekel AÖ, Suveren C, Karabulut EO, et al. The effect of 10 weeks of karate training on the development of motor skills in children who are new to karate. Front Physiol. (2024) 15:1347403. doi: 10.3389/fphys.2024.1347403

 7. Karadeniz S, Suveren C, Arslan Y, Ayyildiz Durhan T, Ceylan T, Albay F, et al. Examination of basic motor skills in children and adolescents. Front Physiol. (2024) 14:1346750. doi: 10.3389/fphys.2023.1346750

 8. Xiao X, Tan FT, Lim ET, Henningsson S, Vatrapu R, Hedman J, et al. Sports digitalization: an overview and A research agenda. In: International Conference On Information (ICIS). Association for Information Systems (2017).

 9. Ningning W, Wenguang C. The effect of playing e-sports games on young people's desire to engage in physical activity: mediating effects of social presence perception and virtual sports experience. PLoS ONE. (2023) 18:e0288608. doi: 10.1371/journal.pone.0288608

 10. Ortega-Becerra M, Pareja-Blanco F, Jiménez-Reyes P, Cuadrado-Peñafiel V, González-Badillo JJ. Determinant factors of physical performance and specific throwing in handball players of different ages. J Strength Condit Res. (2018) 32:1778–86. doi: 10.1519/JSC.0000000000002050

 11. Thigpen CA, Padua DA, Michener LA, Guskiewicz K, Giuliani C, Keener JD, et al. Head and shoulder posture affect scapular mechanics and muscle activity in overhead tasks. J Electromyogr Kinesiol. (2010) 20:701–9. doi: 10.1016/j.jelekin.2009.12.003

 12. Tiric-Campara M, Krupic F, Biscevic M, Spahic E, Maglajlija K, Masic Z, et al. Occupational overuse syndrome (technological diseases): carpal tunnel syndrome, a mouse shoulder, cervical pain syndrome. Acta Inf Med. (2014) 22:333. doi: 10.5455/aim.2014.22.333-340

 13. Ciucurel MM. The relation between anxiety, reaction time and performance before and after sport competitions. Proc Soc Behav Sci. (2012) 33:885–9. doi: 10.1016/j.sbspro.2012.01.249

 14. Erickson KI, Hillman C, Stillman CM, Ballard RM, Bloodgood B, Conroy DE, et al. Physical activity, cognition, and brain outcomes: a review of the 2018 physical activity guidelines. MSSE. (2019) 51:1242. doi: 10.1249/MSS.0000000000001936

 15. Emara AK, Ng MK, Cruickshank JA, Kampert MW, Piuzzi NS, Schaffer JL, et al. Gamer's health guide: optimizing performance, recognizing hazards, and promoting wellness in esports. Curr Sports Med Rep. (2020) 19:537–45. doi: 10.1249/JSR.0000000000000787

 16. Formenti D, Trecroci A, Duca M, Vanoni M, Ciovati M, Rossi A, et al. Volleyball-specific skills and cognitive functions can discriminate players of different competitive levels. J Strength Condit Res. (2022) 36:813–9. doi: 10.1519/JSC.0000000000003519

 17. Nagorsky E, Wiemeyer J. The structure of performance and training in esports. PLoS ONE. (2020) 15:e0237584. doi: 10.1371/journal.pone.0237584

 18. Karagiannopoulos C, Griech S, Leggin B. Reliability and validity of the ActivForce Digital Dynamometer in assessing shoulder muscle force across different user experience levels. J Phys Ther Sci. (2022) 17:669. doi: 10.26603/001c.35577

 19. Merry K, Napier C, Chung V, Hannigan BC, Macpherson M, Menon C, et al. The validity and reliability of two commercially available load sensors for clinical strength assessment. Sensors. (2021) 21:8399. doi: 10.3390/s21248399

 20. De-Oliveira LA, Matos MV, Fernandes IG, Nascimento DA, Da Silva Grigoletto ME. Test-retest reliability of a visual-cognitive technology (BlazePod™) to measure response time. J Sports Sci Med. (2021) 20:179. doi: 10.52082/jssm.2021.179

 21. Hoffman JR. Evaluation of a reactive agility assessment device in youth football players. J Strength Condit Res. (2020) 34:3311–5. doi: 10.1519/JSC.0000000000003867

 22. Tholl C, Bickmann P, Wechsler K, Froboese I, Grieben C. Musculoskeletal disorders in video gamers–a systematic review. BMC Musculoskeletal Disor. (2022) 23:1–16. doi: 10.1186/s12891-022-05614-0

 23. Straker LM, Coleman J, Skoss R, Maslen BA, Burgess-Limerick R, Pollock CM. A comparison of posture and muscle activity during tablet computer, desktop computer and paper use by young children. Ergonomics. (2008) 51:540–55. doi: 10.1080/00140130701711000

 24. Bullock MP, Foster NE, Wright CC. Shoulder impingement: the effect of sitting posture on shoulder pain and range of motion. Man Ther. (2005) 10:28–37. doi: 10.1016/j.math.2004.07.002

 25. Hakala PT, Rimpelä AH, Saarni LA, Salminen JJ. Frequent computer-related activities increase the risk of neck–shoulder and low back pain in adolescents. Eur J Public Health. (2006) 16:536–541. doi: 10.1093/eurpub/ckl025

 26. Sekiguchi T, Hagiwara Y, Momma H, Tsuchiya M, Kuroki K, Kanazawa K, et al. Excessive game playing is associated with musculoskeletal pain among youth athletes: a cross-sectional study in Miyagi prefecture. J Sports Sci. (2018) 36:1801–7. doi: 10.1080/02640414.2017.1420453

 27. Tazawa Y, Okada K. Physical signs associated with excessive television-game playing and sleep deprivation. Pediatrics International. (2001) 43:647–50. doi: 10.1046/j.1442-200X.2001.01466.x

 28. Kebaetse M, McClure P, Pratt NA. Thoracic position effect on shoulder range of motion, strength, and three-dimensional scapular kinematics. Arch Phys Med Rehabil. (1999) 80:945–50. doi: 10.1016/S0003-9993(99)90088-6

 29. Puolitaival T, Sieppi M, Pyky R, Enwald H, Korpelainen R, Nurkkala M. Health behaviours associated with video gaming in adolescent men: a cross-sectional population-based MOPO study. BMC Public Health. (2020) 20:1–8. doi: 10.1186/s12889-020-08522-x

 30. Novak CB. Upper extremity work-related musculoskeletal disorders: a treatment perspective. JOSPT. (2004) 34:628–37. doi: 10.2519/jospt.2004.34.10.628

 31. Ashok K, Purushothaman VK, Muniandy Y. Prevalence of forward head posture in electronic gamers and associated factors. Int J Aging Health Move. (2020) 2:19–27.

 32. Villanueva MBG, Jonai H, Sotoyama M, Hisanaga N, Takeuchi Y, Saito S. Sitting posture and neck and shoulder muscle activities at different screen height settings of the visual display terminal. Ind Health. (1997) 35:330–6. doi: 10.2486/indhealth.35.330

 33. Kouzaki M, Shinohara M. The frequency of alternate muscle activity is associated with the attenuation in muscle fatigue. J Appl Physiol. (2006) 101:715–20. doi: 10.1152/japplphysiol.01309.2005

 34. Eitivipart AC, Viriyarojanakul S, Redhead L. Musculoskeletal disorder and pain associated with smartphone use: a systematic review of biomechanical evidence. Hong Kong Physiother J. (2018) 38:77–90. doi: 10.1142/S1013702518300010

 35. Niemi S, Levoska S, Kemilä J, Rekola K, Keinänen-Kiukaanniemi S. Neck and shoulder symptoms and leisure time activities in high school students. JOSPT. (1996) 24:25–29. doi: 10.2519/jospt.1996.24.1.25

 36. Pheasant S, Haydt R, Gottstein T, Grasso A, Lombard N, Stone B. Shoulder external rotator strength in response to various sitting postures: a controlled laboratory study. IJSPT. (2018) 13:50. doi: 10.26603/ijspt20180050

 37. Vinyals O, Ewalds T, Bartunov S, Georgiev P, Vezhnevets AS, Yeo M, et al. Starcraft II: a new challenge for reinforcement learning. arXiv preprint arXiv:1708.04782. (2017).

 38. Poliszczuk T, Poliszczuk D, Dabrowska-Perzyna A, Johne M. Asymmetry of complex reaction time in female épée fencers of different sports classes. Pol J Sport Tour. (2013) 20:25–9. doi: 10.2478/pjst-2013-0003

 39. Lager A, Bremberg S. Health Effects of Video and Computer Game Playing. A Systematic Review. Stockholm: Swedish National Institute of Public Health (2005).

 40. Yuji H. Computer games and information-processing skills. Percept Mot Skills. (1996) 83:643–7. doi: 10.2466/pms.1996.83.2.643

 41. Goldstein J, Cajko L, Oosterbroek M, Michielsen M, van Houten O, Salverda F. Video games and the elderly. Soc Behav Person. (1997) 25:345–52. doi: 10.2224/sbp.1997.25.4.345

Copyright
 © 2024 Güney, Şahin, Arslanoğlu, Güler, Aydoğmuş, Doğan, Ayyıldız Durhan, Arıkan, Yaşar and Küçük. 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/xhtml/Nav.xhtml




Contents





		Cover



		Investigation of the playing digital games on shoulder flexibility, muscle strength and reaction speed in volleyball players



		1 Introduction



		2 Material and methods



		2.1 Research group



		2.2 Testing shoulder flexibility with digital goniometer



		2.3 Testing shoulder muscle strength with digital dynamometer



		2.4 Testing reaction times with visual-cognitive technology—BlazePod™



		2.5 Statistical analysis







		3 Results



		4 Discussion



		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References























OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Public Health







OPS/images/fpubh-12-1493900-t005.jpg
Dominant Non-dominant

Mean SD Mean SD

Flexion MS 97.01 9.63 91.85 12.82 0.014
Hyperextension 84.64 7.19 78.67 10.79 0.022
MS

Abduction MS 88.19 13.01 83.53 13.04 0.044
Internal 150.74 18.62 141.02 15.87 0.007
rotation MS

External 126.81 19.15 120.94 18.93 0.033
rotation MS






OPS/images/fpubh-12-1493900-t006.jpg
1. Group
Mean + SD

2. Group

Mean + SD
Reaction time Dominant 42136 % 30.40 440.08 % 3157 —2.135 0.038
Non-Dominant 434.60 % 33.60 457.00 3071 —246 0.018
Reaction hits Dominant 66.12 +4.11 6336 +4.13 2366 0220
Non-Dominant 64.28 % 4.26 61.68 & 3.91 2245 0.029






OPS/images/fpubh-12-1493900-t003.jpg
1. Group

Mean + SD
Flexion MS Dominant 99.94 £19.53 97.01 £9.63 0.673 0.504

Non Dominant 90.75 £ 19.33 91.85£12.82 —0.235 0.815
Hyperextension Dominant 80.34 £ 12.13 84.64 £7.19 —1.522 0.134
MS

Non Dominant 6825+ 11.52 78.62 & 10.79 —3.284 0.002
Abduction MS Dominant 89.44 £ 16.70 88.19 & 13.01 0.295 0.770

Non Dominant 81.154+17.78 83.53 & 13.04 —0.540 0.591
Internal Dominant 146.42 £ 32.76 150.74 £ 18.62 —0.573 0.569
Rotation MS

Non Dominant 138.47 £ 27.65 141.02 £ 15.87 —0.401 0.690
External Dominant 117.14 £16.26 126.81 £19.15 —1.924 0.500
Rotation MS

Non Dominant 11512 £17.57 120.94 £18.93 —1.128 0.265






OPS/images/fpubh-12-1493900-t004.jpg
Dominant Non-dominant

Mean SD Mean SD

Flexion MS 99.94 19.53 90.75 19.33 0.002
Hyperextension 80.34 12.12 68.25 11.52 0.001
MS

Abduction MS 89.44 16.7 81.15 17.78 0.001
Internal 146.42 32.76 139.47 27.65 0.031
rotation MS

External 117.14 16.26 116.12 17.57 0.518
rotation MS






OPS/images/fpubh-12-1493900-t007.jpg
Dominant Non-dominant

Mean SD Mean SD

Reaction time 421.36 30.4 434.6 336 0.001
(ms)

Reaction hits 66.12 4.11 64.28 4.26 0.001






OPS/images/fpubh-12-1493900-t008.jpg
Dominant Non-dominant

Mean SD Mean SD

Reaction time 440.08 31.57 457.00 30.71 0.002
(ms)

Reaction hits 63.36 4.13 61.68 391 0.004






OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

Investigation of the playing
digital games on shoulder
flexibility, muscle strength and
reaction speed in volleyball
players





OPS/images/fpubh-12-1493900-t001.jpg
1. Group (n = 25)

2. Group (n = 25)

Mean SD Mean
Age ‘ 17.36 330 2048 457
Height (cm) ‘ 177.92 5.09 181.00 687
Weight (kg) ‘ 63.98 625 67.76 7.51






OPS/images/fpubh-12-1493900-t002.jpg
up 2. Group
Mean + SD Mean + SD

Flexion flexibility Dominant 192.065 £ 11.48 188.03 £10.89 1273 0.209
Non-dominant 194.7 £9.84 188.8 £10.09 2.092 0.042
Hyperextension flexibility Dominant 92.25 £ 15.67 85.67 &+ 14.06 1.562 0.125
Non-dominant 90.02 + 16.54 85.08 & 14.22 1132 0.263
Abduction flexibility Dominant 184.72 £19.84 186.72 £12.6 —0.425 0.672
Non-dominant 187.13 £27.01 186.42 £10.35 0.123 0.903
Internal rotation flexibility Dominant 66.62 £ 13.42 66.43 £12.67 0.051 0.960
Non-dominant 72.04 £ 14.9 71.7£924 0.070 9.450
External rotation flexibility Dominant 111.67 £11.23 11142 £11.64 0.077 9.390
Non-dominant 11173 £11.49 110.01 £10.63 0.546 0.586






