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Background: Plyometric training (PT) has been researched extensively in athletic populations. However, the effects of PT on tennis players are less clear.
Methods: We aim to consolidate the existing research on the effects of PT on healthy tennis players’ skill and physical performance. On 30th May 2022, a comprehensive search of SCOPUS, PubMed, Web of Science, and SPORTDiscus (via EBSCOhost) databases was performed. PICOS was employed to define the inclusion criteria: 1) healthy tennis players; 2) a PT program; 3) compared a plyometric intervention to a control group or another exercise group, and single-group trials; 4) tested at least one measures of tennis skill or physical performance; and 5) non-randomized study trials and randomized control designs. Individual studies’ methodological quality was evaluated by using the Cochrane RoB-2 and ROBINS-I instruments. Using Grading of Recommendations Assessment, Development, and Evaluation (GRADE), the certainty of the body of evidence for each outcome was assessed, and Comprehensive Meta-Analysis software was employed for the meta-analysis.
Results: Twelve studies comprising 443 tennis players aged 12.5–25 years were eligible for inclusion. The PT lasted from 3 to 9 weeks. Eight studies provided data to allow for the pooling of results in a meta-analysis. A moderate positive effect was detected for PT programs on maximal serve velocity (ES = 0.75; p < 0.0001). In terms of measures of physical performance, small to moderate (ES = 0.43–0.88; p = 0.046 to < 0.001) effects were noted for sprint speed, lower extremity muscle power, and agility. While no significant and small effect was noted for lower extremity muscle strength (ES = 0.30; p = 0.115). We found no definitive evidence that PT changed other parameters (i.e., serve accuracy, upper extremity power and strength, reaction time, and aerobic endurance). Based on GRADE, the certainty of evidence across the included studies varied from very low to moderate.
Conclusion: PT may improve maximal serve velocity and physical performance components (sprint speed, lower extremity muscular power, and agility) for healthy tennis players; however, more high-quality evidence about the effects of PT on the skill and physical performance of tennis players merits further investigation.
Systematic Review Registration: [https://inplasy.com/], identifier [INPLASY202250146].
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INTRODUCTION
In racket sports such as tennis, technical and tactical skills are crucial for players to reach the top ranks and are primarily related to their performance levels (Strecker et al., 2011; MacCurdy, 2018). Tennis technical skills are most noticeable in serves and groundstrokes (Gillet et al., 2009; Ulbricht et al., 2016; Fauzi et al., 2021). Tactical skills refer to the knowledge of on-court decision-making activities and in-game adaptations (Elferink-Gemser et al., 2010). According to a systematic review, tennis players’ technical and tactical abilities are positively associated with their competition performance levels (Kolman et al., 2019). On the other hand, to be successful in tennis, cardiovascular fitness, sprint rehearsal ability, change of direction speed, muscle strength and muscle power are among the required physical components (Fernandez-Fernandez et al., 2009; Pereira et al., 2016; Björklund et al., 2020). The stronger the physical foundation, the more opportunities for developing technical, tactical, and psychological skills (Bompa and Haff, 2009; Chunlei, 2016; Lambrich and Muehlbauer, 2022), as well as preventing injuries (Carter and Micheli, 2011). Furthermore, it is well acknowledged that players need enhanced levels of physical fitness to execute advanced strokes and compete successfully against more advanced opponents (Ulbricht et al., 2016). Therefore, players require good technical and tactical skills, along with excellent physical performance to succeed in tennis. In this regard, it becomes very important to use training methods specific to the necessities of tennis.
Fortunately, several types of exercise interventions can enhance performance in tennis players. For instance, resistance training can increase serve velocity (Kraemer et al., 2003), while, strength training can enhance forehand and backhand hitting speed (Terraza-Rebollo et al., 2017). Moreover, core training, balance training and sprint training are known to improve the speed and strength of tennis players (Sannicandro et al., 2014; Bashir et al., 2019; Moya-Ramon et al., 2020). High-intensity interval training improves young tennis athletes’ aerobic performance (Fernandez-Fernandez et al., 2017). Notably, among the many kinds of exercises, plyometrics assist to develop power, a foundation from which the athlete can refine the skills of their sport (Davies et al., 2015).
Plyometric training involves a stretch-shortening cycle (SSC) that comprises a lengthening action (eccentric movement), followed by a shortening action (concentric movement) (Clark et al., 2016). The mechanism underlying PT mainly involves two parts. The first part transforms the elastic energy stored during muscle stretching into the power output of concentric contraction (Wilk et al., 1993). The second part applies proprioceptor signals induced during muscle stretching to detect muscle tension and length (stretch reflex) (Bal et al., 2012). The sensory signal then sends nerve impulses into the spinal cord to transfer information to alpha motor neurons that activate agonist muscles, recruit motor units, and suppress the contraction of antagonist muscles (Potach, 2004). Meanwhile, the SSC is a model that explains the energy-storing capacities of the series elastic component and the activation of the stretch reflex, which allow for a maximal increase in muscle recruitment in the shortest time (Potach, 2004). There are three distinct phases to the SSC: Prior to muscular activation, phase I, the eccentric phase, increases muscle spindle activity by pre-stretching the muscle; the muscle’s elastic characteristics store the potential energy created during the loading period (Potach, 2004; Davies et al., 2015). Phase II, the amortization phase, is the interval between the conclusion of the eccentric contraction and the beginning of the concentric contraction; during this phase, dynamic stabilization occurs (Cavagna, 1977). Rapid transition from an eccentric contraction to a concentric contraction elicits a strong reaction (Clark et al., 2016). Phase III, the concentric phase, consists of a concentric contraction that improves muscular function after the eccentric phase (Wilk et al., 1993; Clark et al., 2016).
Based on the physiological principles mentioned above, PT optimizes the SSC and related neuro-mechanical mechanisms (Markovic and Mikulic, 2010) has the potential and training advantage in improving sports performance in athletic populations. Previous studies have proven PT’s effects on skill performance, and the results are extremely positive. For instance, Komal and Singh. (2013) indicates that PT of 8 weeks has a significant effect on the dribbling and speed shot performance of basketball players. Hall et al. (2016) found that the implementation of a 6-week PT program can contribute to improving the handspring vault performance of competitive gymnasts. The study by Rubley et al. (2011) found an improvement in the kicking performance of soccer players after a 14-week PT program. At the same time, PT has been shown to be effective in improving athletes’ physical performance (e.g., sprint, jump, muscle strength, balance, endurance, agility, and flexibility) regardless of age, gender, training experience, and competition level (Agostini et al., 2017; Bogdanis et al., 2019; Fathi et al., 2019; Li et al., 2019; Bouteraa et al., 2020; Jlid et al., 2020; Tammam and Hashem, 2020; Ahmadi et al., 2021; Rojano Ortega et al., 2021; Romero et al., 2021; Sáez De Villarreal et al., 2021; Kim et al., 2022; Kosova et al., 2022). Moreover, PT has also been used to benefit the prevention of ankle injuries (Huang et al., 2021). Thus, we formulated two hypotheses based on previous work. First, we hypothesized that PT would improve skill performance in tennis players. Second, we hypothesized PT would exert beneficial effects on physical performance among tennis players.
In recent years, several reviews and meta-analyses on the impact of PT on athletic performance characteristics have been published (Silva et al., 2019; Ramirez-Campillo et al., 2020a; 2020b; 2021a; 2021b). However, these meta-analyses included athletes from various sports (i.e., volleyball players, soccer players, basketball players). Because the effects of PT may differ based on the athlete’s athletic history, the results of these studies cannot be applied directly to tennis players (Ramirez-Campillo et al., 2021b; Sole et al., 2021). According to our knowledge, no previous systematic reviews and meta-analyses have been undertaken on the effects of PT on tennis players, exposing a gap in the literature. Implementing a systematic review and meta-analysis may assist in identifying gaps and limitations in the PT literature and provide practitioners and researchers in adjacent domains with vital information regarding potential future research routes (Ramirez-Campillo et al., 2022). Increasingly, experimental research has investigated the influence of PT on tennis players. For example, comparing PT to conventional tennis exercises, Fernandez-Fernandez et al. (2016) found that PT appears to be an acceptable stimulus for enhancing physical qualities and serve velocity in tennis players. However, this evidence has not yet been gathered comprehensively. Consequently, a systematic review and meta-analysis are required to examine the effects of PT on tennis performance.
Therefore, this systematic review and meta-analysis serves a dual function. The initial purpose of this review was to summarize the present status of the literature on this topic, noting deficiencies in existing research and outlining the path that future researchers should take to address these deficiencies. The second objective was to finally quantify the effects of PT on healthy tennis players in order to determine the influence of this type of training on skill and physical performance, extending the existing understanding of the effects of PT on athletes and widening tennis-specific training methods.
METHODS
There was adherence to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines throughout the entire process of conducting this systematic review (Page et al., 2021), and the review protocol has been registered on Inplasy.com (INPLASY202250146).
Search strategy
We systematically searched SCOPUS, PubMed, Web of Science, and SPORTDiscus (via EBSCOhost) electronic databases from inception until 30th May 2022. A systematic investigation of the topic was carried out utilizing the Boolean operations AND and OR. For keyword selection and search strategy development, the authors sought advice from experienced librarians. The keywords are as follows: (“plyometric training” OR “plyometric exercise*” OR “plyometric drill*” OR “plyometr*” OR “ballistic six” OR “ballistic training” OR “explosive” OR “force-velocity” OR “stretch-shortening cycle” OR “stretch-shortening exercise” OR “complex training” OR “jump training”) AND (“tennis” OR “tennis player*” OR “tennis athlete*”). The main databases search string is provided in Supplementary Appendix S1. Furthermore, to find additional literature that might not have shown up in the search results using the four databases, a search was also carried out on Google Scholar and based on the reference lists of selected papers, previously relevant reviews and meta-analyses (Singla et al., 2018; Sole et al., 2021; Colomar et al., 2022; Xiao et al., 2022).
Study selection
Firstly, two authors (ND, DH) uploaded the collected literature information to the Endnote X9 reference management software based on title, type, authors, and year of publication. After that, all duplicates were removed (ND). Two independent authors (ND, KS) screened each study’s title and abstract for potentially relevant full-text literature. After that, the same authors compared the entire study text to the inclusion and exclusion criteria and chose publications that fulfilled the requirements. Two independent authors (ND, KS) worked out their disagreements through discussion; if they disagreed, a third author (BA) was consulted until they reached an agreement. Figure 1 illustrates the details of the selection procedure.
[image: Figure 1]FIGURE 1 | PRISMA flow diagram.
Eligibility criteria
To evaluate whether studies could be included in the review, we employed the PICOS approach (Table 1). The selection criteria that we considered for our systematic review are stated below:
1) Healthy tennis players, with no limitations on their gender, age or level.
2) Experimental studies included a PT program to determine tennis players’ skill and/or physical performance; studies using multicomponent training with plyometric components (e.g., neuromuscular training) or combinations of PT with other types of exercise training were also included.
3) Compare a PT intervention to a control or exercise group, and single-group trials were also included. Additionally, studies involving a meta-analysis need to have the mean and standard deviation for the experimental and control groups at pre-and post-test.
4) Reported one or more of the following outcomes: skill performance (e.g., maximal stroke velocity, stroke accuracy) and physical performance (e.g., jump height, sprint speed, agility).
5) To avoid the exclusion of potentially pertinent high-quality research, we took the inclusion of full-text, peer-reviewed, original RCTs and non-RCTs into consideration. Our study focused only on English-language articles, since it may be difficult to translate articles written in different languages, and previous research has demonstrated that nearly all of the literature (99.6%) on plyometric jump training was in English (Ramirez-Campillo et al., 2018).
TABLE 1 | Eligibility criteria according to the PICOS conditions.
[image: Table 1]The following exclusion criteria were used in our systematic review:
1) Unhealthy tennis players or those with injuries.
2) Training programs not involving PT or training interventions with plyometric exercises representing less than half of the training volume when delivered with other training interventions (e.g., sprint training).
3) Cross-sectional, review papers and training-related works that did not focus on the impact of PT were excluded.
4) Excluding case reports, brief communications, letters to the editor, invited comments, errata, overtraining studies, patents, and retrospective, papers for which only the abstract was available.
Data extraction
Two reviewers (ND, DH) retrieved data from each study using a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, WA, United States), and a third reviewer (KS) validated the data. The data considered were: 1) Name of the first author and year of publication; 2) Subject characteristics: sample size, gender, age (years), and tennis experience; and 3) Characteristics of the PT intervention, which are training protocol, training frequency (days/week), duration (weeks), intensity level (e.g., maximal), rest time between sessions (hours), rest time between sets (s), rest time between repetitions (s), type of progressive PT overload (e.g., volume-based; technique-based), training period (e.g., in-season), PT replaced (if applicable) a component of the regular tennis practice.
Risk of bias in individual studies and certainty of evidence
According to the guideline on the webpage for Cochrane Training, two reviewers (ND, KS) independently assessed the risk of bias of each of the identified RCTs using the updated Cochrane risk of bias assessment for randomized trials (RoB-2) (Higgins et al., 2022). Risk Of Bias In Non-randomized Research of Interventions (ROBINS-I) was used to evaluate the risk of bias in non-randomized controlled trials (Higgins et al., 2022). GRADE was used to analyze and summarize the confidence of evidence following the GRADE handbook’s principles (Schünemann et al., 2020). First, we categorized all relevant trials based on the outcomes they reported. Then, to determine the confidence of evidence, the following six factors were considered: research design, study limitations, inconsistency, indirectness, imprecision, and publication bias. Outcomes were assessed separately for RCTs and non-RCTs. Two individuals authored this work (ND, KS).
Data synthesis and meta-analysis
If three or more relatively homogeneous studies supplied explicit pre-and post-test data for the control and experimental groups using the same parameters, these papers were combined for meta-analysis (Ramirez-Campillo et al., 2021b; Ramachandran et al., 2021). In contrast, a narrative synthesis of the findings is conducted (Elgueta-Cancino et al., 2022). On the basis of pre- and post-intervention performance means and standard deviations, between-group effect sizes (ES; Hedge’s g) were computed (SD). The data were standardized using the post-score SD. The inverse-variance random-effects model was utilized for meta-analyses because it assigns a proportional weight to trials depending on the magnitude of their individual standard errors (Deeks et al., 2008) and aids analysis while accounting for heterogeneity across studies (Kontopantelis et al., 2013). If the needed information was not available in the original article or additional materials, the authors were contacted. If contact was not returned or data was unavailable, the study was excluded from the meta-analysis. The ES values were presented with 95% confidence intervals (95% CIs). The ES magnitudes were interpreted using the following scale: < 0.2, trivial; 0.2–0.6, small; > 0.6–1.2, moderate; >1.2–2.0, large; >2.0–4.0, very large; >4.0, extremely large (Hopkins et al., 2009). In some investigations including multiple PT groups, the control group was proportionally divided to permit comparisons across all participants (Higgins et al., 2008). To assess heterogeneity, the I2 statistic was employed. Low, moderate, and high degrees of heterogeneity, were determined to be 25%, 25–75%, and >75%, respectively (Higgins et al., 2003). The risk of publication bias across studies was assessed using the extended Egger’s test (Egger et al., 1997). Furthermore, a sensitivity analysis was performed when Egger’s test was significant (p < 0.05). An analysis of all available data was carried out using Comprehensive Meta-Analysis software (version three; Biostat, Englewood, NJ, United States).
RESULTS
Study selection
The database search produced 361 articles, with an additional five articles discovered via Google Scholar and reference lists. In total, 224 research articles remained after duplicates were removed, and the remaining articles were eliminated based on title and abstract screening. An evaluation of the remaining 111 studies was conducted independently by two researchers. The systematic review included twelve studies after the final screening process (Table 2), and eight articles were included in the meta-analysis (Supplementary Appendix S2). The detailed selection procedure for the studies is shown in Figure 1.
TABLE 2 | Characteristics of the studies examined in the present review.
[image: Table 2]Risk of bias in individual studies and certainty of evidence
RoB-2 was applied to five RCTs, while ROBINS-I was applied to seven non-RCTs. Ten trials were found to have an overall moderate risk of bias or presented some concerns, only two papers showed a lower risk of bias (see Figure 2). Figure 2A depicts the findings of the RoB-2 evaluations. Only one research described the method for generating randomization sequences utilizing stratified block randomization and specifically documented allocation concealment (Behringer et al., 2013), whereas four articles did not completely describe the randomized procedure (Salonikidis and Zafeiridis, 2008; Gelen et al., 2012; Rathore, 2016; Ziagkas et al., 2019). Only two studies had preregistered protocols (Salonikidis and Zafeiridis, 2008; Behringer et al., 2013), and three of the studies therefore had some concerns regarding bias in the selection of the reported results (Gelen et al., 2012; Rathore, 2016; Ziagkas et al., 2019). Figure 2B depicts a graphical representation of the outcomes of ROBINS-I evaluations. One of the non-RCTs discovered some concerns due to missing data, owing to an approximate 15% dropout rate (Fernandez-Fernandez et al., 2016), two studies had moderate risk of bias in domain of deviations from intended intervention (Ölçücü, 2013; Lakshmikanth et al., 2018), and three studies had moderate risk regarding bias in the selection of the reported results (Ölçücü et al., 2013; Fernandez-Fernandez et al., 2018; Hotwani et al., 2021).
[image: Figure 2]FIGURE 2 | Risk of bias. (A) Results for RCTs, (B) results for non-RCTs. *Created using Robvis (visualization tool): McGuinness and Higgins (2021).
According to the GRADE assessment (Supplementary Appendix S3), in terms of RCTs, the certainty of evidence is considered very lower to moderate. In terms of non-RCTs, the certainty of evidence is considered very lower to low.
Study characteristics
Table 2 summarizes the study and intervention characteristics. Moreover, the training protocol of each study can be found in Supplementary Appendix S4. The twelve included papers were carried out between 2008 and 2021, with 443 tennis players. Across the studies, 1) Gender: nine studies focused on men (Salonikidis and Zafeiridis, 2008; Behringer et al., 2013; Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018; Mohanta et al., 2019), no studies focused on female tennis players alone, two studies reported mixed gender (Lakshmikanth et al., 2018; Hotwani et al., 2021), and one study did not specify gender (Gelen et al., 2012); 2) Age: all studies recorded the participants’ ages, and an overview of age reports from twelve research revealed that the participants’ ages ranged from 12.5 to 25 years; 3) Tennis experience: eight studies reported on the training experience of the tennis players (Salonikidis and Zafeiridis, 2008; Gelen et al., 2012; Behringer et al., 2013; Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al.2018; Mohanta et al., 2019), ranging from 12 to 96 months, four studies did not report on training experience (Ölçücü et al., 2013; Rathore, 2016; Lakshmikanth et al., 2018; Hotwani et al., 2021); 4) Intervention: regarding the training regimen in this review, four studies conducted PT for the upper and lower extremities (Behringer et al., 2013; Fernandez-Fernandez et al., 2016; Mohanta et al., 2019; Ziagkas et al., 2019), and one study used only upper limb PT (Gelen et al., 2012), six studies used lower-extremity PT (Salonikidis and Zafeiridis, 2008; Fernandez-Fernandez et al., 2015; Rathore, 2016; Fernandez-Fernandez et al., 2018; Lakshmikanth et al., 2018; Hotwani et al., 2021), but three studies did not detailed description the training protocol (Ölçücü, 2013; Rathore, 2016; Ziagkas et al., 2019). In addition, three studies combined PT with other types of exercise training (i.e., sprint training, acceleration/deceleration/change of direction drills) (Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2018; Hotwani et al., 2021). The frequency of training was one to three times per week, and two studies did not report the frequency (Gelen et al., 2012; Hotwani et al., 2021). The duration of the intervention was primarily between 20 and 60 min, but one study did not report the period (Salonikidis and Zafeiridis, 2008). The interventions ranged from three to 9 weeks, and most of the interventions were conducted for 8 weeks (n = 8), and only one study did not report the length (Gelen et al., 2012).
Results from meta-analysis
The meta-analysis was conducted on certain trials that measured maximal serve velocity (n = 3), sprint speed (n = 3), lower extremity power (n = 3) and strength (n = 3), agility (n = 4). Other outcomes were insufficient and produced limited data for pooling, consequently, they were not considered for meta-analysis. The data used for meta-analyses and the forest plots are presented in Supplementary Appendix S3, S5, respectively.
The PT showed a significant increase (p < 0.001) of maximal serve velocity with moderate effect (ES = 0.75; 95% CI = 0.38–1.12; Egger’s test p = 1.00; n = 115) and low heterogeneity (I2 = 0.0%) (Supplementary Appendix S2; Supplementary Figure S1).
The PT showed a significant increase (p = 0.046) of sprint speed with moderate effect (ES = 0.43; 95% CI = 0.01–0.85; Egger’s test p = 1.00; n = 115) and low heterogeneity (I2 = 18.7%) (Supplementary Appendix S2; Supplementary Figure S2).
The PT showed a significant increase (p = 0.022) of lower extremity power with small effect (ES = 0.50; 95% CI = 0.07–0.93; Egger’s test p = 0.734; n = 115) and lower heterogeneity (I2 = 19.9%) (Supplementary Appendix S2; Supplementary Figure S3).
The PT showed a non-significant change (p = 0.115) in lower extremity muscle strength with small effect (ES = 0.30; 95% CI =-0.07–0.68; Egger’s test p = 0.471; n = 108) and lower heterogeneity (I2 = 0.0%) (Supplementary Appendix S2; Supplementary Figure S4).
The PT showed a significant increase (p < 0.001) of agility with moderate effect (ES = 0.88; 95% CI = 0.53–1.23; Egger’s test p = 0.060; n = 105) and lower heterogeneity (I2 = 6.42%) (Supplementary Appendix S2; Supplementary Figure S5).
SYNTHESIS OF RESULTS
Effect of plyometric training on maximal serve velocity and accuracy
Five studies contained in this review evaluated maximal serve velocity. Among these studies, ball speed measurement by radar gun (Gelen et al., 2012; Behringer et al., 2013; Ölçücü et al., 2013; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018). Two RCTs measured this skill aspect. Gelen et al. (2012) compared EG3 and CG employing high-volume upper body PT vs. normal tennis practice. They discovered a significant (p = 0.001) acute effect in maximal serve speed. Behringer et al. (2013) conducted an 8-week PT for the upper and lower bodies and increased the maximum serve velocity in a statistically significant (p < 0.05) way. Three non-RCTs studied maximal serve velocity. Fernandez-Fernandez et al. (2016) found a significant increase (p < 0.05) in maximal serve velocity after an 8-week upper and lower body PT program. Meanwhile, in another study, the comparison of PT versus a traditional training regimen indicated positive effects on maximal serve velocity (p < 0.01) (Ölçücü et al., 2013). In addition, the report by Fernandez-Fernandez et al. (2018) demonstrates that the EG1 significantly improved the maximal serve velocity. In contrast, the EG2 did not observe any changes.
One RCT (Behringer et al., 2013) and one non-RCT (Fernandez-Fernandez et al., 2016) measured serve accuracy. The accuracy of the service is scored by calculating the position of the ball landing in the specified target area. The RCT reported neither positive nor adverse impacts have been observed on service accuracy scores after an 8-week PT program (Behringer et al., 2013). Interestingly, Fernandez-Fernandez et al. (2016) reported a significant change (p < 0.01) in serve accuracy after a similar 8-week PT program.
Effect of plyometric training on sprint speed
Five of the studies (one RCT and four non-RCTs) assessed sprint speed. The sprint tests used in these investigations comprised the linear sprint test of 4 m (Salonikidis and Zafeiridis, 2008), 5 m (Fernandez-Fernandez et al., 2016), 10 m (Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018), 12 m (Salonikidis and Zafeiridis, 2008), 20 m (Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018), 30 m (Fernandez-Fernandez et al., 2015), 50 m (Mohanta et al., 2019); lateral sprint test of 4 m (Salonikidis and Zafeiridis, 2008); and change of direction sprint test of 12 m with turn (Salonikidis and Zafeiridis, 2008), repeated sprint ability (Fernandez-Fernandez et al., 2015).
The RCT reveals that it significantly improves (p < 0.05) 12 m sprint without turn performance in the combined group (PT + regular tennis drills) and PT alone group. Meanwhile, the performance in the 12 m sprint with turn was improved only in the EG2 and failed to reach significant differences in the EG1 (Salonikidis and Zafeiridis. 2008). Three 8-week non-RCTs revealed improvements (p < 0.05) in the linear sprint test (Fernandez-Fernandez et al., 2016; Mohanta et al., 2019) and repeated sprint ability test (Fernandez-Fernandez et al., 2015). Of note, Fernandez-Fernandez et al. (2015) reported that the 10 m test was significantly improved (p < 0.05), in contrast to the 20 m test and 30 m test. Fernandez-Fernandez et al. (2018) reported that the EG1 had a positive effect on pre-to post-test measures of the sprint, while the EG2 training method had negative effects on 5 m, or trivial effects on 10 m and 20 m.
Effect of plyometric training on upper and lower extremity power
Two non-RCTs measured upper extremity power via medicine ball throw tests (Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018). Fernandez-Fernandez et al. (2016) compared EG and CG applying an 8-week PT program vs. normal tennis practice. They discovered that MBT performance had improved significantly (p < 0.05). Fernandez-Fernandez et al., 2018 observed a considerable increase in MBT following the EG1 training method, but no improvement in EG2.
One RCT (Salonikidis and Zafeiridis, 2008) and four non-RCTs (Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018; Mohanta et al., 2019) measured lower extremity power. This outcome test consisted of CMJ test (Fernandez-Fernandez et al., 2015; Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018), drop jump test (Salonikidis and Zafeiridis, 2008), SLJ test (Fernandez-Fernandez et al., 2016), VJ test (Mohanta et al., 2019). Salonikidis and Zafeiridis (2008) found that EG2 activities had a significant gain (p < 0.05) in DJ height when compared to EG1. Fernandez-Fernandez et al. (2016) demonstrate that EG vs. CG significantly enhanced (p < 0.01) CMJ and SLJ performance. Fernandez-Fernandez et al. (2015) compared EG and CG using an 8-week combination of explosive strength and repeated sprint training. The results indicate that CMJ achieved a positive effect. Fernandez-Fernandez et al. (2018) reported data on EG1 vs. EG2, and it is noted that the EG1 training approach markedly improved (p < 0.05) the CMJ performance, in contrast to the EG2. Furthermore, Mohanta et al. (2019) showed that 8 weeks of PT could significantly improve VJ height (p = 0.027).
Effect of plyometric training on upper and lower extremity strength
One RCT (Behringer et al., 2013) and two non-RCTs (Ölçücü et al., 2013; Mohanta et al., 2019) measured upper extremity strength. The tests applied at this point involved the 1RM and 10RM chest press test (Behringer et al., 2013; Mohanta et al., 2019), and the torque of the shoulder joint test (Ölçücü et al., 2013). The RCT (8-week PT program) conducted by Behringer et al. (2013) observed a greater increase (p < 0.05) in upper extremity strength (10RM chest press test) when compared to the control group. Two similar 8-week PT programs (non-RCT design) also found a statistically significant difference (p < 0.05) in upper limb strength (1RM chest press and torque of the shoulder joint test) measurement between the experimental group’s pre-and post-test (Ölçücü et al., 2013; Mohanta et al., 2019).
The lower extremity strength test consists of a 10RM leg press test (Behringer et al., 2013), a maximum isometric force test (leg) (Salonikidis and Zafeiridis, 2008), and a torque of the knee joint test (Ölçücü et al., 2013). Two RCTs indicated that tennis players who trained with 8 weeks of PT had considerably larger increases in lower extremity strength (p < 0.05) than the control group (Salonikidis and Zafeiridis, 2008; Behringer et al., 2013). One non-RCT also achieved a positive effect in the strength test (Ölçücü et al., 2013) after 8-week PT.
Effect of plyometric training on agility
In the twelve studies that were reviewed, agility was reported in seven. The factors valued and assessment instruments used included the 5-0-5 test (Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018), T-test (Mohanta et al., 2019; Hotwani et al., 2021), Illinois test (Rathore, 2016; Lakshmikanth et al., 2018; Hotwani et al., 2021), tennis-specific agility test (Lakshmikanth et al., 2018), hexagon test and spider test (Ziagkas et al., 2019). Two RCTs (Rathore, 2016; Ziagkas et al., 2019) show that EG vs. CG substantially increased agility performance (hexagon test, spider test, Illinois test; p < 0.0001). Among non-RCTs, a statistically significant difference between the pre-and post-test in several agility tests (i.e., 5-0-5 test, T-test, Illinois test, tennis-specific agility test) was revealed by the EG of studies (Fernandez-Fernandez et al., 2016; Lakshmikanth et al., 2018; Mohanta et al., 2019). Moreover, Hotwani et al., 2021 revealed that 3 weeks of combining plyometric with sprint training sessions resulted in an extremely significant (p < 0.0001) gain in agility (Illinois test and T-test). However, Fernandez-Fernandez et al. (2018) discovered positive effects from pre-test to post-test measures on agility (5-0-5 test) in the EG1. On the contrary, the agility test for the EG2 showed negative impacts.
Effect of plyometric training on reaction time/aerobic endurance
One RCT (Salonikidis and Zafeiridis, 2008) and one non-RCT (Fernandez-Fernandez et al., 2015) evaluated reaction time and aerobic endurance performance, respectively.
The reaction time was measured based on the load cells. Salonikidis and Zafeiridis 2008 reported outcomes on EG1 vs. EG2; both PT regimens induce favorable changes to reaction time performance (p < 0.05). Another study using the 30–15 interval fitness test evaluated aerobic endurance performance, and the study reported no significant improvement in this aspect of factor (Fernandez-Fernandez et al., 2015).
Adverse effects
It is worthy to note that one out of the twelve studies reported that eight players in the control group and one in the PT group were dropped from the final collection of data because of acute injuries (i.e., ankle sprain) (Fernandez-Fernandez et al., 2016). Apart from that, no other studies in this review reported fatigue, soreness, injury, pain, damage, or adverse effects associated with PT intervention.
DISCUSSION
This is the first meta-analysis to investigate the impact of PT on healthy tennis players. This study involved twelve trials, and five studies involved skill, but only serve performance. Eleven articles were related to physical performance. Besides, no data were found on body composition, balance, flexibility, and other aspects of skills (Table 2). The results demonstrated that PT interventions induced small-to-moderate improvements (ES = 0.43–0.88) in tennis players’ maximal serve velocity and physical performance parameters (i.e., sprint speed, lower body power, agility), and a non-significant, small improvement (ES = 0.30) in lower extremity strength. In most cases, the results indicated above had a low level of heterogeneity (I2 = 0.0%–19.9%). In this review, one study reported acute injuries during the intervention which the authors had recorded. It is still necessary that coaches and players remain cautious and vigilant about injuries sustained during PT drills, and that the training must be performed under supervision. Furthermore, only two of the twelve studies in this work were rated with a low risk of bias. Additionally, a very low to moderate level of evidence was reported for the measured variables. Therefore, the outcomes should be interpreted with caution.
Effect of plyometric training on maximal serve velocity and accuracy
The tennis serve is undoubtedly one of the most challenging tennis shots to master, but it can significantly contribute to a point win or advantage (Guillot et al., 2013). Based on our meta-analysis, PT interventions were found to have a moderate effect (ES = 0.75) on maximal serve velocity in tennis players. The serve is a complicated stroke that involves a sequence of forces (legs, trunk, and arm/racquet) moving from proximal to distal (Elliott, 2006). During a serve, it is crucial to transfer power from the legs, trunk, and arm to the ball as quickly as possible to maximize the velocity (van den Tillaar. 2004). According to Ferrauti and Bastiaens, (2007), service velocity results from an efficient force transfer along a convoluted kinetic chain dependent on intermuscular coordination and muscle strength. Simultaneously, PT helps to increase muscular strength and intermuscular coordination, so that force transfer during service can be improved (Fernandez-Fernandez et al., 2016). Previously, resistance training has been recommended to increase ball velocity in tennis (Kraemer et al., 2000; Kraemer et al., 2003); yet, a study in the current review specifically compared the effects of PT and resistance training on this factor and found that serve speed improvement was significantly higher in the PT group than in the resistance training group (Behringer et al., 2013). In addition, Fernandez-Fernandez et al., 2013 suggested that upper-extremity plyometric exercises can be frequently used by athletes in the pursuit of more powerful functional performance. In the present review, of the five studies measuring serve speed, four designed upper-body plyometrics in the training protocols (Supplementary Appendix S4), therefore, the increase in maximal serve velocity was expected.
In tennis, the main determinants of shot quality include not only ball velocity but also ball placement accuracy (Kovacs and Ellenbecker, 2011). Fernandez-Fernandez et al. (2016) speculated that the improved kinetic chain as a result of the power gains from the PT would contribute to the stability of tennis players from a technical perspective, leading to a higher accuracy test score. However, another study found that similar plyometric exercises did not affect serve accuracy (Behringer et al., 2013). In the literature, service accuracy was also unaffected by other forms of strength training (Ferrauti and Bastiaens, 2007; Fernandez-Fernandez et al., 2013). Terraza-Rebollo and Baiget. (2020) explained in their study that it was likely because subjects were instructed to hit the ball at maximum speed, so it was difficult to take into account the accuracy. However, there is some controversy because it has also been observed a positive correlation between velocity and accuracy in tennis (Cauraugh et al., 1990).
Therefore, PT is an effective method that may have greater chances of improvement in tennis players’ maximal serve velocity. Concerning serve accuracy, it was impossible to reach a firm conclusion, because only two studies examined the effect of PT on this point. Furthermore, more research is required to explore the relationship between training-induced increases in serve velocity and accuracy.
Effect of plyometric training on sprint speed
Better sprint performance will enable tennis players to get to the ball faster and will give them more time to prepare for the shot (Kramer et al., 2021). The meta-analysis, summarizing the effects of PT on the sprint speed performance of tennis players, showed a small but significant effect across studies (ES = 0.43). Increases in sprint performance following PT may be due to increased neuromuscular activation of the exercised muscles (Hakkinen and Komi, 1985). Moreover, these adaptations induced by lower body plyometric exercises (e.g., sprinting, hopping, jumping), such as improving muscle-tendon stiffness and increasing neural drive to agonist muscles (Markovic and Mikulic, 2010) may improve SSC efficacy. As a result of gains in SSC efficacy in lower limb musculature, stronger force generation likely occurs in the concentric action phase after a rapid eccentric muscle movement (Markovic and Mikulic., 2010; Radnor et al., 2018), which is a key requirement for enhancing tennis players’ sprint performance. However, one study found that PT had no effect on a 12 m sprint with a turn test (Salonikidis and Zafeiridis, 2008). This observation may have resulted from the activity being conducted only on one leg (Salonikidis and Zafeiridis, 2008). Furthermore, Fernandez-Fernandez et al. (2015) concluded that a PT program did not result in significant gains in the 20 m and 30 m sprint measurements. This discovery might be connected to the athletes’ stride frequency and the coordination of the lower limb muscles (Young et al., 2001). In fact, only a few studies in the literature did not report the positive effects of PT on sprint performance (Oxfeldt et al., 2019). For example, Hammami et al. (2019) investigated the impact of a night-week PT program on young female handball players. There were no changes reported for the 5 m and 10 m sprint times, which could be explained by the fact that initial acceleration (over 5 and 10 m) has proven to be more difficult to improve than maximal velocity, most likely due to the smaller margin for improvement and the different forces involved. Interestingly, Hammami et al. (2020) found inconsistent results on young female handball players, that there were significant increases in speed over distances of 5–30 m after 10 weeks of similar plyometric exercises. Differences between PT programs (e.g., frequency, duration) may help to explain the different magnitudes of physical fitness changes among studies (Ramirez-Campillo et al., 2020b). However, the paucity of available data limits our attempts to explore the effects of these factors on training effects. Therefore, although we have found evidence to support the use of PT as an effective training modality to improve sprint performance, more high-quality research on sprint speed performance is still needed.
Effect of plyometric training on upper and lower extremity muscle power
Power development is paramount, irrespective of the sport and proportion of each energy system engaged, since certain critical actions are executed as quickly and forcefully as possible (Elliott et al., 2007). On the one hand, upper extremity power was studied in two studies included in this review, and this variable was examined using medicine ball throws. These outcomes showed positive effects (Fernandez-Fernandez et al., 2016; Fernandez-Fernandez et al., 2018). Ulbricht and others discovered that the upper extremity power test (MBT) was an important predictor of tennis performance (Ulbricht et al., 2016). These two studies in our review incorporating PT of the upper limb involving multiple medicine ball exercises could be an important factor in improving upper extremity power. Furthermore, PT works by utilizing the natural elastic components of muscles and tendons, and stretch reflexes, to increase the power of subsequent movements (Trajkovic et al., 2016).
On the other hand, a meta-analysis of lower extremity power (CMJ) was undertaken, and the PT indicated a significant increase with a small effect (ES = 0.50). Such effects were noted for participants with a wide range of sports backgrounds. A meta-analysis on individual sports athletes was done by Sole et al. (2021), and the results showed similar improvements in the CMJ performance of ES = 0.49. In short, factors including improved motor unit recruitment, increased intermuscular coordination, increased neural drive to the muscles of the agonist, and improved SSC utilization are responsible for jump performance improvements (Markovic and Mikulic, 2010; Taube et al., 2012). Of note, a study conducted by Fernandez-Fernandez et al. (2018) showed that performing NMT before regular tennis practice produced a substantially significant positive effect on CMJ. Conversely, when NMT was conducted after regular tennis drills, there was no improvement in CMJ assessed. The previous tennis regular practice that resulted in acute fatigue may have contributed to the lack of a marked increase in CMJ (Garcia-Pallares and Izquierdo, 2011). From this, the optimal design and implementation of training strategies are significant for tennis players. This should be taken into account in future research.
Overall, our findings imply that PT positively affects tennis players’ lower extremity power, and future research should consider further research on upper extremity power.
Effect of plyometric training on upper and lower extremity muscle strength
For successful athletic performance, strength is essential (Slimani et al., 2016). Moreover, it has been reported that a tennis player’s upper and lower body strength can be very helpful in preventing injuries (Ellenbecker and Roetert, 2004). Of the four studies included in this review assessing strength, three reported upper body strength. These studies showed significant improvement in upper extremity strength tests (Ölçücü et al., 2013, Behringer et al., 2013; Mohanta et al., 2019).
Meanwhile, it has been found in the present meta-analysis that PT led to small gains in lower extremity muscle strength (ES = 0.30), but this was not statistically significant. In contrast, de Villarreal et al. (2010) observed that PT has a significant, moderate effect on lower limb muscle strength (ES = 0.97). Theoretically, PT increases cross-bridge mechanics, activates motor units, enhances neural efficiency, and provides passive tension to the muscle-tendon complex, contributing to strength performance (Malisoux, 2005; Ramírez-Campillo et al., 2015). Moreover, improvements in muscle strength after PT may also be associated with muscle hypertrophy (Grgic et al., 2020).
Additionally, the narrative synthesis in our review showed a positive direction of evidence for muscle strength, but the certainty of the evidence was very low to low. As a result, these findings are unclear, though this could be due to the relatively few studies conducted in this field. Likewise, although our meta-analysis results do not show a significant effect from PT on lower extremity muscle strength, numerous previous studies have concluded that PT is an efficient training technique to enhance strength performance in other ball players, such as basketball players (Ramirez-Campillo et al., 2021a), handball players (Hammami et al., 2020). Therefore, to confirm the effects of PT on tennis players, further high-quality studies simultaneously evaluating the influence of upper and lower body muscle strength are needed to draw more solid conclusions.
Effect of plyometric training on agility
The basic requirement for a tennis player is the ability to quickly switch between multidirectional movements (e.g., vertical, lateral, forward, backward) (Rathore, 2016). In the present review, one of the most studied physical attributes is agility (seven papers). The findings in the current meta-analysis show that PT has a significant, moderate effect (ES = 0.88) on agility. Similar improvement in agility performance was observed by Asadi et al. (2016) and Thapa et al. (2021), supporting the findings of our study. The present research evaluated agility performance using a variety of tests (5-0–5 test, T-test, Illinois test, Heroxge test, tennis-specific agility test). Of note, Asadi et al. (2016) suggested that PT could improve change-of-direction ability (ES = 0.26–2.8, small-to-large), depending on the types of plyometric exercises and change-of-direction tests. The current results are consonant with these findings, with extensively positive results in all of the agility tests after PT.
Additionally, Fernandez-Fernandez et al. (2018) found positive effects from pre-test to post-test analyzes on agility in the EG1. In contrast, the EG2 observed negative effects on agility. As aforementioned, the fatigue of regular tennis training may have contributed to the decline in agility. In the literature, it has been well identified that PT is a time-efficient, effective and simple method for improving agility among athletes (Asadi, 2013; Arazi et al., 2014; Ramírez-Campillo et al., 2014). Indeed, PT helps reduce ground contact by boosting muscular force output and movement efficiency, which is related to agility improvement (Markovic and Mikulic, 2010; Asadi et al., 2016). Moreover, this type of training approach could have increased eccentric strength in the legs, allowing athletes better to switch between deceleration and acceleration movements (Brughelli et al., 2008). Meanwhile, plyometric exercises which included powerful multidirectional movements helped improve the ability to change directions rapidly (Söhnlein et al., 2014). Therefore, the findings suggest that PT might assist tennis players to enhance their agility performance.
Effect of plyometric training on reaction time/aerobic endurance
The tennis player’s ability to react quickly in response to their competitor’s movements is crucial during a game (Reid et al., 2013). Reaction time performance has only been investigated in one study, and this study reported significant improvement in the reaction time test (Salonikidis and Zafeiridis, 2008). Similar results were found in a study done by Turgut et al. (2019) which showed a significant improvement in reaction time as a result of PT. However, discussion on the mechanisms related to improved reaction time in athletes after PT remains unclear, with extensive empirical research required to elucidate such mechanisms.
Likewise, aerobic endurance is a major component of physical fitness (Wezenberg et al., 2013), and can be considered one of the benefits of PT. However, only one paper examined aerobic endurance in the current review, and this study found no significant improvement in the aerobic endurance test (30–15 interval fitness test) (Fernandez-Fernandez et al., 2016). This may be due to repetitive short-duration exercises which induced changes in glycolytic enzymes, muscle buffering, and ion regulation and led to improved anaerobic capacity (Dawson, 2012) rather than aerobic performance.
Based on two articles, we cannot get more information from these two variables, thus, in the future, more studies evaluating the effects of PT on reaction time and aerobic endurance are required to reach more reliable conclusions.
Limitations
This systematic review can be regarded as having some limitations, which should be taken into account. The first limitation is that only 12 publications were analyzed, and there were insufficient RCTs (n = 5) included in this study. Secondly, there is no study specifically analyzing female tennis players in this review, which limits our comprehension of the overall effectiveness of PT in tennis players. This presents a crucial gap in the study, and should be addressed in further studies. Thirdly, three studies were excluded from the current meta-analysis because they lacked control group data or did not offer enough. In addition, several outcomes (such as serve accuracy, upper extremity power and strength) were excluded from our meta-analysis, since there was an insufficient number of studies involved. Fourthly, several studies did not give a comprehensive description of the training program; for example, three of the included publications did not include details regarding the training protocol. Fifthly, the majority of the studies included in this review had small sample sizes (8–30 people per EG), and only one research disclosed the sample size calculation technique (Mohanta et al., 2019), meaning statistically significant results may not reflect the actual effect. As demonstrated by GRADE, the certainty of the evidence ranged from very low to moderate for most of the study outcomes, lowering confidence in the reported estimates.
CONCLUSION
To summarize, this systematic review and meta-analysis demonstrated that PT implicates muscle stimulus that induces neuro-mechanical adaptations, which could increase force production, thereby improving tennis performance, including maximal serve velocity and physical performance components (i.e., sprint speed, lower extremity muscle power, agility). There was no definitive evidence that PT changed serve accuracy, upper extremity power and strength, reaction time, and aerobic endurance. According to GRADE, the certainty of evidence is very low to moderate in studies. Future high-quality evidence is needed to demonstrate the effects of PT on skill and physical performance in tennis players.
PRACTICAL APPLICATION
The findings of this review have practical implications for athletic trainers, coaches, and athletes. PT might be advised as a training method to boost maximal serve velocity or different parameters of physical performance in healthy tennis players. These factors are essential for enhancing the competitive level of tennis players (Lambrich and Muehlbauer, 2022). Moreover, one of the primary advantages of this type of training is that it requires only inexpensive equipment (e.g., jump box, medicine ball), so it can be readily incorporated into the daily training regimen (Fernandez-Fernandez et al., 2013). Regarding the characteristics of effective PT interventions, it appears that a training frequency of two to three sessions per week for six to nine weeks is a sufficient stimulus to obtain improvement. However, due to the limited number of high-quality research conducted on the topic, specific recommendations cannot be made. More researchers are encouraged to explore the effects of PT on the athletic performance of tennis players.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
AUTHOR CONTRIBUTIONS
All authors contributed to the study’s conception and design. Data synthesis and analysis were performed by ND and DH, in which study exclusion and data extraction was verified by three authors (ND, DH, and KS). The first draft of the manuscript was written by ND and all authors reviewed and contributed to the drafts and the final version of the submitted manuscript.
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.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2022.1024418/full#supplementary-material
REFERENCES
 Agostini B. R., Palomares E. M. D. G., Andrade R. D. A., Uchôa F. N. M., Alves N. (2017). Analysis of the influence of plyometric training in improving the performance of athletes in rhythmic gymnastics. Motricidade 13, 71–80. doi:10.6063/motricidade.9770
 Ahmadi M., Nobari H., Ramirez-Campillo R., Pérez-Gómez J., Ribeiro A. L. de A., Martínez-Rodríguez A. (2021). Effects of plyometric jump training in sand or rigid surface on jump-related biomechanical variables and physical fitness in female volleyball players. Int. J. Environ. Res. Public Health 18, 13093. doi:10.3390/ijerph182413093
 Arazi H., Asadi A., Roohi S. (2014). Enhancing muscular performance in women: Compound versus complex, traditional resistance and plyometric training alone. J. Musculoskelet. Res. 17, 1450007–1450010. doi:10.1142/S0218957714500079
 Asadi A., Arazi H., Young W. B., de Villarreal E. S. (2016). The effects of plyometric training on change-of-direction ability: A meta-analysis. Int. J. Sports Physiol. Perform. 11, 563–573. doi:10.1123/ijspp.2015-0694
 Asadi A. (2013). Effects of in-season short-term plyometric training on jumping and agility performance of basketball players. Sport Sci. Health 9, 133–137. doi:10.1007/s11332-013-0159-4159-4
 Bal B. S., Singh S., Dhesi S. S., Singh M. (2012). Effects of 6-week plyometric training on biochemical and physical fitness parameters of Indian jumpers. J. Phys. Educ. Sport Manag. 3, 35–40. doi:10.5897/JPESM11.072
 Bashir S. F., Nuhmani S., Dhall R., Muaidi Q. I. (2019). Effect of core training on dynamic balance and agility among Indian junior tennis players. J. Back Musculoskelet. Rehabil. 32, 245–252. doi:10.3233/BMR-170853
 Behringer M., Neuerburg S., Matthews M., Mester J. (2013). Effects of two different resistance-training programs on mean tennis-serve velocity in adolescents. Pediatr. Exerc. Sci. 25, 370–384. doi:10.1123/pes.25.3.370
 Björklund G., Swarén M., Norman M., Alonso J., Johansson F. (2020). Metabolic demands, center of mass movement and fractional utilization of V˙O2max in elite adolescent tennis players during on-court drills. Front. Sports Act. Living 2, 92. doi:10.3389/fspor.2020.00092
 Bogdanis G., Donti O., Papia A., Donti A., Apostolidis N., Sands W. (2019). Effect of plyometric training on jumping, sprinting and change of direction speed in child female athletes. Sports 7, 166. doi:10.3390/sports7050116
 Bompa T. O., Haff G. G. (2009). Periodization: The theory and methodology of training. Fifth Edition. United States: Human Kinetics Press. 
 Bouteraa I., Negra Y., Shephard R. J., Chelly M. S. (2020). Effects of combined balance and plyometric training on athletic performance in female basketball players. J. Strength Cond. Res. 34, 1967–1973. doi:10.1519/JSC.0000000000002546
 Brughelli M., Cronin J., Levin G., Chaouachi A. (2008). Understanding change of direction ability in sport: A review of resistance training studies. Sports Med. 38, 1045–1063. doi:10.2165/00007256-200838120-00007
 Carter C. W., Micheli L. J. (2011). Training the child athlete: Physical fitness, health and injury. Br. J. Sports Med. 45, 880–885. doi:10.1136/bjsports-2011-090201
 Cauraugh J. H., Gabert T. E., White J. J. (1990). Tennis serving velocity and accuracy. Percept. Mot. Ski. 70, 719–722. doi:10.2466/pms.1990.70.3.719
 Cavagna G. A. (1977). Storage and utilization of elastic energy in skeletal muscle. Exerc. Sport Sci. Rev. 5, 89–130. doi:10.1249/00003677-197700050-00004
 Chunlei L. (2016). Design and implementation of physical fitness training of China national badminton team in preparing for 2012 London Olympic Games. J. Beijing Sport Univ. 5, 60–69. doi:10.19582/j.cnki.11-3785/g8.2016.05.015
 Clark M., Lucett S., Kirkendall D. T. (2016). Plyometric training concepts for performance enhancement raining concepts. Natl. Acad. Sport Med. 24, 207–226. 
 Colomar J., Corbi F., Baiget E. (2022). Improving tennis serve velocity: Review of training methods and recommendations. Strength Cond. Res. J. 10, 15–19. doi:10.1519/SSC.0000000000000733
 Davies G., Riemann B. L., Manske R. (2015). Current concepts of plyometric exercise. Int. J. Sports Phys. Ther. 10, 760–786. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4637913/.
 Dawson B. (2012). Repeated-sprint ability: Where are we?Int. J. Sports Physiol. Perform. 7, 285–289. doi:10.1123/ijspp.7.3.285
 de Villarreal E. S. S., Requena B., Newton R. U. (2010). Does plyometric training improve strength performance? A meta-analysis. J. Sci. Med. Sport 13, 513–522. doi:10.1016/j.jsams.2009.08.005ams.2009.08.005
 Deeks J. J., Higgins J. P., Altman D. G. (2008). “Analysing data and undertaking meta-analyses,” in Cochrane handbook for systematic reviews of interventions ed . Editors J. P. Higgins, S. Green (Chichester: The Cochrane Collaboration), 243–296. doi:10.1002/9780470712184.ch9
 Egger M., Davey Smith G., Schneider M., Minder C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ 315, 629–634. doi:10.1136/bmj.315.7109.629
 Elferink-Gemser M. T., Kannekens R., Lyons J., Tromp Y., Visscher C. (2010). Knowing what to do and doing it: Differences in self-assessed tactical skills of regional, sub-elite, and elite youth field hockey players. J. Sports Sci. 28, 521–528. doi:10.1080/0264041090358274382743
 Elgueta-Cancino E., Evans E., Martinez-Valdes E., Falla D. (2022). The effect of resistance training on motor unit firing properties: A systematic review and meta-analysis. Front. Physiol. 13, 817631. doi:10.3389/fphys.2022.817631
 Ellenbecker T. S., Roetert E. P. (2004). An isokinetic profile of trunk rotation strength in elite tennis players. Med. Sci. Sports Exerc. 36, 1959–1963. doi:10.1249/01.mss.0000145469.08559.0e
 Elliott B. (2006). Biomechanics and tennis. Br. J. Sports Med. 40, 392–396. doi:10.1136/bjsm.2005.023150
 Elliott M. C. C. W., Wagner P. P., Chiu L. (2007). Power athletes and distance training: Physiological and biomechanical rationale for change. Sports Med. 37, 47–57. doi:10.2165/00007256-200737010-00004
 Fathi A., Hammami R., Moran J., Borji R., Sahli S., Rebai H. (2019). Effect of a 16-week combined strength and plyometric training program followed by a detraining period on athletic performance in pubertal volleyball players. J. Strength Cond. Res. 33, 2117–2127. doi:10.1519/JSC.0000000000002461
 Fauzi D., Hanif A. S., Siregar N. M. (2021). The effect of a game-based mini tennis training model on improving the skills of groundstroke forehand drive tennis. J. Phys. Educ. Sport. 21, 2325–2331. doi:10.7752/jpes.2021.s4311
 Fernandez-Fernandez J., Sanz D., Mendez A. (2009). A review of the activity profile and physiological demands of tennis match play. Strength Cond. J. 31, 15–26. doi:10.1519/SSC.0b013e3181ada1cb
 Fernandez-Fernandez J., Ellenbecker T., Sanz-Rivas D., Ulbricht A., Ferrauti A. (2013). Effects of a 6-week junior tennis conditioning program on service velocity. J. Sports Sci. Med. 12, 232–239. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761833/.
 Fernandez-Fernandez J., Sanz-Rivas D., Kovacs M. S., Moya M. I. (2015). In-season effect of a combined repeated sprint and explosive strength training program on elite junior tennis players. J. Strength Cond. Res. 29, 351–357. doi:10.1519/JSC.0000000000000759
 Fernandez-Fernandez J., De Villarreal E. S., Sanz-Rivas D., Moya M. (2016). The effects of 8-week plyometric training on physical performance in young tennis players. Pediatr. Exerc. Sci. 28, 77–86. doi:10.1123/pes.2015-0019
 Fernandez-Fernandez J., Sanz D., Sarabia J. M., Moya M. (2017). The effects of sport-specific drills training or high-intensity interval training in young tennis players. Int. J. Sports Physiol. Perform. 12, 90–98. doi:10.1123/ijspp.2015-0684
 Fernandez-Fernandez J., Granacher U., Sanz-Rivas D., Sarabia Marı´n J. M., Hernandez-Davo J. L., Moya M. (2018). Sequencing effects of neuromuscular training on physical fitness in youth elite tennis players. J. Strength Cond. Res. 25, 849–856. doi:10.1519/JSC.0000000000002319
 Ferrauti A., Bastiaens K. (2007). Short-term effects of light and heavy load interventions on service velocity and precision in elite young tennis players. Br. J. Sports Med. 41, 750–753. doi:10.1136/bjsm.2007.036855
 Garcia-Pallares J., Izquierdo M. (2011). Strategies to optimize concurrent training of strength and aerobic fitness for rowing and canoeing. Sports Med. 41, 329–343. doi:10.2165/11539690-000000000-00000
 Gelen E., Dede M., Bingul B. M., Bulgan C., Aydin M. (2012). Acute effects of static stretching, dynamic exercises, and high volume upper extremity plyometric activity on tennis serve performance. J. Sports Sci. Med. 11, 600–605. doi:10.1055/s-0032-1327645
 Gillet E., Leroy D., Thouvarecq R., Stein J. F. (2009). A notational analysis of elite tennis serve and serve-return strategies on slow surface. J. Strength Cond. Res. 23, 532–539. doi:10.1519/JSC.0b013e31818efe29
 Grgic J., Schoenfeld B. J., Mikulic P. (2020). Effects of plyometric vs. resistance training on skeletal muscle hypertrophy: A review. J. Sport Health Sci. 5, 530–536. doi:10.1016/j.jshs.2020.06.010
 Guillot A., Desliens S., Rouyer C., Rogowski I. (2013). Motor imagery and tennis serve performance: The external focus efficacy. J. Sports Sci. Med. 12, 332–338. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761826/pdf/jssm-12-332.pdf.
 Hakkinen A., Komi P. V. (1985). The effect of explosive type strength training on electromyographic and force production characteristics of leg extensor muscles during concentric and various stretch-shortening cycle exercises. Scand. J. Sports Sci. 7, 65–76. 
 Hall E., Bishop D. C., Gee T. I. (2016). Effect of plyometric training on handspring vault performance and functional power in youth female gymnasts. PLoS One 11, e0148790. doi:10.1371/journal.pone.0148790
 Hammami M., Ramirez-Campillo R., Gaamouri N., Aloui G., Shephard R. J., Chelly M. S. (2019). Effects of a combined upper- and lower-limb plyometric training program on high-intensity actions in female U14 handball players. Pediatr. Exerc. Sci. 31, 465–472. doi:10.1123/pes.2018-0278
 Hammami M., Gaamouri N., Suzuki K., Shephard R. J., Chelly M. S. (2020). Effects of upper and lower limb plyometric training program on components of physical performance in young female handball players. Front. Physiol. 11, 1028. doi:10.3389/fphys.2020.01028
 Higgins J. P., Thompson S. G., Deeks J. J., Altman D. G. (2003). Measuring inconsistency in meta-analyses. BMJ 327, 557–560. doi:10.1136/bmj.327.7414.557
 Higgins J. P., Deeks J. J., Altman D. G. (2008). “Special topics in statistics,” in Cochrane handbook for systematic reviews of interventions ed . Editors J. P. Higgins, S. Green (Chichester: The Cochrane Collaboration), 481–529. doi:10.1002/9780470712184.ch16
 Higgins J., Thomas J., Chandler J., Cumpston M., Li T. Page M., et al. (2022). Cochrane handbook for systematic reviews of interventions version 6.3 (updated August 2022). London, UK: Cochrane. Available at: www.training.cochrane.org/handbook (Accessed October 6, 2022). 
 Hopkins W. G., Marshall S. W., Batterham A. M., Hanin J. (2009). Progressive statistics for studies in sports medicine and exercise science. Med. Sci. Sports Exerc. 41, 3–13. doi:10.1249/MSS.0b013e31818cb278
 Hotwani R., Dass B., Shedge S., Bhatnagar A. (2021). Effectiveness of speed and plyometric training on agility in lawn tennis players. Ann. R.S.C.B. 25, 18557–18569. Available at: https://www.annalsofrscb.ro/index.php/journal/article/view/9382/6837. 
 Huang P. Y., Jankaew A., Lin C. F. (2021). Effects of plyometric and balance training on neuromuscular control of recreational athletes with functional ankle instability: A randomized controlled laboratory study. Int. J. Environ. Res. Public Health 18, 5269. doi:10.3390/ijerph18105269
 Jlid M. C., Coquart J., Maffulli N., Paillard T., Bisciotti G. N., Chamari K. (2020). Effects of in season multi-directional plyometric training on vertical jump performance, change of direction, speed and dynamic postural control in U-21 soccer players. Front. Physiol. 11, 374. doi:10.3389/fphys.2020.00374
 Kim S., Rhi S. Y., Kim J., Chung J. S. (2022). Plyometric training effects on physical fitness and muscle damage in high school baseball players. Phys. Act. Nutr. 26, 1–7. doi:10.20463/pan.2022.0001
 Kolman N. S., Kramer T., Elferink-Gemser M. T., Huijgen B. C. H., Visscher C. (2019). Technical and tactical skills related to performance levels in tennis: A systematic review. J. Sports Sci. 37, 108–121. doi:10.1080/02640414.2018.1483699
 Komal M., Singh T. N. (2013). Effect of eight weeks plyometric training on the performance of national level female basketball players. Int. J. Manag. Econ. Soc. Sci. 2, 51–53. 
 Kontopantelis E., Springate D. A., Reeves D. (2013). A re-analysis of the Cochrane library data: The dangers of unobserved heterogeneity in meta-analyses. PLoS ONE 8, e69930. doi:10.1371/journal.pone.0069930
 Kosova S., Beyhan R., Kosova M. K. (2022). The effect of 8-week plyometric training on jump height, agility, speed and asymmetry. ppcs. 26, 13–18. doi:10.15561/26649837.2022.0102
 Kovacs M., Ellenbecker T. (2011). A performance evaluation of the tennis serve: Implications for strength, speed, power, and flexibility training. Strength Cond. J. 33, 22–30. doi:10.1519/SSC.0b013e318225d59a
 Kraemer W. J., Ratamess N., Fry A. C., Triplett-McBride T., Koziris L. P. Bauer J. A., et al. (2000). Influence of resistance training volume and periodization on physiological and performance adaptations in collegiate women tennis players. Am. J. Sports Med. 28, 626–633. doi:10.1177/03635465000280050201
 Kraemer W. J., Häkkinen K., Triplett-McBride N. T., Fry A. C., Koziris L. P. Ratamess N. A., et al. (2003). Physiological changes with periodized resistance training in women tennis players. Med. Sci. Sports Exerc. 35, 157–168. doi:10.1097/00005768-200301000-00024
 Kramer T., Valente-Dos-Santos J., Visscher C., Coelho-e-Silva M., Huijgen B. C. H., Elferink-Gemser M. T. (2021). Longitudinal development of 5m sprint performance in young female tennis players. J. Sports Sci. 39, 296–303. doi:10.1080/02640414.2020.1816313
 Lakshmikanth V. P., Paul J., Ebenezer B., Ramanthan (2018). Effects of plyometric training and conventional training on agility performance in tennis players. IJAMES 4, 492–499. doi:10.36678/ijmaes.2018.v04i03.003
 Lambrich J., Muehlbauer T. (2022). Physical fitness and stroke performance in healthy tennis players with different competition levels: A systematic review and meta-analysis. PLoS One 17, e0269516. doi:10.1371/journal.pone.0269516
 Li F., Wang R., Newton R. U., Sutton D., Shi Y., Ding H. (2019). Effects of complex training versus heavy resistance training on neuromuscular adaptation, running economy and 5-km performance in well-trained distance runners. PeerJ 7, e6787. doi:10.7717/peerj.6787
 MacCurdy D. (2018). Talent identification around the world and recommendations for the Chinese tennis association. Available at: https://docshare.tips/talent-identification_5a75144d08bbc5ff08a7f4ca.html. 
 Malisoux L., Francaux M., Nielens H., Theisen D. (2005). Stretch-shortening cycle exercises: An effective training paradigm to enhance power output of human single muscle fibers. J. Appl. Physiol. 100, 771–779. doi:10.1152/japplphysiol.01027.2005
 Markovic G., Mikulic P. (2010). Neuro-musculoskeletal and performance adaptations to lower-extremity plyometric training. Sports Med. 40, 859–895. doi:10.2165/11318370-000000000-00000
 McGuinness L. A., Higgins J. P. T. (2021). Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias assessments. Res. Synth. Methods 12, 55–61. doi:10.1002/jrsm.1411
 Mohanta N., Kalra S., Pawaria S. (2019). A comparative study of circuit training and plyometric training on strength, speed and agility in state level lawn tennis players. J. Clin. Diagn. Res. 13, 5–10. doi:10.7860/JCDR/2019/42431.13348
 Moya-Ramon M., Nakamura F. Y., Teixeira A. S., Granacher U., Santos-Rosa F. J. Sanz-Rivas D., et al. (2020). Effects of resisted vs. Conventional sprint training on physical fitness in young elite tennis players. J. Hum. Kinet. 73, 181–192. doi:10.2478/hukin-2019-0142
 Ölçücü B., Erdil G., Altinkök M. (2013). Evaluation of the effect of Plyometric exercises on the speed of the ball and the hitting percentage during a service. Nigde Univ. J. Phys. Educ. Sport Sci. 7, 49–60. Available at: https://dergipark.org.tr/en/download/article-file/1032612. 
 Oxfeldt M., Overgaard K., Hvid L. G., Dalgas U. (2019). Effects of plyometric training on jumping, sprint performance, and lower body muscle strength in healthy adults: A systematic review and meta-analyses. Scand. J. Med. Sci. Sports 29, 1453–1465. doi:10.1111/sms.13487
 Page M. J., McKenzie J. E., Bossuyt P. M., Boutron I., Hoffmann T. C. Mulrow C. D., et al. (2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 10, 89–11. doi:10.1186/s13643-021-01626-4
 Pereira T. J. C., Nakamura F. Y., Jesus M. T., Vieira L. R. L., Misuta M. S. Barros R. M. L., et al. (2016). Analysis of the distances covered and technical actions performed by professional tennis players during official matches. J. Sports Sci. 35, 361–368. doi:10.1080/02640414.2016.1165858
 Potach D. H. (2004). “Plyometric and speed training,” in NSCA’s essent pers train ed . Editors R. W. Earle, T. R. Baechle (Champaign Illinois: Human Kinetics), 425–458. 
 Radnor J. M., Oliver J. L., Waugh C. M., Myer G. D., Moore I. S., Lloyd R. S. (2018). The influence of growth and maturation on stretch-shortening cycle function in youth. Sports Med. 48, 57–71. doi:10.1007/s40279-017-0785-0
 Ramachandran A. K., Singh U., Ramirez-Campillo R., Clemente F. M., Afonso J., Granacher U. (2021). Effects of plyometric jump training on balance performance in healthy participants: A systematic review with meta-analysis. Front. Physiol. 12, 730945. doi:10.3389/fphys.2021.730945
 Ramírez-Campillo R., Meylan C., Álvarez C., Henríquez-Olguín C., Martínez C. Cañas-Jamett R., et al. (2014). Effects of in-season low-volume high-intensity plyometric training on explosive actions and endurance of young soccer players. J. Strength Cond. Res. 28, 1335–1342. doi:10.1519/JSC.0000000000000284
 Ramírez-Campillo R., Burgos C. H., Henríquez-Olguín C., Andrade D. C., Martínez C. Álvarez C., et al. (2015). Effect of unilateral, bilateral, and combined plyometric training on explosive and endurance performance of young soccer players. J. Strength Cond. Res. 29, 1317–1328. doi:10.1519/JSC.0000000000000762
 Ramirez-Campillo R., Alvarez C., Garcia-Hermoso A., Ramirez-Velez R., Gentil P. Asadi A., et al. (2018). Methodological characteristics and future directions for plyometric jump training research: A scoping review. Sports Med. 48, 1059–1081. doi:10.1007/s40279-018-0870-z
 Ramirez-Campillo R., Sanchez-Sanchez J., Romero-Moraleda B., Yanci J., García-Hermoso A., Manuel Clemente F. (2020a). Effects of plyometric jump training in female soccer player’s vertical jump height: A systematic review with meta-analysis. J. Sports Sci. 38, 1475–1487. doi:10.1080/02640414.2020.1745503
 Ramirez-Campillo R., Castillo D., Raya-González J., Moran J., de Villarreal E. S., Lloyd R. S. (2020b). Effects of plyometric jump training on jump and sprint performance in young male soccer players: A systematic review and meta-analysis. Sports Med. 50, 2125–2143. doi:10.1007/s40279-020-01337-1
 Ramirez-Campillo R., García-de-Alcaraz A., Chaabene H., Moran J., Negra Y., Granacher U. (2021b). Effects of plyometric jump training on physical fitness in amateur and professional volleyball: A meta-analysis. Front. Physiol. 12, 1–18. doi:10.3389/fphys.2021.636140
 Ramirez-Campillo R., Garcia-Hermoso A., Moran J., Chaabene H., Negra Y., Scanlan A. T. (2021a). The effects of plyometric jump training on physical fitness attributes in basketball players: A meta-analysis. J. Sport Health Sci. 00, 1–15. doi:10.1016/j.jshs.2020.12.005
 Ramirez-Campillo R., Perez-Castilla A., Thapa R. K., Afonso J., Clemente F. M. Colado J. C., et al. (2022). Effects of plyometric jump training on measures of physical fitness and sport-specific performance of water sports athletes: A systematic review with meta-analysis. Sports Med. Open 8, 108–127. doi:10.1186/s40798-022-00502-2
 Rathore M. S. (2016). Effects of plyometric training and resistance training on agility of tennis players. Indian J. Phys. Educ. Sport. Med. exerc. Sci. 16, 32–34. Available at: http://lnipe.edu.in/public_html/Final%20LNIPE%20Journal%202016.pdf#page=32. 
 Reid M., Sibte N., Clarke S., Whiteside D. (2013). “Protocols for the physiological assessment of tennis players,” in Physiological tests for elite athletes (Australia: Human Kinetics Press). 
 Rojano Ortega D., Berral-Aguilar A. J., Berral de la Rosa F. J. (2021). Kinetics and vertical stiffness of female volleyball players: Effect of low-intensity plyometric training. Res. Q. Exerc. Sport 00, 1–7. doi:10.1080/02701367.2021.1915946
 Romero C., Ramirez-Campillo R., Alvarez C., Moran J., Slimani M. Gonzalez J., et al. (2021). Effects of maturation on physical fitness adaptations to plyometric jump training in youth females. J. Strength Cond. Res. 35, 2870–2877. doi:10.1519/JSC.0000000000003247
 Rubley M. D., Haase A. C., Holcomb W. R., Girouard T. J., Tandy R. D. (2011). The effect of plyometric training on power and kicking distance in female adolescent soccer players. J. Strength Cond. Res. 25, 129–134. doi:10.1519/JSC.0b013e3181b94a3d
 Sáez De Villarreal E., Molina J. G., De Castro-Maqueda G., Gutiérrez-Manzanedo J. V. (2021). Effects of plyometric, strength and change of direction training on high-school basketball player’s physical fitness. J. Hum. Kinet. 78, 175–186. doi:10.2478/hukin-2021-0036
 Salonikidis K., Zafeiridis A. (2008). The effects of plyometric, tennis-drills, and combined training on reaction, lateral and linear speed, power, and strength in novice tennis players. J. Strength Cond. Res. 22, 182–191. doi:10.1519/JSC.0b013e31815f57ad
 Sannicandro I., Cofano G., Rosa R. A., Piccinno A. (2014). Balance training exercises decrease lower-limb strength asymmetry in young tennis players. J. Sports Sci. Med. 13, 397–402.
 Schünemann H. J., Mustafa R. A., Brozek J., Steingart K. R., Leeflang M. Murad M. H., et al. (2020). GRADE guidelines: 21 part 1. Study design, risk of bias, and indirectness in rating the certainty across a body of evidence for test accuracy. J. Clin. Epidemiol. 122, 129–141. doi:10.1016/j.jclinepi.2019.12.020
 Silva A. F., Clemente F. M., Lima R., Nikolaidis P. T., Rosemann T., Knechtle B. (2019). The effect of plyometric training in volleyball players: A systematic review. Int. J. Environ. Res. Public Health 16, 2960. doi:10.3390/ijerph16162960
 Singla D., Hussain M. E., Moiz J. A. (2018). Effect of upper body plyometric training on physical performance in healthy individuals: A systematic review. Phys. Ther. Sport 29, 51–60. doi:10.1016/j.ptsp.2017.11.005
 Slimani M., Chamari K., Miarka B., Del Vecchio F. B., Chéour F. (2016). Effects of plyometric training on physical fitness in team sport athletes: A systematic review. J. Hum. Kinet. 53, 231–247. doi:10.1515/hukin-2016-0026
 Söhnlein Q., Müller E., Stöggl T. L. (2014). The effect of 16-week plyometric training on explosive actions in early to mid-puberty elite soccer players. J. Strength Cond. Res. 28, 2105–2114. doi:10.1519/JSC.0000000000000387
 Sole S., Ramírez-Campillo R., Andrade D. C., Sanchez-Sanchez J. (2021). Plyometric jump training effects on the physical fitness of individual-sport athletes: A systematic review with meta-analysis. PeerJ 9, e11004. doi:10.7717/peerj.11004
 Strecker E., Foster E. B., Pascoe D. D. (2011). Test-retest reliability for hitting accuracy tennis test. J. Strength Cond. Res. 25, 3501–3505. doi:10.1519/JSC.0b013e318215fde6
 Tammam A. H., Hashem E. M. (2020). The individual and combined effects of PNF stretching and plyometric training on muscular power and flexibility for volleyball players. Rev. Amaz. Investig. 9, 73–82. doi:10.34069/ai/2020.36.12.6
 Taube W., Leukel C., Gollhofer A. (2012). How neurons make us jump: The neural control of stretch-shortening cycle movements. Exerc. Sport Sci. Rev. 40, 106–115. doi:10.1097/JES.0b013e31824138da
 Terraza-Rebollo M., Baiget E., Corbi F., Planas Anzano A. (2017). Effects of strength training on hitting speed in young tennis players. Rev. Int. Ciencias La Act. Fis. Del Deport. 17, 349–366. doi:10.15366/rimcafd2017.66.009
 Terraza-Rebollo M., Baiget E. (2020). Effects of postactivation potentiation on tennis serve velocity and accuracy. Int. J. Sports Physiol. Perform. 15, 340–345. doi:10.1123/ijspp.2019-0240
 Thapa R. K., Lum D., Moran J., Ramirez-Campillo R. (2021). Effects of complex training on sprint, jump, and change of direction ability of soccer players: A systematic review and meta-analysis. Front. Psychol. 11, 627869. doi:10.3389/fpsyg.2020.627869
 Trajkovic N., Kristicevic T., Baic M. (2016). Effects of plyometric training on sport-specific tests in female volleyball players. Acta kinesiol. 10, 20–24. Available at: http://www.actakin.com/PDFS/BR10S1/SVEE/04%20CL%2003%20NT.pdf. 
 Turgut E., Cinar-Medeni O., Colakoglu F. F., Baltaci G. (2019). Ballistic Six” upper-extremity plyometric training for the pediatric volleyball players. J. Strength Cond. Res. 33, 1305–1310. doi:10.1519/JSC.0000000000002060
 Ulbricht A., Fernandez-Fernandez J., Mendez-Villanueva A., Ferrauti A. (2016). Impact of fitness characteristics on tennis performance in elite junior tennis players. J. Strength Cond. Res. 30, 989–998. doi:10.1519/JSC.0000000000001267
 van den Tillaar R. (2004). Effect of different training programs on the velocity of overarm throwing: A brief review. J. Strength Cond. Res. 18, 388–396. doi:10.1519/r-12792.1
 Wezenberg D., Van Der Woude L. H., Faber W. X., De Haan A., Houdijk H. (2013). Relation between aerobic capacity and walking ability in older adults with a lower-limb amputation. Arch. Phys. Med. Rehabil. 94, 1714–1720. doi:10.1016/j.apmr.2013.02.016
 Wilk K. E., Voight M. L., Keirns M. A., Gambetta V., Andrews J. R., Dillman C. (1993). Stretch-shortening drills for the upper extremities: Theory and clinical application. J. Orthop. Sports Phys. Ther. 17, 225–239. doi:10.2519/jospt.1993.17.5.225
 Xiao W., Geok S. K., Bai X., Bu T., Norjali Wazir M. R. Talib O., et al. (2022). Effect of exercise training on physical fitness among young tennis players: A systematic review. Front. Public Health 10, 843021. doi:10.3389/fpubh.2022.843021
 Young W. B., McDowell M. H., Scarlett B. J. (2001). Specificity of sprint and agility training methods. J. Strength Cond. Res. 15, 315–319. doi:10.1519/1533-4287(2001)015<0315:sosaat>2.0.co;2
 Ziagkas E., Zilidou V. I., Loukovitis A., Politopoulos N., Douka S., Tsiatsos T. (2019). in The effects of 8-week plyometric training on tennis agility performance, improving evaluation throw the makey makey ed . Editors M. E. Auer, T. Tsiatsos ( Springer International Publishing Press), 280–286.
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 © 2022 Deng, Soh, Huang, Abdullah, Luo and Rattanakoses. 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-13-1024418-t001.jpg
Category

Population

Intervention

Comparator

Outcome

Study design

Inclusion criteria

Healthy tennis players

A plyometric training program, defined as upper-body plyometrics (medicine
ball exercises, push-ups, and chess press) or lower-body plyometrics (unilateral
or bilateral bounds, jumps, hops, and/or skips) or combined upper and lower-
body plyometrics that commonly utlize a pre-stretch or countermovement
stressing the stretch-shortening cycle

Two or more groups and single-group trials

Atleast one measure related to tennis skill (e.g., maximal stroke velocity, stroke
accuracy) or physical performance (e.g, sprint speed, jump height, aglity)

RCT or non-RCT

BCT Bandomiead contiol tisk NMoa-RET: Moo Rendemired conticl tial

Exclusion criteria

Tennis players with health problems (e.g., injuries, recent surgery)

Exercise interventions not involving plyometric training or exercise
interventions involving plyometric training programs representing less than
50% of the total training load (i.e., volume, e.g, number of exercises) when
delivered in conjunction with other training interventions (e.g, sprint
training)

Not under supervision

Lack of baseline and/or follow-up data

Cross-sectional studies, case studies, articles not written in English





OPS/images/fphys-13-1024418-t002.jpg
Study Design  Population characteristics Interventions Comparator Measures index Outcomes

N Sex  Age  Expllevel Skill  Physical Skill  Physical
Slonikidis and Preostiat 64 M 23ysovike  Freg 3 mesfweek  Plyomewic waining (EGD), Reaction time (RTSS): Sprint EGRTSST, imSST, 4msT,
Zatiidis (2008 Time: NR Lengi Plyometic + tenis reglar (4SS, 4 S, 12 ms, 12mFSe, 12mEST, DT,
9 vecks dels EG), Conteol 12 mFST) Srngh (11 Fvax): Fmax]; EG2: RTT, amsSl,
o (CG) Power (1 DI) AmFS], 12mFST, 12mFSTT, DT,
Geen ctal. (012)  within- % NR O B0r Bae3aysdic Tme 3 min Satic sretching (EG1), Serve svp Pt
subjec, a2y Dynamic exercises (EG2),  (SV)
repeated- Plyometric excrises (EG3),
measures Contolgroup (CG)
Bhvinger ol Q019 Prepostiest 36 M 1503s  averged615ys g dtmeweck  Ressance vaining (EGI),  Seve  Swengh (IORM test Uschest SVI,  10RM et
L6iys locltconiscub  Time 45 min Lengh  Plomeuic wraining (EG2), (V. press. pulldown machin, sae
S weeks Contolgroup (CG) SN abdominal press L legpres)
Oiciersl, @01)  Preposttt 40 M 2025ys  NRiowsmen  Freg2 tmesweck  Pyomerc waiing (EG), Serve  Swcengh Gsokineti e, U SV Allsoineic e |
Time: 35 min Lengih:  Contolgroup (CG) V) shoulderjoin L knce join)
Svecks
Fernander Fermander Prepostiet 16 M 1695 50s26ynciic Freqr2tmesiwek  Explosive srngth and rpeated Sprint (10 m. 20 m, 30 m, RSAB, 10 m, CMIT. RSABT, RsAm,
e . (201 05yes Time: 30-60 min sprin caining (EG), Contol RSAm: Power (1 CM): Actobic 20 mes, 30 me, VIFTs
Lengh: 8 wecks roup (CG) endurance (VIFT)
FemanderFermander Prepostiest @ M 125s >3y Feg2imeswvek  Phomewic wainng (G, Seve  Sprint S mIOm20m): Power  SVI, 5, 10 mT,20 m, 50-Stes,
e sl (2016) O3y imestonsl  Times 30-60 min Contolgroup (CG) OV, (UMBTLOMSURAgliy (G- SAT  SUT MBTT, CMIT
tennis academy Length: § weeks W oS
Rathore 2016) Prepostiet 60 M 18-23ys  NRprofesionsl  Freqd timeswek  Plyometric training (EG), gty (i ts) inois s
Time: 45 min Length:  Resstance taning (EG2),
Svecks Contol group (CG)
FemanderFermander  Prepostiet 16 M 1295 30%12ynclite Frep2tmesek  NMTbelore tnmispedfic  Serve  Sprint (5, 10,and 20 m) Power  SV—-  EGI:S ml, 10 m, 20 m, 5:0-
e al. (2018 odyr Time: 20-40 min wining (EGI. NMT air (V) (U: MBT; L M) Agily (5. S, CMYT, MBTT, SVT; EG2:
Lengehs 8 wesks \eoni-spcic taning (EG2) St 10 . 20 ml, 5 ml,5-05-tsl,
MBT, M|
Lakshmilanth sl Prepostiet 30 Miod 1822y NReolle Freg 1 dimesiveck  Phometric waning (EG), Aty (linois s tennis hinis s, temnis-spcific
ans) sudents Time: NR Lengi Contolgroup (CG) pecifc sl 1) sy test]
6vecks
Zaghasetal Q0I9)  Prepostit 2 M 209 Idymamaewr  Freg2tmeswek  Plyometric raining (EG), Aty (Hexagon Tes, Spider Heragon Tet, Spider Tet]
066 y1s Time:0-60 min Lengih:  Control group (CG) Tes)
Swecks
Mohaa ctal Q019 Prepostiet 40 M 1825y Sdymlol  Feg2tmewek  Plometric trainig (EG), Sprnt (50-meter dash et S0metr dsh e, IRM chest
ennis academy  Time: 30-60 min Cireuit taning (EG2) Sremgh (UHLRM chstpress st press st VT, Taet?
Lengh:§ wecks Power (1 V)): Agliy (T-tes)
Howani cal, (121)  Prepostiest 31 Mixed 15-18ys  NRlocaltenmis  Freg: NR Tme: 60 min  Plyometrcs + spint Aty (T, ol Test) Tt Minois Tes
scademy Lengh: 3 wecks wining (EG)

NR, Not reported;yrs, Vears;Exp, Tennis experince: M, Males . Femal; Feq, Frequencys CG, Contrl group: EG, Experimental group: NMT, Neuromuscular training; CMJ, Vertical countermvement jump: S, Standing long ump: 505 Test, modified
505 aglty est; D, drop jumps VI, Vertical jups MBT, Medicine ball throws SV, Serve velocity: SA, Srve acurseys RTSS, Reacton time singlesteps 4mSS, - side-steps mFS, -m forward srint; 12 mFS, 12:m forvward sprint; 12 mFST, 12-m forward
sprint with tur; RSAb, Repeated sprint ability best; RSAm, Repeated sprin abiliy mean 10RM, 10 Repetiion Maximum Testing: VIFT, Velocity of the inermittent ftness tess IRM, 1 Repetiton masimures 10RM; 10 Repetiton mximuny; Frnax,
Nt Kkl So Bk T Tisioe ot & T Mo - St A s M o ik akeaat Sl cacits






OPS/xhtml/nav.xhtml
Contents

		Cover

		Effects of plyometric training on skill and physical performance in healthy tennis players: A systematic review and meta-analysis		Introduction

		Methods		Search strategy

		Study selection

		Eligibility criteria

		Data extraction

		Risk of bias in individual studies and certainty of evidence

		Data synthesis and meta-analysis





		Results		Study selection

		Risk of bias in individual studies and certainty of evidence

		Study characteristics

		Results from meta-analysis





		Synthesis of results		Effect of plyometric training on maximal serve velocity and accuracy

		Effect of plyometric training on sprint speed

		Effect of plyometric training on upper and lower extremity power

		Effect of plyometric training on upper and lower extremity strength

		Effect of plyometric training on agility

		Effect of plyometric training on reaction time/aerobic endurance

		Adverse effects





		Discussion		Effect of plyometric training on maximal serve velocity and accuracy

		Effect of plyometric training on sprint speed

		Effect of plyometric training on upper and lower extremity muscle power

		Effect of plyometric training on upper and lower extremity muscle strength

		Effect of plyometric training on agility

		Effect of plyometric training on reaction time/aerobic endurance

		Limitations





		Conclusion

		Practical application

		Data availability statement

		Author contributions

		Publisher’s note

		Supplementary material

		References









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






OPS/images/fphys-13-1024418-g001.gif
Ao onis drvgh

R

e

e

- eiita: 1)

i






OPS/images/fphys-13-1024418-g002.gif









OPS/images/crossmark.jpg
©

|





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





