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Objective assessments of players performance and individual characteristics are increasingly used in baseball. However, evidence linking individual characteristics to players' performance are scarce. The purpose of the study was to identify across ages, in younger males and females, and to compare, in younger males, the anthropometrics, athletic abilities and perceptual-cognitive skills associated with baseball pitcher's ball velocity. A cross-sectional design was used to conduct this study. Male and female athletes completed a sociodemographic questionnaire followed by anthropometric, athletic ability, perceptual-cognitive skill and pitching velocity assessments. Athletes were categorized by their age categories (11U, 13U, 15U, 18U, 21U). To evaluate the athletes' anthropometrics, height and weight, BMI, waist circumference, arms segmental length and girth were measured. Athletic abilities were assessed using athletes' grip strength, upper body power, vertical jump height, sprint, change of direction, and dynamic balance. Perceptual-cognitive skills performance was assessed with the Neurotracker platform. Pitching performance assessment was completed using the athletes' average fastball velocity. Kendall Tau's correlation coefficient was used to assess relationships between variables and pitching velocity in male athletes (p < 0.05). A 1-way ANOVA was performed to identify differences between age categories for all variables in male athletes (p < 0.05). In male athletes, without age categories discrimination, all anthropometric, athletic ability and perceptual-cognitive skill factors were associated with pitching velocity with associations ranging from τ = 0.185 for perceptual-cognitive skills to τ = 0.653 for left arm grip strength. The results showed that significant differences exist between age categories for anthropometric, athletic ability and perceptual-cognitive skill assessments. The study showed that associations between anthropometrics and pitching velocity, and athletic abilities and pitching velocity vary across age categories. Descriptive data of female athletes results regarding anthropometrics, athletic abilities, perceptual-cognitive skills and pitching velocity are also presented. Gender differences should be investigated in future studies exploring baseball pitching performance.
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INTRODUCTION

Baseball is one of the most popular and cherished sports in America. For the 2018–19 academic year, high school amateur baseball players accounted for nearly half a million players when combining male and female players in the United States (NFHS, 2019). Furthermore, there were 36,011 active National Collegiate Athletic Association (NCAA, 2019) college baseball players from division one to division three during the same academic year. These numbers represent only a fraction of college baseball players, as there are also other competitive collegiate baseball associations in the country that would add to this number, such as the National Junior College Athletic Association (NJCAA) and the National Association of Intercollegiate Athletics (NAIA). Over the past two decades, the sport has evolved; one of the major transformations being the widespread use of baseball performance outcome analytics, such as advanced statistics (sabermetrics) and player skill assessment technologies (Healey, 2017; Elitzur, 2020). Numerous assessment technologies are now used alone, or in combination, to assess the biomechanical, physiological, and athletic abilities of baseball players, as well as the baseball flight physics from practice to in-game performance. The use of such technologies is now common in all categories of players, due to increased availability and ease of use. Moreover, statistics and data drawn from biomechanical, physiological, and athletic ability assessment technologies are now used by amateur and professional sports organizations for recruitment (Omoregie, 2016; Parekh and Patel, 2017) to elaborate players' motor skill development strategies while tracking workload (Fadde and Zaichkowsky, 2018; Seshadri et al., 2019) and to prevent injuries (Doeven et al., 2018; Fort-Vanmeerhaeghe et al., 2020). There is no doubt that more information about players' skills and performance can help identify talented players and develop future stars, but there is still one important question remaining; what are the specific anthropometric, athletic performance and perceptual-cognitive skill factors associated with baseball pitching velocity (PV)?

Major League Baseball (MLB) pitchers saw their average fastball velocity in miles per hour (MPH) increase from 2008 to 2016 (Castrovince, 2016). The percentage of total pitches registering 95 MPH or more was 4.82% in 2008, compared to 9.14% in 2016 (Castrovince, 2016). There is also evidence of improved in-game performance in MLB pitchers, with a positive and moderate association between average 4-seam fastball velocity and in-game strikeout rate (K%) (r = 0.32), with a minimum of 25 pitching appearances required for qualification (PA) for the 2020 season (MLB, 2021). The identification of clear associations between individual factors such as anthropometrics (Nakata et al., 2013; Papadakis et al., 2021), physical tests (Spaniol, 2009; Lehman et al., 2013; Nakata et al., 2013; Donahue et al., 2018), movement kinetics (Oyama et al., 2013; Reinold et al., 2018) and kinematics (Wang et al., 1995; Werner et al., 2008; Sgroi et al., 2015) and on-field baseball performances remains challenging. In an effort to shed some light on baseball performance characteristics a scoping review synthesizing the individual factors associated with baseball pitching performance was published (Mercier et al., 2020). The review systematically screened publications, extracted data, and assessed risk of bias of all relevant studies investigating the association between individual factors and baseball pitching performance. The review showed that original studies were heterogenous and most often presented moderate to high risks of bias. Results from the review associated with ball velocity showed that kinematics, kinetics, timing outcomes, physical tests, individuals' characteristics, and other individual parameters were found to be potential individual factors associated with pitching performances. Kinematics features such as forward shoulder horizontal adduction and upper torso forward flexion (Escamilla et al., 2002; Stodden et al., 2005; Oyama et al., 2013; Solomito et al., 2018), maximal shoulder external rotation (Escamilla et al., 2002; Chen et al., 2016), upper torso rotation angle and upper torso lateral flexion (Stodden et al., 2001; Oyama et al., 2013; Solomito et al., 2015), lead knee flexion and forward trunk tilt (Matsuo et al., 2001; Stodden et al., 2001, 2005; Escamilla et al., 2002; Dun et al., 2007; Oyama et al., 2013) were found to be significantly associated with increased ball velocity. Kinetics features such as shoulder proximal force and peak elbow proximal force (Stodden et al., 2005; Oyama et al., 2013) were also found to be significantly associated with greater ball velocity. Finally, performances in jumping tests (Lehman et al., 2013; Nakata et al., 2013), medicine ball throw and grip strength (Nakata et al., 2013), players body weight and age (Matsuo et al., 2001; Escamilla et al., 2002; Werner et al., 2008; Lehman et al., 2013; Nakata et al., 2013; Sgroi et al., 2015) were found to be significantly associated with pitching performance and ball velocity. Although several individual factors have been linked to ball velocity, only a few studies investigated such associations in younger athletes. To our knowledge, no study has explored baseball pitching performance predictors in female athletes. Still, evidence about younger athletes seems necessary to optimize athlete development and offer high performance training programs.

To the best of our knowledge, since the scoping review was published in February 2020, five studies related to baseball pitching performance were published. One, a review, reported on workload monitoring of baseball pitchers (Dowling et al., 2020). One study investigated the effect of recovery methods between innings on pitching performance during a simulated game (Wu et al., 2020). Another study focused on the assessment of athletic ability and injury risk related to pitching performance (Mayberry et al., 2020). The fourth study investigated the effect of a hot environment on pitching and hitting in professional baseball players (Huang et al., 2021). Another study investigated upper body contributions to ball velocity in elite high school pitchers using an induced velocity analysis (Alderink et al., 2021). Only the latter study investigated younger baseball pitcher's performance (Alderink et al., 2021).

Given that baseball performance assessment technologies and tools are now being used as recruitment tools by amateur and professional baseball organizations and given the paucity of evidence concerning the association between individual factors and pitching performance, it seems relevant to study individual factors associated with baseball PV in a younger population. The purpose of this study was therefore to identify across ages, in younger male and female athletes, and to compare, in younger male athletes, the anthropometrics, athletic abilities and perceptual-cognitive skills associated with baseball pitchers' ball velocity. We hypothesized that higher scores on athletic performance tests would be associated with higher pitching velocity results for male pitchers. We also hypothesized that anthropometrics and athletic ability tests would be more strongly associated with PV in younger athletes than in older and experienced players.



METHODS

To examine individual factors associated with baseball PV of young male and female athletes, a cross-sectional study design was chosen, and a convenience sampling strategy was used. A quantitative analysis of athletes' baseball PV, anthropometrics, athletic abilities and perceptual-cognitive skills were conducted to investigate the relationship between PV and these individual factors in our population. Baseball PV was assessed using pitcher fastball velocity on a regular mound with distance according to the players' age as per the Baseball Quebec Federation's rulebook (11U = 44 feet, 13U = 48 feet, 15U = 54 feet, 18U and 21U = 60.6 feet) (Baseball Québec, 2021). Anthropometric factors such as height, weight, upper extremity lengths and girth and waist circumference were measured. The assessment of the athletic abilities namely grip strength, upper body power, vertical jump height, sprinting, change of direction, dynamic balance, and perceptual-cognitive skills performance were performed to study their relationship with PV. In this study, these individual factors of baseball pitching performance were used to identify, in male and female baseball pitchers, and compare, in male baseball pitchers the differences across athletes from different age categories.


Research Sample

Athletes and their parents or tutors were informed of the risks and benefits before providing their written informed consent to participate in this study. The study was approved by the university's local ethics committee (no. CER-20-268-07.25). Male (n = 150; 14.28 ± 2.43 years) and female (n = 20; 12 ± 1.38 years) baseball players volunteered to participate in this study. Athletes were included if they had at least 1 year of organized baseball experience and were between the age of 10 and 22. Athletes did not need to identify “pitcher” as their primary position, but prior experience on a pitching mound was required to participate in the study. Athletes were also required to be injury free and able to participate in baseball-related activities without any restrictions. Athletes who reported pain while doing the experimentation were excluded from the study. The Baseball Quebec Federation assigns players both by age categories (9U, 11U, 13U, 15U/16UF, 18U/21UF, and 21U) and level of competition (B, A, AA, AAA, Elite) (Baseball Québec, 2021). A sociodemographic questionnaire describing the self-reported player's profile was completed by players and their parents or guardians if they were under 16 years of age, or by the player themselves if they were over 16 years old before testing experimentation. Tables 1, 2 describes the athletes' profiles.


Table 1. Descriptions of male and female athletes.
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Table 2. Competitive levels of male and female athletes and school-related sports participation.
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Procedures

Male and female pitchers were tested once between September 2020 and February 2021. Testing took place during the athlete's off-season in the province of Quebec, Canada at four different facilities depending on the players' baseball program. Before experimentation, the research team ensured that these facilities had the same testing conditions, and that testing protocol could be replicated in each facility. The same evaluators and equipment were used for the entire project. Evaluators were professionally trained kinesiologists with expertise in the strength and conditioning field and athletes graded exercise testing. They were specifically trained for their assigned testing assessment before experimentation. Upon arrival, and prior to the experimentation, athletes followed their usual dynamic body warm-up protocol led by their coach or themselves as they are used to before a regular practice or game. Before the start of the testing protocol, the evaluators asked the athletes if they were ready to perform the protocol at full capacity.


Pitching Velocity

PV was used to measure pitching performance. The Rapsodo® Pitching 2.0 system (RP) was used to collect data. This system consists of a monocular camera-based system mounted on the ground 15 feet and 6 inches in front of home plate, in the throwing lane. The RP system provides instantaneous data on pitch velocity, spin rate and axis and ball flight parameters. It has been used in recent studies assessing pitcher performances (Diffendaffer et al., 2019; Lin et al., 2019). Each athlete used a regular 5 oz baseball to assess their PV in this study. Athletes were given 25 pitches to warm up on their own and be ready to throw at full capacity. Then, the velocity of 10 pitches on the pitching mound at full capacity was recorded in MPH. The athletes were asked to throw as accurately as possible, but accuracy was not considered in the results. Athletes were asked to throw either from a stretch or windup position. They were asked to stay consistent for full capacity throws that were recorded for the experimentation. The mean velocity of pitches was used for statistical analysis.



Anthropometrics


Height, Weight, and Body Mass Index

The height was measured using a portable stadiometer positioned on a level floor against a wall. Athletes were asked to step on the stadiometer barefoot and the measure was taken to the nearest 0.1 cm (Li et al., 2016). Weight was measured with a portable SECA 876 scale that was placed on a non-carpeted hard floor. Athletes were asked to step on the scale barefoot. Weight was taken to the nearest 0.1 kg (Li et al., 2016). Body mass index was calculated with the formula kg/m2 (ACSM, 2013).



Circumference Measurements and Segmental Length Measurements

The arms (AG) and forearms (FG) girth and waist circumferences (WC) were all measured using a flexible measuring tape to the nearest millimeter. The AG was measured by measuring the largest portion of the arm between the acromion process and the elbow joint. The FG was taken by measuring the widest portion of the forearm between the elbow joint and the radial and ulnar styloid processes (Burkhart et al., 2008). WC was measured superior of both iliac crest in line with the midaxillary line (ACSM, 2013). The lateral arm (LAL) and medial forearm (MFL) length measurements were all taken with a flexible measuring tape to the nearest millimeter. The LAL was taken by measuring the distance between the acromion process and the lateral epicondyle of the elbow joint. The MFL was taken by measuring the distance between the medial aspect of the elbow joint and the distal ulnar styloid process (Burkhart et al., 2008).




Athletic Abilities


Grip Strength

Grip strength (GP) was measured with a Jamar dynamometer (Mathiowetz, 2002). The device provides a result in kilograms. GP was assessed one arm at a time, in a seated position with both elbows supported on the chair's arms support with both feet on the ground. Athletes were asked to take a deep breath and squeeze the dynamometer handle as hard as possible with their assessed arm and hold it for 3 s. The athletes were given two familiarization trials for each arm. Then, three measures for each arm were taken. Athletes had to alternate between the left and the right arm after each measure for a total of six measures. The mean score of both hands for the three measures was used for statistical analysis.



Upper Body Power

The seated medicine ball throw (SMBT) was used to measure upper body power (UBP). The Ballistic Ball (BB) (Assess2Perform, Colorado, USA) was the instrument chosen to measure UBP with the peak velocity value measured in meters per second (m/s). The SMBT protocol was similar to the one described in the Beckham et al. (2019) study, where they investigated test-retest reliability using the Pearson's interclass coefficient (r) and coefficient of variation (CV) of the BB (r = 0.94–0.98; CV % = 4.2–6.8). Athletes performed two familiarization throws with corrections from evaluators if performed incorrectly. Then, three full capacity throws were recorded, and the mean value of the throws was used for statistical analysis.



Vertical Jump

The vertical jump (VJ) height test measured the lower body vertical power. The Optojump photoelectric cells (Microgate, Bolzano, Italy) was the instrument used to measure VJ in centimeters. Glatthorn et al. (2011) demonstrated the concurrent validity using the intraclass correlation coefficient (ICC) [ICC = 0.998 (0.995–0.999)] 95% confidence interval (CI) and reliability [ICC = 0.984 (0.960–0.994); CV % = 2.8] of the Optojump instrument compared to a force plate, which is considered the gold standard instrument in terms of measuring VJ. Athletes were instructed to stand between the bars of the Optojump instrument and were told to jump as high as they could, using their arms and legs, and land on both feet in a static and controlled position. The athletes performed two familiarization jumps before three jumps were recorded at full capacity. The mean value of the jumps was used for statistical analysis.



10-m Sprint

Sprint performance was measured with a 10-m sprint using the Brower Timing System (Brower Timing Systems, Utah, USA). This system is an infrared photocell system that uses two electronic sensors positioned on the start and finish line and that expresses the result in seconds. The 10-m sprint protocol was found to be associated with ball velocity in the Nakata et al. (2013) study. Starting in a baserunner position at the starting line, as close as possible from the timing gates, the athletes performed two familiarization sprints, before three sprints at full capacity were recorded. The mean value of the sprints was taken for statistical analysis.



Change of Direction

Change of direction was assessed with the pro-agility test (PAT). Stewart et al. (2014) studied this change of direction test and found that it was highly reliable in a pooled sample of male and female physical education students [ICC = 0.88 (0.61–0.88); CV % = 2.4] among other change of direction testing protocols, and that with heterogenous samples, they all measured the same outcome. The athletes had to perform the test as fast as possible using the protocol outlined by Tomchuk (2010). Two familiarization trials, where the athletes did one start from the right side and one start from the left side, were performed before measures were taken. After the familiarization trials, athletes chose their favorite side and made all three of their official trials from the same side. They positioned themselves at the center of the starting line with both feet equally beside the line. The mean value from the three trials was used for statistical analysis.



Dynamic Balance

The Y balance test (YBT) was used to assess dynamic balance control. Greenberg et al. (2019) demonstrated an excellent inter-rater reliability between testing days for the YBT composite score for the right limb [Day 1 = ICC = 0.987 (0.972–0.994) 95% CI] and left limb [Day 1 = ICC = 0.982 (0.960–0.992) 95% CI], and a moderate to excellent test-retest reliability for both right [ICC = 0.810 (0.672, 0.893) 95% CI] and left YBT composite score [ICC = 0.793 (0.639, 0.885) 95% CI]. YBT testing protocol was the same used in Greenberg et al. (2019) study, but with the use of the Movement Assessment Technology (MAT) as the instrument tool. Dynamic balance was assessed barefoot by three directional reaches per foot (anterior, right posteromedial, left posteromedial), while maintaining a single-leg stance. The composite score, the sum of the three directional reaches, was used for statistical analysis.




Perceptual-Cognitive Skills

The perceptual-cognitive skills of athletes were assessed using the Neurotracker platform (Cognisens, Canada), which consists of a three-dimensional multiple object tracking (3D-MOT) task displayed on a large visual field (Faubert and Sidebottom, 2012). This tool has been shown to correlate with perceptual skills in various populations (Mangine et al., 2014; Harenberg et al., 2016; Lysenko-Martin et al., 2020), including athletes (Mangine et al., 2014). In this study, the athletes sat in a dark room in front of a screen projected by a 3D projector while wearing active 3D glasses. Using the CORE mode on the Neurotracker platform, the athletes were asked to visually follow 4 specific spheres while they moved for 8 s among distractors in the 3D virtual space displayed by the projector. A total of 20 trials (8 s per trial) were performed during which a staircase calculation ran by the program adjusted maximal speed at which participants were able to adequately follow the 4 spheres (i.e., speed was increased after a successful trial, or decreased after an unsuccessful trial). The athletes manually entered their answers after each individual trial on a wireless keyboard. The performance achieved over the 20 trials represents the speed (meters per second) at which an individual can adequately perform the task and is referred to as the Speed Threshold. Before undergoing testing, athletes were provided a 5-trial practice. The speed threshold score was used for statistical analysis.


Statistical Analysis

Descriptive data including mean ± SD and percentages of individual characteristics were calculated. Normal distribution was assessed using the Shapiro-Wilks test and visual inspection. A 1-way analysis of variance (ANOVA) was performed to identify differences between age categories for all studied variables of male athletes. Tukey's post-hoc analyses were then conducted to identify specific group differences among age categories. Because the primary variable PV was not normally distributed, non-parametric statistical procedures were used for correlations. The Kendall-tau (τ) correlation was used to compute and assess correlation between each individual factor and PV for the total sample (male) and by age categories (male). Because of the small number of female athletes recruited, only descriptive data are presented. The significance levels for all analyses were set to p < 0.05. Statistical computations were performed using IBM SPSS Statistics version 27.0.1.






RESULTS

The 1-way ANOVA for male athletes showed significant differences across age categories (p < 0.05) for all studied variables. Table 3 shows descriptive means and standard deviations of anthropometrics, athletic abilities and perceptual cognitive skills for male athletes across age categories and total sample. Table 4 shows descriptive means and standard deviations of anthropometrics, athletic abilities and perceptual cognitive skills for female athletes across age categories and total sample. Table 5 shows the 1-way ANOVA with CI. Figure 1 shows pitching velocity evolution across age categories for male athletes whereas Figure 2 shows strongest association with PV by age categories.


Table 3. Results of anthropometric, athletic ability, and perceptual-cognitive skill assessments of male athletes.
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Table 4. Results of anthropometric, athletic ability, and perceptual-cognitive skill assessments of female athletes.
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Table 5. 1-way ANOVA for male athletes.
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[image: Figure 1]
FIGURE 1. Evolution of pitching velocity across age categories for male athletes.



[image: Figure 2]
FIGURE 2. Strongest association with PV by age categories. (A) Association between right arm grip strength and pitching velocity (11U). (B) Association between right arm grip strength and pitching velocity (13U). (C) Association between 10-m sprint and pitching velocity (15U). (D) Association between height and pitching velocity (18U).



Correlations Between PV and Anthropometrcics Variables, PV and Athletic Abilities, and PV and Perceptual Cognitive Skills for Male Athletes


Total Sample

For the male athletes' total sample, correlations between PV and anthropometric variables were all found to be significant (p < 0.05) ranging from τ = 0.332 for BMI to τ = 0.617 for height. PV and athletic ability variables were all found to be significantly correlated (p < 0.05) ranging from τ = 0.403 for left leg YBT composite score to τ = 0.653 for left arm GP. The correlation between PV and the assessment of perceptual-cognitive skills was τ = 0.185.



11U

In the 11U age category, there was no significant correlation for PV and anthropometric variables. For PV and athletic abilities, right arm GP was the only significant correlation found with a τ = 0.506 (p = 0.046) 95% CI [0.028, 0.976]. No significant correlation was found for PV and perceptual-cognitive skills assessment.



13U

In the 13U age category, for PV and anthropometric variables, height τ = 0.473 (p < 0.001) 95% CI [0.294, 0.587], weight τ = 0.363 (p < 0.001) 95% CI [0.193, 0.512] and WC τ = 0.194 (p = 0.043) 95% CI [0.011, 0.364] were found to be significant correlations. For PV and athletic abilities, right arm GP τ = 0.527 (p < 0.001) 95% CI [0.381, 0.647], left arm GP τ = 0.500 (p < 0.001) 95% CI [0.349, 626], VJ τ = 0.233 (p = 0.014) 95% CI [0.052, 0.399], 10-m sprint τ = −0.310 (p = 0.001) 95% CI [−00.466, −00.134], PAT τ = −0.201 (p = 0.034) 95% CI [−00.371, −00.019] and UBP τ = 0.483 (p < 0.001) 95% CI [0.184, 0.508] were found to be significantly correlated. No significant correlation was found for PV and perceptual-cognitive skills assessment.



15U

In the 15U category, for PV and anthropometric variables, there was no significant correlation. For PV and athletic abilities, the 10-m sprint was the only significant correlation found, with a τ = −0.375 (p = 0.002) 95% CI [−0.558, −0.156]. No significant correlation was found for PV and perceptual-cognitive skills assessment.



18U

In the 18U category, for PV and anthropometric variables, height τ = 0.352 (p = 0.003) 95% CI [0.135, 5.38] and right MFL τ = 0.292 (p = 0.018) 95% CI [0.068, 0.488] were found to be significantly correlated. For PV and athletic abilities, left arm GP τ = 0.294 (p = 0.014) 95% CI [0.070, 0.489], UBP τ = 0.296 (p = 0.013) 95% CI [−0.049, 0.394] and right leg composite YBT τ = 0.260 (p = 0.029) 95% CI [0.034, 0.462] were found to be significantly correlated. No significant correlation was found for PV and perceptual-cognitive skills assessment.



21U

In the 21U age category, there was no significant correlation for PV and anthropometric variables, PV and athletic ability variables and PV and perceptual-cognitive skills assessment.





DISCUSSION

The purpose of this study was to identify across ages, in younger male and female athletes, and to compare, in younger male athletes, the anthropometrics, athletic abilities and perceptual-cognitive skills associated with baseball pitcher's ball velocity. The results showed that significant differences exist in male athletes across age categories (11U, 13U, 15U, 18U, and 21U) for anthropometric, athletic ability and perceptual-cognitive skill assessments. Moreover, when studying associations between anthropometrics, athletic abilities and perceptual-cognitive skills with PV in a sample of male athletes aged 10–22 years (n = 150), all variables were found to be associated with PV. Nakata et al. (2013) reported similar results showing that their anthropometrics and athletic abilities were all found to be associated with kinetic energy of pitched ball. They found strong correlation for right (r = 0.906) and left (r = 0.894) GP, age (r = 0.880), height (r = 0.870), back strength (r = 0.866), and standing long jump (r = 0.850), all significant p < 0.01. In addition, in this study, multiple regression analyses showed that age, BMI, 10-m sprints, GP and standing long jump were predictors of pitching performance in a sample of young male athletes age 6.4–15.6 years. One must note that although similar results were found, the present study investigated PV with athletes throwing from a pitching mound in a pitcher's specific stretch or windup delivery compared to only throwing the baseball into a net from a standardized distance. Furthermore, the present study investigated older players, using a standardized 5 oz baseball for every subject, with only the distance of the pitching mound and home plate being adjusted for the players' age categories. Considering perceptual-cognitive skills assessment, although a significant association between perceptual-cognitive skills and PV was found, the relationship between this factor and ball velocity was the weakest among all investigated variables (τ = 0.185) in our male sample aged 10–22 years old. Nowadays, multiple commercial perceptual-cognitive skills technologies can be used by sports organizations to track athletes' development (Fadde and Zaichkowsky, 2018). To the authors knowledge, no other studies investigated the relationship between PV and perceptual-cognitive skills in baseball pitchers. One study investigated sensorimotor abilities in professional pitchers to predict their on-field performance using the Fielding-Independent Pitching (FIP) sabermetric (Burris et al., 2018). They found that sensorimotor abilities did not predict the FIP sabermetric and that sensorimotor abilities must be unrelated to pitchers' abilities to perform in game situation. It must be pointed out that PV and on-field performances can only partially explain baseball pitching performance as ball accuracy factors and ball flight parameters should also be considered important factors of pitching performance. Future studies should investigate the relationship between ball accuracy, ball flight parameters and the perceptual-cognitive skills assessment.

Investigating specific associations within each age category showed that different anthropometrics and athletic abilities were found to be associated with PV at different ages. The perceptual-cognitive skills assessment was not associated with PV within any age category. The 13U and 18U categories for male athletes were the categories with the most associations with PV. These different results between associations in our total sample compared to associations within age category between anthropometrics and PV, and athletic abilities and PV could be explained by the dynamic process that is athlete development and the interindividual variability in the maturation process (Malina et al., 2015). Our results showed that the 13U was the age category for which the most associations between anthropometrics and PV, and athletic abilities and PV were found. The highest standard deviation in 12 studied variables (weight, BMI, WC, right and left arm girth, right and left forearm girth, right and left medial forearm length, 10-m sprint, PAT, and PV) were also found in this age category compared to the other age categories investigated in this study. This age category also had the biggest sample size among our age categories (n =54), suggesting important differences in physical maturation of the participants. Other studies from different sports also showed that, for 11–13 years old athletes, variability in physical maturation across athletes of this age exists, and that more mature and bigger athletes had higher scores for anthropometric and functional capacity results related to their physical maturation (Malina et al., 2004; Silva et al., 2010).

In other age groups, Lehman et al. (2013) studied correlations between throwing velocity and lower-body field tests in male college baseball players. They found that, for pitchers in a stretch position, lateral to medial jump and body weight explained ~32.2% of the variance in right-handed throwing velocity, and that ~68.8% of the variance in left-handed throwing velocity was explained by the lateral to medial jump. Their study sample (n = 42; 19.8 ± 1.2 years) had a similar age range to our 21U group (n = 14; 18.50 ± 2.68 years). However, our study did not find associations between the studied variables and PV for this age category.


Limitations

This study is not without limitations. Competition levels in each category were not accounted for in this study, as athletes were only categorized by their age and not their competition level. Also, the fact that athletes were categorized by their aged instead of their maturation stage potentially influenced our results. Furthermore, the pitching protocol required athletes to perform pitching on the pitching mound for protocol standardization even though participants did not need to identify “pitcher” as their primary position, as mentioned earlier. However, Nissen et al. (2013) found significant differences in kinematics and kinetics on a flat ground vs. a mound in adolescent baseball pitchers between these two pitching position (Nissen et al., 2013; Bullock et al., 2021) found that despite higher velocity for all pitches type, players identified as pitchers had overall similar kinematics and kinetics to players identified as non-pitchers Due to low number of available female athletes, only descriptive analyses were conducted for the different variables.




CONCLUSION

The study showed that associations between anthropometrics and PV, and athletic abilities and PV vary across age categories and that in a sample of male athletes, aged 10–22 years old, anthropometric, athletic ability and perceptual-cognitive skill factors were all associated with PV. Gender differences should be investigated, and future studies should therefore explore associations between individual characteristics and performance to establish sex-specific differences.



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 human participants were reviewed and approved by the Comité d'éthique de la recherche avec des êtres humains, Université du Québec à Trois-Rivières (no. CER-20-268-07.25). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

MT, CT, and MD participated in data collection. MT, CT, L-AC-B, and MD wrote the manuscript. All authors contributed to the final manuscript revision, read, and approved the submitted version.



FUNDING

This study was supported by MITACS (Mitacs accélération, ref.IT19020) and Baseball 360 Trois-Rivières.



REFERENCES

 ACSM (2013). ACSM's Health-Related Physical Fitness Assessment Manual. Philadelphia, PA: Ippincott Williams and Wilkins.

 Alderink, G. J., Kepple, T., Stanhope, S. J., and Aguinaldo, A. (2021). Upper body contributions to pitched ball velocity in elite high school pitchers using an induced velocity analysis. J. Biomech. 120, 110360. doi: 10.1016/j.jbiomech.2021.110360

 Baseball Québec. (2021). Rulebook 2021. Available online at: https://www.publicationsports.com/ressources/files/289/2021-EN-Reglement_de_regie.pdf?t=1622649149

 Beckham, G., Lish, S., Disney, C., Keebler, L., DeBeliso, M., and Adams, K. J. (2019). The reliability of the seated medicine ball throw as assessed with accelerometer instrumentation. J. Phys. Activity Res. 4, 108–113. doi: 10.12691/jpar-4-2-9

 Bullock, G., Hulburt, T. C., Collins, G., Waterman, B. R., and Nicholson, K. F. (2021). Comparative pitching biomechanics among adolescent baseball athletes: are there fundamental differences between pitchers and non-pitchers? IJSPT 16, 488–495. doi: 10.26603/001c.21495

 Burkhart, T. A., Arthurs, K. L., and Andrews, D. M. (2008). Reliability of upper and lower extremity anthropometric measurements and the effect on tissue mass predictions. J. Biomech. 41, 1604–1610. doi: 10.1016/j.jbiomech.2008.02.013

 Burris, K., Vittetoe, K., Ramger, B., Suresh, S., Tokdar, S. T., Reiter, J. P., et al. (2018). Sensorimotor abilities predict on-field performance in professional baseball. Sci. Rep. 8, 1–9. doi: 10.1038/s41598-017-18565-7

 Castrovince, A. (2016). Speed trap: How Velocity Has Changed Baseball. MLB News.

 Chen, H.-H., Liu, C., and Yang, W.-W. (2016). Coordination pattern of baseball pitching among young pitchers of various ages and velocity levels. J. Sports Sci. 34, 1682–1690. doi: 10.1080/02640414.2015.1133923

 Diffendaffer, A. Z., Slowik, J. S., Lo, N. J., Drogosz, M., and Fleisig, G. S. (2019). The influence of mound height on baseball movement and pitching biomechanics. J. Sci. Med. Sport. 22, 858–861. doi: 10.1016/j.jsams.2019.01.012

 Doeven, S. H., Brink, M. S., Kosse, S. J., and Lemmink, K. A. (2018). Postmatch recovery of physical performance and biochemical markers in team ball sports: a systematic review. BMJ Open Sport Exerc. Med. 4, e000264. doi: 10.1136/bmjsem-2017-000264

 Donahue, P. T., Beiser, E., Wilson, S. J., Hill, C. M., and Garner, J. C. (2018). The relationship between measures of lower body power and pitching velocity in professional baseball pitchers. J. Trainol. 7, 24–27. doi: 10.17338/trainology.7.2_24

 Dowling, B., McNally, M. P., Chaudhari, A. M., and Oñate, J. A. (2020). A review of workload-monitoring considerations for baseball pitchers. J. Athl. Train. 55, 911–917. doi: 10.4085/1062-6050-0511-19

 Dun, S., Fleisig, G. S., Loftice, J., Kingsley, D., and Andrews, J. R. (2007). The relationship between age and baseball pitching kinematics in professional baseball pitchers. J. Biomech. 40, 265–270. doi: 10.1016/j.jbiomech.2006.01.008

 Elitzur, R. (2020). Data analytics effects in major league baseball. Omega 90, 102001. doi: 10.1016/j.omega.2018.11.010

 Escamilla, R., Fleisig, G., Barrentine, S., Andrews, J., and Moorman, C III (2002). Baseball: kinematic and kinetic comparisons between American and Korean professional baseball pitchers. Sports Biomech. 1, 213–228. doi: 10.1080/14763140208522798

 Fadde, P. J., and Zaichkowsky, L. (2018). Training perceptual-cognitive skills in sports using technology. J. Sport Psychol. Action 9, 239–248. doi: 10.1080/21520704.2018.1509162

 Faubert, J., and Sidebottom, L. (2012). Perceptual-cognitive training of athletes. J. Clin. Sport Psychol. 6, 85–102. doi: 10.1123/jcsp.6.1.85

 Fort-Vanmeerhaeghe, A., Milà-Villarroel, R., Pujol-Marzo, M., Arboix-Alio, J., and Bishop, C. (2020). Higher vertical jumping asymmetries and lower physical performance are indicators of increased injury incidence in youth team-sport athletes. J. Strength Condition. Res. doi: 10.1519/JSC.0000000000003828. [Epub ahead of print].

 Glatthorn, J. F., Gouge, S., Nussbaumer, S., Stauffacher, S., Impellizzeri, F. M., and Maffiuletti, N. A. (2011). Validity and reliability of Optojump photoelectric cells for estimating vertical jump height. J. Strength Condition. Res. 25, 556–560. doi: 10.1519/JSC.0b013e3181ccb18d

 Greenberg, E. T., Barle, M., Glassmann, E., and Jung, M.-K. (2019). Interrater and test-retest reliability of the Y balance test in healthy, early adolescent female athletes. Int. J. Sports Phys. Ther. 14, 204. doi: 10.26603/ijspt20190204

 Harenberg, S., McCaffrey, R., Butz, M., Post, D., Howlett, J., Dorsch, K. D., et al. (2016). Can multiple object tracking predict laparoscopic surgical skills? J. Surg. Educ. 73, 386–390. doi: 10.1016/j.jsurg.2015.11.013

 Healey, G. (2017). The new Moneyball: how ballpark sensors are changing baseball. Proc. IEEE 105, 1999–2002. doi: 10.1109/JPROC.2017.2756740

 Huang, J.-H., Chiu, Y.-C., and Chang, C.-K. (2021). Influence of hot environment on pitching and hitting performance in professional baseball. J. Strength Condition. Res. 35, 3251–3255. doi: 10.1519/JSC.0000000000004066

 Lehman, G., Drinkwater, E. J., and Behm, D. G. (2013). Correlation of throwing velocity to the results of lower-body field tests in male college baseball players. J. Strength Condition. Res. 27, 902–908. doi: 10.1519/JSC.0b013e3182606c79

 Li, F., Wilkens, L. R., Novotny, R., Fialkowski, M. K., Paulino, Y. C., Nelson, R., et al. (2016). Anthropometric measurement standardization in the US-affiliated pacific: report from the Children's Healthy Living Program. Am. J. Human Biol. 28, 364–371. doi: 10.1002/ajhb.22796

 Lin, C.-H., Shih, H.-C., and Wang, W.-Y., editors. (2019). “Evaluations of flight dynamic parameters for smart baseballs,” in 2019 IEEE 8th Global Conference on Consumer Electronics (GCCE) (Osaka: IEEE). doi: 10.1109/GCCE46687.2019.9015573

 Lysenko-Martin, M. R., Hutton, C. P., Sparks, T., Snowden, T., and Christie, B. R. (2020). Multiple object tracking scores predict post-concussion status years after mild traumatic brain injury. J. Neurotrauma 37, 1777–1787. doi: 10.1089/neu.2019.6842

 Malina, R. M., Eisenmann, J. C., Cumming, S. P., Ribeiro, B., and Aroso, J. (2004). Maturity-associated variation in the growth and functional capacities of youth football (soccer) players 13–15 years. Eur. J. Appl. Physiol. 91, 555–562. doi: 10.1007/s00421-003-0995-z

 Malina, R. M., Rogol, A. D., Cumming, S. P., e Silva, M. J. C., and Figueiredo, A. J. (2015). Biological maturation of youth athletes: assessment and implications. Br. J. Sports Med. 49, 852–859. doi: 10.1136/bjsports-2015-094623

 Mangine, G. T., Hoffman, J. R., Wells, A. J., Gonzalez, A. M., Rogowski, J. P., Townsend, J. R., et al. (2014). Visual tracking speed is related to basketball-specific measures of performance in NBA players. J. Strength Condition. Res. 28, 2406–2414. doi: 10.1519/JSC.0000000000000550

 Mathiowetz, V. (2002). Comparison of Rolyan and Jamar dynamometers for measuring grip strength. Occup. Ther. Int. 9, 201–209. doi: 10.1002/oti.165

 Matsuo, T., Escamilla, R. F., Fleisig, G. S., Barrentine, S. W., and Andrews, J. R. (2001). Comparison of kinematic and temporal parameters between different pitch velocity groups. J. Appl. Biomech. 17, 1–13. doi: 10.1123/jab.17.1.1

 Mayberry, J., Mullen, S., and Murayama, S. (2020). What can a jump tell us about Elbow injuries in professional baseball pitchers? Am. J. Sports Med. 48, 1220–1225. doi: 10.1177/0363546520905543

 Mercier, M.-A., Tremblay, M., Daneau, C., and Descarreaux, M. (2020). Individual factors associated with baseball pitching performance: scoping review. BMJ Open Sport Exerc. Med. 6, 1–10. doi: 10.1136/bmjsem-2019-000704

 MLB, S. (2021). Custom Leaderboard (avg 4-Seam Fastball mph Correlate to K% for the 2020 Season).

 Nakata, H., Nagami, T., Higuchi, T., Sakamoto, K., and Kanosue, K. (2013). Relationship between performance variables and baseball ability in youth baseball players. J. Strength Condition. Res. 27, 2887–2897. doi: 10.1519/JSC.0b013e3182a1f58a

 NCAA (2019). 2018-19 Participation Study – Men's Sports (Baseball) (Indianapolis, IN).

 NFHS (2019). Survey Based on Competition at the High School Level in the 2018-19 School Year (Baseball) (Indianapolis, IN).

 Nissen, C. W., Solomito, M., Garibay, E., Õunpuu, S., and Westwell, M. (2013). A biomechanical comparison of pitching from a mound versus flat ground in adolescent baseball pitchers. Sports Health 5, 530–536. doi: 10.1177/1941738113502918

 Omoregie, P. O., editor. (2016). “The impact of technology on sport performance,” in INCEDI 2016 Conference (Accra).

 Oyama, S., Yu, B., Blackburn, J. T., Padua, D. A., Li, L., and Myers, J. B. (2013). Effect of excessive contralateral trunk tilt on pitching biomechanics and performance in high school baseball pitchers. Am. J. Sports Med. 41, 2430–2438. doi: 10.1177/0363546513496547

 Papadakis, Z., Padgett, R. N., Stamatis, A., and Karasch, R. A. (2021). Baseball performance via the lens of anthropometric testing, fitness metrics, and statistics: a longitudinal cross-sectional study. Curr. Orthop. Pract. 32, 151–160. doi: 10.1097/BCO.0000000000000962

 Parekh, S., and Patel, A. (2017). The NFL combine as a predictor of on-field success. Foot Ankle Orthopaed. 2, 2473011417S000315. doi: 10.1177/2473011417S000315

 Reinold, M. M., Macrina, L. C., Fleisig, G. S., Aune, K., and Andrews, J. R. (2018). Effect of a 6-week weighted baseball throwing program on pitch velocity, pitching arm biomechanics, passive range of motion, and injury rates. Sports Health 10, 327–333. doi: 10.1177/1941738118779909

 Seshadri, D. R., Li, R. T., Voos, J. E., Rowbottom, J. R., Alfes, C. M., Zorman, C. A., et al. (2019). Wearable sensors for monitoring the internal and external workload of the athlete. NPJ Digital Med. 2, 1–18. doi: 10.1038/s41746-019-0149-2

 Sgroi, T., Chalmers, P. N., Riff, A. J., Lesniak, M., Sayegh, E. T., Wimmer, M. A., et al. (2015). Predictors of throwing velocity in youth and adolescent pitchers. J. Shoulder Elbow Surg. 24, 1339–1345. doi: 10.1016/j.jse.2015.02.015

 Silva, C., Carvalho, H. M., Gonçalves, C., Figueiredo, A., Elferink-Gemser, M., Philippaerts, R., et al. (2010). Growth, maturation, functional capacities and sport-specific skills in 12-13 year-old-basketball players. J. Sports Med. Phys. Fitness 50, 174–81.

 Solomito, M. J., Garibay, E. J., and Nissen, C. W. (2018). Sagittal plane trunk tilt is associated with upper extremity joint moments and ball velocity in collegiate baseball Pitchers. Orthopaedic J. Sports Med. 6, 2325967118800240. doi: 10.1177/2325967118800240

 Solomito, M. J., Garibay, E. J., Woods, J. R., Õunpuu, S., and Nissen, C. W. (2015). Lateral trunk lean in pitchers affects both ball velocity and upper extremity joint moments. Am. J. Sports Med. 43, 1235–1240. doi: 10.1177/0363546515574060

 Spaniol, F. J. (2009). Baseball athletic test: a baseball-specific test battery. Strength Condition. J. 31, 26–29. doi: 10.1519/SSC.0b013e31819d3af8

 Stewart, P. F., Turner, A. N., and Miller, S. C. (2014). Reliability, factorial validity, and interrelationships of five commonly used change of direction speed tests. Scand. J. Med. Sci. Sports 24, 500–506. doi: 10.1111/sms.12019

 Stodden, D. F., Fleisig, G. S., McLean, S. P., and Andrews, J. R. (2005). Relationship of biomechanical factors to baseball pitching velocity: within pitcher variation. J. Appl. Biomech. 21, 44–56. doi: 10.1123/jab.21.1.44

 Stodden, D. F., Fleisig, G. S., McLean, S. P., Lyman, S. L., and Andrews, J. R. (2001). Relationship of pelvis and upper torso kinematics to pitched baseball velocity. J. Appl. Biomech. 17, 164–172. doi: 10.1123/jab.17.2.164

 Tomchuk, D. (2010). Companion Guide to Measurement and Evaluation for Kinesiology. Burlington, MA: Jones & Bartlett Publishers.

 Wang, Y. T., Ford, H. III., Ford, H. Jr., and Shin, D. M. (1995). Three-dimensional kinematic analysis of baseball pitching in acceleration phase. Percept. Mot. Skills 80, 43–48. doi: 10.2466/pms.1995.80.1.43

 Werner, S. L., Suri, M., Guido, J. A. Jr., Meister, K., and Jones, D. G. (2008). Relationships between ball velocity and throwing mechanics in collegiate baseball pitchers. J. Shoulder Elbow Surg. 17, 905–908. doi: 10.1016/j.jse.2008.04.002

 Wu, B.-H., Hsu, C.-H., and Liu, Y.-C. (2020). Effects of whole body vibration and electromuscular stimulation recovery methods used between-inning on baseball pitching performance during a simulated game. 大專體育學刊. 22, 247–259. doi: 10.5297/ser.202009_22(3).0005

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.

Copyright © 2022 Tremblay, Tétreau, Corbin-Berrigan and Descarreaux. 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/fspor-04-822454-t003.jpg
Anthropometrics
Height (m)

Weight (kg)

BMI (kg/m?

Waist
circumference
(em)

Right arm girth
(em)

Left arm girth
(em)

Right forearm
girth (cm)

Left forearm
girth (cm)

Right lateral
arm length
(em)

Left lateral arm
length (cm)

Right medial
forearm length
(em)

Left medial
forearm length
(em)

Athletic abilities

Right arm grip
strength (kg)

Left am grip
strength (kg)

Vertical jump
height (cm)

10-m sprint
(em)

Pro-agiity test
(em)

Upper body
power (m/s)

ver
composite
score right leg
(em)

BT
composite
score left leg
(em)

Perceptual-cognitive skills

Neurotracker
(m/s)

Pitching velocity

Pitching
velocity (MPH)

Group

11U
13U
15U
18U
21
Total
11U
13U
15U
18U
21U
Total
11U
13U
15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
ut8
21U
Total
11U
13U
15U
18U
21U
Total

11U
13U

15U
18U
21U
Total
11U
13U
15U
18U
21U
Total
11U
13U
15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total

11U
13U

15U
18U
21U
Total
11U
13U
15U
18U
21U
Total
11U
13U
15U
18U
21U
Total

11U
13U

15U
18U
21y
Total

11U
13U

15U
18U
21U
Total

11
54
35
36
14
150
11
54
35
36
14
150
11
54
35
36
14
150

11
54

35
36
14

150
11

35
36
14
149

11
53

35
36
14
149

1
53

35
36
14

149
1

35
36
14
149
1
53
35
36
14
149

11
53

35
36
14
149
11
53
35
36
14
149
1

35
36
14
149

11
54

35
36
14

150

11
54

35
36
14

150

11
54

35
36
14

150

1
54

35
36
14
150

1
54

35
36
14
150
10

35
36
14
148
11
54
35
36
14
150
11
54
35
36
14
150

1
25

19
13

71

"

34
35
14

147

Mean

1.45
1.68
173
177
1.78
1.67
4164
52.32
65.98
73.43
80.83
62.45
19.80
20.70
22.08
23.32
25.58
22,04

70.06
7337

77.29
80.21
85.29
76.80

2259
25.77

28.25
30.19
33.18
27.88

22,68
25.59

27.67
29.82
32.68
27.56

21.38
24.45

25.87
27.08
28.39
25.56

2128
24.28

25.67
26.75
27.86
2531
26.00
31.96
33.83
35.33
37.50
33.30

26.50
31.73

33.89
35.61
37.64
33.34
20.68
24.88
26.14
27.19
27.57
25.68
20.82
2476
26.30
2731
27.68
25.67

19.70
25.97

35.91
44.92
50.50
34.66

19.24
24.69

36.19
42.99
47.74
33.62

28.52
35.49

4254
46.87
48.54
4057

231
2.19

2.02
1.96
191
2.08

5.79
557

5.16
5.14
4.98
533

251
294

3.78
4.55
554
3.75
170.79
214.28
231.75
245.42
245.10
225.52
172.79
218.94
233.33
248.80
24617
228,62

0.88
1.09

0.98
141
0.94
1.08

52.60
56.40

66.96
73.36
78.10
64.30

+SD

0.08
0.08
0.06
0.09
0.05
0.12
8.69
12.82
11.26
11.33
9.08
16.20
325
3.91
3.14
2.86
3.06
3.70

6.12
9.28

8.27
7.24
9.25
9.26

3.43
3.63

3.18
2.86
2.41
4.20

3.23
3.63

259
273
220
3.99
2.50

1.67
213
1.16
2.89

213
2.84

171
2.02
0.95
276
177
355
258
3.74
3.44
423

152
357

277
371
3.66
428
157
243
1.66
1.78
1.64
263
174
259
1.83
1.86
1.50
ar2:

3.48
757

6.31

9.25
9.67
12.32

422
7.08

6.40
8.39
6.68
11.60

299
621

758
7.34
8.81
9.13

o1
0.14

0.10
0.09
011
0.17

0.40
0.40

0.26
0.29
025
0.41

0.29
0.49

0.44
074
0.72
105
1858
2032
17.52
16.04
21.30
27.35
1537
19.90
1630
16.47
1897
2663

0.33
0.52

0.32
0.55
0.24
047

3.15
6.79

4.45
431
3.69
10.28






OPS/images/fspor-04-822454-t004.jpg
Group

Anthropometrics
Height (m)

Weight (kg)

BMI (kg/m?

Waist circumference
(em)

Right arm girth (cm)

Left arm girth (cm)

Right forearm girth (cm)

Left forearm girth (cm)

Right lateral am length
(em)

Left lateral arm length
(em)

Right medial forearm
length (cm)

Left medial forearm
length (cm)

Athletic abilities

Right arm grip strength
(kg)

Left arm grip strength
(kg)

Vertical jump height (cm)

10-m sprint (cm)

Pro-agilty test (cm)

Upper body power (m/s)

YBT composite score
right leg (cm)

YBT composite score
left leg (cm)

Perceptual-cognitive skills
Neurotracker (m/s)

Pitching velocity
Pitching velocity (MPH)

11U
13U
15U
Total
11U
13U
15U
Total
11U
13U
15U
Total

11U
13U

15U
Total
11U
13U
15U
Total
11U
13U
15U
Total
11U
13U
15U
Total
11U
13U
15U
Total

11U
18U

15U
Total

11U
13U

15U
Total

11U
13U

15U
Total

11U
13U

15U
Total

11U

13U
15U
Total

11U
13U

15U
Total
11U
13U
15U
Total
11U
13U
15U
Total
11U
13U
15U
Total
11U
13U
15U
Total

11U
13U

15U
Total

11U
13U

15U
Total

11U
13U
15U
Total

11U
13U
15U
Total

1

20

1

20

"

“B 2R

ZuBmZuB M ZuBe IR R 2w

2B

"

20

10

19

Mean

1.46
157
1.67
154
41.57
51.91
56.00
48.70
19.59
21.00
20.23
20.43

65.09
68.10

69.00
67.13
22,64
2427
24.75
23.75
22,57
24.10
2425
23.58
21.86
22.50
23.26
23.35
21.64
22.41
23.00
22.20

26.58
29.64

20.25
29.08

26.21
28.60

30.50
27.95

21.64
2331

25.50
22.95

21.79
23.18

25.26
22.90

18.06

2121
29.67
20.85

16.81
20.58

29.33
20.13
29.55
29.76
31.52
30.29
232
224
210
226
6.10
5.80
5.80
5.88
226
258
2.89
251

201.71
203.88

241.00
206.83

206.48
207.21

231.00
208.98

078
0.79
0.76
0.78

39.07
46.95
53.15
44.70

+SD

0.08
0.07
0.02
0.10
854
591
5.66
856
495
245
256
3.42

953
6.26

566
7.31
345
247
1.77
266
335
1.87
247
250
228
1.38
035
1.69
214
1.18
071
155

161
1.69

1.068
1.95

1.15
22

141
1.82

1.14
137

292
174

1.07
1.40

1.77
1.62

331

427
424
484

3.06
3.53

5.66
493
486
454
11.01
537
0.16
0.12
0.15
0.15
047
022
023
043
0.7
032
0.10
032

16.61
69.10

24.98
52.63

18.93
70.05

28.28
52.87

033
027
0.38
0.28

3.72
5.40
757
6.74





OPS/images/fspor-04-822454-t001.jpg
Categories

Male athletes
11U
=11
13U
(=54
15U
(=35
18U
(=236
21U
=14
Total

(n = 150)
Female athletes
11U
=7
13U
=11
150
=2
Total
(n=20)

Height (m)*

1.45 £0.09

1.68 £0.08

1.73 £0.06

1.77 £0.09

1.78 £0.06

1.67 £0.13

1.46 +0.08

167 £0.07

1.67 £0.02

1.54 £0.10

*Data presented as group mean + SD.

Weight (kg)*

41.36 £8.59

52.34 + 12.81

66.98 + 11.25

7343 +£11.33

80.83 +9.06

62.45 + 16.2

4157 +854

51.91 691

56.00 £+ 5.70

48.70 £ 8.57

BMI (kg/m’)*

19.80 £3.25

20.7 £3.91

22104314

23.32+2.86

26.58 + 3.07

22.04 £3.07

19.59 + 4.95

21.00 4245

20.23 +£2.56

2042 £3.42

Age*

10.55 £ 0.52

12.54 £ 0.50

14.26 +0.61

16.42 £ 0.87

18.50 +2.68

14.28 +£2.431

1057 054

1256 +0.93

14.00 + 0.00

12.00 + 1.38

Years of baseball
season experience*

5.40 2,01
(n=10)
6,60 2.01
(n=50)
7.60:+ 178
(=29
10.10 £ 2.41
(=29
12.20 £ 2.67
=14
8.12+£294
(n=132)

547172
(=6)
518232
=11
400 +232
nh=2)
505 +201
(=19

'‘Data presented as group mean + SD for available data from subjects who answered the sociodemographic questionnaire.

Years of organized baseball
season experience™

470+ 149
(n=10)
6.48.+ 198
(n=50)
745+ 168
(n=29)
972217
(n=29)
1186+ 2,51
(n=14)
7.84+280
(n=132)

547+ 1.72
(n=6)
518+232
(n=11)
400232
n=2
506 +201
(n=19)
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Categories*

Male athletes
11U

(n=11)

18U

(n=50)

15U

(n=30)

18U

(n=32)

21y

=14
Total n = 137

Female athletes
11U

=7

18U

=11

150

n=2

Total

=19

2%

6.7

86.7

727

50

70

50

20

8.7

24

143

273

50

30

Level of competition %*

AA

26

733

26.7

Aaar

66.6

16.1

Elite***

100

95

*Data presented as percentage for available data from subjects who answered the sociodemographic questionnaire.

"AAA only exist in the male 18U category.
*Elite only exist in the male 21U category.

School’s related baseball

program participation %'

Yes

10
(=10
95.74
(=47
862
(=129
833

714

827
(n=136)

273

16.8

No

(n=10)
426
(n=47)
138
(n=29)
16.7

286

173
(n=136)

100

72.7

100

Other sports school’s related program

Yes

10
(=10
213
(=47
138
(=29
33

53
(n=136)

143

91

106

participation %*

No

%
=10
o7.87
n=47)
86.2
=29
or.7

100

947
(n=136)

86.7

89.9

100

89.5
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1-way ANOVA male athletes Sum of DF* Mean square F-value P-value 95% confidence interval

squares
Lower Upper
Height (m) Between groups 1.600 4 0.400 70.845 <0.001 0.565 0.717
Within groups 0819 145 0.006
Total 2.418 149
Weight (k) Between groups 19808.395 4 4952.099 37.182 <0.001 0.382 0583
Within groups 19312.099 145 133.187
Total 39120.493 149
BMI (kg/m?) Between groups 387.087 p) 96.772 8.464 <0.001 0.071 0.281
Within groups 1657.776 145 11.433
Total 2044.863 149
Waist circumference (cm) Between groups 2573.637 4 643.400 9.139 <0.001 0.081 0.204
Within groups 10208.850 145 70.406
Total 12782.487 149
Right arm girth (cm) Between groups 1133.447 4 283.362 27.653 <0.001 0.302 0519
Within groups 1475.601 144 10.247
Total 2609.048 148
Left arm girth (cm) Between groups 1017.554 4 254.389 27.306 <0.001 0.299 0516
Within groups 1341516 144 9316
Total 2359.070 148
Right forearm girth (om) Between groups 455.370 4 113.843 21.055 <0.001 0.234 0.459
Within groups 778.592 144 5.407
Total 1233.962 148
Left forearm girth (cm) Between groups 409.161 4 102.290 20.487 <0.001 0.227 0.453
Within groups 718.980 144 4.993
Total 1128.140 148
Right arm lateral length Between groups 1086.611 4 271.653 25.134 <0.001 0.277 0.498
(em)
Within groups 1556.396 144 10.808
Total 2643.007 148
Left arm lateral length (cm) Between groups 1107.948 4 276.987 24.912 <0.001 0.275 0.496
Within groups 1601.096 144 11.119
Total 2709.044 148
Right medial forearm length Between groups 448,935 4 112.234 28.256 <0.001 0.308 0524
(em)
Within groups 571.977 144 3972
Total 1020911 148
Left medial forearm length Between groups 448.479 4 112.120 25.074 <0.001 0.277 0.497
(em)
Within groups 643.907 144 4.472
Total 1092.386 148
Right arm grip strength (kg) Between groups 13895.676 4 3473.919 57.772 <0.001 0.508 0677
Within groups 8719.013 145 60.131
Total 22614.689 149
Left arm grip strength (kg) Between groups 12766.029 4 3191.507 63.628 <0.001 0.535 0.696
Within groups 7272.991 145 50.159
Total 20039.019 149
Vertical jump height (cm) Between groups 5444.764 4 1361.191 28.265 <0.001 0.307 0522
Within groups 6982.872 145 48.158
Total 12427.636 149
10-m sprint (s) Between groups 2210 4 0553 40.440 <0.001 0.406 0.601
Within groups 1.981 145 0014
Total 4.191 149
Pro-agity test (s) Between groups 9473 4 2.368 21581 <0.001 0.238 0.462
Within groups 15.948 145 0.110
Total 25.421 149
Upper body power (m/s) Between groups 117.567 4 20392 92.094 <0.001 0.637 0.767
Within groups 45.638 143 0319
Total 163.205 147
YBT composite score right Between groups 60744.824 4 15186.206 43.456 <0.001 0.426 0617
leg (cm)
Within groups 50671.517 145 349.459
Total 111416.341 149
YBT composite score left Between groups 59004.146 4 14773.536 46.011 <0.001 0.443 0.629
leg (cm)
Within groups 46557.417 145 321.086
Total 105651.562 149
Neurotracker (m/s) Between groups 2.140 4 0.535 2,663 0.040 0.000 0.254
Within groups 13.254 66 0.201
Total 15.394 70
Pitching velocity (MPH) Between groups 11478.350 4 2869.588 102.958 <0.001 0.666 0.787
Within groups 3957.732 142 27.871
Total 15436.082 146

*DF, Degree of freedom.
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