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Abstract

:

Featured Application


Acceleration Capacity as a Multilinear Performance Modulator.




Abstract


Background: The study aimed to analyze the relationship between the mechanical parameters of the horizontal force–velocity profile (Hzt FV profile) and performance over two different change of direction (COD) protocols (505test and modified 505test [M505test]) to assess the influence of mechanical parameters of Hzt FV profile on COD deficit (CODD) in soccer players among different categories. Methods: Seventy-seven soccer players, divided into playing levels, participated in the following assessments: Hzt FV profile, 505test and M505test. Spearman correlation coefficient (rs [p < 0.05]) and a linear regression model were used to determine the relationship between COD performance and mechanical parameters of sprint (maximum power output [Pmax], maximum horizontal force production [F0] and maximum velocity application [V0]). Results: Results suggest that: (1) V0 is highly correlated with 505test [Professional (rs = −0.682, p < 0.01); Amateurs (rs = −0.721, p < 0.01); U18DH (rs = −0.736, p < 0.01); U18LN (rs = −0.569, p < 0.01)]; (2) F0 is strongly correlated to M505test F0—M505test [Professional (rs = −0.468, p < 0.05); Amateurs (rs = −0.690, p < 0.01); U18DH (rs = −0.642, p < 0.01); U18LN (rs = −0.658, p < 0.01)]; and (3) significant differences were observed in Professionals vs. U18LN comparison [505test (U = −37.7, p = 0.000); M505test (U = −26.9, p = 0.000)]. Conclusions: A significant relationship exists between strength levels and COD performance depending on task demands. Horizontal force (F0) is crucial in statics COD, while high-speed force production (V0) is decisive in dynamics COD. Finally, higher-level players demonstrate greater efficiency in COD.
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1. Introduction


Change of direction (COD), defined as the ability to decelerate, change the direction and reaccelerate [1], is a determining factor in sports performance in soccer [2,3]. There are, on average, 80–100 CODs per player during a match, and the most frequent angle range in the COD is 45–180° [4]. Specifically, being able to perform a 180° COD quickly and efficiently is an essential skill in multidirectional team sports [5,6,7,8]. Among the most used evaluations to assess the 180° COD in soccer is the 505test [9,10,11], which highlights, among other tests [12], COD ability.



Change of direction speed [3,13] is considered a selective factor because the time available to perform a COD decreases as the competition level increases [14,15]. Players who display a faster COD performance show greater horizontal propulsive forces in less ground contact times and greater approach velocities [16]. Frequently, total time spent on the test (e.g., in a 505test, the timed section [5 m run—180° turn—5 m run] excluding the previous 10 m running section) is considered when evaluating COD performance, so the linear velocity may mask the real COD performance. As a solution to this problem, the COD deficit (CODD) was developed [17,18]. This term helps to interpret the COD evaluation, indicating the additional time required for a COD compared to a linear sprint of equivalent distance (e.g., 5 m run—180° turn—5 m run compared to 10 m linear sprint). Using CODD, coaches obtain an “isolated value” of COD ability, which means that this variable is neither influenced by the player’s acceleration nor by his linear speed [17,18].



Other determinant factors of COD performance are maximum force, power production and braking force [1]. These three factors have great importance in COD performance because, to generate a change in movement direction, a force application in a different direction is necessary [6,7,13,19,20]. Technical execution is also a determinant factor, which can reduce COD time and thus increase COD performance. Thus, less contact time on the floor [21], correct pelvic alignment [22] and the penultimate foot contact on the floor [23,24], among others, are technical keys that could influence COD performance, becoming more demanding as the competition level increases.



Many studies have tried to relate the levels of maximum strength and power production to COD performance [5,17,25,26]. Marcovic [26] attempted to establish this relationship in male physical education students using one-repetition maximum in squat (1RM-SQ), maximal isometric force in squat and power in squat jump (SJ), showing a poor relationship with COD performance. Later, Nimphius et al. [15] tried to establish a relationship between 1RM-SQ relative to body weight and COD performance, finding a strong relationship between both, but with a limited sample size (n = 10). More recently, studies such as those by Freitas et al. [5] and Loturco et al. [27], carried out with soccer players, showed a strong relationship between strength parameters (one-repetition maximum in the half-squat exercise (HS 1RM)), peak power (PP) in SJ and COD performance.



Usually, 180° COD performance has been related to vertical component strength variables [5,15,20,27]. Nevertheless, a recent study by Dos’Santos et al. [16] highlights how important it is to apply large and rapid horizontal force levels over short contact times to increase 180° COD performance. The FV relationship during sprint allows objective quantification of maximum horizontal power output (Pmax), as well as maximum horizontal force output (F0) and maximum running velocity (V0), normalized to bodyweight. These factors create the horizontal force–velocity profile (Hzt FV profile) developed by Samozino et al. [28]. In this way, the mechanical parameters of the Hzt FV profile may add detailed information on 180° COD performance because of the important and relevant role of horizontal force production and efficiency during the acceleration phase [29,30,31].



The Hzt FV profile has received high research attention; previous studies [29,32,33] have shown an association between the mechanical parameters of sprint and COD performance, showing how sprint mechanical abilities can affect COD performance due to the importance of the acceleration phase [25]. Specifically, the aim of the present study was to investigate the relationship between the mechanical parameters of the Hzt FV profile, obtained from sprint running, and COD performance in soccer players, comparing different categories to know how playing level could affect the above-mentioned parameters. First, it was hypothesized that the mechanical variable of the sprint F0 would be more related to performance in the “modified 505test”, while V0 would be more related to performance in the “505test” due to the prevalence of the horizontal component during force application. Second, it was hypothesized that CODD could be conditioned by the mechanical parameters of the Hzt FV profile, especially by F0, due to the deceleration and reacceleration demands of a 180° COD. Finally, it was hypothesized that differences between groups in COD performance due to higher competition level would result in less time needed to perform COD. So, higher category players should have a better COD performance than their counterparts.




2. Materials and Methods


2.1. Participants


Seventy-seven (n = 77) male soccer players (height = 178.2 ± 6.2 cm; body mass = 71.1 ± 6.5 kg) separated into groups (Professional, n = 20 [age = 22.2 ± 2.3 years; height = 178.2 ± 4.88 cm; body mass = 71.97 ± 6.58 kg]; Amateurs, n = 12 [age = 23.9 ± 3.7 years; height = 179.42 ± 7.79 cm; body mass = 74.64 ± 5.33 kg]; U18 DH (1st Spanish youth league), n = 21 [age = 17.43 ± 0.6 years; height = 177.29 ± 6.47 cm; body mass = 69.50 ± 6.59 kg]; U18 LN (2nd Spanish youth league), n = 24 [age = 17.42 ± 0.58 years; height = 176.83 ± 4.37 cm; body mass = 70.02 ± 6.69 kg]) participated voluntarily in this study. No player showed any injury or condition that could impact their performance in the test. All participants were briefed about the study’s potential risks and advantages, providing written consent before commencement. For U18 players, the informed consent was signed by a legal representative. Players were directed to refrain from vigorous exercise within the 24 h preceding each testing day.




2.2. Experimental Design


A cross-sectional study was designed to compare the horizontal force–velocity (Hzt FV) profile with the change-of-direction (COD) performance to explore whether the mechanical parameters of the sprint could discriminate between players with dissimilar COD abilities, along with the technical ability required to perform a COD. The study consisted of an experimental session. All players underwent a 10-min standardized warm-up, which included 5 min of jogging, 5 min of lower limb dynamic stretching and three progressive sprints of 30 m at 50%, 70% and 90% of their maximal self-selected effort [34].



Following a 4-min rest after the warm-up, the Hzt FV profile during sprinting was determined. Subsequently, the 505test and M505test were conducted. Subjects rested for 5 min between each assessment. All players performed two attempts for each COD test, with a 3-min rest between attempts. All assessment sessions took place consistently on identical terrain during late afternoons and early evenings, specifically between 14:00 and 19:00 h. This timeframe seems optimal for achieving maximum performance in coordination, reaction time, cardiovascular efficiency and muscle strength [35].




2.3. Testing Procedures


2.3.1. Horizontal Force–Velocity Profile


Players performed 3 maximal sprints of 30 m, from crouching position with no hands on the ground to avoid initial recoil movement, resting 4 min between each sprint. The fastest sprint was selected for analysis. Sprint performance was measured using a radar device (Stalker ATS II, Applied Concepts, Dallas, TX, USA) at 46.9 Hz to collect velocity–time data. The radar device was attached to a tripod at a height of 1 m, corresponding approximately to the height of the player’s center of mass. An inverse dynamic analysis was applied to the center of mass of the body to determine the mechanical parameters of the Hzt FV profile (F0, V0 and Pmax) through velocity–time data, as validated by Samozino et al. [28]. Raw velocity data were adjusted by a least square’s regression mono-exponential function. Ground reaction forces (GRF) from horizontal acceleration were computed from velocity changes over time in combination with body mass and aerodynamic drag force [28]. Modelling individual FV relationships, F0 and V0 (corresponding to the x- and y-axis intercepts, respectively) and Pmax (F0·V0/4) values were determined and normalized to body mass.




2.3.2. Change of Direction


COD ability was evaluated by a 505test [12] and an M505test [36] on the dominant leg using Witty System timing gates (Microgate, Bolzano, Italia) in accordance with the setup instructions described in Taylor et al. [35] and Dos’Santos, McBurnie, et al. [16]. Two attempts were performed on each test, resting 3 min between each attempt. The fastest score achieved during each test was selected for analysis. The timing was accurate to the nearest 0.01 s.



	
505test: Two timing gates were positioned 5 m away from a specified turning point. Athletes began from a stationary position, using their preferred foot positioned on the start-line, 10 m from the timing gates and 15 m from the turning point [12]. Participants were directed to rapidly accelerate through the timing gates, pivot at the designated turning point on their dominant leg over the line and reaccelerate, returning through the timing gates.



	
M505test: Two timing gates were positioned 5 m away from a specific turning point. In contrast to the 505test, players began in a stationary position, using their preferred foot positioned on the start-line, 1 m behind the timing gates (5 m from the turning point) [16,36]. Participants were instructed to accelerate rapidly through the timing gates, pivot at the designated turning point on their dominant leg over the line and reaccelerate, returning through the timing gates.







2.3.3. Change of Direction Deficit


The CODD was calculated on the dominant leg in the M505test and 505test, following the instructions developed by Nimphius et al. [17,18], providing a measure of COD ability independent of linear speed. The CODD was calculated by the formula: COD test time—10-m time (extracted from the Hzt FV profile).




2.3.4. Statistical Analysis


Descriptive data are presented as mean and standard derivation. Sample normality was tested using the Shapiro–Wilk test. Spearman’s correlation coefficient (Rho) was used to determine the relationship between COD performance and the mechanical parameters of the sprint (F0, V0, Pmax) due to sample abnormality. The correlations obtained were interpreted as follows: trivial (r < 0.1), small (r = 0.1–0.3), moderate (r = 0.3–0.5), large (r = 0.5–0.7), very large (r = 0.7–0.9) and perfect (r > 0.9). Kruskal–Wallis and U Mann–Whitney test were used to compare differences between groups. A multiple linear regression model was used to explore the possibility to predict COD performance based on Hzt FV profile (F0, V0, Pmax). The level of significance was set at p ≤ 0.05. Data were analyzed using the software package SPSS Statistics v.25 (SPSS Inc., Chicago, IL, USA).






3. Results


Table 1 presents the descriptive data of the mechanical parameters of the Hzt FV profile and COD performance tests expressed as mean ± SD.



Using the Kruskal–Wallis test, significant differences were found between the study groups for all variables tested [F0 (X2 = 14.94, p = 0.002); Pmax (X2 = 10.83, p = 0.013); T10m (X2 = 11,36 p = 0.010); 505test (X2 = 32.85, p = 0.000); M505test (X2 = 17.53, p = 0.001); 505_CODD (X2 = 18.73, p = 0.000); M505_CODD (X2 = 8.82, p = 0.032)] except for the variable V0 (X2 = 0.86, p = 0.835).



In addition, using the U Mann–Whitney test, significant differences were found in the following group comparisons: F0 [U18LN (n = 24)—Professional (n = 20), U = 25.4, p = 0.001]; Pmax [U18LN (n = 24)—Professional (n = 20), U = 21.9, p = 0.007]; T10m [U18LN (n = 24)—Professional (n = 20), U = −22.4, p = 0.006]; 505test [U18LN (n = 24)—Professional (n = 20), U = −37.7, p = 0.000], [U18LN (n = 24)—Amateurs (n = 12), U = 25.75, p = 0.007], [U18LN (n = 24)—U18DH (n = 21), U = −22,714, p = 0.004]; M505test [U18LN (n = 24)—Professional (n = 20), U = −26.9, p = 0.000], [U18LN (n = 24)—Amateurs (n = 12), U = −21.25, p = 0.043]; and 505_CODD [U18LN (n = 24)—Professional (n = 20), U = −6.06, p = 0.000], [U18LN (n = 24)—Amateurs (n = 12), U = −21.43, p = 0.040].



Figure 1 shows the correlations between the mechanical variables of the Hzt FV profile and both tests (505test and M505test) separated by groups. Significant and high correlation between V0—505test [Professional (rs = −0.682, p < 0.01); Amateurs (rs = −0.721, p < 0.01); U18DH (rs = −0.736, p < 0.01); U18LN (rs = −0.569, p < 0.01)] and between F0—M505test [Professional (rs = −0.468, p < 0.05); Amateurs (rs = −0.690, p < 0.01); U18DH (rs = −0.642, p < 0.01); U18LN (rs = −0.658, p < 0.01)] could be highlighted.



Figure 2 displays the correlations between CODD and the mechanical variables of the Hzt FV profile separated by groups. Significant and high correlations between V0—505_CODD in the Professional group (rs = −0.511, p < 0.05) and between F0—505_CODD [Amateurs (rs = 0.622, p < 0.05); U18DH (rs = 0.626, p < 0.01); U18LN (rs = 0.510, p < 0.01)] could be highlighted.



Table 2 displays the explanatory parameters from the multiple linear regression analysis employed to determine the relevance of the variables of Hzt FV profile on the performance prediction in the different tests analyzed.



It should be noted that no predictive models were developed concerning the M505_CODD variable due to the non-existence of any significant relationships with the parameters of the Hzt FV profile.




4. Discussion


The aim of the present study was to investigate the relationship between the mechanical parameters of the Hzt FV profile, obtained from sprint running, and the COD performance in professional soccer players from different categories. As expected in the initial hypothesis, the main findings from this work showed that higher levels of F0 and Pmax were directly related to better performance in the M505test, while higher levels of V0 were associated with superior performance in the 505test. Therefore, the results obtained in this study using horizontal component variables to evaluate force levels are consistent with those obtained in previous studies that used vertical component variables, supporting the suggestion that stronger and more powerful soccer players (i.e., higher F0 and Pmax, respectively) showed higher CODD [5,27,32].



Given the characteristics of the 505test, which includes a 10-m linear sprint before the start of the timed section (5 m), the player spends most of the time running linearly (69%) and a smaller part of the time changing direction (31%) [17,18]. However, the M505test is focused exclusively on the ability to accelerate and change direction consecutively over a very short distance (5 m) [16,36]. As the results show (Figure 1), depending on force application demands in each test, it can be noted that in a context where there is a prior entry velocity (as in the 505test), V0 becomes more important, due to the need to apply force at high velocity.



As hypothesized, the mechanical parameters of the Hzt FV profile were related to the performance in COD during the 505test and M505test. More specifically, F0 showed a large inverse relationship with the M505test [Professional (rs = −0.468, p < 0.05); Amateurs (rs = −0.690, p < 0.01); U18DH (rs = −0.642, p < 0.01); U18LN (rs = −0.658, p < 0.01)] due to the higher need to apply horizontal force in this test [16,35] when starting from a stationary position, while V0 showed a large inverse relationship [Professional (rs = −0.682, p < 0.01); Amateurs (rs = −0.721, p < 0.01); U18DH (rs = −0.736, p < 0.01); U18LN (rs = −0.569, p < 0.01)] with the 505test, where the subject starts the test with a previous speed (different from 0) acquired over an approach distance of 10 m, as the predominant force application demands change from horizontal to vertical force production [30].



The obtained results are in accordance with previous studies, such as that of Nimphius et al. [17], in which a strong relationship was shown between the performance in the 505test and 10-m sprint time (as a measure of acceleration) and 30-m sprint time (as a measure of maximum speed). In this case, acceleration (F0) and maximum speed (V0) variables were obtained directly from sprints through the Hzt FV profile parameters instead of using performance times in linear sprint as representations of acceleration and maximum speed capacities [17,18,25]. For this reason, in accordance with Baena-Raya et al. [29,32], the mechanical parameters of the Hzt FV profile could contribute to better understanding of these relationships by directly analyzing the influence of acceleration (F0) and maximum velocity (V0) on COD performance.



It is widely known that Pmax is a highly influential variable in sprint performance [37]. In this case, Pmax had a good relationship with performance in both tests (as shown in Figure 1) because this variable takes into consideration the better relationship from both F0 and V0 [38]. However, while for the M505test the variable with the highest relationship was Pmax (due to the need to generate high amounts of force and velocity over a very short distance), for the 505test, the variable with the greatest relationship was V0. This may be explained by the fact that the generation of high amounts of force and velocity has already taken place in the 10-m run-up to the start of the timed distance. Soccer players are largely adapted to this kind of situation due to the high acceleration demands over short distances during a match, which has led them to be able to attain a high percentage of their maximum speed (V0) over relatively short distances.



The second hypothesis was also confirmed. Previous research has shown a relationship between strength level and CODD, where players with higher strength levels have higher CODD [5,25]. As a novelty, in this study, the relationship with CODD was established using force variables produced in the horizontal direction (obtained through the Hzt FV profile). This outcome contrasts with previous studies, such as that of Loturco, Pereira, et al. [25], using vertical component variables (e.g., 1RM-SQ relative to body weight, HS-1RM, PP in SJ), or Freitas et al. [5], using acceleration rate (ACC) calculated as the rate of change in velocity with respect to the time over the section 0 to 5 m.



The results displayed a significant direct relationship between horizontal component variables (F0) and 505_CODD [Amateurs (rs = 0.622, p < 0.05); U18DH (rs = 0.626, p < 0.01); U18LN (rs = 0.510, p < 0.01)]. Previous studies such as those of Freitas et al. [5] and Loturco, Pereira, et al. [25] showed similar results. However, the higher performance group (Professional) showed a stronger inverse association between V0 and 505_CODD (rs = −0.511, p < 0.05), which indicates that higher ability to apply force at high velocities (shorter time available) may lead to a lower CODD. In contrast, the remaining lower-level groups (Amateurs, U18DH and U18LN) will need a longer time to apply the same force as the Professional group, which translates into an increase in CODD due to a lower efficiency in force application.



For this reason, the results obtained in the current study show significant differences when comparing 505_CODD between Professional and U18LN player groups. In contrast to findings from the above-mentioned studies, players with higher acceleration capacity (F0) presented better CODD efficiency. This could be due to the major role played by the management of horizontal force production during acceleration. In sports where COD is predominant, as in soccer, higher F0 levels may be essential for increased performance. As the results show, players with higher F0 are those who present lower CODD (specifically 505_CODD), given that the technical ability to apply horizontal force during acceleration plays a crucial role [30,31].



As can be appreciated, significant differences in COD performance were found. The most notable differences could be appreciated between the group of higher competition level and the lower competition level group [505test [U18LN (n = 24)—Professional (n = 20), U = −37.7, p = 0.000], M505test [U18LN (n = 24)—Professional (n = 20), U = −26.9, p = 0.000], 505_CODD [U18LN (n = 24)—Professional (n = 20), U = −6.06, p = 0.000]], among others, corroborating the third hypothesis, which expected to find COD performance differences due to competition level and demands.



In this way, F0, Pmax and V0 could become good indicators for the evaluation and improvement of COD performance, as it is known that these can be improved through training [33]. Together with the use of the CODD as a COD performance assessment variable because of the greater isolation of the COD action [17,18], these could be two very useful tools for coaches due to the large amount of information provided in combination. These findings may help coaches and researchers to understand and create more effective strategies to improve COD performance by understanding the characteristics and needs of each player.



In summary, a direct and significant relationship can be observed between strength levels and performance in change of direction. This relationship varies based on the demands. When the change of direction occurs from a static position, the capacity for horizontal force application (F0) is crucial, whereas when the change of direction happens in motion with prior velocity, the application of force at high speed (V0) becomes more decisive. Additionally, there are differences in change of direction performance based on competition level. Higher-level players typically exhibit greater efficiency in change of direction compared to lower-level players.
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Figure 1. Correlations between 505test, M505test and the mechanical variables of Hzt FV profile (F0, V0 and Pmax). * Correlation is significant (p < 0.05). ** Correlation is significant (p < 0.01). Confidence interval at 90%; F0 = maximum horizontal force production; Pmax = maximum power output; V0 = maximum velocity application; N = newtons; W = watts; m = meters; s = seconds; kg = kilograms. 
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Figure 2. Correlations between CODD (M505_CODD and 505_CODD) and the mechanical variables of Hzt FV profile (F0, V0 and Pmax). * Correlation is significant (p < 0.05). ** Correlation is significant (p < 0.01). Confidence interval at 90%. F0 = maximum horizontal force production; Pmax = maximum power output; V0 = maximum velocity application; N = newtons; W = watts; m = meters; s = seconds; kg = kilograms; M505_CODD = change of direction deficit in M505test; 505_CODD = change of direction deficit in 505test. 
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Table 1. Mean and standard deviation (SD) of the mechanical capabilities of Hzt FV profile (F0, V0 and Pmax) and performance tests.
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Hzt FV Profile




	

	
F0 (N·kg−1)

	
Pmax (W·kg−1)

	
V0 (m·s−1)

	
T10m (s)




	
Professional

	
7.31 ± 0.43

	
16.42 ± 1.02

	
9.04 ± 0.33

	
1.73 ± 0.04




	
Amateurs

	
6.92 ± 0.6

	
15.64 ± 1.4

	
9.11 ± 0.3

	
1.77 ± 0.07




	
U18DH

	
7.1 ± 0.73

	
15.86 ± 1.72

	
9.01 ± 0.44

	
1.76 ± 0.09




	
U18LN

	
6.74 ± 0.49

	
15.09 ± 1.37

	
9.02 ± 0.42

	
1.79 ± 0.07




	
Performance Tests




	

	
M505test (s)

	
505test (s)

	
M505_CODD (s)

	
505_CODD (s)




	
Professional

	
2.45 ± 0.09

	
2.21 ± 0.07

	
0.72 ± 0.07

	
0.49 ± 0.07




	
Amateurs

	
2.48 ± 0.07

	
2.27 ± 0.09

	
0.70 ± 0.05

	
0.5 ± 0.11




	
U18DH

	
2.50 ± 0.11

	
2.29 ± 0.08

	
0.74 ± 0.09

	
0.53 ± 0.09




	
U18LN

	
2.57 ± 0.08

	
2.39 ± 0.07

	
0.77 ± 0.07

	
0.60 ± 0.08








Data are mean ± SD; F0 = maximum horizontal force production; Pmax = maximum power output; V0 = maximum velocity application; N = newtons; W = watts; m = meters; s = seconds; kg = kilograms; T10m = time in 10 m; M505test = modified 505test; M505_CODD = change of direction deficit in M505test; 505_CODD = change of direction deficit in 505test.













 





Table 2. Parameters of the explanatory multiple linear regression models generated with the mechanical variables of Hzt FV profile (F0, V0, Pmax) and performance test (M505test, 505test) as predicted variables.
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505test




	

	
Professional

	
Amateur

	
U18DH

	
U18LN




	
Constant

	
3.550

	
2.245

	
3.379

	
3.149




	
F0 (N·kg−1)

	

	
0.29 (1.845)

	
−0.027 (−0.253)

	




	
Pmax (W·kg−1)

	

	
−0.127 (−1.877)

	

	




	
V0 (m·s−1)

	
−0.148 (−0.660)

	

	
−0.140 (−0.807)

	
−0.084 (−0.448)




	
Adj. R2 (SEE)

	
0.405 (0.05 s)

	
0.385 (0.07 s)

	
0.631 (0.04 s)

	
0.204 (0.06 s)




	
ANOVA p value

	
0.02

	
0.046

	
0.000

	
0.016




	
M505test




	

	
Professional

	
Amateur

	
U18DH

	
U18LN




	
Constant

	
3.511

	
3.014

	
3.131

	
3.230




	
F0 (N·kg−1)

	

	
−0.078 (−0.693)

	

	
−0.098 (−0.631)




	
Pmax (W·kg−1)

	
−0.065 (−0.709)

	

	
−0.40 (−0.656)

	




	
V0 (m·s−1)

	

	

	

	




	
Adj. R2 (SEE)

	
0.476 (0.06 s)

	
0.429 (0.05 s)

	
0.401 (0.08 s)

	
0.370 (0.06 s)




	
ANOVA p value

	
0.000

	
0.012

	
0.001

	
0.001




	
505_CODD




	

	
Professional

	
Amateur

	
U18DH

	
U18LN




	
Constant

	
1.325

	
−0.319

	
1.219

	
0.739




	
F0 (N·kg−1)

	

	
0.347 (1.8)

	

	




	
Pmax (W·kg−1)

	
0.028 (0.4)

	
−0.101 (−1.219)

	
0.042 (0.761)

	
0.042 (0.737)




	
V0 (m·s−1)

	
−0.143 (−0.622)

	

	
−0.15 (−0.703)

	
−0.085 (−0.46)




	
Adj. R2 (SEE)

	
0.312 (0.06 s)

	
0.574 (0.07 s)

	
0.698 (0.05 s)

	
0.292 (0.06 s)




	
ANOVA p value

	
0.016

	
0.009

	
0.000

	
0.010








Data are multiple linear regression model raw-score constants (raw-score β standardized coefficients). Predicted variables are: 505test, M505test and 505_CODD. Adj. R2 = adjusted Pearson’s coefficient of determination; SEE = standard error of estimation; coefficient significance (p < 0.05); F0 = maximum horizontal force production; Pmax = maximum power output; V0 = maximum velocity application.
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