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Abstract

:

Sprint and jump abilities are considered basic skills that are regularly evaluated in training and school contexts. The correlations between these two skills have previously been established in adults and adolescents, but they have not been fully assessed in children. The present study aimed to explore sprinting and jumping ability in prepubertal boys and girls. Thirty-one prepubertal individuals (aged 8–11 years) were assessed during sprinting for different distances (5, 10, and 20 m) and using different vertical and horizontal jump modalities (squat jump, countermovement jump, broad jump, and hop test). Correlations between the different results were tested. Strong correlations were found between vertical jump and sprint performances, especially over short distances. These results suggested that vertical jump tests are more sensitive than horizontal jumps to reveal acceleration capacity in children.
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1. Introduction


Physical testing is necessary to identify strengths or weaknesses to build an efficient training periodization. It is also used to monitor training efficiency and to assess fatigue and over-reaching [1,2]. In this way, physical tests are commonly used during childhood in the context of training. Moreover, tests are used in a recreational context, for instance in school physical education programs, to provide information about general fitness levels [3]. Thus, it is still an actual concern to establish normative values for children [4] and to propose test batteries appropriated to this population [5].



These tests should be easy to administer under time constraints. For this reason, most test batteries apply jump and sprint assessments. These two abilities are considered fundamental and determinant in several activities [6,7]. Moreover, jump and sprint performances are used in many federations and institutions for talent identification.



The development of jumping and sprinting performance during growth is well documented. A rapid increase is generally observed from 5 to 14 years of age [8], with a slower increase between 9 and 12 years of age [9] due to the stabilization of central nervous system development [10]. The second rapid increase after 12 years of age is generally attributed to gains in strength and power associated with hypertrophy, observable by an increase in the cross-sectional area [11]. This hypertrophy can be associated with changes in the muscle architecture including lengthening of the fascicle and modifications of the pennation angle. Moreover, an increase in the proportion of fast-twitch fibers is observed during adolescence [11]. It has also been shown that prepubertal children have a reduced efficiency during exercises involving the stretch-shortening cycle [12,13]. Other authors have explained this low efficiency by neural aspects such as inefficient muscle preactivation [14] or a lower stretch reflex control [15]. These deficits in neural capacities induce a suboptimal regulation of the muscle–tendon stiffness during jumps [14]. Moreover, children have a more compliant muscle–tendon system than adults, which may reduce their ability to recoil elastic energy [16,17]. It could be principally explained by the greater compliance of the tendons [16], which could imply a lower efficiency in force transmission.



Muscle strength positively influences both sprinting and jumping performance, suggesting a strong relationship between jump and sprint abilities. Such association has already been demonstrated in adults [18,19] and adolescents [20,21,22]. These correlations are generally attributed to the importance of lower body strength and power output for sprint and jump performances [23]. Some studies have suggested a similar relationship in children. Indeed, several training programs have induced an improvement in both sprint and jump performance [24,25]. Recently, a study showed a correlation between 20 m sprint and horizontal jump performance [26]. Some others have identified a relationship between vertical jump and 30 m sprint performance with 7- to 10-year-old boys [27], and between CMJ and 15 m sprint performance in prepubertal boys [28]. However, to our knowledge, no study has investigated the relationship between jump and short-sprint performance. However, the ability to accelerate over a short distance is important in several activities [29,30].



In adults, some studies dealing with strength capacity and running acceleration or maximal velocity have shown different correlations. Young et al. [31] demonstrated that acceleration was strongly correlated with peak force during a squat jump, corresponding to a concentric contraction. In contrast, the maximal velocity was more strongly correlated with the stretch-shortening cycle and maximal absolute strength. This distinction between acceleration and maximal velocity remains to be explored in children.



Thus, the aim of this study was to investigate the relationship between jumping ability and short-sprint performance in children using different jump modalities. We hypothesized that acceleration would be more strongly correlated with squat jump performance than a countermovement jump, as observed in adults.




2. Materials and Methods


2.1. Participants


This study included 31 participants (10 girls and 21 boys) whose characteristics are summarized in Table 1. Their maturation development was assessed using the Mirwald formula [32]. To be included in this study, the real age of the participant had to be lower than the estimated age of peak height velocity. No participant reported lower limb injuries during the last three months. To ensure homogeneity of training levels, all participants were recruited from the same handball club, where they are engaged in twice-weekly handball training, and an additional weekly match. All are familiar with the jump and sprint exercises, which are introduced after the warm-up of a handball training session. Written consent was obtained from all participants’ parents.




2.2. Experimental Procedure


The protocol was composed of two sessions. The first session was dedicated to anthropometric measurements and the control of inclusion criteria. The second session started with a standardized warm-up composed of concentric and eccentric submaximal contractions of the knee extensors, knee flexors, and plantar flexors, followed by some athletic drills and several horizontal and vertical jumps [33]. Jump and sprint physical tests described thereafter were then performed.



All participants began with the sprint tests using photoelectric cells (Witty, Microgate, Bolzano, Italy). Two maximal 20 m sprints were performed with intermediate measurements at 5 and 10 m. The two sprints were separated by two minutes of recovery. Volunteers were free to start the sprint when they wanted.



Then, volunteers conducted vertical and horizontal jumps in a randomized order. Vertical jumps were composed of three modalities. The squat jump (SJ) was performed starting from a static semi-squatting position (90° knee angle). The countermovement jump (CMJ) started from a standing position, bending the knee until a 90° knee angle and then extending the knee in one continuous movement. During the SJ and CMJ, their hands were kept on their hips. Finally, the countermovement jump with arms (CMJa) corresponds to the CMJ with the instruction to use their arms during the jump. Volunteers performed two trials per modality. The vertical jump height was evaluated with an Optojump (Optojump; Microgate, Bolzano, Italy). Horizontal jumps were composed of two modalities: the bilateral broad jump and the unilateral hop test. For the broad jump, participants started in a standing position. Firstly, they bent their knees and their hips to a self-selected depth, bringing their arms behind their body. Then, they achieved full extension in a continuous way, with the instruction to go as far as possible [34]. For the hop tests, volunteers were asked to stand on one leg, then to jump horizontally as far as possible, and to land on the same leg [35]. The hop test was performed using the right and left side, without considering the side dominance. For the broad jump and the hop tests, the distance was measured from the toe in the start position to the heel at the landing position [36].



Participants performed two trials for each test with 15 s between each trial and 1 min between jump modalities. Maintaining stability for two seconds was required after landing for acceptance of the jump.



The best performance was retained for the analysis of sprint and jump modalities. For the hop test, no difference was observed between the right and left sides (p = 0.454). Accordingly, the average between the right and left sides was used for the analysis.




2.3. Statistics


Statistical analyses were conducted using JASP (version 0.14, JASP TEAM 2020, University of Amsterdam). The normality of the data was tested and confirmed by the Shapiro–Wilk test. Student’s t-tests for unpaired samples were used to compare girls and boys for horizontal jump performance, sprint performance, and anthropometric data. A two-way analysis of variance (ANOVA) was then performed on the vertical jump tests to compare girls and boys (sex) and jump modalities (SJ, CMJ, and CMJa). Scheffe post-hoc tests were conducted if significant main effects were present. From the ANOVA, we reported partial eta-squared (ηp2) effect sizes with a threshold as follows: 0.01 = small effect, 0.06 = moderate effect, and ≥0.14 = large effect. Cohen’s d was reported as a measure of the effect size for pairwise comparisons with values <0.5, 0.5–1.2, and >1.2 representing small, medium, and large effects, respectively. The association between all tests was explored using Pearson’s correlation. All statistical analyses were conducted with a signification level fixed at 0.05.





3. Results


A significant difference was observed between girls and boys for the APHV (p < 0.001). No difference was observed for the other anthropometric data (Table 1). Similarly, no significant sex effect was observed in sprint and horizontal jump performance (Table 2).



Vertical jump height was significantly influenced by the modality (p < 0.001; ηp2 = 0.619) and by sex (p < 0.001; ηp2 = 0.263), but no sex–modality interaction was observed (p = 0.470; ηp2 = 0.031). Post-hoc tests indicated that vertical jump height was higher during CMJa compared to CMJ (p < 0.001; d = 1.519) and SJ (p < 0.001; d = 1.479). No difference was observed between SJ and CMJ (p = 0.990; d = 0.040). Sex differences revealed higher vertical jump values for boys compared to girls (p < 0.001; d = 0.574).



Significant relationships were observed between the three vertical jumps (SJ, CMJ, and CMJa) and all sprinting performances (5 m, 10 m, and 20 m time) (Figure 1; Table S1). No correlation was observed between the broad jump and sprint performance. A significant relationship was observed between the hop test and 20 m time (p = 0.014; r = −0.506). Significant relationships were also observed between SJ, CMJ, and CMJa. However, the broad jump performance was correlated with CMJ and CMJa performance. In addition to that, CMJa performance was also correlated with the hop test.




4. Discussion


The main aim of this study was to explore the relationships between several vertical and horizontal jump modalities and short-sprint performance in children. Our results revealed that vertical jump was correlated with all sprinting performances. The horizontal jump was only correlated with the 20 m performance. These results partly confirmed our hypothesis.



The difference between the SJ and CMJ performance informs us about children’s ability to use the elastic energy stored during the eccentric phase [37]. Thanks to this elastic energy, a better performance is observed during a CMJ than during an SJ for adults [38]. In this study, no difference was observed between the CMJ and SJ performance. This is consistent with previous studies highlighting an inefficient use of the stretch-shortening cycle in children [13]. The ability to efficiently use the stretch-shortening cycle generally increases during growth, in association with some changes in muscle and tendons [16] and neural properties [14,15]. Some studies showed that CMJ performance could be higher than SJ performance for children too [12,39], emphasizing the importance of taking into consideration the training level. A recent study including young gymnast girls showed a significant difference in DJ performance between the regional level and the recreational level, but not between the elite and regional levels [40].



The difference between the CMJa and CMJ performance can be considered a coordination indicator, reflecting the ability to use arm swings to improve jump performance. In this study, a significant difference was observed between CMJ and CMJa values, which is consistent with previous studies [39,41] and confirms the fact that children can enhance their jump performances using their arms.



Relationships between jump performances and sprint performances were explored and some strong correlations were identified. Firstly, all vertical jump modalities (SJ, CMJ, and CMJa) were correlated with the sprint performances (5 m, 10 m, and 20 m). This agrees with previous studies that demonstrated a relationship between vertical jump and 30 m sprint performance in 7- to 10-year-old children [27] and a relationship between CMJ and 15 m sprint performance [28]. It was expected that the acceleration capacity would be correlated with SJ performance, and the results partially confirmed this hypothesis. As explained previously, SJ and CMJ performances are equal in children; for that reason, it is not possible to differentiate the relation of these two jump modalities with short-sprint performance. But for several reasons, it is reasonable to suppose that an SJ is more representative of one’s acceleration capacity.



Indeed, the SJ and short-sprint performance relationship could probably be explained by some similar parameters used to perform these two abilities. The SJ and sprint acceleration phase correspond to a predominantly concentric contraction of the lower limbs [42,43]. Consequently, similar physiological factors could influence SJ and short-sprint performance. Indeed, during these two actions, rapid force production is crucial. The ability to rapidly produce force is influenced by muscle–tendon mechanical properties and neural contributions. Indeed, the tendons’ efficiency to transfer muscular force is related to their stiffness. In this way, a positive correlation is identified between tendon stiffness and the rate of force development [44]. With children, a correlation between electromechanical delay (EMD) and tendon stiffness has already been shown [45]. Moreover, an increase in tendon stiffness after a resistance training protocol implies an EMD decrease in prepubertal boys [46]. The ability to rapidly produce force is also influenced by the rate of muscle activation [47]. Mitchell et al. [48] showed a greater rate of torque development associated with a greater rate of muscle activation in children trained in gymnastics than children trained in endurance.



This relationship between sprint and jump abilities in children highlights the importance of lower body strength and power output for these two actions. A recent article [49] has already suggested that inter-individual differences in children’s sprint performance could be linked to the ability to produce force, and not to a technical difference. This idea is supported by some studies that have demonstrated the positive effect of strength development on sprint and jump performance. A 6-week strength training program composed of full squats performed twice a week [50] induced sprint and jump performance improvement with under 13-year-old soccer players. It also has been demonstrated that an electromyostimulation protocol training developing strength resulted in an improvement in specific jumps among gymnast prepubertal girls [51].



In contrast, no correlation was observed between horizontal jump and short-sprint performance. Different hypotheses could explain this result. Firstly, different joint contributions between horizontal and vertical jumps could induce different associations with sprinting. Indeed, vertical jumping implies a similar contribution of the hip, knee, and ankle articulation, while horizontal jump performance is mostly determined by hip and ankle action [36]. Considering that the sprint acceleration phase is characterized by greater knee flexion at foot strike and a greater knee extensor contribution [52], this suggests a greater similitude between the acceleration phase’s motor pattern and that of vertical jumping, compared with horizontal jumping. Secondly, a low-balance capacity causing a submaximal performance during a horizontal jump is plausible. It could affect the stabilization phase and reduce performance. Indeed, an association between horizontal jump performance and balance capacity has already been shown in children [53,54]. This problem could be accentuated by the technical aspects associated with this jump modality. However, this study noticed a correlation between 20 m sprint time and the hop test performance, as shown by a previous study with 15-year-old adolescents [55]. This could suggest that unilateral jump performance could be more associated with long-sprint performance in children. This hypothesis needs to be explored. However, even if the horizontal jump is commonly used to assess general fitness conditions in children [56] and presents a method that is easily applied in practice without a specific instrument, it is probably not appropriate to assess acceleration capacity in children.



A significant difference between girls and boys was identified in the APHV, which is coherent with previous studies demonstrating earlier development for girls than for boys [32]. A significant sex effect was observed for the vertical jump performances, while no difference between girls and boys was observed for horizontal jump performances. These results support the idea of a lower sensitivity for horizontal jumps than vertical jumps to reveal performance differences.




5. Conclusions


This study showed a relationship between vertical jumps and short-sprint performance. These results suggest that vertical jump tests are more sensitive than horizontal jump tests to assess lower limb power in prepubertal children and are a better index for short-sprint performance. Our results suggest recommending to trainers and physical education professionals working with children to give priority to vertical jumps in physical evaluations. However, this study included prepubertal children from the same handball group, implying a homogeneous training level and habits. Thus, the results of this study need to be explored in other sports.



Moreover, this relationship between jump and sprint performance in children highlights the importance of lower limb strength in these two actions. In this way, strength needs to be developed to improve sprint and jump abilities in children too. These results support previous studies that recommended introducing neuromuscular training with children to develop fundamental abilities and enhance performance.
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