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Abstract

:

Despite its importance to the management of training stress, monotony and recovery from exercise, training load has not been quantified during periods of intensity training in youths. This study aimed to (1) examine and quantify the training load (TL) in youth national team basketball players during a 2-week training camp according to maturity timing and (2) determine which parameters were related to under-18 (U18) national team selection. Twenty-nine U-16 national team basketball players underwent an anthropometric assessment to determine maturity timing. Players were categorised by maturity timing (early vs. average), whilst TL parameters during a 2-week training camp (i.e., 21 sessions) prior to FIBA U16 European Championship were used for group comparison and to predict future U-18 national team selection. The early-maturing players, who were taller and heavier (p < 0.05), experienced greater training strain in week 1 (p < 0.05) only. Irrespective of maturity timing, training loads in week 2 were predictive of onward selection for the U-18 national team. Conclusion: Based on present findings, practitioners are encouraged to develop their athletes’ ability to tolerate high weekly loads, but also to be mindful that athletes’ perceived exertion during national team training may be influenced by maturity timing.
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1. Introduction


The national training camp comprises a very limited time period and a congested training and/or match schedule aiming to enhance player readiness, and increase the likelihood of winning fixtures [1]. The high physical demands and training load compared with club settings may result in higher injury rates during national team training camp [2]. Thus, to have all players available to practice and compete prior to international competition is important to align injury risk factors (e.g., accumulated fatigue, reduced recovery time, and training load) with potential mitigation strategies [3]. In this regard, the use of simple and reliable method to quantify training demands, such as rating of perceived exertion (RPE) can offer an appropriate load monitoring, underpinning the management of the likelihood of injury and the improvement of athlete’s performance [4].



Training load monitoring can be particularly important when most of youth basketball national team players can be classified in terms of injury risk stratification as “High risk athlete” or “Load sensitive” [5], when experience higher training loads during national team training camp [1], and most of national level players only practiced basketball since early age (i.e., 10 years old) [6]. This pattern of early engagement in youth sport includes few opportunities to experience a variety of load adaptive stimulus, resulting in fully develop neuromuscular patterns which protect against injury [5]. In this regard, national level players who specialized early engagement in youth sport (6 to 10 years old) shown worse jumping and sprinting abilities comparing with their peers [6]. Moreover, the engagement in early sports specialisation before pubertal growth may deteriorate biomechanical qualities that can propagate through maturational development in young athletes [5].



A key contributor to the physical and athletic development of youth is the process of biological maturation [7]. Maturation refers to the progression towards a mature state and can be defined in terms of status, timing, and tempo [8]. Maturity timing relates to when a particular maturational event occurs (e.g., the timing of peak height velocity [PHV]) and can be used to classify individuals as ‘early’, ‘on-time’ or ‘late’ for the purposes of training and talent development. Early maturing youths tend to be taller and heavier and possess greater absolute and relative lean mass than their less mature peers, and perform better on tests of strength, speed, and power [7,9,10]. As such, earlier maturation has been associated with a selection bias in a team-sports whereby early maturing individuals are preferentially chosen over these less mature peers [11,12,13,14]. Additionally, in basketball, there are pronounced maturity-associated differences in anthropometric, physical [14] and game performance-related variables [11,15] which can result in coaches favouring and preferentially selecting early maturing players [11]. However, these advantages are transient [16] with maturity-associated differences in both size and function having shown to be attenuated, and in some cases reversed, in early adulthood [17]. Moreover, early maturing and taller basketball players show a decreased ability to use lower limb muscles, illustrated by their reduced performance in high-intensity actions (i.e., jumping, sprinting, change of direction, etc.), but also a significant bilateral asymmetry (>15%), reduced aerobic fitness [18], and poorer functional performance [19], which can modulate their ability to adapt to the training stimulus [18]. Therefore, the frequent monitoring (i.e., daily to weekly) [5], including quantifying training load can support the adequate prescription of training load based on their tolerance, in order to enhance resilience to the demands of high-level training and competition, as occurs in national team setting [5]. Despite the training load monitoring based on RPE-derived variables has been particularly used considering maturity status (i.e., pubertal period) [20], recently this strategy has been suggested in post-pubertal period in order to mitigate the risk of injury [21], reinforcing its usefulness in “Load Sensitive” players, such as youth basketball national team players.



Talent selection strategies in youth basketball national teams is a complex, multifactorial and dynamic process which varies according national sporting organisations and federations [22]. Different variables have been suggested as determinant to select and retain players within national team selection process, such as initial selection age, relative age effect [23], game performance [19], training experience and biological maturation [14]. Furthermore, a previous study demonstrated a positive influence of the interaction of physical, game, and training (e.g., muscle soreness)-derived variables be a starter during official games of youth basketball national team [1]. Despite this scant evidence, more studies are warranted to understand the role of training load variables in national team selection process. This is particularly important when talent development systems may impose a “survival of the fittest” mentality on their participants whereby the so-called “survivors” in a given sport (i.e., those who are selected) are those players who can cope with the highest physical demands and loads of intensive training, at the expense of those who may become injured as a result of these practices [24]. Consequently, ‘gifted’, yet less durable, young athletes may be denied a career in elite sport if their progress is curtailed by injuries or health problems related to the training load of their physical preparation programme [25]. This study aims to (1) examine and quantify the TL in youth national team basketball players during a 2-week training camp according to maturity timing and (2) determine which parameters were related to onward selection to the under-18 (U18) national team.




2. Materials and Methods


2.1. Participants


Twenty-nine U16 male basketball players (age = 16.0 ± 0.4 years) were selected by the Portuguese national coaching staff to participate in the 5-week national team training camp across three separate seasons (July/August in 2016, 2017, and 2018 years). The national coaching staff was comprised of the same individuals throughout these seasons and twelve different players were selected in each season. Players who missed more than 3 days due to injury, technical reasons or other issues were excluded from further analysis, to avoid substantial influence in training load parameters. Most players were of Portuguese ancestry (n = 24), with the exception of the players hailing from African countries (n = 5). Thereby, twenty-nine athletes were included in present study (2016, n = 12; 2017, n = 9; 2018, n = 8). These national team training camps prepared the players for participation in the FIBA U16 European Championship Division B in separate seasons. Written informed consent was obtained from all participants and their parents prior to this investigation. The study was approved by the institutional research ethics committee and conformed to the recommendations of the Declaration of Helsinki.




2.2. Procedures


All data were obtained at three consecutive yearly national training camps and were collected by the same investigator to ensure testing accuracy and reliability. In each season, the national training camp included forty-five team practices of ~2 h duration. The first two weeks national team training camp comprised 21 in-court training sessions (mean duration = 117.3 ± 15.3 min.; range = 82–154 min.). Training sessions occurred under the same environmental conditions (session time and indoor basketball court).




2.3. Anthropometric Data


Body mass, height and sitting height were recorded for the estimation of somatic maturation during National Team training camp. Body mass was assessed using a body fat monitor (Tanita BF-522W, Canaxi, Tokyo, Japan) calibrated to the nearest 0.1 kg. Height and sitting height were assessed using a portable stadiometer with measurements taken to the nearest 0.1 cm (Tanita BF-522W, Canaxi, Tokyo, Japan). All data collection techniques followed the guidelines outlined by the International Society for the Advancement of Kinanthropometry (ISAK) [26].




2.4. Somatic Maturation


Maturity offset (MO) was predicted using a non-invasive method appropriate for the age range of the sample, considering anthropometric data (body mass, standing height, leg length and sitting height) and chronological age [27,28]. The APHV was calculated by subtracting MO from the chronological age. Predicted adult height (PAH) was computed from the sum of an individual’s height at the time of the measurements and distance left to grow in height according to APHV (early, average and late) and MO [29]. Based on average APHV (14.0 years of age in males), the subjects were grouped into two maturity timing categories: early (APHV at 13 years old or before), and average (APHV between 13 and 15 years old) maturing [29]. The data available show underestimated adult height at 16 years old using a non-invasive method [29] compared with real values at full adult age [19], but also that the Mirwald method significantly overestimated adult height compared with the Khamis and Roche method [19].




2.5. Training Load


Data were collected from players (n = 12 each year) during the first 2-weeks of national team training camp in Portugal. Before the first session of each national team training camp, one familiarization session was carried out including the instruction on how to use the Borg CR10 scale. Subjects were verbally asked to rate their perceived exertion based on Borg CR10 scale, thirty minutes following the completion of each training session (session ratings of perceived exertion (sRPE)) [30]. Main researcher recorded the ratings of perceived exertion using a pen-and-paper data collection sheet. The training load (TL) was calculated by multiplying session duration (mins) by sRPE. Weekly TL was calculated using the sum of the TL for all training sessions performed in a given week [31]. Weekly training monotony (i.e., day to day training variability in a given week) was calculated from the average weekly TL divided by the standard deviation of the weekly TL [32]. Weekly training strain (i.e., overall stress of the training week) was calculated as the product of the weekly TL and weekly training monotony [32]. The absolute week-to-week change in load (W-TL) was calculated as the difference between TL in Week 2 and TL in Week 1 [33]. Moreover, the week-to-week load changes were also calculated by dividing the TL in Week 2 by the TL in Week 1 [34].




2.6. Statistical Analyses


Descriptive data are presented as mean ± SD. Normality of the data was confirmed using the Shapiro–Wilk test (p > 0.05). A Chi-Square test of independence was applied to identify associations between maturity timing in view of playing positions and year of national team training camp. Effect size (ES) resulting from Chi-Square test was estimated by calculating Cramer’s V (V) correlation coefficients, considering 0.10 as small effect, 0.30 as medium effect and 0.50 as large effect [35]. Independent samples t-tests were used to detect any between-groups differences. Effect sizes (ES) of the differences between maturity timing groups were evaluated using Hedges’ g correcting small sample biases [36]. Effect sizes were considered <0.2 trivial, >0.2–0.5 small, >0.5–0.8 medium, >0.8–1.3 large, and >1.3 very large [37]. The variables, for which significant differences were identified between groups, were used in a stepwise discriminant function analysis to determine what set of variables discriminated early and average maturing players. Finally, a stepwise discriminant analysis was conducted to identify a construct that best classified selected and non-selected players for further under-18 national team training camp (a year or two later). All analyses were performed using SPSS (SPSS, Inc., Version 24.0, Chicago, IL, USA).





3. Results


3.1. Player’s Demographics


The mean age, height and body mass of the included players was 16.04 ± 0.34 years (range: 15–16.50 years), 190.19 ± 7.06 cm (range: 174–204 cm) and 81.67 ± 10.78 kg (range: 63.90–106.20 kg), respectively. The mean age of age of peak height velocity and maturity offset was 13.26 ± 0.61 years (range: 11.80–14.30) and 2.67 ± 0.63 years (range: 1.50–4.00), respectively. No late-maturing athletes were identified. Analysis showed significant differences between maturity timing with respect to the playing position (χ2 (1, n = 29) = 2.24; p = 0.039; ϕCramer = 0.38), but not regarding further national team selection or year of national team training camp (all p > 0.05). Most of early-maturing players were inside players (i.e., players who use areas close to the basket to score), whereas most of average-maturing players were perimeter players (i.e., players who use the perimeter area to score). Regarding maturity timing distribution according to the years (χ2 (2, n = 29) = 3.63; p = 0.163), and further national team selection (χ2 (1, n = 29) = 1.72; p = 0.189) no differences were observed.




3.2. Training Load Description


There were significant differences in training load variables between the year and week (all p < 0.001) (Figure 1). Post hoc analysis revealed that in 2018 subjects experienced less accumulated training load than in 2016 and 2017 (all p < 0.001). Moreover, training load was higher in week 2 than 1, for all years (p < 0.001).




3.3. Between-Groups Differences


Results of the inferential analysis for anthropometric, and training load variables are displayed in Table 1. Early-maturing players were significantly taller, and heavier than average subjects (all p < 0.01) (Table 1). Moreover, early-maturing players had a significantly lower training experience, and experienced higher weekly training strain during Week 1 (all p < 0.05) (Table 1).



Discriminant analysis showed that sitting height (coefficient: 0.719), body mass (coefficient: 0.574), height (coefficient: 0.437), training experience (coefficient: −0.155) and training strain during Week 1 (coefficient: 0.090) discriminated between early- and average-maturing players (Table 2).




3.4. Further Selection


Finally, the construct obtained in the stepwise discriminant analysis provided a model that considered training load in Week 2 as the best discriminating variable between selected (n = 20) and non-selected (n = 9) players for U18 National Team (Table 3).





4. Discussion


The aims of the present study were to: (1) examine and quantify the TL in youth national team basketball players during a 2-week training camp according to maturity timing and (2) determine which parameters were related to onward selection to the under-18 (U18) national team. The main findings indicated that early maturing players were taller and heavier than their average-maturing counterparts and reported a greater overall stress (i.e., weekly training strain) during the first week of the training camp. Finally, positive associations were found between the measured training load in week 2 and the probability of being selected to the U18 national team.



Regarding the observed training load variables, no statistically significant between-group differences were found for accumulated training load, total training monotony and strain, and week-to-week changes when comparing early- and average-maturing players. The weekly training load herein (i.e., 7393.31 ± 1301.37 and 6678.96 ± 1416.99 AU for weeks 1 and 2, respectively) was considerably higher than the loads reported in a sample of Italian U17 basketball players (i.e., ~3250 a.u.) [38], possibly due to the differences between conventional in-season training and national team camps, the latter of which is characterised by a short and intense activity schedule. Moreover, when considering playing positions (e.g., most of early-maturing players were inside players, and most of average-maturing players were perimeter players) present findings related with accumulated training load are in line with previous study in elite basketball [39], where sRPE was similar among different playing positions (point guards, forwards, and centres). Furthermore, early-maturing players had a significantly lower training experience and possible influence on perceived training load can be expected [40]. Contrary to findings in Australian football which reported greater sRPE for players with higher playing experience at elite levels (>4 years) compared to less experienced players (<3 years), in the present study accumulated training load was similar between groups [40]. That said, the experience seems to be a mediator of sRPE, especially in contexts where athletes have previous experiences in the same environment, e.g., a professional club [40]. However, in sporadic and a very limited time period settings (e.g., national team training camps), where the experience in this context is similar between subjects, the training experience in the club settings does not seem to influence the accumulated training load. Nevertheless, athletes with less training experience and with lower aerobic fitness (such as early-maturing players) have a greater risk of injury and are even less protected against large variations in training load [18]. This seems to be even more important when the risk of injury is higher in weeks with a high training load (≥2770 AU) [18], as occurs in national team training camp, and early-maturing players (less experienced and with lower aerobic fitness) experienced higher overall stress (i.e., weekly strain), particularly in week 1. Notwithstanding, previous study in Australian Football shown that training strain had a substantial relationship with match outcome [41]. This is particularly interesting when most of early-maturing players experienced higher overall stress during national team training camp and play in inside positions, which is a key position in terms of overall performance (i.e., game efficiency) in FIBA European Youth Championships (Under-16 to Under-20) [42]. That said, practitioners should be aware that experiencing higher overall stress can positively influence the performance of key players and consequently team performance. However, increased weekly strain can be risky in athletes with an ability to tolerate high training loads. Thus, practitioners should develop training load management strategies, for example selecting different types of training, proportion, and duration [38], providing distinct internal load measures in order to provide an “optimal” training load which simultaneously improves players readiness, and decrease in the risk of injury in load sensitive athletes, such as early-maturing players.



When analysing each week separately, the early-maturing group exhibited greater training strain (~33%; ES = 0.74) in week 1 thus indicating that these players reported a higher overall stress during the first week of the camp. The fact that differences were found for training strain, but not training load or monotony when assessed independently, supports previous claims that, in basketball, all three variables should be monitored concurrently on a weekly basis [43]. This is because monotony is more detailed variables which considers the variability in training load across the week. Moreover, these results suggest that early maturing players can experience different response to the applied load during national team training camp. This could be due to coaches placing more pressure on early maturing players during training sessions because they are perceived to be more likely to demonstrate higher performance levels during international competitions. Indeed, more advanced anthropometric characteristics have been shown to be significantly related with game-performance at different levels, particularly in relation to scoring and rebounding parameters. Thus, the tallest, or earlier maturing players, not only may be more likely to be selected, but also to selected in key positions close to the basket in order to increase winning opportunities [11,14]. In this way, during the national training camp, coaches may have adopted a highly motivated demeanour when training more physically advanced players, thus generating increased internal load through additional activity or psychological stress (i.e., sRPE) [44,45].



Maturity timing may be an important aspect to consider to avoid the application of an exacerbated training response during congested training weeks and to reduce injury risk as a high training strain has been associated with illness and overtraining in athletes [32]. This is particularly apt for when early-maturing team-sport players are identified as being at an increased injury risk [46,47] and when musculoskeletal, neuromuscular and physical factors [48,49] might affect load-tolerance [46]. However, to the best of our knowledge, no study has examined training load variables according to maturing timing, thus further studies are recommended to better understanding between those variables, and injury or performance.



Interestingly, according to the present findings, training load in Week 2 was predictive of onward selection to the U18 National Team. The predicted probability of selection was raised alongside greater training load which implies that U16 National Team players that were able to tolerate higher loads were more likely to be selected to the U18 team. A possible explanation for this finding could be seen in the applied training loads which typically increase as athletes progress through the age categories [50]. Because of this trend, players who are exposed to higher workloads at the U16 level may, ultimately, find themselves in a better position to meet and adapt to the demands of training at the more advanced stages of development, thus increasing their probability of being selected to the national team. In this way, it could be that players who learn to sustain higher training loads may become more robust to the future application of intense training stimuli. Such a phenomenon has previously been documented with Hulin and colleagues [51] demonstrating that high and very high workloads ultimately exerted a protective effect against injury in rugby league players. This is an interesting finding in the context of our study as it lends theoretical support to the use of higher workloads in youth athletes as a mechanism for sustained performance and resistance to injury, an admittedly controversial topic in light of the very legitimate concerns with regard to burnout in youth sport [52]. Accordingly, this finding should be treated with great caution until further study can elucidate a clearer relationship between higher workloads and future performance and selection in youth athletes. If this is indeed the case, coaches are still encouraged to use complementary training strategies to improve physical qualities (e.g., strength, speed, aerobic fitness and repeated sprint qualities) that may improve players’ ability to tolerate high workloads and larger week-to-week changes [18,53].



The limitations of the present study should be acknowledged. Firstly, the methods used to calculate MO and PAH are not considered the “gold-standard” and are, therefore, not without inaccuracies [54]. Moreover, previous longitudinal studies analysing MO method, and involving large samples mainly included Caucasian ancestry participants [28], whereas the present study included African ancestry players. Readers should therefore be mindful of this and the potentially discrepancies in MO in these five players. Thereby, the present results should be cautiously interpreted. Nonetheless, these are commonly used methods in research and practice [54]. Secondly, week 2 training load was associated with the probability of an athlete being selected to the U18 National Team but this should be interpreted with caution as several other potentially influential variables were not considered (e.g., other anthropometric variables or physical capabilities). Future research should incorporate external load metrics for better quantification of the players training load as well as develop a more robust predictive model incorporating complementary variables to allow a better understanding of which factors influence future national team selection in young basketball players. Finally, the participants in the current sample are slightly taller and heavier, but also present earlier age of peak height velocity when compared with youth basketball players of an equivalent chronological age in other studies [55,56]. Therefore, the degree to which maturity timing may impact ratings of perceived exertion may vary relative to the nature of the sample.




5. Conclusions


This study demonstrates that early-maturing players, who were taller and heavier than their average-maturing counterparts, experienced greater overall stress during the first week of the national basketball team training camp. Consequently, the early-maturing players accumulated a higher training load across the camp, though those of average maturity demonstrated a greater load variation. Practitioners should be mindful of these data when designing, implementing and supervising training sessions and should look to closely monitor TLs during youth national team training camps given that players responded differently to the same load, according to the maturity timing. Regarding the secondary aim of the study, training load in week 2 of the documented camp was associated with onward selection to the U18 national team. Therefore, there appears to be a relationship between the load tolerance of the U-16 national team players during and their future selection to the U-18 team. Practitioners should be mindful that athletes’ ability to cope with high training loads may be crucial to performance. Thus, practitioners are encouraged to develop their athletes’ ability to tolerate high weekly loads.







Author Contributions


Data curation, J.A.; formal analysis, J.A.; funding acquisition, N.L.; investigation, J.A. and N.L.; methodology, J.A.; project administration, J.A.; validation, J.A.; visualization, J.A.; writing—original draft, J.A., D.J. and J.F.T.F.; writing—review and editing, J.A., T.T.F., S.W., J.M. and N.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was supported by Fundação para a Ciência e Tecnologia under the project UID04045/2020.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Research Ethics Committee.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author, J.A., upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Arede, J.; Ferreira, A.P.; Esteves, P.; Gonzalo-Skok, O.; Leite, N. Train smarter, play more: Insights about preparation and game participation in youth national team. Res. Q. Exerc. Sport 2020, 91, 583–593. [Google Scholar] [CrossRef] [PubMed]

	



McCall, A.; Jones, M.; Gelis, L.; Duncan, C.; Ehrmann, F.; Dupont, G.; Duffied, R. Monitoring loads and non-contact injury during the transition from club to National team prior to an international football tournament: A case study of the 2014 FIFA World Cup and 2015 Asia Cup. J. Sci. Med. Sport 2018, 21, 800–804. [Google Scholar] [CrossRef] [PubMed]

	



McCall, A.; Davison, M.; Andersen, T.E.; Beasley, I.; Bizzini, M.; Dupont, G.; Duffiel, R.; Carling, C.; Dvorak, J. Injury prevention strategies at the FIFA 2014 World Cup: Perceptions and practices of the physicians from the 32 participating national teams. Br. J. Sports Med. 2015, 49, 603–608. [Google Scholar] [CrossRef] [PubMed]

	



Buchheit, M.; Dupont, G. Elite clubs and national teams: Sharing the same party? Sci. Med. Footb. 2018, 2, 83–85. [Google Scholar] [CrossRef]

	



Jayanthi, N.; Schley, S.; Cumming, S.P.; Myer, G.D.; Saffel, H.; Hartwig, T.; Gabbett, T.J. Developmental training model for the sport specialized youth athlete: A dynamic strategy for individualizing load-response during maturation. Sports Health 2021, 14, 142–153. [Google Scholar] [CrossRef]

	



Arede, J.; Esteves, P.; Ferreira, A.P.; Sampaio, J.; Leite, N. Jump higher, run faster: Effects of diversified sport participation on talent identification and selection in youth basketball identification and selection in youth basketball. J. Sports Sci. 2019, 37, 1–8. [Google Scholar] [CrossRef]

	



Meylan, C.; Cronin, J.; Oliver, J.; Hughes, M. Review: Talent identification in soccer: The role of maturity status on physical, physiological and technical characteristics. Int. J. Sports Sci. Coach. 2010, 5, 571–592. [Google Scholar] [CrossRef]

	



Malina, R.; Bouchard, C.; Bar-Or, O. Growth, Maturation, and Physical Activity; Human Kinetics: Champaign, IL, USA, 2004. [Google Scholar]

	



Malina, R.M.; Ribeiro, B.; Aroso, J.; Cumming, S.P. Characteristics of youth soccer players aged 13–15 years classified by skill level. Br. J. Sports Med. 2007, 41, 290–295. [Google Scholar] [CrossRef]

	



Figueiredo, A.J.; Gonçalves, C.E.; Coelho ESilva, M.J.; Malina, R.M. Youth soccer players, 11–14 years: Maturity, size, function, skill and goal orientation. Ann. Hum. Biol. 2009, 36, 60–73. [Google Scholar] [CrossRef]

	



Torres-Unda, J.; Zarrazquin, I.; Gil, J.; Ruiz, F.; Irazusta, A.; Kortajarena, M.; Seco, J.; Irazusta, J. Anthropometric, physiological and maturational characteristics in selected elite and non-elite male adolescent basketball players. J. Sports Sci. 2013, 31, 196–203. [Google Scholar] [CrossRef]

	



Hill, M.; Scott, S.; McGee, D.; Cumming, S.P. Are relative age and biological ages associated with coaches evaluations of match performance in male academy soccer players? Int. J. Sports Sci. Coach. 2020, 16, 227–235. [Google Scholar] [CrossRef]

	



Johnson, A.; Farooq, A.; Whiteley, R. Skeletal maturation status is more strongly associated with academy selection than birth quarter. Sci. Med. Footb. 2017, 1, 157–163. [Google Scholar] [CrossRef]

	



Arede, J.; Ferreira, A.P.; Gonzalo-Skok, O.; Leite, N. Maturational development as a key aspect in physiological performance and national team selection in elite male basketball players. Int. J. Sports Physiol. Perform. 2019, 14, 902–910. [Google Scholar] [CrossRef]

	



Torres-Unda, J.; Zarrazquin, I.; Gravina, L.; Zubero, J.; Seco, J.; Gil, S.M.; Gil, J.; Irazusta, J. Basketball performance is related to maturity and relative age in elite adolescent players. J. Strength Cond. Res. 2016, 30, 1325–1332. [Google Scholar] [CrossRef]

	



Moran, J.; Paxton, K.; Jones, B.; Granacher, U.; Sandercock, G.R.; Hope, E.; Ramirez-Campillo, R. Variable long-term developmental trajectories of short sprint speed and jumping height in English Premier League academy soccer players: An applied case study. J. Sports Sci. 2020, 38, 2525–2531. [Google Scholar] [CrossRef]

	



Ostojic, S.M.; Castagna, C.; Calleja-González, J.; Jukic, I.; Idrizovic, K.; Stojanovic, M. The biological age of 14-year-old boys and success in adult soccer: Do early maturers predominate in the top-level game? Res. Sports Med. 2014, 22, 398–407. [Google Scholar] [CrossRef]

	



Malone, S.; Roe, M.; Doran, D.A.; Gabbett, T.J.; Collins, K.D. Aerobic fitness and playing experience protect against spikes in workload: The role of the acute:chronic workload ratio on injury risk in elite Gaelic football. Int. J. Sports Physiol. Perform. 2017, 12, 393–401. [Google Scholar] [CrossRef]

	



Arede, J.; Fernandes, J.; Moran, J.; Norris, J.; Leite, N. Maturity timing and performance in a youth national basketball team: Do early-maturing players dominate? Int. J. Sports Sci. Coach. 2020, 16, 722–730. [Google Scholar] [CrossRef]

	



Ryan, D.; Lewin, C.; Forsythe, S.; McCall, A. Developing world-class soccer players: An example of the academy physical development program from an English Premier league team. Strength Cond. J. 2017, 30, 2–11. [Google Scholar] [CrossRef]

	



McBurnie, A.J.; Dos’Santos, T.; Johnson, D.; Leng, E. Training management of the elite adolescent soccer player throughout maturation. Sports 2021, 9, 170. [Google Scholar] [CrossRef]

	



Kalén, A.; Padrón-Cabo, A.; Lundkvist, E.; Rey, E.; Pérez-Ferreirós, A. Talent selection strategies and relationship with success in european basketball national team programs. Front. Psychol. 2021, 12, 2237. [Google Scholar] [CrossRef]

	



Kalén, A.; Lundkvist, E.; Ivarsson, A.; Rey, E.; Kalén, A.; Rey, E.; Perez-Ferreiros, A. The influence of initial selection age, relative age effect and country long-term performance on the re-selection process in European basketball youth national teams. J. Sports Sci. 2021, 39, 388–394. [Google Scholar] [CrossRef]

	



Murray, A. Managing the training load in adolescent athletes. Int. J. Sports Physiol. Perform. 2017, 12, S242–S249. [Google Scholar] [CrossRef]

	



Bahr, R. Demise of the fittest: Are we destroying our biggest talents? Br. J. Sports Med. 2014, 48, 1265–1267. [Google Scholar] [CrossRef]

	



Stewart, A.; Marfell-Jones, M.; Olds, T.; De Ridder, J. International Standards for Anthropometric Assessment; International Society for the Advancement of Kinanthropometry: Lowe Hutt, New Zealand, 2011. [Google Scholar]

	



Mirwald, R.L.; Baxter-Jones, A.D.G.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements. Med. Sci Sports Exerc. 2002, 34, 689–694. [Google Scholar]

	



Malina, R.M.; Kozieł, S.M. Validation of maturity offset in a longitudinal sample of Polish boys. J. Sports Sci. 2014, 32, 424–437. [Google Scholar] [CrossRef]

	



Sherar, L.B.; Mirwald, R.L.; Baxter-Jones, A.D.G.; Thomis, M. Prediction of adult height using maturity-based cumulative height velocity curves. J. Pediatr. 2005, 147, 508–514. [Google Scholar] [CrossRef]

	



Borg, G.A.V. Borg’s Perceived Exertion and Pain Scales; Human Kinetics: Champaign, IL, USA, 1998. [Google Scholar]

	



Impellizzeri, F.M.; Rampinini, E.; Coutts, A.J.; Sassi, A.; Marcora, S.M. Use of RPE-based training load in soccer. Med. Sci. Sports Exerc. 2004, 36, 1042–1047. [Google Scholar] [CrossRef] [PubMed]

	



Foster, C. Monitoring training in athletes with reference to overtraining syndrome. Med. Sci. Sports Exerc. 1998, 30, 1164–1168. [Google Scholar] [CrossRef] [PubMed]

	



Rampinini, M.; Rampinini, E.; Riggio, M.; Coutts, A.J.; Pecci, C.; McCall, A. Despite association, the acute: Chronic work load ratio does not predict non-contact injury in elite footballers. Sci. Med. Footb. 2018, 2, 108–114. [Google Scholar]

	



Delecroix, B.; McCall, A.; Dawson, B.; Berthoin, S.; Dupont, G. Workload and non-contact injury incidence in elite football players competing in European leagues. Eur. J. Sport Sci. 2018, 18, 1280–1287. [Google Scholar] [CrossRef]

	



Fritz, C.O.; Morris, P.E.; Richler, J.J. Effect size estimates: Current use, calculations, and interpretation. J. Exp. Psychol. Gen. 2012, 141, 2–18. [Google Scholar] [CrossRef]

	



Cumming, G. Understanding the New Statistics: Effect Sizes, Confidence Intervals, and Meta-Analysis; Routledge: Oxfordshire, UK, 2013. [Google Scholar]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Taylor & Francis: Oxfordshire, UK, 1988. [Google Scholar]

	



Lupo, C.; Tessitore, A.; Gasperi, L.; Gomez, M. Session-RPE for quantifying the load of different youth basketball training sessions. Biol. Sport 2017, 34, 11–17. [Google Scholar] [CrossRef]

	



Svilar, L.; Castellano, J.; Jukic, I.; Casamichana, D. positional differences in elite basketball: Selecting appropriate training-load measures. Int. J. Sports Physiol. Perform. 2018, 13, 947–952. [Google Scholar] [CrossRef]

	



Gallo, T.; Cormack, S.; Gabbett, T.; Williams, M.; Lorenzen, C. Characteristics impacting on session rating of perceived exertion training load in Australian footballers. J. Sports Sci. 2015, 33, 467–475. [Google Scholar] [CrossRef]

	



Aughey, R.J.; Elias, G.P.; Esmaeili, A.; Lazarus, B.; Stewart, A.M. Does the recent internal load and strain on players affect match outcome in elite Australian football? J. Sci. Med. Sport 2016, 19, 182–186. [Google Scholar] [CrossRef]

	



Kokanauskas, O.; Bietkis, T.; Arede, J.; Leite, N. Modelling youth basketball performance profile in European Championships. Rev. Psicol. Deporte 2021, 30, 258–262. [Google Scholar]

	



Paulauskas, H.; Kreivyte, R.; Scanlan, A.T.; Moreira, A.; Siupsinskas, L.; Conte, D. Monitoring workload in elite female basketball players during the in-season phase: Weekly fluctuations and effect of playing time. Int. J. Sports Physiol. Perform. 2019, 14, 941–948. [Google Scholar] [CrossRef]

	



Jones, C.M.; Griffiths, P.C.; Mellalieu, S.D. Training load and fatigue marker associations with injury and illness: A systematic review of longitudinal studies. Sports Med. 2017, 47, 943–974. [Google Scholar] [CrossRef]

	



Brandes, M.; Elvers, S. Elite youth soccer players’ physiological responses, time-motion characteristics, and game performance in 4 vs. 4 small-sided games: The influence of coach feedback. J. Strength Cond. Res. 2017, 31, 2652–2658. [Google Scholar] [CrossRef]

	



Towlson, C.; Salter, J.; Ade, J.D.; Enright, K.; Harper, L.D.; Page, R.M.; Malone, J.J. Maturity-associated considerations for training load, injury risk, and physical performance in youth soccer: One size does not fit all. J. Sport Health Sci. 2020, 10, 403–412. [Google Scholar] [CrossRef]

	



Van der Sluis, A.; Elferink-Gemser, M.T.; Brink, M.S.; Visscher, C. Importance of peak height velocity timing in terms of injuries in talented. Int. J. Sports Med. 2015, 36, 327–332. [Google Scholar]

	



Ford, K.R.; Myer, G.D.; Hewett, T.E. Longitudinal effects of maturation on lower extremity joint stiffness in adolescent athletes. Am. J. Sports Med. 2010, 38, 1829–1837. [Google Scholar] [CrossRef]

	



Radnor, J.M.; Oliver, J.L.; Waugh, C.M.; Myer, G.D.; Moore, I.S.; Lloyd, R.S. The influence of growth and maturation on stretch-shortening cycle function in youth. Sports Med. 2018, 48, 57–71. [Google Scholar] [CrossRef]

	



Wrigley, R.; Drust, B.; Stratton, G.; Scott, M.; Gregson, W. Quantification of the typical weekly in-season training load in elite junior soccer players. J. Sports Sci. 2012, 30, 1573–1580. [Google Scholar] [CrossRef]

	



Hulin, B.T.; Gabbett, T.J.; Caputi, P.; Lawson, D.W.; Sampson, J.A. Low chronic workload and the acute:chronic workload ratio are more predictive of injury than between-match recovery time: A two-season prospective cohort study in elite rugby league players. Br. J. Sports Med. 2016, 50, 1008–1012. [Google Scholar] [CrossRef]

	



Di Fiori, J.P.; Benjamin, H.J.; Brenner, J.S.; Gregory, A.; Jayanthi, N.; Landry, G.L.; Luke, A. Overuse injuries and burnout in youth sports: A position statement from the American Medical Society for Sports Medicine. Br. J. Sports Med. 2014, 48, 287–288. [Google Scholar] [CrossRef]

	



Malone, S.; Hughes, B.; Doran, D.A.; Collins, K.; Gabbett, T.J. Can the workload–injury relationship be moderated by improved strength, speed and repeated-sprint qualities? J. Sci. Med. Sport 2018, 22, 29–34. [Google Scholar] [CrossRef]

	



Fransen, J.; Skorski, S.; Baxter-Jones, A.D.G. Estimating is not measuring: The use of non-invasive estimations of somatic maturity in youth football. Sci. Med. Footb. 2021, 5, 261–262. [Google Scholar] [CrossRef] [PubMed]

	



Ramos, S.; Massuça, L.; Volossovitch, A.; Ferreira, A.P.; Fragoso, I. Morphological and fitness attributes of young male Portuguese basketball players: Normative values according to chronological age and years from peak height velocity. Front. Sports Act. Living 2021, 3, 130. [Google Scholar] [CrossRef]

	



Ribeiro Junior, D.B.; Werneck, F.Z.; Oliveira, H.Z.; Panza, P.S.; Ibáñez, S.J.; Vianna, J.M. From talent identification to novo basquete Brasil (NBB): Multifactorial analysis of the career progression in youth brazilian elite basketball. Front. Psychol. 2021, 12, 617563. [Google Scholar] [CrossRef] [PubMed]








[image: Jfmk 07 00021 g001 550] 





Figure 1. Training load patterns during 2-week national team training camp in different years. 
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Table 1. Between-group comparisons in the maturity, anthropometrical, and training variables based on the maturity timing (Mean ± SD).
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	Early Maturer (n = 11)
	Average Maturer (n = 18)
	p
	Effect Size (ES)





	MATURITY
	
	
	
	



	CA (years)
	16.04 ± 0.45
	16.04 ± 0.28
	0.985
	



	APHV (years)
	12.63 ± 0.41
	13.64 ± 0.33
	0.000
	−2.80



	MO (years)
	3.22 ± 0.53
	2.33 ± 0.41
	0.000
	1.93



	PAH (cm)
	196.18 ± 5.24
	189.40 ± 5.44
	0.003
	1.26



	ANTHROPOMETRICAL
	
	
	
	



	Height (cm)
	195.25 ± 5.52
	187.10 ± 6.12
	0.001
	1.38



	Sitting height (cm)
	98.84 ± 2.81
	93.59 ± 1.96
	0.000
	2.27



	Body mass (kg)
	90.79 ± 9.03
	76.09 ± 7.52
	0.000
	1.81



	PLAYING POSITIONS
	
	
	
	



	Perimeter players
	23.3%
	66.7%
	
	



	Inside players
	72.7%
	33.3%
	
	



	YEARS
	
	
	
	



	2016
	63.6%
	27.8%
	
	



	2017
	18.2%
	38.9%
	
	



	2018
	18.2%
	33.3%
	
	



	U18 NATIONAL TEAM SELECTION
	
	
	
	



	Yes
	54.5%
	77.8%
	
	



	No
	45.5%
	22.2%
	
	



	TRAINING
	
	
	
	



	Training experience (years)
	5.55 ± 2.38
	8.22 ± 2.10
	0.004
	−1.21



	Week 1—Training load (a.u.)
	7139.82 ± 1248.98
	6959.68 ± 1274.32
	0.713
	



	Week 1—Monotony (a.u.)
	1.59 ± 0.36
	1.24 ± 0.51
	0.063
	



	Week 1—Strain (a.u.)
	11,623.64 ± 4014.43
	8422.05 ± 3552.59
	0.033
	0.86



	Week 2—Training load (a.u.)
	8250.64 ± 980.49
	8184.06 ± 1632.49
	0.904
	



	Week 2—Monotony (a.u.)
	1.51 ± 0.30
	1.75 ± 0.35
	0.073
	



	Week 2—Strain (a.u.)
	12,528.11 ± 2922.52
	14,484.19 ± 4831.89
	0.237
	



	Accumulated Training Load (a.u.)
	15,390.46 ± 1885.67
	15,097.07 ± 2899.33
	0.768
	



	Total Monotony (a.u.)
	1.55 ± 0.17
	1.50 ± 0.17
	0.404
	



	Total Strain (a.u.)
	23,950.47 ± 4301.00
	22,559.76 ± 4663.57
	0.430
	



	Week-to-week absolute difference in load (a.u.)
	1110.82 ± 1219.37
	1177.71 ± 967.67
	0.871
	



	Week-to-week workload ratio (a.u.)
	1.18 ± 0.23
	1.18 ± 0.15
	0.934
	







Abbreviations: CA = Chronological age; APHV = Age at Peak of Height Velocity; cm = centimeters; kg = kilograms; a.u. = arbitrary units; MO = Maturity Offset; PAH = Predict Adult Height. Significant differences at p < 0.05.
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Table 2. Summary of standardized canonical discriminant function coefficients, eigenvalues, and correct classification cases for early and average maturing players in under-16 Portuguese National Team.
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	Variable
	Standardized Canonical Discriminant Function Coefficients





	Height
	0.437



	Sitting Height
	0.719



	Body Mass
	0.574



	Training experience
	−0.155



	Week 1—Strain (a.u.)
	0.090



	Eigenvalue
	2.516



	Cases correctly classified
	96.6%



	Function
	^ = 0.284

χ2 (3) = 32.065 (p = 0.000)
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Table 3. Summary of stepwise discriminant analyses by selection group: variables entered/remove.






Table 3. Summary of stepwise discriminant analyses by selection group: variables entered/remove.





	

	

	
Entered

	
Wilks’ Lambda

	
Exact F

	
p




	
Group

	
Step

	
Entered

	
Statistic

	
df 1

	
df 2

	
df 3

	
Statistic

	
df 1

	
df 2






	
Under-18 National Team

	
1

	
Week 2—Training load (a.u.)

	
0.818

	
1

	
1

	
27.0

	
6.022

	
1

	
27.0

	
0.021








Notes: At each step, the variables that minimizes the overall Wilks’ lambda is entered. Maximum number of steps is 62. Minimum partial F to enter is 3.84; maximum partial F to remove is 2.71. Legend: df = degrees of freedom.
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