Maturity timing and performance in a youth national basketball team: do early-maturing players dominate?
ABSTRACT
The aims of this study were to examine the influence of maturity timing on functionalfunctional skills and game-related statistics amongst under-16 (U16) national team basketball players, and analyse which of these parameters were related to onward selection to the under-18 (U18) national team. Thirty-six U16 basketball players underwent anthropometric and overhead squat assessments during a national team training camp. Also, maturity offset (MO) was computed alongside game-related statistics during the U16 National Championship and U16 European Championship competitions. For the statistical analysis of all parameters, subjects were identified according to their maturity timing (early vs average). Sitting height, height, body mass, points scored and assists during U16 National Championship discriminated between early- and average-maturing players. Early-maturing players played significantly fewer minutes during the European Championship compared with the National Championship whilst average-maturing players scored significantly more points and performed more assists during the National Championship. Minutes played during the European Championship, and points scored during National and European Championships discriminated ‘selected’ from ‘non-selected’ players for the U18 National Team. These results encourage coaches to acknowledge the value in allowing later-maturing players the time to develop with a view to realising their full potential.
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INTRODUCTION
Basketball is a high-intensity sport of intermittent bouts of physical activity comprising high-velocity running, changes of direction and explosive efforts (e.g., jumping) 1. In a typical 40-min game, players cover distances in excess of 5,000m 2 whilst performing up to 145 accelerations and over 100 high-intensity actions 2. As such, players are required to possess a range of anthropometric (i.e., stature, body mass) and functional (i.e., sprint speed, jump performance) qualities to support performance 1 and selection into teams. A recent study 3 reported that biological maturation influences physical and technical-tactical performance among under-15 (U15) national level basketball players. Moreover, more advanced biological maturation can also lead to youth players being more likely to be selected for their national team 3. Although the majority of data are taken at club level, the positive relationships between physical and fitness characteristics with game performance is becoming increasingly established 4,5. Evidence that describes national team players and their selection remains relatively scarce; thus, it is unknown if the positive relationship between physical and fitness characteristics and performance persists at the elite level. A study in under-13 (U13) national level basketball players previously demonstrated that jump performance and lower-body peak power distinguished between ‘selected’ and ‘non-selected’ players 6. This would suggest that applied practitioners should aim to improve these variables in U13 basketball players. A less well-known factor relates to whether or not functional skills (e.g., flexibility, core strength, balance, and overall neuromuscular control) can discriminate between successful performance and team selection 7. Given the variety of motor tasks that are involved in basketball, it is plausible that these skills could also distinguish successful performance. However, before practitioners can adopt training practices to achieve such outcomes any potential relationship must be identified.
Growth and maturation (GAM), which is characterised by structural and functional changes within the body 8,9, can alter youths’ responses to training stimuli 10,11. Additionally, GAM is considered as one of the best predictors of points scored and overall game performance in youth competition 4 and is a key factor in youth basketball selection 6. However, in U16 national level basketball, a negative relationship between GAM and performance has previously been observed with those who were pre-pubertal surprisingly outscoring their pubertal and post-pubertal counterparts in key game metrics (i.e., assists, blocks, assist/turnover ratio, steal/turnover ratio and assist ratio) 3. Collectively, these data reinforce the importance of studying the influence of GAM in both sports training and performance, particularly in national team selection aspects.
Our aims for this study were twofold: firstly, to examine the influence of maturity timing on functionalfunctional skills and game-related statistics amongst U16 national team basketball players. Secondly, to identify which parameters were related to under-18 (U18) national team selection. To achieve these aims we monitored elite U16 basketball players in the lead up and during the International Basketball Federation (FIBA) U16 European Championships.
METHODS
Participants
Thirty-six U16 male basketball players (age = 16.0±0.4 years; height = 189.74±6.53 cm; body mass = 81.07±9.96 kg; age of peak height velocity (APHV) = 13.3±0.6 y; maturity offset = 2.6±0.6 y) were selected by the Portuguese national coaching staff to participate at the 5-week national team training camp in three separate seasons (July/August in 2016, 2017, and 2018 years) (Figure 1). The national coaching staff was comprised of the same individuals throughout these seasons and twelve different players were selected in each season. Most players were of Portuguese ancestry, with the exception of few players hailing from African countries (n=5). These 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. 
*** Insert Figure 1 Here***
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 two hours duration. Training sessions occurred under the same environmental conditions (session time and indoor basketball court). On testing days, anthropometric tests were undertaken before functional fitness skills tests. 
[bookmark: _Hlk31891228]Anthropometric data. Body mass, height and seated height were recorded for the estimation of somatic maturation level. Body mass was assessed using a body fat monitor (Tanita BF-522W, Japan) calibrated to the nearest 0.1 kg. Height and seated height were assessed using a portable stadiometer with measurements taken to the nearest 0.1 cm (Tanita BF-522W, Japan). All data collection techniques followed the guidelines outlined by the International Society for the Advancement of Kinanthropometry (ISAK).
[bookmark: _Hlk3461952][bookmark: _Hlk3464058]Somatic Maturation. Maturity offset (MO) was predicted using a non-invasive method appropriate for the age range of sample, considering anthropometric data (leg length and sitting height) and chronological age 12. This measure has previously been validated in a longitudinal study of boys in the 8-18 years old range 13. Leg length was estimated as the difference between height and sitting height. 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 14. Based on average APHV (14.0 years of age in males), the subjects were grouped into two maturity timing categories: early (APHV ≤ – 1.00 year), and average (−1.00 < APHV < +1.00 year) maturing 14. No published data exist on the validation of the equation to predict adult height 14. Consequently, we used unpublished data from our research group using male basketball national team players (n =19), recording an underestimated adult height at 16 years old using a non-invasive method 14 compared with real values at full adult age (18-20 years old) (p = 0.007; mean difference (SD) between methods = -1.86 ± 0.63 cm, 95% CI = -3.19- -0.69). The data recorded an almost perfect relationship and substantial agreement between the values of PAH measured with both methods (r = 0.93, 95% CI = 0.88-0.98, standard error of measurement [SEE] = 0.03 cm, slope of the regression line = 0.86; P < 0.001, intraclass correlation coefficient [ICC] = 0.93, 95% CI = 0.83 – 0.97, Cronbach’s alpha [α] = 0.96). Also, unpublished data from our laboratory shows that the Mirwald method 12 (n =15; chronological age range = 12.20–15.43 years) significantly overestimated adult height compared with the Khamis and Roche method 15 (p = 0.003; mean difference (SD) between methods = 3.77 ± 0.91 cm, 95% CI = 2.14-5.70). The data reflected an almost perfect relationship and substantial agreement between the values of PAH measured with both methods (r = 0.92, 95% CI = 0.74-0.97, SEE = -0.06 cm, slope of the regression line = 0.83; P < 0.01, intraclass correlation coefficient [ICC] = 0.91, 95% CI = 0.76 – 0.97, Cronbach’s alpha [α] = 0.96).
Functional assessment. The overhead squat (OHS) exercise is designed to assess dynamic flexibility, core strength, balance, and overall neuromuscular control 16. The exercise requires participants to stand barefoot, with their feet shoulder-width apart, and their arms raised straight above their head with elbows fully extended. In this position, participants were instructed to squat down to roughly the height of a chair seat before returning to the starting position as previously described 16. To limit a potential scoring bias, no verbal feedback was provided while the participants were performing the movements. The research team assessed movement quality for five repetitions from an anterior, lateral, and posterior perspective. The OHS was completed 15 times (five repetitions for each of the three observed positions). Errors during the tasks were recorded in a binary fashion: “yes” (i.e., this error was made) or “no” (i.e., this error was not made), considering standard movement compensations 16 (Table 1). If participants made an error described in Table 1 on any given repetition, then they scored as “yes”. Scoring was conducted retrospectively, with each movement being video recorded using a standard two-dimensional camera (iPod touch 5th Generation) in anterior, lateral, and posterior views, following standardised approach across participants 16. The videos were analysed by two independent and experienced strength and conditioning coaches. Both scorers possessed more than four years of experience in assessing OHS. Inter-observer agreement demonstrated high reliability (ICC = 0.94, CL95% 0.75; 0.99; typical error of measurement [TEM] = 0.30, CL95% 0.20; 0.57).
*** Insert Table 1 Here***
[bookmark: _Hlk34987899]Game-related statistics. Performances during the U16 regional teams National Championship and the European Championship matches were used for assessment 3,17 (Table 4). All data were obtained from the official website of the Portuguese Basketball Federation (https://www.fpb.pt) and the FIBA Europe (http://www.fibaeurope.com/). The game-related statistics (i.e., assists, turnovers, steals, rebounds, blocks, and points) were transformed to per-minute statistics (original statistics/min. × 40) according to players’ minutes played 18.
[bookmark: _Hlk15897818]Statistical analyses. Data are presented as mean ± SD. Normality of the data was confirmed using the Shapiro-Wilk test. Effect sizes (ES) of the differences between maturity timing groups were evaluated using Cohen’s “d”. Threshold values for Cohen’s “d” for effect sizes (ES) statistics were 0–0.2 trivial, >0.2–0.6 small, >0.6–1.2 moderate, >1.2–2.0 large, and >2.0 very large 19. Independent samples t-tests were used to detect any between-groups differences. A 2x2 repeated-measures analysis of variance (ANOVA) was performed on the absolute values of game-related statistics to determine the main between-group (early, and average) and time (U16 National Championship, and FIBA U16 European Championship) differences. 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).RESULTS 
Results of the inferential analysis for anthropometric, functionalfunctional skills, and game-related statistics are displayed in tables 2, and 3. Early-maturing players were taller, heavier, and more mature than average subjects (all p < 0.01) (Table 2). Despite this, average-maturing players performed more assists and points during the U16 National Championship (all p < 0.01) (Table 3). Repeated-measures ANOVA indicated a significant interaction effect (group x time) on minutes (p < 0.05) (Table 3). Early-maturing players played fewer minutes during FIBA U16 European Championship, comparing with U16 National Championship (Table 3). 
*** Insert Table 2 Here***
*** Insert Table 3 Here***
Discriminant analysis showed that sitting height (coefficient: -1.082), height (coefficient: 0.978), body mass (coefficient: -0.672), points scored (coefficient: 0.629) and assists (coefficient: 0.555) during National Championship discriminated between early- and average-maturing players (Table 4).
*** Insert Table 4 Here***
Finally, the construct obtained in the stepwise discriminant analysis provided a model that considered the FIBA U16 European Championship minutes played and FIBA U16 European and National Championship points scored as the best discriminating variables between selected and non-selected players for U18 National Team (Table 5). 
*** Insert Table 5 Here***
DISCUSSION
This study had two primary aims. Firstly, we sought to examine the influence of maturity timing on functionalfunctional skills and game-related statistics amongst U16 national team basketball players. Secondly, we looked to determine which parameters were related to subsequent selection to the U18 national team. We found that early-maturing players were taller and heavier than average maturing players in the U16 national basketball team. However, during the U16 National and European championships, the average-maturing players scored more points and produced more assists than their early-maturing counterparts. Furthermore, game performance (points scored in the U16 European and National championships) together with minutes played during the U16 European Championship were the most influential variables on subsequent selection to the U18 national team. 
The finding that early-maturing players were taller and heavier than averagely-maturing players is in accordance with a previous study in youth basketball players at the national level 3,20. Among U16 players who trained at a centre for young talented basketball players in the Netherlands, early-maturing players were taller and heavier and possessed greater leg length and lean body mass 20. These results reinforce the existence of inter-individual maturational differences between athletes of the same level of performance in youth basketball. In relation to game-related statistics at the U16 European championship level, assists, steals and blocks were discriminant variables in balanced games (i.e. those with final score differences of between 10-29 points). Furthermore, in close games (final score differences below nine points), assists were considered the key game-related variable 21. The results of our study are reinforced by previous data which, perhaps paradoxically, reveal that averagely-maturing players achieved more assists, and points, when compared to early-maturing players, at national level 3. However, more data is available about game performance in European Championships based on maturation and this may help to more clearly explain the differences observed. The implications of such results are clear for coaches who must very seriously consider that less mature players are not necessarily at a disadvantage to their more mature peers, despite being at a theoretical maturational disadvantage. On the contrary, such players may offer the team a competitive advantage as smaller, equally-skilled players can be deployed to retain ball possession and control and to enhance score conversion during youth international competition, as demonstrated by the data we present here, and elsewhere. The importance of the necessity for coaches to consider long-term trends of maturity timing development were recently demonstrated in a study by Moran et al. 22 who showed that over a six year period, dramatic swings in performance are entirely plausible in youth athletes, to the extent that the slower-running players in a team can become the near-fastest, and vice versa 23. Such results demonstrate the relatively fast changes that can occur in an individual’s perceived ability over time and the dynamism of these changes must therefore be considered in any appraisal of player proficiency or selection. 
The offensive scenarios in U16 basketball which yield the greatest level of success include (i) driving to the basket and assisting with short-range shots, and (ii) offensive triangles of passes which result in mid-range shots 24. Our data suggest that the skills required to succeed in these scenarios can be better performed by athletes with higher ability which seems largely independent of the timing of maturational changes. Contrary to contemporary thought, the possession of these skills for offensive sequences is not exclusively restricted to the more physically mature players and less developed individuals may be just as, or more, effective on the basketball court. Thus, average maturing players should be taken account of by coaches as demonstrated by our data which shows these players to have had more minutes of play during the FIBA U16 European Championship (moderate effect).
Another explanation for the between-groups differences in performance in this study may be attributed to functional skillscapabilities. Averagely-maturing players performed a lower number of errors in the OHS test and could therefore be considered to have greater dynamic flexibility, core strength, balance, and overall neuromuscular control 16. Moreover, the accelerated growth usually observed in early-maturing subjects 25 can disturb coordination and affect movement economy, consequently impacting performance negatively 26. Thus, averagely-maturing players may benefit from a lower disturbance of coordination, resulting in higher capacity to perform high-intensity actions (e.g., jumping) 3, and leveraging this capability to effectively perform the key skills of the sport 17. However, more studies are recommended to better understand how functional aspects skills influence game performance, considering the timing of maturity. 
[bookmark: _Hlk56170026]Early-maturing players played fewer minutes than average-maturing during the FIBA U16 European Championship (moderate effect), but also played fewer minutes during FIBA U16 European Championship compared with U16 National Championship. These results follow the previously verified trend in which, as game complexity advances, athletes with an early developmental advantage lost prominence in their teams, as indicated by mean playing time 27. Despite this, a previous study in a national youth championship confirms that teams preferentially selected early-maturing players (APHV = 12.15-12.61 years) 4 with the same study reporting a significant relationship between APHV, points, and overall performance per game. Despite this, our results seem to indicate that early-maturing players were involved in different challenges when playing in the European Championship compared to National Championship games, possibly facing athletes with similar maturity timing and thus reducing the physical advantage they enjoy at lower levels of the sport 28. To succeed in national competitions, coaches have historically preferred to select more mature and taller players to play closer to the basket to increase the possibilities of success in attack and defence as these taller individuals may be more likely to obtain rebound plays 6. However, when early-maturing players encounter opponents with similar characteristics, they have to adapt their technical skills to meet the challenges presented. For example, such players may have to shoot further from the basket which can have a negative impact on their shooting accuracy 29. Indeed, a previous study in youth basketball showed that when a shooter’s distance from the basket increased, the distance to the nearest defender decreased, resulting in reduced shot accuracy, but also, a lower probability of maintaining possession of the ball 29. In that sense, shorter players may have to execute their skills in less advantageous positions on the court, leading to fewer opportunities and relatively lower performance in fundamental aspects of the game. In contrast, when an early-maturing player has lower ball-handling skills, their ability to adapt to new situations within in a game might be impaired 20, but rarely exploited due to the inherent advantages associated with early maturation. In contrast, average mature players, may have to play more systematically with a maturational disadvantage, needing to execute particular skills faster than they normally would 28. In youth basketball, the outcome of sequences of play is dependent on spatiotemporal aspects, such as distance to the basket, distance to the nearest opponent, and the ratio of attackers to defenders near the scoring target 29. The constant technical/tactical challenge presented by a lower amount of time to perform skills can ultimately result in improved interpretation of spatiotemporal information, generating a constant strategic challenge that may have led averagely-maturing players to develop superior skills and understanding. Thus, such players might have been more likely to assume prominent roles in the national team during U16 European Championship (for example, playmaking positions) 3. In this regard, a previous study showed averagely-maturing players were mainly guards (i.e., playmaking position), and had better ball-control skills 20.
Our results show that points scored during the FIBA U16 European Championship and U16 National Championship as the best discriminating variables between selected and non-selected players for U18 National Team representation. A previous study in Spanish national teams showed the existence of a break in the continuity of participation when comparing U16 and senior categories 30. This reinforces the notion that as the stages of development progress, the challenges that players must face change whilst the solutions that previously brought success in game scenarios are no longer as effective. For example, the U18 Lithuanian national team performed more 2-point shots, but with lower accuracy, as compared to the U16 national team 31. Moreover, the number of three-point shots in the U16 national team was higher, but similarly accurate as the U18 national team 31. Also, the number of free-throws were lower in the U18 national team, but were more accurate 31. When players move from the U16 to U18 national team, they have fewer scoring opportunities, however they need to be more effective when such opportunities arise. Regardless of the advantages afforded by early pubertal development, certain game skills, such as making shots in areas close to the basket, may require athletes to demonstrate alternative skills (e.g., three-point shooting) that can be developed independently of, and unaffected by, maturity timing. Our findings seem to reinforce the notion that for a player to be effective on the court, they must exhibit a wide range of well-developed physical skills that may be independent of maturation timing. Throughout the course of player development, athletes can therefore hone physical skills to translate to game-specific challenges in elite junior basketball. 
Despite the usefulness of these findings, the present study has some limitations which must be acknowledged. Firstly, the MO and PAH were calculated by a method that was not considered as the “gold-standard” and has been shown to present some inaccuracies. However, considering the uniqueness of the subjects (i.e., highly talented basketball players), data collection sessions (i.e., U16 National Team Training Camp) and importance of maturational aspects for talent identification, it is exceedingly difficult to implement other kinds of protocols and research designs.
CONCLUSIONS
Based on the findings of this paper, we encourage coaches to acknowledge the value in allowing later-maturing basketball players the time to develop with a view to realising their full potential. The challenges that later-maturing players face relative to their earlier-maturing peers are disparate but given the opportunity to thrive in a competitive environment, such players can become as skilled, or even more skilled, that their counterparts. This is affected by maturational components as well as the manner in which basketball games play out at different age grades of the sport which drive the necessity to excel within any given presented scenario. Accordingly, if resources allow, later maturing players of potential should be retained in talent identification pipelines to maximise their chances at succeeding in basketball. Our data demonstrate that if this can be facilitated, players who are at a physical disadvantage due to maturity, early in their playing careers, can ultimately excel.  
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