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The aims of this study were (i) to identify the motor potential and basic anthropometric characteristics
of Polish basketball players aged 13 to 15 years, (ii) to demonstrate the effect of maturity timing on
the results achieved in motor tests and basic body composition parameters, and (iii) to determine
which index contributes most to the prediction of performance in the individual tests of speed,
jumping ability, agility, and endurance. The sample included 818 male Polish players. Analysis of
values related to age-adjusted characteristics showed that in the under 13-year-old group, early
maturers had significantly better results (except for stage 1 in the agility test) than average maturers.
However, in the endurance test in the under 14- and 15-year-old groups (both distance covered and
VO,max), the average maturers obtained higher values. Furthermore, maturity differentiation in

the under 14- and 15-year-old groups significantly affected body size, 20-m sprinting time (under
14-year-old group only), and the results of all jumping tests. ANCOVA results (age, body height, and
body mass as covariates) showed better results of early maturers in the under 13-year-old group. The
opposite trend was observed in the under 14- to 15-year-old groups, where early maturing individuals
performed worse in the running vertical jump (VJ) and endurance tests (both distances covered and
VO,max)- Maturity timing (VJ and VO,max), chronological age (5 m, 10 m, 20 m, agility, and VO,.,
tests), body height (all tests), body mass (5 m), and the interaction between body mass and height
(10 m, 20 m, agility, standing vertical jump, vertical jump) were significant (adjusted R?=0.08-0.25;
p<0.001) predictors of motor skills. These findings can be helpful in quantifying and controlling the
results of youth sports programs adjusted to biological requirements used in the training process.

In basketball, success is determined by appropriate body dimensions’, technical?, motor®~>, tactical®, and psycho-
logical development’, and the physiological potential of players®°. Therefore, strength, power, agility, and speed
are important attributes of basketball players'. Due to the demands of the sport, conducting physical fitness tests
for basketball players should be based on movements similar to those occurring during the game and focus on
multiple fitness elements simultaneously'~". In the process of qualifying for the sport, coaches must look for
young athletes with the potential to guarantee the achievement of maximum abilities in senior competitions**
to avoid early specialization and the unnecessary cost of training. Early success and specialization do not appear
to predict late success in elite athletes across different sports'®. In team sports (e.g. basketball), the period from
11 to 14 years is a period of intense development of the athlete, and talent should also be identified at this age'
and particularly consider biological maturity'’.

Maturity status (early, on time, late, mature based on skeletal age, stage of puberty) refers to the state of bio-
logical maturation of an individual at the time of observation, whereas maturity timing refers to the ages when
specific maturational events are attained (ages at peak height velocity and menarche)'” 18,

Biological maturation is significantly associated with adolescent growth and functional performance, result-
ing in significant performance differences between boys of the same chronological age (CA)*. The factors that
influence performance at a young age may differ from those that influence the success of adult athletes®. The
birth dates of athletes influence selection but do not determine the career development of professional athletes?'.
In contrast, biological maturation is a key factor for achieving higher levels of performance®.. Therefore, when
assessing the physical fitness of adolescents, an attempt should be made to determine the biological age*>. The
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number of years from the age at peak height velocity (YAPHV) is a good indicator of the maturity of boys aged
between 12 and 16 years and can be calculated using their CA and simple anthropometric measurements®.

Changes in body structure and neuromuscular and cardiorespiratory systems associated with the processes
of growth and puberty of young basketball players strongly affect motor performance!’. Strength and motor
skills generally improve with age during middle childhood and adolescence, but the generally accepted pattern
does not necessarily apply to all motor tasks. Running speed increases from 5 to 18 years of age in boys, whereas
acceleration improves in adolescents after the age of 13 years!”. Furthermore, the best period for the development
of jumping ability in boys is the age of 13-15 years'¢, and the values achieved for vertical jumps (V]s) depend
mainly on explosive strength?.

According to scientific reports, biological maturity is not only a factor that affects the physical performance
of young basketball players*>2® but is also a predictor of team performance®. Game performance results showed
that post-pubertal players outscored others in blocks, but pubertal players were better in assists, assist-turnover
ratio (Ast:TO), and steal-turnover ratio (Stl:TO)?. In addition, early maturers played significantly fewer min-
utes during European championships compared with national championships, whereas average maturers scored
significantly more points and performed more assists during national championships®. In another study® *,
the findings favored older basketball players in most biological variables (body height and mass, maturity, arm
span, hand length, hand breadth, fat-free mass, and years of training experience), physical performance (mainly
endurance, static muscular strength, vertical jumping, throwing, sprinting, and agility), and playing skills (shoot-
ing, passing, dribbling, capacity to move defensively, and slalom sprinting and dribbling). However, differences
in physical fitness and technical skills (found only for slalom sprint test) between age groups were attenuated
when adjusted for biological maturation and training experience®.

Furthermore, other studies have demonstrated that the results achieved in physical fitness tests were inde-
pendent of differences in maturation, especially when differences in body size were taken into account®.
Strumbelj and Er¢ulj*2 found that when evaluating young talent, the main predictive attributes were speed and
agility (for predicting current abilities) as well as body height and growth potential (for predicting potential abili-
ties), but expert assessment should also be considered. Some studies have shown that predicted maturity offset
was negatively correlated with the 20 m sprint test?®. Recent scientific reports conclude that somatic maturation
is a strong predictor of variables derived from repeated power ability (RPA)*?, especially concerning the lower
body. Pubertal players exhibited greater aerobic fitness than late pubertal and post-pubertal players, but late
pubertals outperformed their counterparts in terms of upper body power?.

Research that takes into account the biological maturity of individuals of the same chronological age avoids
situations in which coaches focus on early maturing children due to their physical advantage over peers®” -,
Such players often have more opportunities to play during games at the expense of those who may develop their
potential much later. This is a disadvantageous phenomenon for both early maturers (domination in the youth
group may cause withdrawal from the sport at the moment when the physical potentials become even) and late
maturers (who are discouraged due to the feeling of being weaker, worse, receiving less time for playing during
the game) as it very often constitutes a serious barrier to the development of technical and tactical skills'”?!. As
shown in various sports, the earlier sport selection occurs, the less accurate it is**. Therefore, in their work with
young basketball players, coaches should consider the above observations® *” because it has been shown that
monitoring player attributes is particularly important during periods of accelerated biological development to
control training adaptations, reduce the risk of injury, and consequently increase the effectiveness of coaching®® 3.

Given the available research findings, there is a strong need for physical fitness testing of basketball players
using large research samples, especially to identify talents®”*°. Previous basketball studies on the issues discussed
in the present study have often been carried out for small samples or included athletes at a lower level of perfor-
mance. Research based on a large sample size may be helpful in understanding the effects of maturity timing in
a more precise way. Furthermore, it can also help interpret better the results achieved by young players during
their training process, thus contributing to talent development™.

Assuming that a relationship exists between current maturity timing and the results achieved in motor tests
and basic anthropometric characteristics, we conducted a study of a very large population of young basketball
players aged 13-15 years training in Polish sports clubs. This is the first study of this type in the Polish context,
which makes it unique. The first aim was to identify the motor potential and basic anthropometric characteristics.
The second aim of the study was to demonstrate the effect of maturity timing on the results achieved in motor
tests and basic body composition parameters. Finally, the third aim was to determine which index contributes
most to the prediction of performance in the individual tests of speed, jumping ability, agility, and endurance.

Methods

Participants. The study examined 818 male basketball players aged 13 years (n=233; age: 13.0+0.3; bas-
ketball experience: 2.9+0.9), 14 years (n=364; age: 14.0+0.3; basketball experience: 3.5+1.2), and 15 years
(n=221; age: 14.7 £0.3; basketball experience: 4.2+ 1.4). All examined athletes belonged to the Caucasian ethnic
group. The players were members of 42 sports clubs competing in national championships in the under 13 and
15 years of age categories. The under 14 boys also participate in national championship games at the club and
regional competition levels. This group includes basketball players who were part of the national team in their
age category (under 14 years, n=69; under 15 years, n=63). At this training stage, all basketball players were
characterized by a similar training volume, i.e., a total of 8 h 45 min per week (3 technical training sessions,
1.5 h each, 3 strength and conditioning sessions, 45 min each, and 2 h a week playing games). The players’ train-
ing experience and volume, were obtained from self-report questionnaires and cross-checked with registration
histories, available from the subsystem of the Polish Basketball Association. The examinations were conducted
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Athletes Maturity status | Sample size (n) | Freq y of occurrence (%)
Average 120 51.5
Under 13
Early 113 48.5
Average 178 48.9
Under 14
Early 186 51.1
Average 130 58.8
Under 15
Early 91 412

Table 1. Distribution of stages of maturity status in the sample (n=_818) of male basketball players by age
group.

between 2017 and 2020, during the same periods from November to February to complete the measurements
before the play-off phase, which began in March.

Procedure. All of the participants and legal guardians were informed in writing about the aims, benefits, and
procedures of the research project, as well as the possibility to withdraw from the study at any moment without
providing an explanation. The exclusion criteria included contraindications for the basic anthropometric meas-
urements (inability to maintain the initial position of the body for measurements, balance disorders, lack of
consent to participate in palpation measurements, and uncovering the body for measurements). Any injury or
trauma also caused exclusion from the study. Twelve people were excluded or did not participate in the examina-
tions due to lack of consent. The research was conducted in accordance with the approval from the local Ethics
Committee for Scientific Research of the University of Physical Education in Warsaw (SKE 01-28/2016), and the
study was completed according to the rules and regulations of the Declaration of Helsinki*!.

Biological maturation. The age at PHV (APHV) of the basketball players was estimated by subtracting the
maturity offset from chronological age at the time of measurement®®. The predicted maturity offset (YAPHV)
was calculated as —7.999994 + (0.0036124 x [age * stature]), where the standard error of the equations was
0.542 years*’. This equation was derived after calibrating the original equation provided by Mirwald et al.?.
Early maturers, average maturers, and late maturers were defined as players with an estimated APHV of less than
13.1 years, 13.1-15.1 years, and greater than 15.1 years, respectively?’. Given that no late-maturing cases were
identified, early and average maturers were compared (Table 1).

Measurements. Body height (cm) without shoes was measured with the head positioned to the Frankfurt
plane, using a stadiometer (Seca 264, Seca GmbH & co. kg, Germany) with a precision of 0.1 cm, and standing
reach measurements were performed (Seca 216, Seca GmbH & co. kg, Germany). Body mass was measured
using a JAWON Medical X-Scan Plus II analyser (Certificate No. EC0197 for medical devices) with a 0.1-kg
precision. The measurements were obtained using an anthropometry expert who holds an ISAK Level 1 accredi-
tation according to the standards proposed by the International Society for the Advancement of Kinanthropom-
etry (ISAK)*®. All relative technical error of measurement (%TEM) values for intraobserver reliability of body
height and weight were classified as acceptable (< 2%; range 0.19% to 0.87%; R=>0.98)*.

After basic anthropometric measurements, standardized 20-min warm-up (slow jogging followed by static
and dynamic stretching, and a series of submaximal sprints)*® was performed by strength and conditioning
coach, and physical fitness tests were realized in the following order: speed, jumping ability, agility, and endur-
ance. The fixed order of the individual tests allowed us to avoid performing two consecutive lower or upper
body tests. Speed and power tests are performed first because they require maximum stimulation of the central
nervous system** *. Each participant was verbally instructed and encouraged to give maximum effort. Then the
participants were familiarized with the procedures by performing a trial (pretest). The athletes were allowed a
10-min passive rest between tests, as well as water breaks and extra rest time. Fitness level was measured in two
stages, including the morning session (speed, jumping ability, agility) and the evening session (endurance), to
ensure that adequate rest periods were maintained.

Speed. Speed was analyzed based on the results of a 20-m sprint test and expressed as a split time at 5 m
(starting speed) and 10 m in which players ran at full speed. Each athlete performed two trials, and the best trial
was used as the test result*®. Time (sec) was recorded using the photoelectric cells Fusion Smart Speed System
(Fusion Sport, Coopers Plains, QLD, Australia). Compared to the dual-beam design, the system is equipped with
single-beam gates to extend the battery life and simplify the setup. The Fusion Smart Speed System also uses an
innovative error detection algorithm to reduce false triggers activating the gate. In the case of multiple triggers,
the algorithm interprets the largest trigger as the actual event to activate the gate?~*°. Photocells were installed
at the starting line, at 5 m,10 m, and 20 m, and time measurements were performed with an accuracy of 0.001 s.
Gates were set at a height of 1.0 m from the floor and separated by 1.5 m. The athletes started from a standing
position with the preferred foot positioned in front. No bouncing or backward movements were allowed imme-
diately before the sprint. The participants decided when to initiate the starting moment.
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Figure 1. Agility test design. S, stage 1 (front sprint); S, stage 2 (shuffle and back sprint); S5/S, stages 3 and 4
(shuffle); S; stage 5 (front sprint and shuffle).

Jumping. Both the standing vertical jump (SV]) and a vertical jump (V]) were measured using a yardstick
vertical jump device®**. The device measures the height to which players could push away small sticks placed
horizontally on a pole during a jump. Reaching height was subtracted from the height reached while jumping.
First, two standing countermovement jumps with arm swing were performed. Then, the player performed six
attempts (with a run-up off two feet or one foot): two jumps with the dominant leg, two with the nondominant
leg, and two with both legs with sufficient rest between jumps. The rest time between jumps was 20 s, and that
between rounds was 5 min. The highest attempt was retained for analysis. This V] protocol has established
reliability*—,

Agility. A diagram of the agility test is shown in Fig. 1. This is a modified Lane Agility Drill® test, where only
the length and width were changed to 6 x 6 m. Thus, the proportions between defensive shuffle and sprint are
identical. A photocell at the change of direction line is placed at a distance of 1 m from this line. The test was
repeated twice with a 10-min rest break in between to minimize fatigue. The best time of test completion was
used for the result analyses.

Endurance. The Yo-Yo Intermittent Recovery Test level 1 (Yo-Yo IR1) was used in an attempt to evaluate
basketball players’ endurance using a protocol reported in the literature®* 3. The total distance covered (m) dur-
ing Yo-Yo IR1 was the main measure of performance and the maximum oxygen uptake (VO,max) was calculated
according to the formula: VO,max =IR distance (m) x 0.0084 + 36.4>* *.

Statistical analysis. The normality of distribution was verified using the Shapiro-Wilk test, whereas the
assumption of the equality of variance was tested using the Levene test. Interrater reliability agreement for all
observations was assessed using Cronbach’s a statistic®” . A Cronbach’s statistic greater than 0.89 was obtained
for all the datasets (Table 2), attesting to the reliability of the data subsequently analyzed. Analysis of variance
(ANOVA) was used to demonstrate significant differences between the groups of basketball players. On the
other hand, ANCOVA analysis was employed to show differences when considering maturity timing, using
chronological age, body height, and mass used as covariates. Bonferroni adjustments were made for post-hoc
comparisons. The effect size was determined using partial eta squared (n?) and was classified as follows: no
effect=0 to 0.039, minimum =0.04 to 0.24, moderate =0.25 to 0.63, and strong = >0.64>°.

Backward stepwise multiple regression was used to estimate the relative contributions of chronological age,
maturity timing (stage of APHV), body height, body mass, and height x mass interaction (based on residuals)
to the variability in individual physical fitness tests. In all the analyses, the significance of the effects was set at
p<0.05. All calculations were performed using STATISTICA software (v.13.3, StatSoft, USA).

Ethics approval. The research was conducted in accordance with the approval from the local Ethics Com-
mittee for Scientific Research of the University of Physical Education in Warsaw (SKE 01-28/2016), and the
study was completed according to the rules and regulations of the Declaration of Helsinki.

Consent to participate. Informed consent was obtained from the parents or legal guardians of the par-
ticipants.

All of the participants were informed in writing about the aims, benefits, and procedures of the research
project, as well as the possibility to withdraw from the study at any moment without providing an explanation.
The inclusion criterion was the written informed consent of each participant, and the exclusion criteria included
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Variable a % Agreement (%) | 95% CI

5m 0914 |91 0.902-0.928
10 m 0923 |92 0.910-0.933
20m 0916 |91 0.901-0.925
Agility—S,; 0931 |93 0.923-0.948
Agility—S, 0.940 |94 0.930-0.950
Agility—S, 0934 |93 0.921-0.941
Agility—S, 0943 | 94 0.932-0.954
Agility—Ss 0939 |94 0.930-0.951
Agilitypo 0.941 |94 0.932-0.954
SV e 0.963 |96 0.951-0.973
Ve 0.952 |95 0.944-0.965
SV] 0.892 |89 0.881-0.903
V] 0.908 | 90 0.892-0.913
Yo-Yo distance 0917 |91 0.901-0.924
Yo-Yo VO,p0e | 0.920 | 92 0.910-0.930

Table 2. Cronbach’s a statistic and percentage of interrater reliability for the basic anthropometric variables
and physical tests. S;-S; stages, SV] standing vertical jump, V] vertical jump.

contraindications for the basic anthropometric measurements. Any injury or trauma also caused exclusion from
the study.

Results

Table 1 shows the distribution of the studied basketball players with respect to chronological age and maturity
timing (Table 1). The presence of early and average maturers among basketball players was observed in all three
groups: 48.5% and 51.5% in 13 year olds, 51.1% and 48.9% in 14 year olds, and 41.2%, and 48.8% in 15 year olds,
respectively. No late-maturing basketball players were found.

When analysing the variation of basketball players with respect to chronological age (Table 3), significantly
(p<0.001) lower body height (by 4.2% and 6.7%, respectively; F(, 55 =110.32; n*=0.21, minimum effect), body
mass (by 11.5% and 19%, respectively; F, 4,5, =74.67; n2=0.15, minimum effect), and standing reach (by 4.1%
and 6.4%, respectively; F(, 5,5 =92.39; 17 =0.18, minimum effect) were observed in the under 13-year-old group
compared to the under 14- and 15-year-old groups. Furthermore, under 14-year-old basketball players were
characterized by lower values (p <0.001) of body height (by 2.6%), body mass (by 8.5%), and standing reach (by
2.4%) compared to those under 15 years of age.

In the sprint test over all distances, under 13-year-old players were slower (p <0.001) than those from the
under 14-year-old and 15-year-old groups (within 3-7%, minimum effect, respectively). However, the compari-
son between 14- and 15-year-old players showed no significant differences in the sprinting time at distances of
5 m and 10 m. For the 20-m test, the times achieved by 14-year-old players were slower than those achieved by
15-year-old players by 2.8% (F 5415, = 74.88; n*=0.15, minimum effect).

Analysis of the results of the agility test results revealed that at all distances, under 13-year-old players were
slower than under 14- and 15-year-old players (2-7%, minimum effect), and 14-year-old players were slower
compared to under 15-year-old players (2-4%, minimum effect), except for stage 1 (S,), where no significant
differences were observed between under 14- and 15-year-old players. Analysis of the results in the context of
the jumping tests revealed significantly (p <0.001) lower values (7-18%; moderate effect in SVJ ., and V] .
minimum effect in SVJ and VJ]) obtained by players under 13 years compared to players under 14 and 15 years
of age. An identical relationship (lower values within 3-9%) was observed in players under 14 years compared
to those under 15 years.

Basketball players from the under 13-year-old group compared to players under 14- and 15-years-old were
also characterized by significantly (p <0.001) lower values of the distance covered (21-30%, F, ;5= 34.04;
1n?=0.08, minimum effect) and VO,max (4-8%, F(, 315, =33.99; *=0.08; minimum effect) in the physical capacity
test. Additionally, athletes under 14 years old compared to athletes under 15 years old covered 10.8% less distance
and had 2.7% lower VO, max values.

Table 4 shows the age-adjusted characteristics of basketball players with respect to maturity timing (Table 4).
Except for S, in the agility test, the under 13-year-old basketball players showed significant differences in favor of
the early maturers in all motor variables tested. For anthropometric traits, the differences were 9-31%, whereas
differences of 2 to 17% were observed for physical fitness tests in favor of the early maturers. In the group of early
maturing players under 14 years, significantly higher values of basic anthropometric traits (p <0.001, 7-26%),
20-m speed (by 1.4%), and jumping ability (3-7%) and significantly lower values in the endurance test (within
1-2%) were reported. Furthermore, early maturing players under 15 years compared to middle maturers were
taller (by 6.8%) and heavier (by 22.1%) and had higher values in the jumping test (within 1-6%). In contrast,
early maturers from the under 15-year-old group obtained lower values in the endurance test (1-8%).
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Under 13 Under 14 Under 15
(n=233) (n=364) (n=221)

Variable M SEM |M SEM |M SEM | F(p) n2 d
Chronological age (years) 13.04 |0.02 [13.96 |0.02 |1475 |0.02 - - |-
APHV (years) 13.11 0.03 13.10 0.02 13.15 0.03 1.23 <0.01

Body height (cm) 168.3 0.6 175.7 0.5 180.4 0.5 110.32 (**) 0.21 | 1v2v3
Body mass (kg) 56.3 0.8 63.6 0.6 69.5 0.8 74.67 (**) 0.15 | 1v2v3
Standing reach (cm) 226.1 0.9 235.8 0.6 241.6 0.7 92.39 (**) 0.18 | 1v2v3
5m (s) 1.177 0.007 | 1.141 0.005 |1.134 0.006 13.86 (**) 0.04 | 1v2,3
10 m (s) 2.001 0.010 | 1.929 0.007 | 1.905 0.007 36.50 (**) 0.08 | 1v2,3
20 m (s) 3.488 0.016 |3.333 0.010 | 3.262 0.011 74.88 (**) 0.15 | 1v2v3
Agility—S, (s) 1.591 0.011 | 1.555 0.009 |1.553 0.009 4.44 (*) 0.04 | 1v2,3
Agility—S, (s) 5.495 0.047 | 5.346 0.026 |5.179 0.038 16.27 (**) 0.04 | 1v2v3
Agility—S; (s) 7.387 0.050 |7.108 0.032 | 6.934 0.038 28.83 (**) 0.07 | 1v2v3
Agility—S, (s) 9.668 0.062 | 9.296 0.045 |9.086 0.048 27.69 (**) 0.06 | 1v2v3
Agility—Ss (s) 13.148 | 0.082 | 12.606 | 0.055 |12.288 | 0.060 37.47 (*%) 0.08 | 1v2v3
Agility . (s) 15.052 | 0.094 | 14.429 |0.063 | 14.063 | 0.067 38.46 (**) 0.09 | 1v2v3
SV]nax (cm) 2689 | 1.1 2831 |08 2921 |08 146.28 (**) 0.26 | 1v2v3
Ve (cm) 2805 |12 2960 | 0.9 3074 | 1.0 149.59 (**) 0.27 | 1v2v3
SVJ (cm) 42.8 0.5 47.3 0.4 50.6 0.5 65.03 (**) 0.14 | 1v2v3
V] (cm) 54.4 0.7 60.2 0.5 65.9 0.6 77.96 (**) 0.16 | 1v2v3
Yo-Yo distance (m) 1003 33 1269 29 1423 40 34.04 (*%) 0.08 | 1v2v3
Yo-Yo VO, (ml/kg/min) |44.8 |03  |47.1 02 |484 |03 33.99 (**) 0.08 | 1v2v3

Table 3. Descriptive statistics of male basketball players based on chronological age and ANOVA results
comparing age groups. M mean, SEM standard error of mean, S,-S; stages, SVJ standing vertical jump, VJ
vertical jump. d significant differences between groups (1—under 13; 2—under 14, 3—under 15). *p<0.05,
*%

p<0.001.

ANCOVA analysis (decimal age, body height, and body mass as a covariate) when considering the maturity
timing (Table 5) showed that early maturing basketball players under 13 years of age achieved significantly bet-
ter results in starting speed (by 3.5%; p <0.05; F(; 5,5)=3.73; n?=0.03, no effect), the 10-m test (by 2.9%; p<0.01;
F; 225 ="5.13; 1*=0.04, minimum effect), and the 20-m test (by 2.3%; p <0.01; F; 5,5, =5.26; n*=0.04, minimum
effect). A similar trend was found in stages 2-5 (S, -Ss) and total time in the agility trial, where the early maturers
were faster by 3-9%. Additionally, early maturing players under 13 years of age had higher values in all tests of
jumping ability (1-9%) and endurance (3-22%) compared to average maturers. In contrast, compared to average
maturing peers, early maturing basketball players under 14 years of age (Table 5) had significantly lower values
of running vertical jump (by 2.5%; p <0.001; F; 355 =9.87; n?*=0.05, minimum effect), distance covered (by 4%;
P <0.01; F(; 356 =4.87; 17=0.03, no effect) and VO,max (by 1%; p <0.01; F; 356 =4.88; n*=0.03, no effect) in the
endurance test. An identical trend was observed between early- and mid-maturers from the group of under
15-year-old basketball players, with the former showing poorer performance (within 1-4%) in the running
vertical jump and endurance tests.

The results of the backward stepwise multiple regression analysis are presented in Table 6. The presented
model explained 8-25% (adjusted R?=0.08-0.25; p <0.001) of the variance in individual strength and condi-
tioning tests. Maturity timing was a significant predictor (negative value of the standardized p coefficient) for
V] (adjusted R?=0.20; p <0.001) and VO,max (adjusted R?=0.10; p <0.001) tests. Furthermore, body height
was a significant predictor for 5-m (adjusted R?=0.08; p<0.001), 10-m (adjusted R?=0.15; p<0.001), 20-m trial
(adjusted R?=0.25; p<0.001) and agility (negative direction of P coefficient; adjusted R?=0.14; p<0.001)), as well
as SVJ (adjusted R?=0.20; p<0.001), V], and VO,max tests (positive direction of p coefficient). The predictor
of interactions of body height and mass was significant for 10-m speed, 20-m speed, agility (positive direction),
and SVJ and V7 tests (negative direction). Body mass itself was a significant predictor only in the 5-m trial. It was
also found that chronological age was a significant predictor in the speed test (negative direction), and agility
and endurance tests (additive direction).

Discussion
The aims of this study were (i) to identify the motor potential and basic anthropometric characteristics of Polish
basketball players aged 13 to 15 years, (ii) to demonstrate the effect of maturity timing on the results achieved in
motor tests and basic body composition parameters and (iii) to determine which index contributes most to the
prediction of performance in the individual tests of speed, jumping ability, agility, and endurance.

The results of this study are consistent with those obtained in similar studies®, where no late maturers were
reported in youth football academies. This finding is likely to be due to the qualification for the sport made
by coaches during this training stage® *’. Late maturers are rarely considered in the training process. During
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Under 13 Under 14 Under 15
Average Average Average

Variable Early (n=113) | (n=120) E(p) n? Early (n=186) | (n=178) E(p) 1’ Early (n=91) | (n=130) E(p) 1’
?c‘r’]‘g’ height | 1761 (0.5) 161.0 (0.5) 55.84 (**) | 0.20 |182.4(0.4) 168.7 (0.4) 294 (%) |0.14 |187.4(0.5) 175.4 (0.4) 7.40 (***) | 0.06
Body mass (kg) | 64.1 (0.8) 49.0 (0.8) 3.64 (%) 0.03 |70.7 (0.6) 56.2 (0.7) 103 (%) |0.05 |77.8(0.9) 63.7(0.8) 7.84 () [ 0.07
(Sctf:)di“g reach | 5367 (0.9) 216.0 (0.7) 2230 (***) | 0.16 |244.3(0.6) 226.9 (0.6) 217 (%) |0.11 |250.4(0.8) 2354 (0.6) 0.55(ns) | -
5m (s) 1.166 (0.010) | 1.189 (0.010) |5.15(*) |0.04 |1.132(0.007) |1.149(0.007) |0.18 (ns) - | 1.123(0.009) |1.141(0.008) |022(ns) | -
10 m (s) 1.979 (0.013) | 2.023(0.013) |7.69(**) |0.06 |1.916(0.009) |1.942(0.009) | 0.90 (ns) - | 1.899 (0.011) |1.909(0.009) |0.06(ns) | -
20m (s) 3.445(0.022) |3.531(0.021) |9.77(**) |0.08 |3.310(0.014) |3.357(0.014) |3.52(%) 0.02 |3.253(0.017) |3.268(0.015) |191(ns) | -
Agility—S, (s) | 1.563 (0.015) | 1.618 (0.015 | 0.89 (ns) - | 1.537(0012) |1.573(0.013) | 131 (ns) - | 1533(0.013) |1.568(0.011) [029(ns) | -
Agility—S, (s) |5.362(0.066) | 5.631(0.064) |4.92(*) |0.04 |5342(0.037) |5350(0.037) |3.20 (ns) - |5.130(0.060) |5.221(0.050) |152(ns) | -
Agility—S; (s) | 7.233 (0.068) | 7.538 (0.066) |8.33 (**) | 0.07 |7.104(0.044) |7.112(0.045) | 3.04 (ns) - | 6894(0.059) |6.968(0.050) |1.09(ns) | -
Agility—S, (s) | 9.548 (0.088) | 9.784(0.085) |5.57(**) |0.05 |9.352(0.062) |9.238(0.064) |2.57 (ns) - 190310075 |9.127(0.063) |062(ms) | -
Agility—S (s) | 12.954 (0.113) | 13.347 (0.110) |8.12(*) | 0.07 |12.625(0.077) | 12.586 (0.079) | 2.91 (ns) - | 12209 (0.094) | 12.350 (0.079) | 1.70 (ns) | -
Agilityp () | 14.837 (0.129) | 15.274 (0.125) |8.79 (**) | 0.07 | 14.451 (0.088) | 14.406 (0.090) | 2.31 (ns) - | 14.002 (0.104) | 14.113 (0.087) | 1.62 (ns) | -
SV e (cm) | 280.6 (1.0) 257.6 (0.9) 27.18 (") | 0.19 |292.1(0.8) 273.7(0.8) 26.86 (***) | 0.13 | 301.4 (1.0) 285.6 (0.9) 385()  |0.03
Ve (cm) 293.0 (1.1) 268.5 (1.0) 3371 (%**%) | 023 |305.6(0.9) 286.0 (1.0) 23.93 () |0.12 |316.9(1.2) 300.7 (1.0) 460(*) |0.04
SVJ (cm) 43.9(0.7) 41.6 (0.7) 419 (*) 0.03 |47.8(0.5) 46.8 (0.5) 510(*) 003 |51.0(0.7) 50.2 (0.6) 412(Y)  |0.04
V] (cm) 56.3 (0.9) 52.5 (0.9) 9.84(*)  |0.08 |61.2(0.7) 59.1(0.7) 583 (%) |0.03 |66.5(0.9) 65.5 (0.8) 548 (*) | 0.05
2(12’;{0 distance | 1501 (47 927 (46) 3.15 (%) 0.03 | 1240 (40) 1300 (41) 524 (%)  |0.03 |1359(62) 1465 (51) 3.15()  |0.03
Yo-Y0 VOunax | 455 (0.4) 442 (0.4) 313 (%) 0.03 | 46.8(0.3) 47.3(0.3) 524 (*)  |0.03 |47.8(0.5) 487 (0.4) 3.15()  |0.03
(mkg/min) 5 (0. 2. ) ) 8 (0. 3. . X 8(0. 7(0. ) X

Table 4. Age-adjusted means (standard errors are given in parentheses) by stage of maturity within age groups

and ANCOVA results with decimal age as a covariate. S;-S; stages, SVJ standing vertical jump, V] vertical

jump, ns nonsignificant difference. *p <0.05, **p <0.01, ***p <0.001.

Under 13 Under 14 Under 15
Average Average Average

Variable Early (n=113) | (n=120) E(p) n? Early (n=186) | (n=178) F(p) n? Early (n=91) | (n=130) F(p) n?
(ss;‘)di“g reach | 267 (0.7) 2268 (0.7) 035(ns) | - |2363(07) 235.4 (0.7) 203 (ns) | - [243.0(0.8) 243.5(0.7) 0.88 (ns) | -
5m (s) 1159 (0.017) |1.200(0.017) |3.73(*) ]0.03 |1.150(0.011) |1.136(0.012) |0.50(ns) | - | 1.124(0.010) |1.141(0.008) |0.50 (ns) | -
10m (s) 1.972(0.022) | 2.030(0.023) |5.13(*) |0.04 |1.931(0.015) |1.912(0.015) |0.75(ns) | - | 1.892(0.020) |1.895(0.015) |0.20 (ns) | -
20m (s) 3.453(0.036) | 3.534(0.036) |526(*) |0.04 |3.321(0.024) |3.286(0.023) |042(ns) | - |3234(0.031) |3234(0.024) |0.09(ns) | -
Agility—S, (s) | 1.617(0.026) | 1.607 (0.026) |0.15(ns) | - |1.551(0.021) |1.563(0.021) |0.20(ns) | - [1.542(0.024) |1.560(0.019) |138(ns) | -
Agility—S, (s) | 5236 (0.113) | 5.712(0.115) | 4.68(*) |0.04 |5333(0.061) |5.272(0.061) |0.60(ns) | - |5.213(0.107) |5.187(0.084) |1.69(ns) | -
Agility—S; (s) | 7.087 (0.115) | 7.526 (0.117) | 6.99 (") |0.06 |7.072(0.075) |7.013(0.074) |0.70(ns) | - |6.861(0.107) |6.945(0.084) |125(ns) | -
Agility—S, (s) |9.402(0.149) [9.781(0.152) |4.67(*) |0.04 |9241(0.105) [9.141(0.104) |236(ns) | - [8929(0.136) |9.065(0.107) |0.70 (ns) | -
Agility—S; (s) | 12.778 (0.191) | 13336 (0.195) |6.26 (**) |0.05 |12.528(0.130) |12.410(0.129) | 1.93(ns) | - [12.095(0.169) |12.272(0.133) |122(ns) | -
Agilityg () | 14.672 (0.217) | 15247 (0.221) | 6.37 (") |0.05 |14.341(0.148) | 14.191 (0.146) |2.02(ns) | - | 13.840(0.188) | 14.021 (0.148) |1.41 (ns) | -
SV] e (cm) 270.8 (1.3) 267.7 (1.3) 346 (*) |0.03 |285.0(1.0) 284.5 (1.0) 130 (ns) | - |293.1(1.4) 294.3 (1.1) 0.86 (ns) | -
Ve (cm) 284.1 (1.5) 280.0 (1.5) 6.94(*) [0.06 |297.2(1.3) 297.7 (1.2) 070 (ns) | - |309.7(1.7) 3122 (1.3) 254 (ns) | -
SVJ (cm) 44.1 (1.2) 40.8 (1.2) 513 (%) |0.04 |48.7(0.9) 49.1 (0.9) 036(ns) | - |50.1(1.3) 50.8 (1.0) 194 (ns) | -
V] (cm) 57.4 (1.5) 53.1 (1.5) 589 (%) [0.05 |60.9(1.2) 623 (1.2) 9.87 (**) [0.05 |66.7 (1.6) 68.9 (1.2) 7.54 (%) | 0.07
2(;‘)% distance | 1} 46 (78) 939 (80) 314 (%) |0.03 |1334(67) 1389 (66) 487 (*) |0.03 |1374(110) 1437 (87) 387(%) | 0.03
Yo-Yo VOsynex | 460 (0.7) 443 (0.7) 3.13(*) |0.03 |47.6(0.6) 48.1 (0.6) 4.88 (%) |0.03 |47.9(0.9) 48.5(0.7) 3.86(*) ]0.03
(ml/kg/min) 20 -2 (0 : : 610 - O . : 2O = : -

Table 5. Age-adjusted means (standard errors are given in parentheses) by stage of maturity within age groups
and ANCOVA results with decimal age, body height, and body mass as covariates. S,-S; stages, SVJ standing
vertical jump, V] vertical jump, ns nonsignificant difference. *p <0.05, **p <0.01, **p <0.001.
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Attempt Predictor Standardized B | Adjusted R> | F (p)
Body height -0.421

5m Body mass 0.280 0.08 30.32 (%)
Chronological age -0.225
Body height -0.508

10 m Mass*height interaction | 0.402 0.15 48.81 (*)
Chronological age -0.335
Body height -0.551

20 m Mass*height interaction | 0.422 0.25 91.62 (*)
Chronological age -0.298
Body height -0.365

Agility Mass*height interaction | 0.336 0.14 45.29 (*)
Chronological age 0.354
Body height 0.370

SVJ 0.20 66.91 (%)
Mass*height interaction | —0.299
Maturity -0.268

\%i Body height 0.841 0.20 69.60 (*)
Mass*height interaction | —0.347
Maturity -0.222

Yo-Yo VO,,,, | Chronological age 0.272 0.10 30.25 (%)
Body height 0.553

Table 6. Summary of the backward regression for motor skills and anthropometric variables by the male
basketball players aged 13-15 years. SVJ standing vertical jump, V] vertical jump; *p <0.001.

recruitment and selection at the youth level, club coaches need to consider that the advantage in body size and
physical performance of older and early-maturing players may confound the potential assessment of the athlete
and result in talent loss®’. Very often, players with an advanced maturity status outperform their late-maturing
peers in static strength, endurance, sprint, agility, jumps, and throwing tasks* *® . However, the maturational
benefits decrease with age as the differences in biological maturity become less pronounced and completely
diminish after full adult status®.

This finding could explain the teams’ better results in youth competitions given that most of the players were
early maturing players. Very often, such training groups undergo early specialization, and athletes with potential
cannot fully develop. This notion is consistent with a study by Ribeiro Junior et al.?!, where players with potential
(who were not selected early for national teams), without early specialization due to playing position were more
likely to reach the professional level of competition.

Without considering the biological status in all anthropometric traits and motor tests, older basketball players
achieved higher values and better results. Considering only the chronological age of Polish basketball players, the
results in individual age categories were comparable to other such studies? *" %, emphasizing the importance
of anthropometric (i.e., body height, body weight, and arm span and reach) and functional (i.e., speed, agility,
upper body strength, and jumping ability) characteristics of performance in young players*® ¢, Polish basket-
ball players under 13 years score slightly (by 5%; n=16) lower body height values than their selected Portuguese
peers® and were taller (by 3.2%; n = 134) than nonselected individuals. On the other hand, Polish athletes under
14 and 15 achieve better results in basic anthropometric parameters than their peers from Portugal (within 1-2%;
n=31 and n=28, respectively)*'.

Regarding the results of individual strength and conditioning tests, Polish under 14-year-old basketball
players had better (within 6%) results in the 20-m speed test compared to their peers from Serbia (n=>50)% and
Portugal (n=>55)% even when taking into account their maturity timing. In the same test, under 13-year-old
players from Poland obtained better (by 8%) results when considering biological maturity compared to Serbian
basketball players (n=48)*" and almost identical results to Slovenian players (n=86)*2. However, these players
were 4% slower than Italian basketball players (n=50). Furthermore, the Polish U15 group had better results
(when considering maturity timing) in the 10-m and 20-m speed tests (by 10% and 11%, respectively) compared
to the Greek basketball players (n=23)%". However, in the jump test, Polish basketball players under 14 and
under 15 years old were characterized by lower V] values (by 14.6% and 13% respectively) than their peers from
the Netherlands (n=48)%. The same trend was found when considering the maturity timing. The comparison
of endurance of Polish and Portuguese under 14-year-old basketball players (n=55)% revealed higher values
(6-12%) in Polish basketball players, even when taking into account their maturity timing. Early maturing play-
ers tend to have better performance in speed, agility, and lower limb strength and a higher likelihood of being
selected by coaches to train and play with top athletes®®. It is important to mention that varied and nonspecific
early involvement in sports may have a beneficial effect on jumping and sprinting performance®.

In the case of the values related to age-adjusted averages of Polish basketball players (Table 4), it was observed
that in the under 13-year-old group, early maturers had significantly better results (except for S, in the agility test)
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than average maturers. However, in the endurance test in the under 14- and 15-year-old groups (both distance
covered and VO,,,,,), the average maturers obtained higher values. Furthermore, maturity differentiation in the
under 14- and 15-year-old groups significantly affected body size, 20-m speed (under 14 only), and the results
of all jumping tests. However, no differences in agility and speed at distances of 5-m and 10-m were observed.
This finding is consistent with previous studies in the same field (n=59)*!, which have attributed this situation
to the overrepresentativeness of early and normal maturers in sports groups in the under 13- and 14-year-old
categories. Late maturing boys are overlooked during the selection process or withdraw from the sport with the
increasing demands of specialization. Therefore, Coelho e Silva et al.*! proposed extending the selection process
to at least closer to the end of the adolescent growth phase and developing dedicated training programs with
content tailored to late maturers.

Analysis of means adjusted for age, body height, and body mass (Table 5) showed better results of early
maturers in the under 13-year-old group. In contrast, the opposite trend was observed in the under 14- to
15-year-old groups, where early maturing individuals performed worse in the running vertical jump (V]) and
endurance tests (both distances covered and VO, max). No significant differences were noted between the other
parameters. This finding may serve as evidence that in these groups, the advantage in motor abilities, resulting
from the characteristics of body build and proportions (body height, body mass) and their changes correlated
with the processes of biological maturation, begins to disappear at the age of 14 years®>". A further implication
of the trend is that adolescent basketball players and perhaps athletes in other sports should be grouped based
on biological maturity and variations in chronological age®'.

Age, body height, body mass, mass-height interaction, and biological status accounted for 8-25% of the
variance in individual physical fitness tests (Table 6). Maturity timing was a significant predictor only in V] and
VO,max, but body height was the most significant predictor in these tests. This finding is supported by previous
reports (n=237), where biological maturity (estimated as a percentage of predicted adult height) was a strong
predictor of VO,max”". In another study (n=13) somatic maturation (estimated as a percentage of predicted
adult height) predicted exercise response in lower-body repeated power ability (RPA)**. The results indicated that
lower-body RPA implies higher cardio-respiratory performance (e.g. the mean oxygen uptake)*. The regression
results for V] and VO,max (maturity timing: direction and value) and the adjusted values for decimal age, body
height, and body mass (where the mean values of average maturers from 14-year-old and 15-year-old groups
were slightly higher than in the early maturing peers) might be explained as a response to a combination of ana-
tomical changes occurring in the structure, size, metabolism, and the neuromuscular system’>”>. These changes
determine the ability of the cardiopulmonary system to cope with increased training demands in the later stages
of puberty”®. This may also result from previous training experiences in other sports, which was confirmed by
Arede et al.% who showed that more specialized athletes showed less neuromuscular functions efficiency (jump-
ing performance) than less specialized basketball players who trained versatile sports at the early stages of life
(at the age of 6-10 years). The results highlight the importance of considering the variability associated with
biological maturation in the aerobic capacity of boys in late puberty™®.

One limitation of the study is the lack of a comprehensive explanation of the effect of maturity timing on
VO,max through body components (e.g., lean body mass), which were not studied. The second limitation is that
the Yo-Yo IR1 protocol was not previously validated for basketball youth athletes at that age”. All equations used
to predict YAPHV (maturity shift) or APHV have the same major limitations” 7®. The advanced maturity timing
of adolescent male athletes and the relatively narrow range of variation in predicted age at peak height velocity
(PHV) may undermine its utility and effectiveness in talent identification and development programs when
applied at a specific time point* *. Although the stability of predictions within individuals is poor and group
classification is not accurate, APHV predicted by the Mirwald equation® can be used successfully among boys
who reach average (in time) maturation and in the period of rapid growth (12-15 years)*®. Given the importance
of biological maturity in talent identification and the difficulties in implementing maturity protocols other than
those mentioned above, the resulting data covering a large sample of Polish players can help coaches identify
individuals with the best potential. The results are thus specific to Polish basketball players of Caucasian ancestry.
Generalization to players from other ethnicities needs to be done with care.

Despite the limitations in using equations to predict YAPHV”>76, further research into Polish young basket-
ball players in terms of talent identification taking into account biological maturation in correlation to a player’s
transfer from youth categories to the professional senior league is needed. As in the case of the study of Brazil-
ian basketball players (where only 10% of players participating in the youth championships in Brazil reached
the professional league)?' and Spanish players (a small percentage of athletes considered talented from youth
national teams achieved excellent senior results)”’, the career progression of Polish basketball players should be
verified in additional studies. Further research on the influence of biological maturity on the performance of
Polish and foreign basketball players (e.g., places in national championships) and participation in a specific level
of competition should be performed. These studies should also consider training volume and intensity, body
components, perceptual-cognitive elements, and tactical skills.

Conclusion

In the group of under 13-year-old basketball players, maturity timing especially influences performance dur-
ing physical fitness tests. However, in the under 14- and 15-year-old groups, physical fitness tests results (after
controlling for variations in decimal age, body height, and body mass) showed a tendency to reduce the differ-
ences between early and average maturing players (except for V] and endurance tests: both distances covered
and VO, max), with average maturers achieving better results. Maturity timing (V] and VO,max), chronological
age (5 m, 10 m, 20 m, agility, and VO, max tests), body height (all tests), body mass (5 m), and interaction of
body mass and height (10 m, 20 m, agility, SV], V]) were significant predictors of motor skills. In the practice of
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the training process, these findings can be helpful in quantifying and controlling the results of motor programs
adjusted to biological requirements. The findings should also encourage coaches to be more patient in the process
of developing young talents and to give players time to develop to reach their full potential.
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