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Abstract

This longitudinal study aimed to examine the in-season variations in morphologi-
cal, cardiorespiratory, muscular, and motor fitness components in junior male basket-
ball players during an 8-month competitive season. Eighteen male basketball players
(16.56 ± 0.90 years) were tested at three time points (T1, T2, T3). Assessed variables in-
cluded body fat (BF), fat-free mass (FFM), muscle mass (MM), total body water (TBW),
maximal oxygen uptake (VO2max), final running speed in the 30-15 Intermittent Fitness
Test (VIFT), maximum and average heart rate (HRmax, HRavg), squat jump (SJ), counter-
movement jump with arm swing (CMJmax), drop jump (DJ), 20 m sprint with 5 m and 10 m
splits, T-test (TT), and Lane Agility Drill (LAD). Significant improvements were observed
in body mass (T1–T3, p = 0.002; T2–T3, p = 0.039), along with reductions in BF (T1–T2
and T1–T3, p < 0.05) and increases in FFM and MM (especially T2–T3, p < 0.05). VO2max
increased significantly from T1 to T2 and T3 (p < 0.01), while HRaverage decreased across
all intervals (p < 0.001), and HRmax declined slightly from T1 to T3 (p = 0.031). VIFT
improved significantly between T1 and both T2 and T3 (p < 0.001). Measures of explosive
strength (SJ, CMJmax, DJ) and agility (TT, LAD) showed consistent improvement across
the season (p < 0.001), with moderate gains from T2 to T3 (p < 0.01 for SJ). These findings
suggest meaningful physical and physiological adaptations during the competitive season,
highlighting the importance of structured and continuous training throughout critical
phases of athletic development in junior basketball players.

Keywords: basketball; team sports; youth athletes; seasonal variation; training monitoring

1. Introduction
Basketball is a dynamic and complex sport that requires a high level of physical fitness,

technical precision, and tactical knowledge. It is characterized by an intermittent game
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structure that alternates between offensive and defensive phases and combines intense
activities—such as sprints, jumps, and frequent changes of direction—with periods of
moderate or low intensity, making it a typical anaerobic–aerobic sport [1,2]. Consequently,
the ability to sustain intermittent high-intensity efforts and produce power are important
physical determinants of basketball performance [3]. Performance in basketball depends
on multiple factors, including morphological characteristics, cardiorespiratory fitness,
muscular strength, motor skills, and psychological attributes [4–9]. Monitoring training
loads is essential for identifying athletes’ adaptations to training programs and their
readiness to train or compete, as for reducing the risk of excessive overload, injury, or
illness [10]. Therefore, it is necessary to monitor variations in all abilities to react in time
and prevent adverse effects. Moreover, assessing physical fitness throughout the season
provides insights into the effectiveness of the fitness program and allows for quantification
of changes in the fitness status of the players at different stages of the season [5]. The
greatest improvements are expected during the preparation period following the off-season
break [5,11]; during the competitive season, training programs should aim primarily to
maintain fitness levels, which may slightly increase or decrease depending on individual
factors [12]. In addition, different individual responses to basketball training can be
expected among players on the same team [13] for several reasons, such as playing time,
injuries, and fatigue state. Therefore, strength and conditioning coaches should consider
the physical fitness of their players when developing individualized training or load-
reduction strategies.

Monitoring the physical development of young basketball players is a key aspect in the
process of sports education and training, especially during puberty and adolescence, when
intense and dynamic changes occur in morphological functional, muscular, and motor
characteristics. This requires the use of control tests in order to track the development
of these parameters in relation to sport-specific performance [14–16]. Systematic and
continuous monitoring of these changes during the season allows for adjustment and
optimization of the training process, timely prevention of injuries, as well as more efficient
individualization of the approach to the development of sports abilities. The use of modern
technologies and diagnostic tools contributes to more precise and reliable measurement
of the monitored areas, which significantly improves the quality of feedback within the
training system and allows for more objective decisions in the process of planning and
implementing training.

Previous research indicates that during the competitive season in different sports,
specific changes occur in the physical and motor abilities of athletes, which depend to a sig-
nificant extent on the type of sport, gender, competitive level, and structure of the training
process [17]. In basketball players, it has been noted that the greatest progress in aerobic
and high-intensity capacities occurs during the preparatory period, while changes within
the season itself are significantly more variable and more pronounced at the individual
level [17]. Comparable patterns have also been reported in both male and female athletes,
where improvements in cardiorespiratory and explosive abilities are often recorded during
the first half of the season, while later phases bring stagnation or decline in fitness, em-
phasizing the importance of proper training periodization [18,19]. Studies on elite male
and female handball players have further confirmed that certain components—such as
muscle mass, strength, and throwing speed—can be improved within a single season,
whereas anaerobic and explosive abilities often remain unchanged or even decline if not
specifically trained [20–22]. These findings highlight the need for continuous monitoring
and adjustment of the training process using modern technologies to optimize training and
achieve maximum performance.
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Although there is a relatively large body of work that has examined seasonal changes
in physical capacity in team sports athletes, most studies have focused on adult populations,
while studies that include younger age groups, especially in basketball, are still scarce.
Several have investigated changes in physical fitness in junior and collegiate (NCAA)
basketball players [5,23], but rarely with a focus on a single club or simultaneously moni-
toring multiple aspects of physical performance. In addition, most existing studies focus
on isolated components, while integrated approaches that monitor morphological, car-
diorespiratory, muscular, and motor characteristics within a single longitudinal design
remain rare.

Therefore, there is a clear need for a comprehensive study monitoring simultaneous
changes in key physical components in young basketball players throughout the entire
competitive season. This research aims to fill this gap in the literature and provide em-
pirical evidence useful for coaches and sport scientists in planning and individualizing
the training process. By employing modern technologies for precise performance mea-
surement, the work has the potential to contribute to a better understanding of natural
and training-induced variations in the physical status of young athletes during a com-
petitive season. Therefore, the aim of this longitudinal study is to examine intra-season
variations in morphological, cardiorespiratory, muscular, and motor components in junior
basketball players. This study provides a novel contribution by simultaneously monitoring
morphological, cardiorespiratory, muscular, and motor components within a single team of
junior male basketball players throughout a full competitive season. Unlike most previous
studies that focused on isolated variables or short preparatory phases, this work integrates
multiple domains under real-world competitive conditions, offering a comprehensive view
of in-season adaptations in youth basketball.

2. Materials and Methods
2.1. Participants

The study was conducted on a group of 18 junior basketball players (n = 18,
age = 16.56 ± 0.90 years) from an elite regional club in Bosnia and Herzegovina. Prior
to the start of the study, all participants underwent a comprehensive medical examination,
which confirmed that they were healthy and had no restrictions regarding participation
in the training, competition, and experimental testing. Players, their parents or legal
guardians, and coaches were informed about the objectives and methods of the study, as
well as potential risks and signed written informed consent forms in accordance with ethical
standards. Additionally, approval for the implementation of the testing procedures was
obtained from the club’s management. The study was conducted in accordance with the
Declaration of Helsinki and approved by the Ethics Committee of the Faculty of Physical
Education and Sport, University of East Sarajevo (Approval No. 1121/24, dated 24 April
2024). Although all players were of similar chronological age (16.56 ± 0.90 years), they
were still undergoing adolescent growth and maturation. Biological maturation status (e.g.,
years from peak height velocity) was not directly assessed, which may have influenced
changes in body height, body composition, and performance across the season.

2.2. Experimental Approach to the Problem and Testing Protocol

This longitudinal study involved a junior men’s basketball team in Bosnia and Herze-
govina, competing in an official league, which finished the season undefeated and in first
place. The research spanned the eight-month competitive season, including both the regular
championship and the postseason rounds (18 championship games plus the federation
semifinals and national final).
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The players’ morphological, cardiorespiratory, muscular, and motor components
were monitored at three time points during the season: T1—initial testing (September),
T2—mid-season testing (January), T3—final testing (May). Such a comprehensive assess-
ment allowed for detailed monitoring of intra-season changes and a better understanding
of the effects of training on player development. Detailed descriptions of the specific
variables and testing procedures are provided in the following sections.

Throughout the study, players continued their regular training and competitive sched-
ules. Testing sessions were integrated into the training calendar and coordinated with the
coaching staff to minimize interference with game preparation. All tests were conducted in
a standardized order, using consistent protocols, modern technology, and the same trained
evaluators to ensure reliability and validity of the measurements.

The training program was periodized with an average weekly workload of approxi-
mately 490 min, consisting of training sessions from Tuesday through Saturday, competitive
matches on Sundays, and rest on Mondays. Training intensity and activity types were
monitored following established protocols from previous team-sport studies, quantifying
time spent in 11 distinct activity categories, including various running intensities, ball drills,
sprints, sport-specific strength training, practice games, and official matches [20–22]. In
addition to the total training volume, internal load and intensity were continuously moni-
tored using the Polar Team Pro system, which provided real-time heart rate data during
training sessions and matches. Training intensity was expressed as relative percentages
of individual maximal heart rate (HRmax) and further complemented by results of the
30–15 Intermittent Fitness Test (30–15 IFT). This ensured that both external workload and
internal physiological responses were captured, allowing for accurate interpretation of
individual conditioning loads.

Furthermore, individualized conditioning programs were developed based on
30–15 IFT results. Each player performed a personalized conditioning session once per
week, aligned with their individual aerobic capacities. These sessions were supplemented
with plyometric and agility-focused training. This individualized approach ensured that
each player trained within their optimal intensity zone, which is essential for the devel-
opment of functional capacities and enhancement of sport-specific performance. The
combination of standardized team training and targeted individual work enabled the
monitoring of intra-seasonal variations and facilitated the identification of adaptations to
various training stimuli throughout the competitive season.

Seasonal Training and Competition Volume

During the first part of the season (T1 to T2), which spanned approximately 16 weeks,
each player participated in an average of 80 training sessions (five per week) and nine
official games, accumulating around 7840 min of combined training and competition. The
average weekly training volume was approximately 490 min, including one competitive
game per week. The distribution of training activities was as follows: low-intensity en-
durance running (2.6%), moderate-intensity endurance running (4.3%), high-intensity
endurance running (6.0%), ball exercises of varying intensity (34.9%), sprint running (6.0%),
sport-specific strength training (plyometrics, agility, change of direction) (19.1%), training
games (6.5%), and official games (8.2%) [11,21].

In the second part of the season (T2 to T3), which lasted 18 weeks, players completed
an average of 90 training sessions and participated in 11 official matches, including league
and playoff games. The total training and competition volume during this phase was
approximately 8820 min. While the training structure remained similar, a slight shift
toward tactical and maintenance-oriented sessions was observed due to the increased
competitive demands of the season’s final phase. Importantly, the weekly training volume
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remained consistent throughout the season (~490 min), contrasting with previous studies
that reported fluctuating loads across different phases.

2.3. Body Composition

Body height (BH) was measured using a Martin anthropometer (GPM, Zurich, Switzer-
land) following standardized anthropometric protocols, with a precision of 0.1 cm. Body
mass (BM), body mass index (BMI), body fat percentage (BF), fat-free mass (FFM), muscle
mass (MM), and total body water (TBW) were assessed using a validated multi-frequency
bioelectrical impedance analyzer (Tanita DC–430MA III, Tokyo, Japan), which provides
measurements accurate to 0.1 kg for weight-related parameters and 0.1 kg/m2 for BMI.

2.4. Cardiorespiratory Component

Cardiorespiratory fitness was assessed using the Polar Team Pro system (Polar Electro,
Kempele, Finland) which combines high-accuracy GPS-derived movement data, baseline
sensor metrics, and integrated heart-rate monitoring into a single mobile tracking platform.
The validity and reliability of the Polar Team Pro system have been confirmed in previous
studies [24]. The 30–15 Intermittent Fitness Test (30–15 IFT), adapted for basketball, was
used in this study. The test took place on a 28 m track, matching the length of a standard
basketball court. It consisted of 30 s of shuttle running followed by 15 s of passive recovery.
The starting speed was 10 km/h and increased by 0.5 km/h every 45 s. Players ran back
and forth between the court baselines, guided by audio signals from a pre-recorded file on
a tablet. A beep signaled when players should reach one of the 3 m zones located in the
middle and at both ends of the court. During the 15 s recovery, participants walked toward
the nearest line, where they would start the next running phase. The next starting point
(lines A, B, or C) was also announced by the audio. The test ended when a participant
failed to reach the required zone at the beep three times or was unable to maintain the
prescribed pace.

For the purposes of analysis, the following variables were included: the maximum
velocity achieved at the end of the test (VIFT), maximum and average heart rate (HRmax,
HRavg), and maximum oxygen consumption were taken, which was calculated using the
following formula:

VO2max = 28.3 − 2.15 × G − 0.741 × A − 0.0357 × BM + 0.058 × A × VIFT + 1.03 × VIFT

where G is gender (male = 1, female = 2), A is age (in years), BM is body mass (kg),
and VIFT is the final running speed (km/h) achieved at the end of the 30–15 IFT. This
predictive equation was proposed and validated by Buchheit (2008) [24] for the 30–15 IFT.
It demonstrated a very high correlation (r ≈ 0.90) with directly measured VO2max values
obtained from laboratory treadmill testing, confirming its strong validity for estimating
aerobic capacity in intermittent team-sport athletes.

2.5. Jumping Performance

For assessment jumping performances, countermovement jump with free arms (CMJ),
squat jump (SJ), and drop jump (DJ) from a height of 60 cm were performed. All three
protocols included two trials that were measured by using the Optojump Next system
(Microgate, Bolzano, Italy). The validity and reliability of the Optojump Next system
have been confirmed in previous studies [24,25]. For CMJ, players began the test from an
upright standing position, with feet shoulder-width apart and arms positioned alongside
the body to allow for a natural arm swing. They performed a preparatory downward
countermovement by flexing the hips and knees to a self-selected depth, followed by an
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immediate and explosive extension of the lower limbs to execute a vertical jump. After
landing, they returned to the initial standing position in preparation for the next trial [26].

For SJ, players began the test in an upright standing position with hands placed firmly
on the hips to eliminate the influence of arm swing. From this position, they descended
into a half-squat, maintaining approximately a 90◦ angle at the knee joints. This position
was held for two seconds, after which a sound signal prompted the execution of a maximal
vertical jump. Upon landing, participants slightly flexed the knees to absorb the impact
and then returned to the starting position to prepare for the next trial.

The DJ was performed from a 60 cm wooden box, following the protocol recommended
by a previous study [27]. Athletes began by standing on the box with their hands fixed on
their hips throughout the movement to eliminate the influence of arm swing. They were
instructed to step off the box using one foot at a time (in a self-selected order) and, upon
ground contact, to immediately perform a maximal vertical jump with minimal ground
contact time. Trials were considered invalid if the athlete jumped off the box instead of
stepping down or removed their hands from their hips at any point. After each attempt,
participants returned to the starting position [27]. The procedure was repeated twice, and
the better of the two trials was used for analysis.

2.6. Sprint Performance

Sprint performance was assessed using a 20 m sprint test with split times recorded at
5 and 10 m. Timing was conducted with four electronic photocell gates (Witty, Microgate,
Bolzano, Italy), positioned at a height of 1 m at the starting line, as well as at 5 m, 10 m,
and 20 m [26]. Participants began from a standing position, 0.3 m behind the starting line,
and initiated the sprint upon a verbal cue, running at maximal effort over the entire 20 m
distance. Each player performed two valid trials, with a three-minute rest period between
attempts, and the better result was used for analysis.

2.7. Agility Performance

Agility performance was assessed using the same photocells timing system (Microgate,
Bolzano, Italy) through the Lane agility drill and t-test, as recommended by previous
studies [28,29].

For the Lane agility drill, players began in a standing position with their lead foot
positioned 20 cm behind the first photocell. The test sequence included sprinting 5.79 m
forward to the top left cone, side shuffling 4.87 m to the top right cone, backpedaling
5.79 m to the bottom right cone, and side shuffling 4.87 m to the bottom left cone. From
there, participants returned to the starting point by reversing the same movement sequence
(shuffle right, sprint forward, shuffle left, backpedal). Two valid trials were completed by
each participant, with a three-minute rest interval between attempts.

For the t-test, players began the test from a standing position, with their lead foot
positioned 20 cm behind the first photocell. Players sprinted forward 9.14 m to the center
cone and touched it with the tip of their right hand. They then shuffled 4.57 m to the left to
touch the second cone, proceeded 9.50 m to the right to the third cone, and shuffled back
4.75 m to touch the center cone with their left hand. Finally, athletes ran backward to the
starting position. Each player performed two trials, separated by a three-minute recovery
period, with the best time recorded for analysis.

2.8. Statistical Analysis

Descriptive statistics were expressed as mean ± standard deviations (SD). The normal-
ity of data distribution was verified using the Shapiro–Wilk test. Differences between indi-
vidual parameters across time points were analyzed using a one-way repeated-measures
analysis of variance (ANOVA). When significant main effects were detected, Bonferroni-
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adjusted post hoc tests were applied to identify specific differences between the three
measurement points (T1, T2, and T3) for the within-subject factor time. Effect sizes were
calculated using partial eta squared (η2), with the following thresholds used to interpret
the magnitude of effects [19]: no effect (η2 < 0.04), small effect (0.04 ≤ η2 < 0.25), moderate
effect (0.25 ≤ η2 < 0.64), and large effect (η2 ≥ 0.64). All statistical analyses were performed
using IBM SPSS Statistics version 22.0 (SPSS Inc., Chicago, IL, USA), with the significance
level set at p ≤ 0.05.

3. Results
Table 1 presents the body composition variables measured at three time points. The

analysis revealed statistically significant changes over time in BH, BM, BF, FFM, and
MM (p < 0.05). In contrast, no significant differences were observed in BMI and TBW
(p > 0.05). Effect size analysis indicated a large effect for BH (η2 = 0.695), moderate effects
(η2 = 0.267–0.382) for BM, BF, and MM, and a small effect for FFM (η2 = 0.267) (Figure 1).

Table 1. Descriptive statistics (Mean ± SD) and ANOVA difference parameters between first (T1),
second (T2), and third (T3) measurement in body composition of junior basketball players.

Variables First (T1)
Measurement

Second (T2)
Measurement

Third (T3)
Measurement F p η2

Body height (cm) 190.73 ± 6.40 191.81 ± 6.45 192.83 ± 6.51 38.71 0.000 ** 0.695
Body mass (kg) 79.02 ± 10.39 79.62 ± 10.37 80.37 ± 10.92 10.51 0.000 ** 0.382
BMI (kg/m2) 21.92 ± 2.73 21.66 ± 2.59 21.58 ± 2.75 1.55 0.232 0.083
Body fat (%) 8.91 ± 5.00 7.64 ± 4.31 7.46 ± 5.15 6.8 0.003 ** 0.286

Fat-free mass (kg) 71.04 ± 6.25 71.87 ± 6.64 72.83 ± 6.74 4.66 0.042 * 0.215
Muscle mass (kg) 67.4 ± 6.09 68.41 ± 6.86 69.53 ± 6.96 6.21 0.015 * 0.267

Total body water (kg) 52.36 ± 4.31 52.86 ± 4.96 53.31 ± 4.83 1.94 0.176 0.102

BMI—body mass index; F—f value; p—statistical significance; η2—eta square; * p < 0.05; ** p < 0.01.

Figure 1. Changes in body composition parameters across three testing periods (I—beginning of the
season, II—mid-season, III—end of the season). (A) Body height (BH); (B) Body mass (BM); (C) Body
fat (BF); (D) Fat-free mass (FFM); (E) Muscle mass (MM).
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Cardiorespiratory performance demonstrated significant improvements over the
course of the season (Table 2). Notable changes were observed in maximal oxygen uptake
(VO2max), average heart rate (HRaverage), maximal heart rate (HRmax), and maximal
aerobic speed (VIFT), with all variables reaching statistical significance (p < 0.05). Effect size
analysis revealed a large effect for HRaverage (η2 = 0.661), moderate effects for VO2max
(η2 = 0.384) and VIFT (η2 = 0.542), and a small effect for HRmax (η2 = 0.214) (Figure 2).

Table 2. Descriptive statistics (Mean ± SD) and ANOVA difference parameters between first (T1), sec-
ond (T2), and third (T3) measurement in cardiorespiratory tests variables of junior basketball players.

Variables First (T1)
Measurement

Second (T2)
Measurement

Third (T3)
Measurement F p η2

VO2max (mL/kg/min) 48.11 ± 2.75 49.47 ± 3.10 49.85 ± 3.45 10.61 0.000 ** 0.384
HRmax (beats) 201.61 ± 10.63 201.22 ± 10.42 200.72 ± 10.18 4.64 0.031 * 0.214

HRaverage (beats) 157.22 ± 10.70 155.11 ± 10.65 152.50 ± 9.99 33.18 0.000 ** 0.661
VIFT 18.78 ± 1.34 19.33 ± 1.27 19.50 ± 1.46 20.11 0.000 ** 0.542

VO2max—maximal oxygen consumption test; HRmax—maximal heart rate; HRaverage—average heart rate;
VIFT—maximal aerobic speed in 30–15 intermittent fitness test; F—f value; p—statistical significance; η2—eta
square; * p < 0.05; ** p < 0.01.

Figure 2. Changes in cardiorespiratory performance parameters across three testing periods
(I—beginning of the season, II—mid-season, III—end of the season). (A) Maximal oxygen uptake
(VO2max); (B) Average heart rate during the test (HRaverage); (C) Final running velocity in the 20 m
shuttle run test (Vift). ** p < 0.01.

In tests assessing lower-body power (Table 3), all three vertical jump tests—drop jump
(DJ), countermovement jump (CMJmax), and squat jump (SJ)—demonstrated significant im-
provements over time (p < 0.01). The greatest effect size was noted for CMJmax (η2 = 0.733),
with DJ (η2 = 0.576) and SJ (η2 = 0.614) showing moderate effects (Figure 3).

Table 3. Descriptive statistics (Mean ± SD) and ANOVA difference parameters between first (T1),
second (T2), and third (T3) measurement in jumping, sprint, and agility of junior basketball players.

Variables First (T1)
Measurement

Second (T2)
Measurement

Third (T3)
Measurement F p η2

Drop jump (cm) 43.29 ± 7.12 46.18 ± 7.95 47.85 ± 9.08 23.08 0.000 ** 0.576
CMJ (cm) 44.73 ± 6.35 48.09 ± 6.99 50.38 ± 7.33 46.64 0.000 ** 0.733

Squat jump (cm) 35.41 ± 4.29 36.92 ± 4.23 38.02 ± 4.38 59.93 0.000 ** 0.614

Sprint 5m (s) 1.07 ± 0.08 1.07 ± 0.06 1.08 ± 0.07 0.648 0.529 0.037
Sprint 10m (s) 1.82 ± 0.10 1.82 ± 0.10 1.84 ± 0.10 0.651 0.469 0.037
Sprint 20m (s) 3.14 ± 0.13 3.14 ± 0.13 3.13 ± 0.12 0.519 0.519 0.03

T-test (s) 10.69 ± 0.76 10.26 ± 0.89 10.23 ± 0.89 34,959 0.000 ** 0.673
Lane agility (s) 12.14 ± 0.72 11.68 ± 0.80 11.69 ± 0.75 30,712 0.000 ** 0.644

** p < 0.01.
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Figure 3. Changes in jumping and agility performance across three testing periods (I—beginning of
the season, II—mid-season, III—end of the season). (A) Drop jump (DJ); (B) Countermovement jump
(CMJmax); (C) Squat jump (SJ); (D) 10-m sprint time (TT); (E) Lateral agility test (LAD). ** p < 0.01.

Sprint performance over 5, 10, and 20 m (S5, S10, and S20) did not show significant
changes throughout the season (p > 0.05).

However, both agility tests revealed significant improvements across the season,
with large effect sizes (T-test—η2 = 0.673; Lane agility—η2 = 0.644), suggesting that in-
season training and regular competitive exposure may have contributed to improved
agility performance.

4. Discussion
The main finding of this study suggests that during the competitive season, significant

intra-seasonal variations occur in several components of physical fitness in young basketball
players. This consistent training load maintained throughout the season appears to have
supported gradual improvements in players’ physical and motor abilities, highlighting
the importance of consistent workload management in adolescent athletes. Specifically,
statistically significant changes were found in morphological (BH, BM, MM, FFM, and BF),
cardiorespiratory (VO2max, VIFT, HRaverage), and muscular and motor abilities (jumps
and agility tests), indicating that an adequately planned and monitored training process
during the season may contribute to positive physiological and functional adaptations,
while natural maturation likely played an additional role. The absence of significant
changes in speed abilities and BMI aligns with previous findings and indicates the need for
a more specific approach in the development of these parameters.

The results further emphasize that systematic monitoring and adaptation of training
throughout the season can facilitate improvements in selected physical abilities. The
observed changes likely reflect the cumulative time spent in specific training regimes.
These findings support the importance of continuous monitoring within the season to
optimize training, improve sports performance, and prevent injuries in young athletes.



Appl. Sci. 2025, 15, 12045 10 of 15

The results of the analysis showed that significant changes occurred in most mor-
phological variables during the season. BH showed a consistent increase, which reflects
the expected growth and development of young basketball players. A similar trend was
observed in BM, which suggests that the changes may reflect both natural maturation
processes and a possible increase in muscle mass influenced by systematic training. It
is important to note that, given the players’ adolescent age, part of these morphological
adaptations likely reflects natural growth and maturation rather than training effects alone.
Therefore, the interpretation of intra-seasonal changes should consider both biological
development and sport-specific workload. It should also be noted that inter-individual
variability in maturity timing may influence physical and physiological adaptations during
the season, as players of the same chronological age can differ considerably in their biologi-
cal development. Such variability may partly confound observed within-season changes,
even when training exposure is identical.

At the same time, BF decreased, while FFM and MM increased, representing important
and practically relevant adaptations during the season. In contrast, BMI and TBW remained
largely stable, indicating consistency of these parameters over the observed period. The
stability of BMI and TBW suggests that body composition changes were proportionate to
growth in BH and FFM, maintaining overall balance in hydration and relative weight status.
Considering that BMI remained stable, the observed increase in BM is likely explained by
normal stature growth rather than disproportionate mass gain, indicating functional and
proportional physical development throughout the season.

Observed differences in the morphological variables of young basketball players
during one competitive season can be rationally explained through the natural processes
of growth and maturation during adolescence, but also through the effects of systematic
training and competitive load. The largest effect size was observed for BH, indicating
that nearly 70% of the variance in height changes occurred during the in-season period,
which aligns with physiological expectations for this age group. A similar trend was
reported by Santos et al. [30], who also recorded a significant increase in BH and mass in
elite juniors during one season. The BM variable also showed a strong effect, which may
reflect both age-related growth and systematic training adaptations, particularly in the
development of muscle mass. This interpretation is consistent with previous longitudinal
findings in adolescent basketball players [17,30]. Ferioli et al. [17] confirmed that BM in
young basketball players increases significantly during the season, with varying degrees of
adaptation depending on the role in the team and the individual training program.

A positive trend of BF reduction with simultaneous growth of MM and FFM indicates
adaptation to the physical demands of sport. These changes confirm the findings of
Santos et al. [30] and Milanese et al. [31], who reported that regular training contributes to
such adaptations in adolescents. Also, similar intraseasonal morphological changes were
observed in other sports, which additionally confirms the validity of the findings obtained
in this research. Gorostiaga et al. [21] recorded an increase in FFM with a decrease in BF
in elite handball players, while Granados et al. [22] showed in elite handball players that
such changes are also possible in the female population, which further emphasizes the
importance of a high-quality and programmed training process.

Changes in TBW are consistent with the findings of Ostojic et al. [4], who found a
correlation between increased muscle mass and hydration levels, which is an important
indicator of optimal physiological adaptation of the organism. The findings of Masanovic
et al. [32] also confirm that elite basketball players have a more favorable ratio of muscle
mass to BF compared to control groups. Together, these findings indicate that sports
training promotes body composition improvements that are functionally significant for
basketball performance.
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The most important finding in the cardiorespiratory component is a significant im-
provement in indicators such as VO2max, VIFT, and HRaverage, which suggests positive
aerobic adaptations of young basketball players throughout the competitive season. High
effects, especially in the HRaverage and VIFT domains, confirm the strong influence of
training and competitive load on improving fitness and recovery capacity.

The increase in VO2max indicates a clear aerobic adaptation, with the magnitude of the
change being classified as moderate-to-pronounced effects. Similar findings were reported
by Buchheit et al. [24] and Santos et al. [30], who noted an increase in VO2max in young
soccer and basketball players after a high-intensity interval training program. In addition,
the increase in VIFT values indicates an improvement in intermittent endurance, while
HRaverage showed a tendency to decrease, which confirms the more efficient functioning
of the cardiovascular system. In contrast, HRmax did not change significantly, which is in
accordance with the findings of Midgley et al. [33], who emphasize that this parameter is
relatively stable and only minimally affected by training.

These changes likely reflect cardiorespiratory adaptations to the specific demands of
basketball training, though the effects of natural growth cannot be entirely excluded. Such
adaptations can be attributed to an increase in stroke volume and more efficient oxygen
delivery, as suggested by Daussin et al. [34], while Bok [35] noted out that VO2max depends
on a combination of central and peripheral mechanisms. The decrease in HRmax further
confirms the higher cardiac output and more efficient parasympathetic regulation. Buchheit
et al. [24] demonstrated that high-intensity interval training significantly improves VO2max
and VIFT, as well as the speed of recovery, while Santos et al. [30] reported similar findings
in young basketball players. Gabbett [36] emphasizes that the specifics of basketball
training contribute to such cardiovascular adaptations. When the results are compared
with other sports, a similar trend is observed. Gorostiaga et al. [21] reported increases
in VO2max among handball players during the season, while Granados et al. [22] have
confirmed the same pattern in female handball players, and in both cases no significant
changes in HRmax, which aligns with the present results. Pavlović et al. [23] also found an
increase in VO2max and improvement in functional abilities of handball players during
the season, which further supports these results. Unlike some studies [37–39], which
reported a decline in VO2max during the final testing phase, in this case there was no
end-of-season decrease. Stabilization of VO2max and VIFT values in the later phase may,
however, indicate the effects of fatigue and high workload. These observations are further
supported by Buchheit and Laursen [40], who reported significant VO2max improvements
following HIIT protocols, and by Datson et al. [41], who observed comparable adaptations
in male and female soccer players.

The most important findings within the muscular and motor components concern
the significant improvements observed in lower-limb explosive power and agility among
young basketball players during the competitive season. All variables related to jumping,
including DJ, CMJmax, and SJ, exhibited consistent and clear progress, which suggests
the effectiveness of the training process in developing explosive power, although natural
maturation processes may also have contributed. Agility also improved significantly, as
confirmed by the reduction in the time required to perform tests measuring direction change
and movement coordination. In contrast, short sprint speed (5, 10, and 20 m) remained
stable, without significant changes during the season, indicating that speed abilities were
not further developed in the absence of specific sprint training stimuli.

When analyzing individual jump tests, the most pronounced improvement was ob-
served in CMJmax, indicating an improved ability of the extensor muscles, especially the
quadriceps and gluteus, to generate force in fast and explosive movements. This test is
considered one of the most relevant for assessing explosive lower extremity strength in
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basketball players, as it mimics specific sports situations such as defensive and offensive
jumps [42,43]. With CMJmax, both DJ and SJ showed improvement, confirming that the
training process had a strong impact on the development of explosive power. Future
studies could complement kinematic and performance assessments with electromyography
(EMG) to better capture muscle activation patterns during jump performance.

Differences in jumping performance in young basketball players can be directly as-
sociated with training programs that incorporate regular plyometric and sport-specific
strength training. Vertical jumps such as CMJ, DJ, and SJ are key movements in basketball,
are used in both phases of the game, and are widely regarded as most important indicators
of explosive abilities [4]. Research shows that a combination of different types of jumps
gives better results than isolated execution [44]. Santos and Janeira [45] confirmed that
complex training lasting ten weeks with a twice-weekly frequency leads to improvements
in the SJ test in young basketball players. Numerous studies emphasize the importance of
anthropometric and functional attributes such as height, weight, speed, agility, and jumping
ability in young athletes [6,9], with needs varying depending on age, training level, and
gender [46]. The optimal development of explosive strength, agility, and cardiorespiratory
fitness is essential for achieving high levels of athletic performance [47]. Findings from
other sports further support the importance of these abilities. Gorostiaga et al. [21] observed
improvements in muscle strength and explosiveness among handball players during the
season, while Granados et al. [22] found similar adaptations in elite female handball players.
Pavlović et al. [23] also reported seasonal improvements in lower-limb strength and motor
skills in handball players, underscoring the importance of targeted training during the
competitive period.

When it comes to speed, no significant changes were observed in sprint performance
over short distances among young basketball players during the season. The maintenance
of stable values suggests that baseline speed abilities were preserved, but without further
improvement in the absence of specific training stimuli. These results are consistent
with the findings of Ferioli et al. [2] and Matulaitis et al. [48], who emphasized that
sprint speed over short distances remains stable unless specific training interventions
targeting its development are applied. Similarly, Papaevangelou et al. [49] and Ramos
et al. [50] reported that continuous training processes help maintain physical capacities with
minimal fluctuations; however, without targeted stimulation, no significant improvements
in speed performance are expected. The observed stability of sprint performance in young
basketball players throughout the season aligns with these findings and indicates that
regular training and competition cycles are effective in maintaining baseline levels of speed
and explosiveness but do not promote further development.

The results also indicate a clear improvement in agility among young basketball
players during the season. Shorter completion times in agility tests suggest better reaction
ability, improved movement control, and more efficient changes in direction. These findings
are in line with previous research [2,48], which confirmed that sport-specific training
content and speed–agility drills contribute to agility development. The achieved values are
comparable to national and international reference data, indicating that the motor readiness
of these young basketball players is at a satisfactory level.

The main limitation of this study is that the sample included only male junior bas-
ketball players, which prevents generalization of the results to other sports or to the
female population. Moreover, the body composition assessment method—bioelectrical
impedance—while practical and rapid, is less accurate than reference methods such as
DEXA. In addition, biological maturation was not directly assessed, although the players
were still in adolescence and showed a measurable increase in BH. This limitation is impor-
tant because some of the observed changes in body composition and performance may be
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related to normal growth and maturation rather than training effects alone. Furthermore,
the absence of a control or comparison group prevents a clear distinction between training-
induced adaptations and growth-related changes. Factors such as nutrition, sleep quality,
psychological state, and motivation were not controlled for, which may have contributed
to the variability of the results. For future research, it is recommended to include control
groups, expand the sample to athletes of different ages and sport disciplines, monitor addi-
tional factors such as nutrition and recovery, and apply varied training approaches to better
understand the effectiveness of specific training processes and to develop optimal pro-
grams for improving morphological, cardiorespiratory, muscular, and motor performance
in young athletes.

5. Conclusions
The present study demonstrated significant intra-seasonal changes in key physical

fitness components in junior basketball players during one competitive season. Mor-
phological parameters such as BH, BM, MM, and FFM significantly increased, while BF
significantly decreased, reflecting positive adaptations to a well-structured training pro-
gram. Cardiorespiratory fitness, evidenced by improvements in maximal oxygen uptake
(VO2max), maximal aerobic speed (VIFT), and average heart rate, also showed significant
enhancement, indicating improved aerobic capacity. Furthermore, explosive power of the
lower extremities and agility improved significantly throughout the season, whereas sprint
performance remained stable, suggesting the need for more specific speed training interven-
tions. These results suggest meaningful physical and physiological adaptations during the
competitive season in young basketball players. The findings emphasize the importance of
systematic and well-planned training programs that consider both competitive demands
and ongoing physical development. Future research should continue to monitor seasonal
variations and apply multi-dimensional approaches to optimize training and performance
development in this age group.
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