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Abstract

This study aimed to compare the anthropometric and performance characteristics of U16 and U18
male basketball players to better understand post-peak height velocity (PHV) developmental
differences. A total of 31 athletes from the local international basketball academy participated in the
research—15 from the U16 category (15.25+0.86 years) and 16 from the U18 category (17.46+0.34
years). Measurements included body composition, sprinting (with and without the ball), agility, and
jump performance. The results revealed significant between-group differences in most
anthropometric variables (p <0.001), including body mass, BMI, skeletal muscle mass, fat-free mass,
total body water, and segmental muscle mass. However, there were no significant differences in body
height and body fat percentage. Performance comparisons showed that U18 players outperformed
U16 players in agility (p =0.026), 10m and 20m sprint (p = 0.045 and p=0.016, respectively), and 20m
dribbling sprint (p=0.011), while no significant differences were observed in jumping ability. These
findings suggest that physical maturation strongly influences anthropometric parameters and
partially affects performance characteristics. The results highlight the importance of age-appropriate
training strategies that consider biological development stages in youth basketball.

Keywords: team sports; post - PHV; anthropometry; body composition

1. Introduction

Basketball is a physically demanding sport characterized by short, intense bouts of activity, often
performed at medium to high frequency [1,2]. Players are required to execute repeated sprints, jumps,
acceleration and deceleration, and rapid changes in direction throughout the game [3,4]. These
actions place significant demands on both aerobic and anaerobic energy systems, which must be well-
developed to maintain high-intensity performance [5]. Consequently, the ability to perform
intermittent high-intensity actions is essential for success in basketball [6].

Athletic performance, particularly in basketball, is highly influenced by physical characteristics.
Although the physical and performance characteristics in senior basketball players are well
documented [7-9], younger athletes’ characteristics can vary significantly based on the maturational
stage and body size [10-12]. Maturation has a notable influence on growth and physical performance,
with substantial differences observed between various age groups [13,14]. As players progress
through developmental stages, structural and functional body changes occur, affecting their athletic
performance [11]. This relationship highlights the importance of maturation in shaping physical
capabilities and sports performance metrics [11,13].
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A key indicator of maturational progress is peak height velocity (PHV), a growth spurt typically
occurring around the age of 14 in boys [15]. PHV marks a period of rapid growth, followed by a
gradual decline until adult stature is reached. This growth phase is often used to assess an athlete's
stage of maturation, providing insights into their developmental trajectory. Additionally, some
authors previously stated that the period around the age of 14 (chronological) years is a critical period
for training-related physiological development in youth [16-18]. Although PHV occurs around the
age of 14, motor skills and morphological development continue to progress, albeit at a slower pace,
throughout late adolescence.

Despite increasing interest in the physical and technical development of youth basketball
players [13,19,20] and talent identification processes [10], limited research has focused on comparing
performance metrics between specific age categories, such as U16 and U18 [21]. Therefore, “post-
PHV” comparisons are critical for understanding how motor abilities evolve during crucial
developmental years. Such analyses can upgrade training program design process, thus, ensuring
that interventions are tailored to the unique physical and performance demands of each age group.

The aim of this study is to compare performance and anthropometric characteristics between
U16 and U18 male basketball players in order to examine how they evolve during the post-PHV
developmental phase. By identifying age-related differences in key performance and morphology
variables, this study seeks to provide evidence-based insights that can inform age-appropriate
training program design and support effective long-term athlete development strategies.

2. Materials and Methods

2.1. Participants

Thirty-one male basketball players who were selected from international basketball “KK Bosna”
academy volunteered to participate in the present research, from which 15 athletes (age: 15.25 + 0.86
(yrs + SD)) were competing at the U16 and 16 athletes (age: 17.46 + 0.34 (yrs + SD)) were competing
at the U18 competition level. All participants had experience in national-level competitions within
the past two years and were consistently engaged in a weekly training regimen that comprises five
120-minute basketball practice sessions and one game. All participants, including their parents and
coaches, were thoroughly briefed on the objectives and experimental methods of the study and
provided their informed consent to participate. All athletes were medically cleared by the sports
medicine team to participate in team activities. No athlete indicated any musculoskeletal injuries that
might restrict or hinder testing procedures. The testing procedures carried out in this study adhered
to the Declaration of Helsinki.

2.2. Measurements

All the measurements were performed by experienced personnel from the Institute of Sport at
Faculty of Sport and Physical Education, University of Sarajevo. The testing protocols used in this
study included body composition assessment, followed by the measurement of performance
indicators such as sprinting, dribbling sprint, agility, and jumping performance. The testing was
conducted on the same day during the pre-season competitive period on a first day of international
basketball academy. Both groups of athletes were tested at the approximately same time of the day
(i-e., 09:00-12:00 h).

2.2.1. Anthropometric measurement

Standing height was measured using a digital stadiometer (InBody BSM 370; Biospace Co., Ltd.,
Seoul, Republic of Korea). Body weight, fat-free mass (FFM), body fat percentage (PBF), skeletal
muscle mass (SMM), total body water (TBW), and FFM for the left arm, right arm, left leg, right leg,
and trunk were measured using a direct segmental high-frequency bioelectrical impedance scale
(InBody 720; Biospace Co., Ltd., Seoul, Republic of Korea). The system's reliability and validity have
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been previously documented [22]. All subjects were barefoot and wearing only underwear during
the test session. BMI was calculated as fraction of body weight and a square of the standing height
(kg/m2).

2.2.2. Speed (without and with the ball)

The assessment of running speed involved participants performing 20-meter maximal sprints,
with the passage at 5 and 10 meters (with and without the ball). Each sprint began from a stationary
standing position, with the athlete's lead foot positioned 20cm behind the initial photocell. Four
photocells (Witty, Microgate, Bolzano, Italy) were used to measure 5m, 10m and 20m maximal sprint
times (in seconds). Photocells were placed at height of 120 cm. Each participant completed two
attempts. In the case of a failed attempt (dropping the ball), the participants retook the test following
a suitable recovery interval (two to three minutes pause). The best result was used for analysis.

2.2.3. Agility

The ability to quickly change direction without the ball was assessed using the Lane Agility Drill.
Players began at the left corner of the extended free-throw line, where the timing sensors were
positioned (Photocells, Witty, Microgate, Bolzano, Italy). The timer started as soon as the player
moved from the set stance. They sprinted forward to the baseline cone (5.79 m), then side shuffled to
the right to reach the next cone (4.87 m), backstepped to the top of the free-throw line (5.79 m), and
side shuffled to the left to return to the starting point (4.87 m). This sequence was repeated in reverse
order (shuffle right, sprint forward, shuffle left, run backward). The clock automatically stopped once
the player returned to the starting position. Test time was recorded in seconds, and each player was
allowed two attempts. The best result was used for analysis.

2.2.4. Jumping Performance

For assessment of the jumping performance, countermovement jump (CMJ]) and
countermovement jump free arms (CM] free arms) were performed. Each jump was performed two
times and measured with the Optojump Next system (Microgate, Bolzano, Italy), whose validity and
reliability have been confirmed in previous studies [23]. Players began in an upright standing
position with feet shoulder-width apart and hands placed on their hips to prevent arm swing for CMJ
and hands next to the body for arm swing for CMJ free arms. Then, they performed a
countermovement to a self-selected depth by bending at the hips and knees, followed by an
immediate extension of the hips and knees to execute a vertical jump. After the jump, the players
returned to their initial position. The best result from the two trials was used for analysis. A trial was
deemed invalid if knee flexion occurred upon landing or if arm swing was detected (for CM]J).

2.3. Statistical analysis

Descriptive statistics, mean (standard deviation) were calculated for each variable. The
normality of data distribution was checked for all variables using the Kolmogorov-Smirnov test,
while Levene’s test was used to check the homogeneity of variance. Independent t-test was used to
analyze significant differences between Ul6 and Ul8 in all performance and anthropometric
variables. Effect sizes (ES) were calculated and interpreted based on Cohen’s d thresholds of > 0.2 -
small, > 0.5 — moderate, > 0.8 — large and > 1.3 very large [24]. Statistical significance was set a priori
to p <0.05. All statistical analyses were completed with SPSS (Version 21.0; IBM Corp., Armonk, NY,
USA).

3. Results

The Levene’s and Kolmogorov — Smirnov tests indicated that homogeneity and normality of
data distribution were adequate for all tests.
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3.1. Anthropometric measures

The results showed significant differences in all anthropometric variables (Table 1) except body
height and body fat percentage (PBF%). For U18 players body mass (kg) was 18.3 + 1.1% higher (p =
0.001; ES = 1.69) than in U16 players, BMI (kg/m?) for 13.9 + 5.3% (p = 0.001; ES = 1.58), Skeletal muscle
mass (SMM (kg)) for 18. 8+ 7.0% (p = 0.001; ES = 2.34), Fat free mass (FFM(kg)) for 17.2 + 7.0% (p = 0.001;
ES =2.20), Total body water (TBW (1)) for 17.0 £ 7.0% (p = 0.001; ES = 2.13), left and right arm FFM for
21.4+9.0% (p = 0.001; ES =2.06) and 23.1 + 10.0% (p = 0.001; ES = 2.36), left and right leg FFM for 11.6
+10.2% (p = 0.001; ES =1.19) and 11.9 + 10.0% (p = 0.001; ES = 1.22) as well as FFM of Trunk (kg) for 17.7
+7.8% (p=0.001; ES = 2.24), respectively.

Table 1. Descriptive statistics and between group comparisons of anthropometric characteristics.

Variables Ule U18

Mean SD Mean SD p value ES

Age (years) 15.25 0.86 17.46 0.34 - -
Body height (cm) 191.29 7.66 19552 586 0.097 0.64
Body mass (kg) 72.79 9.71 89.14 9.62 0.001 1.69
BMI (kg/m?) 20.02 1.98 2325 2.09 0.001 1.58
SMM (kg) 36.79 3.31 4526 3.79 0.001 2.34
PBF (%) 9.80 4.48 11.23 3.64 0.347 .356
FFM (kg) 65.30 5.81 78.86 6.36 0.001 2.20
TBW (1) 4795 4.24 5775 4.65 0.001 2.13

FFM of Left Arm (kg) 3.65 046 4.64 048 0.001 2.06
FFM of Right Arm (kg) 364 045 473 046 0.001 236
FEM of Left Leg (kg) 11.58 1.35 13.09 1.20 0.003 1.19
FFM of Right Leg (kg) 11.63 133 13.20 1.23 0.003 1.22
FEM of Trunk (kg) 28.40 2.71 34.48 270 0.001 2.24

BMI - body mass index; ES — effect size; FFM = fat free mass; PBF = body fat percentage; SD = standard

deviation; SMM - skeletal muscle mass; TBW - total body water.

3.2. Sprint, agility and jumping

Furthermore, there were fewer significant differences in performance variables (Table 2). For 5m
both sprint and dribbling, 10m with dribbling time as well as for CM] and CM]J free arms jump height
no significant differences were observed (p>0.05) between U16 and U18 players. For U18 players 10m
sprint, 20m sprint, 20m dribbling sprint and Lain agility times were significantly lower (3.3 £ 0.3% (p
=0.045, ES=10.78), 3.5 £ 0.3% (p = 0.016; ES =0.95), 6.0 +0.7% (p = 0.011; ES = 1.03) and 5.2 + 0.6% (p =
0.026; ES = 0.90) compared to U16 players, respectively.

Table 2. Descriptive statistics and between group comparisons for performance variables.

Variables Ule6 U1s

Mean SD Mean SD p-value ES

5m sprint (s) 1.08 0.05 1.03 0.07 0.186 0.50

10m sprint (s) 1.83 0.06 1.77 0.07 0.045 0.78
20m sprint (s) 3.20 0.10 3.09 0.11 0.016 0.95

5m dribbling sprint (s) 1.05 0.11 1.04 0.12 0.797 0.09

10m dribbling sprint (s) 185  0.11 1.82 0.10 0.511 0.24
20m dribbling sprint (s) 334 023 3.14 0.15 0.011 1.03

Lain agility (s) 1290 0.71 12.37 0.48 0.026 0.90
CMJ (cm) 36.24 593 38.02 6.03 0.431 0.29
CM]J free arms (cm) 4436 593 45.11 4.17 0.687 0.15

CM]J - countermovement jump.
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Figure 1. Statistically significant differences in Speed and Agility Tests - U16 vs U18

4. Discussion

This study aimed to investigate the differences in a) performance and b) anthropometric
measures between U16 and U18 male basketball players. The results showed U18 players were non
significantly taller (but practically relevant) and had significantly more muscle and segmental fat free
mass. They also outperform younger players in sprint (10m and 20m), dribbling (20m dribbling) and
agility performance (Lain agility). No age-group differences were observed for body fat percentages
and 5m sprint, 5 and 10m dribbling sprint as well as jump performance.

Observed results for anthropometric measures and performance were similar to those found by
Drinkwater et al. [25] for National level players and Androutsopoulos et al. [26] for extended national
roster. However, these authors had no between age group comparisons. To date, only Cabarkapa et
al. [21] have compared U16 and U18 basketball players, however, their study focused exclusively on
female athletes.

The findings of this study reveal no significant differences in body fat percentages between
younger and older players. Similar results were reported by Cabarkapa et al. [21] in their study on
female basketball players, where the authors attributed these differences to biological changes driven
by variations in growth dynamics. Furthermore, the aforementioned researchers noted that muscle
mass and segmental fat free mass did differ between two groups which is also the case in the present
study. This indicates that gender does not affect the observed pattern of differences across these age
groups.

The observed differences in body composition between U16 and U18 basketball players can be
attributed to the natural physical and hormonal changes associated with male adolescence, as well
as the increased training loads typically introduced during the later stages of puberty [21,27,28]. This
also underlines the fact that this age period as important in male athletes’ development, namely
because adolescent’s response and adaptation to training stimulus is increased.

Along with higher muscle mass, older players had better speed and agility performances,
respectively. Quantity of muscle mass is related to better power abilities, possibly arising the
determined differences for some sprint and agility tests between U16 and U18 players [21,25,29].
Furthermore, a significant correlation exists between players' ageing and increased playing time [29],
likely contributing to performance improvements supported with already enhanced training load
with age. Furthermore, chronologically older players were heavier and had more muscle mass which
contributed to better sprinting, dribbling and agility performance. Since previous studies mainly
investigated topic of talent ID based on anthropometrics [30,31] the findings of this study suggest
performance indicators should be included in selection criteria development, talent identification and
team composition, particularly since physical maturity often correlates with superior performance.

While studies on age-related differences in body size and performance may appear less relevant
as the effects diminish with advancing age and higher playing levels, understanding these
phenomena is essential due to several reasons. Firstly, detection of the differences is critical for talent
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identification, helping to differentiate early developers from late bloomers, minimize selection biases
toward early-maturing athletes, and better evaluate long-term potential. Secondly, they enable
performance benchmarking, allowing for the assessment of player progression, identification of
contributing factors, monitoring of growth and maturation rates, sport-specific development, and
training loads optimization.

This cross-sectional study is limited by its single-season sample and its reliance on “controlled”
tests rather than on-court performance simulations or, additionally, power assessments such as force-
platform jumps. Future longitudinal investigations should track athletes through puberty in order to
distinguish growth- versus training-induced performance gains and adaptations.

5. Conclusions

In summary, the present study reveals that substantial differences exist between U16 and U18
male basketball players across a wide range of anthropometric, motor, and functional variables. The
superior performance observed in the older U18 cohort can be primarily attributed to interrelated
factors such as more advanced biological maturation, greater training experience, and increased
exposure to competitive environments. U18 players demonstrated greater height, muscle mass, and
superior sprint and agility performance compared to their U16 peers, while body fat percentage,
short-distance dribbling, and jump capacities remained largely comparable. These findings
underscore the importance of incorporating maturity-adjusted anthropometric data alongside
performance testing, particularly for talent identification and for recognizing sensitive periods for
strength and power development in young male athletes.

Acknowledging these developmental discrepancies enables coaches and practitioners to
implement age-specific training programs that address the unique physiological and psychological
needs of players during and after the peak height velocity (PHV) period. Strategically adapting
training to these stages not only enhances athletic performance but also contributes to the long-term
health, safety, and overall development of youth athletes by minimizing the risk of overuse injuries
and burnout.
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