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Abstract

Youth soccer performance is influenced by multiple factors, including age, body size,
and physical capacities, but the relative contribution of these variables to aerobic and
explosive performance remains unclear. Understanding these relationships can improve
the interpretation of field tests and support individualized training prescription. This
study was designed to examine the association of age category, body mass, and height with
physical performance in youth soccer players by jointly considering aerobic and explosive
capacities, in order to support the interpretation of field tests within training prescription.
Forty-five male players (15 U16, 15 U17, 15 U19) from the same club were assessed across
two standardised on-field testing sessions, including the 45-15 test (estimated maximal
aerobic speed, MAS) and vertical jump tests (squat jump, SJ; countermovement jump,
CMJ; countermovement jump with free arms, CMJ_FH). Performance variables (SJ, CMJ,
CMJ_FH, MAS) were treated as outcomes, while category, body mass, and height were
included as predictors. A multivariate analysis was performed, followed by univariate
analyses for each indicator. Results showed a significant multivariate effect of age category
on overall performance (p < 0.001; nzp = 0.482), whereas height and body mass were not
significant (p > 0.05). In univariate analyses, age category was associated with all variables:
SJ (p = 0.005; adj. R? = 0.160), CM] (p < 0.001; adj. R? = 0.287), CMJ_FH (p = 0.004; adj.
R? = 0.173), and MAS (p < 0.001; adj. R? = 0.352). Performance increased progressively
from U16 to U17 to U19, with larger between-category differences in aerobic capacity. In
conclusion, age category was more strongly associated with the performance profile than
height and body mass when considered jointly; these findings should be interpreted in
light of the observational design and the lack of biological maturation measures.

Keywords: performance; maximal aerobic speed; functional assessment; explosive strength

1. Introduction

In youth soccer, physical conditioning is a key component that should neither be
underestimated nor neglected, as it contributes not only to performance enhancement but
also to building the foundations for the athlete’s future development [1,2].

During this phase, it is essential to implement age-appropriate training, including
coordination-based exercises, technical skill development, and low-to-moderate intensity
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strength and speed work with progressive overload, aimed at developing motor abilities
without compromising growth and health [3,4]. Marked inter-individual differences in
development exist among players of the same chronological age, and coaches should ac-
count for these differences when planning training programmes [5]. Chronological age,
defined as the time elapsed since birth and commonly used as the primary criterion for
age-group categorisation (e.g., year-of-birth competition structures), does not necessarily
reflect biological maturity or functional development. Precisely because of these devel-
opmental differences, in recent years the concept of bio-banding has gained increasing
importance in youth soccer [6]. This approach involves grouping young athletes according
to their level of biological maturation rather than their chronological age [7,8]. Its aim
is to reduce the physical advantages of early-maturing athletes and the disadvantages
of late-maturing ones, thereby promoting more equitable development, a more accurate
assessment of potential, and better individualization of training loads [9,10]. In this con-
text, it is particularly important to distinguish between performance related to training
and performance related to growth and biological maturation processes [11]. Biological
maturation influences hormonal profiles, neuromuscular development, recovery capacity,
and tolerance to exercise; therefore, athletes of the same chronological age may respond
differently to identical training stimuli. Practitioners should carefully observe athletes’
responses, as inadequate individualization of training according to maturation status may
increase the risk of non-functional overreaching and, ultimately, overtraining [12].

Soccer, like other invasion sports, alternates high- and low-intensity actions and re-
quires the simultaneous expression of multiple physical qualities, including strength, speed,
endurance, and agility [13]. Therefore, the development of these components is essential,
and training should be organised in a specific and progressive manner, considering players’
physiological characteristics and stage of development [14]. In youth populations, training
load tolerance and adaptation are strongly influenced by growth and maturation processes.
During childhood and the prepubertal period, load tolerance is primarily qualitative, with
an emphasis on skill acquisition and motor control, while internal load must be carefully
managed to ensure efficient execution of motor tasks [10]. As players progress through
adolescence, increases in strength, neuromuscular capacity, and metabolic development
allow for a gradual transition toward more quantitative training loads, approaching adult
performance capacities [15]. It is well established that aerobic performance relative to
body mass shows limited differences between youth and adults, whereas anaerobic power
and capacity are considerably lower in children and adolescents due to developmental
factors [16,17]. These age-related differences highlight the importance of considering biolog-
ical development when interpreting physical performance in youth athletes. Power output
during maximal efforts is strongly correlated with the mass of the muscles involved and
thus reflects growth-related development [18]. Growth-related changes also affect strength,
which is associated with improved performance in tasks requiring high power output [19].
Studies show that jump ability increases with greater muscle mass and strength in both
males and females [20-22]. Unlike other fitness qualities such as strength and power, when
VO;max is expressed relative to body mass it tends to remain stable across growth, without
substantial changes [23].

In recent years, the physical, technical, and tactical demands of soccer have increased,
leading to progressively higher performance requirements across all competitive levels.
This evolution has direct implications for player development, particularly in youth cate-
gories, where training must support both performance enhancement and long-term athletic
development. Consequently, physical conditioning plays a central role in optimizing perfor-
mance, preventing injuries, and promoting harmonious development in young athletes [24].
Within this context, monitoring physical abilities through sport-specific tests has become
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essential to evaluate athletes’ fitness status and to guide training prescription [25,26]. Fur-
thermore, the analysis of physical performance parameters allows practitioners to identify
age- and maturation-related differences among players, supporting more individualised
and developmentally appropriate training strategies [27].

Despite the widespread use of field tests to monitor physical qualities in youth soccer,
the interpretation of results in daily practice is often challenging: athletes within the same
age category may display markedly different performance levels due to anthropometric
and maturation-related differences [28]. Height and body mass are often considered in
talent identification and selection processes, sometimes being implicitly used as indicators
of performance potential. However, these characteristics are strongly influenced by growth
and maturation processes and do not necessarily reflect actual physical capacities or the
ability to adapt to training [29-31]. Without an analysis jointly considering age, height,
and body mass, there is a risk of attributing to “trainable” deficits what is partly due to
individual characteristics or different phases of growth, potentially leading to errors in load
prescription and talent evaluation.

This study examined the association of age category, body mass, and height with
aerobic and explosive performance in youth soccer players. A multivariate approach was
used to evaluate the overall performance profile and then each test separately, in order to
clarify which factors were most strongly associated with performance and to support the
interpretation of common field tests in training settings.

2. Materials and Methods
2.1. Participants

Forty-five youth soccer players from the same academy in the province of Naples,
competing at regional level, participated in the study. Players belonged to three age
categories: U16 (n = 15), U17 (n = 15), and U19 (n = 15). All athletes were regularly involved
in structured competitive soccer and followed the club’s standard training programme
during the competitive season, representing a sub-elite developmental level within their
respective age categories. Sample size was determined by practical constraints and athlete
availability during the data collection period; therefore, a convenience sample was used.
No a priori sample size calculation was performed, as the study was exploratory in nature
and aimed at providing preliminary evidence within a real-world applied setting.

Inclusion criteria required at least five years of sport experience; athletes with a
history of muscle, tendon, or bone injuries in the 12 months preceding the study were
excluded. The experimental procedures, potential risks, and benefits were explained to
parents/guardians prior to participation; written informed consent was obtained from
parents or legal guardians, and all participants provided written informed assent/consent
before taking part. The study was conducted within the research project “Psychophysical
perception and body awareness in school and sport contexts through observational and
non-invasive tools”, approved by the Ethics Committee of Pegaso University (Prot./E
004726, 15 July 2025).

2.2. Study Design

All participants followed the same weekly training schedule to minimise heterogene-
ity due to between-group differences in programming. Players completed three weekly
training sessions in addition to one official match during the competitive period. A familiari-
sation session was conducted 5-7 days before testing to standardise execution procedures,
explain the protocols, and reduce potential learning effects.

Both testing sessions were conducted in an applied setting immediately after the
team’s regular technical-tactical training session and scheduled at the end of the weekly
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microcycle (i.e., close to the competitive match), reflecting the practical and ecological
conditions under which academy staff typically monitor players.

The study employed an observational, non-interventional design; therefore, analyses
were descriptive and associational in nature. Consequently, the findings do not permit
causal inference regarding the effects of the training programme, nor do they allow estima-
tion of within-player changes attributable to training over time.

Training sessions were organised into consecutive phases (warm-up, main phase, and
cool-down) aimed at developing soccer-specific technical skills and progressively improv-
ing performance through a structured approach [32,33]. The warm-up phase (~15 min)
focused on physical and cognitive preparation through joint mobility exercises, dynamic
stretching, and ball drills (e.g., rondos and technical circuits) designed to stimulate concen-
tration, ball control, passing accuracy, and motor coordination.

The main phase (~40 min) included technical-tactical drills and conditioned games
with progressive increases in difficulty and intensity. This phase also incorporated condi-
tioned matches with specific objectives (e.g., maintaining possession for a target number of
consecutive passes or achieving task-related advantages) to promote transfer to match-like
situations and enhance tactical understandings and decision-making. Finally, a cool-down
phase (~10 min) consisting of light running, static stretching, and muscle relaxation exer-
cises was performed to facilitate recovery.

2.3. Assessment Procedures

Tests were performed on the same pitch and at the same time of day for all participants,
who wore their habitual training clothing and footwear. All assessments were conducted in
the post-training period following the team’s regular technical-tactical session, with staff
supervision employed to monitor protocol timing, recovery intervals, and exercise progres-
sion. Testing was divided into two sessions separated by 48 h to minimise residual fatigue
and ensure adequate recovery between neuromuscular and aerobic assessments. During
the first session, anthropometric characteristics (height and body mass) and vertical jump
performance were assessed, whereas the 45-15 intermittent fitness test was administered
during the second session. This sequence was selected because vertical jump performance
is highly sensitive to acute neuromuscular fatigue; therefore, jump assessments were priori-
tised early within the post-training testing window. A passive recovery period of ~5 min
was allowed between the end of training and the beginning of anthropometric and jump
assessments. In addition, ~60-90 s of recovery was provided between jump attempts and
2-3 min between different jump modalities. Before the 45-15 test, participants were allowed
at least 10 min of passive recovery. Standardised warm-ups were completed before each
testing session to ensure consistent readiness across participants.

Aerobic capacity was assessed using the 45-15 intermittent incremental test performed
to exhaustion [34,35]. The protocol consisted of 45 s of running interspersed with 15 s
of passive recovery on a course delimited by cones along a curvilinear trajectory. The
initial distance was 125 m and increased by 6.25 m at each stage while running duration
remained constant. The test ended when the participant failed to complete the required
distance within the prescribed time on two consecutive occasions. The last completed
stage was used to estimate maximal aerobic speed (MAS), calculated as the ratio between
the distance covered and running time (45 s), expressed in km-h~!. The 45-15 test has
demonstrated acceptable validity and reliability for assessing intermittent aerobic fitness in
team-sport athletes [36]. Audio pacing signals were delivered using a prerecorded track
played through portable loudspeakers positioned along the field.

Lower-limb explosive strength was assessed using the squat jump (SJ), countermove-
ment jump (CMJ), and countermovement jump with free arms (CMJ_FH) [37,38]. The
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inclusion of these three jump modalities allowed the assessment of distinct neuromuscular
components of explosive performance. Specifically, the SJ primarily reflects concentric
force production capacity, the CMJ evaluates stretch—shortening cycle utilisation, and the
CM]J_FH additionally incorporates upper-limb coordination and arm-swing contribution
during explosive actions.

Jump performance was measured using an Optojump optoelectronic system (Micro-
gate Srl, Bolzano, Italy), which records flight time (t) and estimates jump height (h). Jump
height was calculated according to the equation: h = (g - t?)/8, where g = 9.81 m-s~2. Before
testing, athletes completed a standardised warm-up lasting approximately 10-15 min. Max-
imal effort was required for all trials. For the SJ, participants started from a static position
with knees flexed at approximately 90°, hands on hips, and no countermovement. The
position was maintained for ~2-3 s before take-off to minimise elastic contribution. For the
CMyJ, participants began from an upright stance and performed a rapid countermovement
to approximately 90° knee flexion immediately followed by a maximal vertical jump, with
hands maintained on hips throughout the movement. The CMJ_FH was performed sim-
ilarly to the CM]J, although arm swing was permitted. For each jump modality, athletes
completed three trials.

The study design and assessment timeline are shown in Figure 1.

= TESTING SESSION 1 TESTING SESSION 2
FAMILIARISATION (DAY 1) (DAY 3) -
SESSION 1 5-7 days 48h EH

.......... > . oo
. b;' 1 Anthropometry and jump tests | Aerobic capacity test DATA ANALYSIS
7 days before PY _ — - ——
i 1. Anthropometry
Jesting ‘ - Height (cm) @  45-15 Intermittent
« Body mass (kg) Fitness Test e
[ ] -t
' 2. Jump tests (in this order) s
45 s running Descriptive and
sy cmy CMJ_FH « 155 passive recovery associational analyses
5“"""""‘*‘ geolination ° O « Initial distance: 125 m (age category and
of procadures and o Sxe828.0n patievel anthropometry vs.
BSOS « Test to exhaustion performance)
— s A
No causal inference
MAS = distance of last
3 trials for each tes!
Recii 0260 3 beestion wisle completed level / 45 s No i phayes;chenges
e . i
2-3 min between different jump modalities Qamch7t) i
—— m——— m— ﬁ —
15
‘ Standardisation across all sessions
s FED sure i 2 e Q@ 00 raam e e arviess mweution
L ® e LW, ol Whew clothing and footwear MM 2nd timing of protocols
- \
RECOVERY BETWEEN TESTS RATIONALE FOR USING THREE JUMP TESTS NOTES

+ =5 min between anthropometry and jump tests + SJ: assesses concentric force production capacity (no countermovement) « Al tests performed to maximal effort
+ 60-90 s between trials within the same test + CMJ: evaluates stretch-shortening cycle utilisation « Identical instructions and procedures for
+ 2-3 min between different jump tests  CMJ_FH: evaluates upper-mb contribution and coordination participants and categories

« 210 min before the 45-15 test

Abbreviations: SJ = Squat Jump; CMJ = C Jump; CMJ_FH = C Jump with Free Arms;
MAS = Maximal Aerobic Speed.

Figure 1. Study design and assessment timeline.

2.4. Statistical Analysis

Data are reported as mean =+ standard deviation (SD). Normality was assessed using
the Shapiro-Wilk test. A multivariate general linear model (GLM) was used to examine
whether age category, height, and body mass were associated with the combined perfor-
mance profile (SJ, CM], CMJ_FH, and MAS). Age category was entered as a fixed factor,
whereas height and body mass were included as covariates. Multivariate significance was
assessed using Wilks” lambda. When the multivariate model was significant, univariate
analyses were performed for each performance variable. Effect sizes are reported as par-
tial eta squared (n%p), and adjusted R? is reported for the univariate models. Statistical
significance was set at p < 0.05. Analyses were performed using JASP (version 0.95.4.0).

3. Results

Descriptive statistics are reported in Table 1.

https:/ /doi.org/10.3390/sci8060139


https://doi.org/10.3390/sci8060139

Sci 2026, 8, 139 6of 12
Table 1. Descriptive statistics of performance variables by category.
Variable U19 (n =15) U17 (n =15) U16 (n = 15)
Age (years) 18.1 £ 0.6 16.8 = 0.4 154 £0.3
SJ (cm) 36.42 +4.35 36.13 £+ 2.84 32.55 +£2.98
CM]J (cm) 37.49 £+ 4.30 37.11 £ 4.00 31.37 £ 3.71
CMJ_FH (cm) 42.88 £5.71 42.03 £2.78 37.65 + 3.36
MAS (km-h~1) 18.68 £ 0.92 17.62 +1.03 16.37 £1.03
Height (cm) 180.9 - 6.16 174.7 + 6.31 175.5 £ 6.45
Body mass (kg) 68.53 + 5.35 63.03 - 4.03 63.47 +7.20

Note. S = squat jump; CM]J = countermovement jump; CMJ_FH = countermovement jump with free arms; MAS
= maximal aerobic speed. Data are reported by age category.

Data indicate that players in higher categories show, on average, better performance
in both jump tests and the aerobic test compared with players in lower categories. Standard
deviations suggest moderate within-group variability, indicating reasonably homogeneous
performance within each category. Inspection of the mean values shows a general tendency
for performance to increase with age category. In the jump tests, the mean squat jump
values were 36.42 cm in U19, 36.13 cm in U17, and 32.55 ¢m in U16, with lower values
in the youngest group. A similar pattern was observed for the countermovement jump,
with means of 37.49 cm in U19, 37.11 cm in U17, and 31.37 cm in U16. In the arm-swing
countermovement jump, mean values were higher in the older categories (42.88 cm in U19
and 42.03 cm in U17) than in the youngest category (37.65 cm in U16). The same pattern
was observed for MAS, with mean values of 18.68 in U19, 17.62 in U17, and 16.37 in U16.

To evaluate the influence of age category (U19, U17, U16) and anthropometric charac-
teristics (height and body mass) on physical performance, a multivariate analysis was first
conducted by simultaneously considering all performance variables (S], CMJ, CM]J_FH,
MAS). Results are reported in Table 2.

Table 2. Multivariate analysis results.

Effect Wilks’ A F df p n%p
Category 0.269 6.69 10,72 0.001 0.482
Height 0.947 0.40 5.36 0.843 0.053
Body mass 0.942 0.45 5.36 0.813 0.058

Note. Multivariate analysis was performed using Wilks’ Lambda to assess the effect of age category, height, and
body mass on the combined set of performance variables (S], CM]J, CMJ_FH, MAS). nzp = partial eta squared.

Results indicate that neither height nor body mass significantly influenced overall per-
formance (p > 0.05). In contrast, age category showed a highly significant multivariate effect
(p < 0.001), with a moderate-to-large effect size (n?p = 0.482), indicating that age category
explained a meaningful proportion of the observed variability in physical performance
within the fitted model.

Because the multivariate effect of age category was significant, each performance
outcome was subsequently examined separately, and the results are presented in Table 3.

After the multivariate analysis, univariate models indicated that age category was
significantly associated with all performance variables considered. Specifically, significant
between-group differences were observed in both jump tests (SJ, CMJ, and CM]_FH) and
the aerobic test, with moderate-to-large effect sizes. Overall, players in younger categories
(U16 and U17) showed lower performance than U19 players, whereas height and body
mass were not significant.

https://doi.org/10.3390/sci8060139


https://doi.org/10.3390/sci8060139

Sci 2026, 8, 139 7 of 12
Table 3. Univariate analysis results for performance variables.
Variable F p n%p Adj. R?
SJ 6.17 0.005 0.236 0.160
CMJ 10.80 0.001 0.351 0.287
CMJ_FH 6.40 0.004 0.242 0.173
MAS 11.16 0.001 0.358 0.352

Note. Univariate analyses were conducted following the multivariate model to identify specific effects of age
category on each performance variable. Adj. R? = adjusted coefficient of determination indicating explained
variance of each model.

Subsequently, a post hoc multiple-comparison test with Bonferroni correction was
performed to compare age categories, as shown in Table 4. Results showed that U19 players
had significantly higher values than U16 players across all performance indicators (p < 0.05).
When comparing U19 and U17, significant differences emerged for MAS (p < 0.05) but not
for jump performance (SJ, CMJ, and CMJ_FH). U17 players showed significantly higher
values than U16 players for both jump performance and MAS (p < 0.05). Overall, U16
players performed worse than the other groups, with the largest gap observed in MAS.
Comparisons are based on observed means; the significance level was set at p < 0.05.

Table 4. Post hoc multiple comparisons (Bonferroni) between categories for each performance

variable.
Variable U19 vs. U17 U19 vs. Ul6 U17 vs. Ule6
SJ 1.000 0.011* 0.021 *
CM]J 1.000 <0.001 * 0.001 *
CMJ_FH 1.000 0.004 * 0.018 *
MAS 0.004 * <0.001 * 0.017 *

Note: The table reports p-values for pairwise comparisons with Bonferroni correction. * p < 0.05.

4. Discussion

Findings from this study indicate that age category (U16, U17, U19) is the variable most
strongly associated with the overall set of performance outcomes, showing significant asso-
ciations with both explosive components (SJ, CMJ, CMJ_FH) and aerobic capacity (MAS).
The observed multivariate effect suggests that between-category differences translate into
an overall higher performance profile in older categories, with a progressive pattern from
U16 to U19.

From a developmental perspective, this trend is consistent with expectations in youth
soccer, where increasing chronological age is generally associated with biological matura-
tion processes, neuromuscular development, and accumulated training exposure. However,
chronological age does not directly reflect biological maturity, and players within the same
category may differ substantially in their maturation status. Such inter-individual variabil-
ity may contribute to differences in neuromuscular and aerobic performance, meaning that
part of the observed category effect may be related to unmeasured maturational differences
rather than age category alone. Higher body mass and running velocity in older players
may also increase mechanical demands during locomotor tasks. In particular, the combined
increase in mass and speed results in greater momentum, which may potentially increase
the mechanical demands during deceleration and change-in-direction tasks, and could
partially contribute to observed performance differences in the results.

With regard to jump performance, higher values in older categories may reflect a
combination of developmental and training-related factors, potentially including increases
in muscle cross-sectional area, improved motor-unit recruitment and synchronisation,
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greater tendon stiffness, and enhanced utilisation of the stretch—-shortening cycle (55C),
particularly relevant for CMJ and CM]_FH [39-41]. Differences observed in SJ further
suggest that maximal strength expression and neuromuscular activation capacity may also
play a role beyond elastic contributions [42]. Moreover, consistently higher CMJ_FH values
compared with CM]J across all categories highlight the contribution of inter-segmental
coordination and arm swing, which are likely influenced by both maturation and sport-
specific experience.

Aerobic performance, expressed as MAS derived from the 45-15 test, increased sig-
nificantly across categories, with a stronger effect compared with jump variables. This
may reflect differences in the ability to sustain high-intensity intermittent running and
exercise tolerance, as well as potential differences in running economy, and enhanced
exercise tolerance associated with age and training exposure [43-45]. In addition, greater
familiarity with field-based maximal tests may also have contributed to performance differ-
ences [46]. The absence of significant associations for height and body mass when category
was included in the model suggests that age category accounted for a larger proportion of
the observed performance variability in this sample. Moreover, height and body mass do
not distinguish between fat and lean mass, segment lengths, or neuromuscular /technical
factors that influence jump mechanics and stretch—shortening cycle utilisation; therefore,
their ability to explain inter-individual differences in jump height is inherently limited in
youth populations [47,48]. Higher jump performance in older categories may reflect devel-
opmental and training-related factors, although these mechanisms cannot be confirmed due
to the cross-sectional design and lack of direct maturation and body composition measures.
Importantly, the absence of direct maturation assessment (e.g., maturity offset or years
from PHYV, i.e., peak height velocity—the period of maximal growth rate in stature during
adolescence) limits the ability to disentangle the relative contributions of chronological age
and biological maturation. Therefore, the observed differences should be interpreted as
a combined effect of age-related development, unmeasured maturation variability, and
training exposure. From an applied perspective, these findings support the use of periodic
monitoring of aerobic and explosive qualities in youth soccer, interpreted within the context
of both chronological age and, when possible, biological maturation status. Performance
differences within age categories likely reflect both training and developmental variabil-
ity; therefore, individualised training approaches remain essential, particularly during
transitions between youth categories. Field-based assessments of MAS and vertical jump
performance can provide useful profiling information for training orientation and injury
risk monitoring during periods of rapid growth.

Beyond confirming the expected age-category gradient, the present study adds to the
literature by examining aerobic and explosive performance within a single multivariate
framework. This approach allows the overall performance profile to be evaluated while
simultaneously considering age category, height, and body mass, showing that category
was more strongly associated with performance than basic anthropometric characteristics
in this sample. From an applied perspective, these findings may help practitioners interpret
common field tests within a broader developmental context. Several limitations should
be acknowledged. The sample was drawn from a single club without a priori sample size
calculation, limiting generalisability and statistical power. The absence of direct maturation
assessment represents a key limitation, as biological maturation is a major determinant
of youth physical performance. In particular, we did not estimate each player’s maturity
timing (e.g., years from PHV), which prevented stratifying or adjusting analyses by distance
from PHV and may have contributed to within-category variability and between-category
differences. Although anthropometric variables were included as practical proxies, they do
not fully capture maturation status. Furthermore, all measurements were collected within
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a single testing period and were conducted immediately post-training, which, despite stan-
dardisation, does not fully exclude the influence of acute fatigue or test-order effects. This is
particularly relevant for vertical jump tests, where residual neuromuscular fatigue after the
technical-tactical session may have underestimated explosive performance and increased
measurement noise, potentially attenuating true between-category differences. Additional
contextual variables such as training load, playing position, and match exposure were
not available, and field-based tests may not fully replicate laboratory-based physiological
measures. Regarding the neuromuscular assessment, Optojump provides jump height
estimates derived from flight time; therefore, systematic differences in take-off and landing
technique (e.g., greater plantarflexion at take-off and/or landing with increased knee/hip
flexion) may artificially lengthen or shorten flight time and introduce measurement bias
in absolute jump-height values. Although identical instructions were provided across
participants, these device- and technique-related sources of error should be considered
when interpreting small between-group differences. Similarly, MAS derived from the 45—
15 test is an estimate based on the last completed stage under external audio pacing and is
influenced by motivation, pacing compliance, and intermittent running efficiency; it should
not be interpreted as a direct measure of maximal oxygen uptake or laboratory-based
threshold parameters. Finally, relative age effects were not examined and may have influ-
enced between-player variability. Future research should adopt longitudinal, multi-club
designs including direct maturation assessment and external/internal load monitoring to
better clarify the independent and combined effects of biological maturation, chronological
age, and training exposure on physical performance development in youth soccer. In
particular, the integration of validated maturity offset models, such as those proposed by
Moore et al. [49], may provide a practical and non-invasive approach to estimate PHV tim-
ing in applied settings, thereby strengthening the interpretation of growth-related changes
in athletic performance.

5. Conclusions

In this study of youth soccer players, age category was the variable most strongly
associated with the performance profile, with progressive differences from U16 to U19,
particularly for MAS. In contrast, height and body mass were not significantly associated
with performance once category was considered. These findings support the use of periodic
monitoring of jump tests and MAS in youth soccer, while interpreting results in light of
both age category and, when possible, biological maturation. Because of the cross-sectional
design, single-club sample, post-training testing, and absence of maturation measures, the
findings should be interpreted with caution. Future studies should include longitudinal
designs and direct indicators of biological development.
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