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ABSTRACT 
Background & objective: This study aimed to analyze the relationship between conditional capacities 
(agility, speed, aerobic capacity, and explosive strength) and somatic maturation—expressed as years 
from PHV—in a cohort of youth male soccer players.  
Materials & Methods: A quantitative, correlational, and cross-sectional design was employed. 
Seventeen male soccer players aged 14–15 years participated. Somatic maturation was assessed via 
anthropometric estimation of PHV. Physical performance was evaluated using the Andersen Test 
(aerobic capacity), 20 m sprint (linear speed), Illinois Agility Test, and horizontal jump (explosive 
strength). Tests were administered under standardized conditions across three sessions. Data analysis 
included descriptive statistics, Pearson correlation coefficients, and ANOVA using SPSS software. 
Results: Descriptive findings indicated substantial variability in maturation (mean PHV = –0.89 ± 1.21 
years), despite a homogenous chronological age. Correlation analyses revealed no statistically 
significant associations between PHV and the measured performance variables (p > .05). The 
strongest—but still non-significant—trend appeared between PHV and agility (Illinois test; r = –0.319), 
suggesting that more mature players may demonstrate slightly better change-of-direction ability. 
Overall, maturation did not directly predict aerobic performance, explosiveness, or speed in this sample. 
Conclusions: Somatic maturation, expressed through PHV, did not significantly relate to physical 
performance indicators among the adolescent soccer players studied. The considerable variability in 
maturation reinforces the need for coaches to consider biological age rather than relying solely on 
chronological age when interpreting performance, prescribing training loads, and making talent 
selection decisions. These findings highlight the importance of individualized assessment and 
developmentally informed training in youth soccer contexts. 
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INTRODUCTION
Global and Theoretical Context 

Adolescence is marked by substantial differences in somatic 
development even among athletes of the same chronological age. 
In youth soccer, these differences shape training, injury-risk 
management, and talent identification: age-group systems can 
reward temporary advantages in stature, lean mass, strength, and 
speed, potentially obscuring the long-term potential of later 
maturers (Malina et al., 2004); Towlson et al., 2020). Peak height 
velocity (PHV) is the point at which an individual’s linear growth 
rate reaches its maximum. Anthropometric maturity-offset 
equations estimate years before or after predicted PHV; they are 
practical but measure estimated somatic growth timing, not 
skeletal, hormonal, neuromuscular, or overall biological maturity 
directly status (Mirwald et al., 2002). 

The Youth Physical Development Model explains why 
maturation may relate to some performance outcomes but not 
others. It treats development as an interaction among biological 
maturation, body size and composition, neuromuscular function, 
motor skill, and training exposure, rather than as a simple 
consequence of chronological age or one marker (Lloyd & Oliver, 

2012). Around PHV, rapid changes in stature and limb length may 
challenge coordination, while increases in lean mass can support 
force production. Sprinting and jumping depend partly on force 
relative to body mass; change-of-direction performance also 
requires braking, re-acceleration, and motor control; aerobic field 
performance is shaped by body size, training, and test 
characteristics. The theoretical expectation is therefore domain-
specific, not a uniform maturational advantage across all fitness 
tests. 

Critical Review of Existing Evidence 
Quantitative evidence from youth soccer supports this qualified 

interpretation. Among 647 players aged 11–18 years, Sellami et 
al., (2024) found differences in soccer-specific agility and ball-
agility metrics among pre-, circa-, and post-PHV groups. Sprinting 
and lower-limb power were also related to agility, indicating that 
maturation alone does not explain performance. The large sample 
provides useful normative evidence, although its broad age span, 
maturity-group comparisons, and soccer-specific tests differ from 
continuous PHV correlations with several field tests in a narrow age 
range. 
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In Poland, Konarski et al. (2024) assessed 112 male soccer 
players aged 9–16 years using skeletal age, body size, and tests 
of strength, sprinting, acceleration, agility, jumping, and intermittent 
endurance. Among players aged 13–16 years, combined body-size 
and skeletal-maturity terms accounted for 56.7% of strength 
variance and 38.7% of speed variance. However, skeletal maturity 
status alone explained only 0–0.5% of variance in several strength, 
speed, acceleration, and jump outcomes in this older group. Thus, 
apparent maturity-related advantages may partly reflect 
morphology rather than an independent association with maturity 
status. Participants trained for about 90 minutes on five days each 
week, a dose that limits direct comparison with studies that do not 
quantify training exposure. 

Evidence also varies by sex and maturity measure. Gundersen 
et al., (2024) assessed 68 athletes (42 males and 26 females; 
mean age = 13.9 years) using hand-radiograph bone age, 
sprinting, standing long jump, a 2,000-m run, and a motor-
coordination test. Among males, bone age correlated with 40-m 
sprint performance (r = −.556), standing long jump (r = .500), and 
2,000-m running performance (r = −.435); comparable associations 
were not detected among females, and bone age was unrelated to 
coordination in either sex. These moderate associations suggest 
maturity may coincide with selected performance advantages, but 
the sex-specific pattern cautions against universal conclusions. 
Likewise, Ginés et al., (2023) found early-maturing players 
overrepresented in male elite soccer academies and links between 
PHV and coaches’ current-performance ratings. These findings 
illuminate selection bias, but academy representation and coach 
ratings are not direct physiological measures. 

Longitudinal evidence provides a complementary perspective. 
A scoping review of 12 longitudinal studies across youth sports 
concluded that strength and power are affected around PHV and 
that training frequency, volume, and sport specificity can modify 
development (Retzepis et al., 2025). However, studies differed in 
sport, follow-up, training exposure, and outcome measure, limiting 
transfer to every soccer fitness test. Maturity indicators are also not 
interchangeable. In 124 male academy soccer players with 
longitudinal growth records, Monasterio et al. (2024) found that 
common maturity-offset equations misclassified approximately 
one-third to one-half of players relative to classifications based on 
individual growth curves. Such prediction error can weaken 
observed associations when estimated PHV offset is treated as an 
error-free individual measure. 

Differences in age range, competitive level, and statistical 
approach further explain inconsistent findings. Skeletal age, 
maturity-group categories, and predicted years from PHV capture 
related but distinct information; body-size-adjusted models 
estimate a different association from unadjusted Pearson 
correlations. Playing position, technical proficiency, and training 
exposure are not consistently controlled, and cross-sectional 

studies cannot establish whether maturation precedes 
performance change. In small samples, non-significant correlations 
may reflect imprecision and low power rather than no relationship; 
effect magnitude and uncertainty therefore matter alongside p 
values. 

Research Gap, Novelty, and International Contribution 
Although previous studies link biological maturity with selected 

speed, strength, power, and agility outcomes in some youth-sport 
populations, it remains unclear whether anthropometrically 
estimated years from PHV are associated with aerobic field 
performance, 20-m sprint time, Illinois Agility Test time, and 
horizontal-jump distance within the same narrowly defined group 
of 14–15-year-old male soccer players. Previous studies often use 
wider age ranges, skeletal-age measures, maturity-group 
comparisons, or different agility protocols and vary in their control 
of body size and training-related factors. Examining these four 
common field-based outcomes concurrently can test whether the 
direction and magnitude of the maturity association are consistent 
across performance domains. 

The novelty is empirical and context-specific rather than 
methodological: this study examines four field-test outcomes 
against continuous, anthropometrically estimated PHV offset in a 
small convenience cohort tested over three sessions. It introduces 
no new maturity measure, cannot establish causation, and does 
not fully control for body size or training history. Its international 
contribution is a focused replication that can refine application of 
the Youth Physical Development Model by assessing whether 
predicted maturity offset explains detectable between-player 
variation under these conditions. Weak or non-significant 
associations would not show that maturation is biologically 
irrelevant; they would indicate that this estimate did not show a 
statistically detectable linear association with the measured 
outcomes in this cohort. 

Objectives and Hypotheses 
The primary objective was to examine the association between 

predicted maturity offset (years from PHV) and four performance 
outcomes among male soccer players aged 14–15 years: 
Andersen Test distance as an indicator of aerobic field 
performance, 20-m sprint time, Illinois Agility Test time, and 
horizontal-jump distance. A secondary objective was to compare 
the direction and magnitude of associations across these domains. 
We hypothesized that a more positive maturity offset would be 
associated with greater Andersen Test distance and horizontal-
jump distance, and with shorter 20-m sprint and Illinois Agility Test 
times. These are directional hypotheses about associations, not 
causal effects. VO₂max calculated from Andersen Test distance is 
a mathematical transformation of the same test result and should 
not be treated as an independent outcome.

MATERIALS FOR ANALYSIS 
Participants 

The sample consisted of 17 male soccer players, aged 14-15 
years, with at least one year of training experience. The sampling 
was non-probabilistic by convenience. Informed consent was given 
by the researcher and exposed to the players, in accordance with 
the ethical principles of the Declaration of Helsinki. 

Study Organization: Quantitative Analysis 
A quantitative, correlational and comparative cross-sectional 

study was carried out in order to evaluate physical variables related 
to physical condition and maturation in child soccer players. The 

design facilitated the characterization of physical performance 
according to the maturity level, establishing relationships between 
the different physical capacities evaluated. 

Test and Measurement Procedures 
The tests were performed in a period of three consecutive 

sessions, under normal environmental conditions and based on 
standardized protocols. Prior to the application of the tests, the 
players performed a general warm-up for 15 minutes, followed by 
a specific mobility test. 

Table 1. Summary of Testing Procedures and Measurement Protocols 
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Test / 
Procedure 

Description 
Measurement 

Output 

Peak 
Height 
Velocity 
(PHV) 

Somatic maturation was estimated by 
calculating the number of years from the 
predicted peak height velocity using 
anthropometric measures: height, weight, 
sitting height, and chronological age. 

Maturity offset 
(years from 

PHV) 

20 m 
Speed 
Test 

Acceleration and linear speed measured 
through a 20-meter sprint. Each player 
performed two trials, with the fastest time 
recorded. 

Sprint time 
(seconds) 

Andersen 
Test 

Aerobic capacity assessed through 
repeated 15-second run + 15-second rest 
intervals for 10 minutes. Total distance 
used to estimate VO₂ max with the formula: 

VO₂ max = 18.38 + 0.033 × distance – 5.92 
× sex. 

Total distance 
(m) and 

estimated VO₂ 
max 

(ml·kg⁻¹·min⁻¹) 

Illinois 
Agility Test 

Agility assessed through a standardized 
course involving accelerations, directional 
changes, and lateral movements. Two 
attempts were performed; best time 
recorded. 

Completion 
time (seconds) 

Horizontal 
Jump Test 

Lower-limb explosive power measured 
using a standing long jump without run-up. 
Best distance from three attempts recorded. 

Jump distance 
(cm) 

Statistical Analysis 
Data were analyzed by descriptive statistics and Pearson's 
correlation was applied to explore the relationship between 
maturation and physical abilities and ANOVA analysis of variance, 
this was done using SPSS statistical software. 

Ethical Considerations 
This study was conducted in accordance with the ethical 

standards of the Declaration of Helsinki and received ethical 
approval from the Institutional Review Board (IRB) / Ethics 
Committee of Caribbean University Corporation (Approval No.: 
CUC/EC/no. 621-2025). Written informed consent was obtained 
from parents or legal guardians, and verbal assent was obtained 
from all participants prior to data collection. Participation was 
voluntary, and all players were informed of their right to withdraw 
at any time without penalty. All procedures were non-invasive and 
posed minimal risk, and confidentiality of participant information 
was ensured through anonymization and secure data handling. 

 

RESULTS 
The results of the following work evaluated the relationship 

between maturation status and performance in different tests in a 
sample of 17 soccer players. 
Table 2. Descriptive statistics for the basic variables of the subjects under 
study 

  Age (years) Weigth (kg) Heigth (cm) 

N 17 17 17 
Missing 0 0 0 
Mean 14.4 53.5 168 
Median 14.5 52.2 172 

Standard Deviation 0.593 8.10 8.13 
Minimum 13.3 38.6 148 

Maximum 15.1 68.0 177 

The sample was composed of 17 soccer players with an average 
age of 14.4 ± 0.59 years, with an average weight of 53.5 ± 8.10 kg 
and an average height of 168.0 ± 8.13 cm. Despite the fact that the 
chronological age was homogeneous, a high dispersion in weight 
and height could be observed, which translates into disparities in 
the maturation of the players. 

 
Table 3. Descriptive statistics of the physical fitness tests of the study group 

Table 3 shows the descriptive statistics of the variables studied in 
the sample of 17 players aged 14-15 years, these variables include 
the PHV and conditional abilities such as aerobic endurance 
(Andersen test), explosive strength in lower limbs (horizontal 
jump), linear speed (speed in 20m) and agility (Illinois test). On the 
side of somatic maturation (PHV) the average value was -0.89 ± 
1.21 years, indicating that the players have not yet reached their 
peak growth rate, the high standard deviation value means an 
important variability in the maturational level, such variability could 
have direct implications on the response to the training load and 
performance. As for the aerobic capacity, by means of the 
Andersen test, the mean was 1133.88 ± 57.36 m, with a range that 
had a variation between 972 and 1220m, values that reflect a 
moderate aerobic level, something estimated in players at those 

ages, this capacity is less dependent in relation to maturation and 
is more influenced by training, which could be the explanation for 
the lower dispersion.The explosive strength measured by means 
of the horizontal jump test had a mean value of 196.29 ± 23.51 cm, 
with test results between 152 and 237 cm, which shows statistical 
differences in explosive strength that could be attributed to the 
maturation stage. On the other hand, the 20m speed test showed 
values of 3.98 ± 0.20 sec, which shows a consistency in the results, 
this means a homogeneity in the capacity. Finally, the Illinois test 
had a mean of 14.57 ± 0.33 sec, with a range of 14.56 to 16.80 
seconds, a small variability was observed, which could be related 
to the motor coordination and the efficiency of the neuromuscular 
system, capacities that evolve with the development of the nervous 
system. 

 
Table 4. Pearson Correlation Matrix Between PHV and Physical Performance Variables 

Variables PHV Andersen (m) VO₂ max (ml·kg⁻¹·min⁻¹) Illinois Agility (s) 20 m Speed (s) Horizontal Jump (cm) 

PHV — — — — — — 

Andersen (m) 
r = –0.017 
p = 0.950 
df = 15 

— — — — — 

VO₂ max 
r = –0.017 
p = 0.950 
df = 15 

r = 1.000*** 
p < 0.001 

df = 15 
— — — — 

Illinois Agility (s) 
r = –0.319 
p = 0.213 
df = 15 

r = –0.053 
p = 0.839 

df = 15 

r = –0.053 
p = 0.839 
df = 15 

— — — 

 PHV Test de Andersen (m) Salto horizontal (cm) Vel 20m (seg) Test Illinois (seg) 

Minimum -2,5 972,0 152,0 371,0 168,0 
Maximum 1,8 1220,0 237,0 450,0 1605,0 
Median -,88 1133,8 196,2 398,4 1456,5 

Standard Deviation 1,2 57,36 23,5 20,2 333,5 
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20 m Speed (s) 
r = –0.107 
p = 0.682 
df = 15 

r = 0.001 
p = 0.996 

df = 15 

r = 0.001 
p = 0.996 
df = 15 

r = 0.582* 
p = 0.014 

df = 15 
— — 

Horizontal Jump (cm) 
r = 0.132 
p = 0.613 
df = 15 

r = 0.049 
p = 0.853 

df = 15 

r = 0.049 
p = 0.853 
df = 15 

r = 0.002 
p = 0.994 

df = 15 

r = 0.106 
p = 0.687 
df = 15 

— 

Notes:r = Pearson correlation coefficient; df = degrees of freedom; *p < .05 = significant correlation; perfect correlation due to derived VO₂ max formula from Andersen test. 
 

The analysis of bivariate correlations did not show statistical 
relationships between PHV and the rest of the physical variables 
evaluated, which suggests that maturation evaluated by means of 
time relative to peak growth velocity was not a direct indicator of 
conditional performance in the sample evaluated (p>.05). The most 
relevant association was between the PHV and the agility test (r=-
0.319, p=0.213), which indicates a negative and moderate 
tendency, although not significant, it could indicate that the more 

mature players obtain better changes of direction. 
Among the variables analyzed the correlations between the 

PHV and the physical tests are presented the Pearson coefficient 
(R), degrees of freedom (gl) and statistical values (p-value) the 
variables are analyzed with main results, the PHV states a low 
correlation with Andersen (R=0.017) (P-value=0.950) with the VO2 
MAX (R=0.017) (p-value=0.950) with horizontal jump (R=0.132) (p-
value=0.613).

DISCUSSION 
Principal Findings 

This study examined whether somatic maturation, expressed 
as years from predicted Peak Height Velocity (PHV), was 
associated with aerobic capacity, linear speed, agility, and lower-
limb explosive performance in adolescent male soccer players. 
The principal finding was that PHV was not significantly associated 
with any of the physical performance indicators assessed. The 
observed relationships with the Andersen test, 20-m sprint, and 
horizontal jump were small, whereas the association with Illinois 
agility was moderate in magnitude but did not reach statistical 
significance. Thus, the working hypothesis that greater 
maturational advancement would be systematically associated 
with superior physical performance was not supported in this 
sample. 

Importantly, the absence of statistical significance should not 
be interpreted as evidence that biological maturation has no 
practical relevance to youth performance. Statistical significance 
and practical importance address different questions. With only 17 
participants, the study had limited capacity to detect small or 
moderate associations. Consequently, the non-significant 
correlations should be interpreted as evidence that a clear linear 
relationship was not demonstrated in this particular cohort, rather 
than as definitive evidence of no maturational influence. This 
distinction is particularly important because maturation is a 
multidimensional developmental process involving changes in 
body size, muscle mass, neuromuscular function, coordination, 
and hormonal status (Malina et al., 2004; Lloyd & Oliver, 2012). 

The finding therefore contributes to international knowledge by 
suggesting that the relationship between maturation and 
performance may be domain-specific and context-dependent, 
rather than uniformly expressed across all physical capacities. This 
interpretation is consistent with evidence indicating that maturation 
can be associated with selected performance characteristics while 
explaining relatively little variation in other outcomes (Konarski et 
al., 2024; Retzepis et al., 2025). In the present cohort, 
chronological age alone did not adequately describe the 
heterogeneity of biological development, but variation in maturation 
also did not translate into a statistically detectable advantage 
across the complete physical test battery. 

Comparison with International Evidence 
The present findings both agree and disagree with previous 

international research, highlighting the importance of population 
characteristics and methodological differences when interpreting 
maturity-performance relationships. Research from Norway, for 
example, reported significant associations between skeletal 
maturity and 40-m sprint, standing long jump, and 2,000-m running 

performance among adolescent male athletes, although 
comparable associations were not observed among females 
(Gundersen et al., 2024). That study used skeletal age assessed 
through hand radiography, whereas the present investigation 
estimated maturity through anthropometric prediction of years from 
PHV. The different maturity indicators may partly explain the 
contrasting findings because skeletal age and predicted maturity 
offset are related but not interchangeable constructs. 

Similarly, Konarski et al. (2024), using soccer players aged 9–
16 years, reported that body size and skeletal maturity contributed 
to differences in strength and motor performance. Their broader 
age range included both younger and older developmental stages 
than the present 14–15-year-old cohort. Consequently, the 
physiological expression of maturation may have been more 
heterogeneous in their sample. In addition, their analysis explicitly 
considered body size and skeletal maturity, whereas the present 
study primarily examined bivariate relationships between PHV and 
physical performance. Differences in analytical strategy and control 
of body-size-related variation can therefore produce different 
estimates of the apparent contribution of maturation. 

Evidence from soccer-specific research also demonstrates that 
maturation does not operate independently of the performance 
domain. Sellami et al. (2024), studying soccer players aged 11–18 
years, examined maturation in relation to specific agility 
performance and its fitness predictors. Their findings emphasize 
that sprinting, jumping, anthropometric characteristics, and 
maturation can jointly contribute to performance profiles. The 
present study similarly observed that agility showed the largest 
PHV association among the evaluated tests, although the 
relationship was not statistically significant. The convergence is 
therefore more apparent at the conceptual level than at the level of 
statistical significance: both studies suggest that agility should not 
be interpreted through maturation alone. 

Research involving elite under-16 footballers has also 
demonstrated maturational effects on physical capacities and 
anabolic hormones (Eskandarifard et al., 2021). The contrast with 
the current findings may partly reflect differences in competitive 
level, training exposure, sample composition, and physiological 
characteristics. Elite players are exposed to systematic training 
and selection processes that may increase homogeneity in 
technical and physical characteristics while simultaneously 
producing different developmental profiles from recreational or 
regional youth players. Training exposure may also modify the 
expression of maturation-related differences, making the observed 
relationship dependent on both biological development and 
accumulated training stimulus. 
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The absence of a significant relationship between PHV and 
aerobic performance is nevertheless compatible with evidence 
indicating that aerobic development in youth athletes is influenced 
by training, body composition, and scaling considerations rather 
than maturation alone (Armstrong & Welsman, 2020; Tingelstad et 
al., 2023). Likewise, the absence of a significant PHV relationship 
with horizontal jumping performance is compatible with the broader 
literature suggesting that strength and power development follow 
complex developmental trajectories and are not determined 
exclusively by maturation status (Granacher et al., 2011; Radnor 
et al., 2017; Retzepis et al., 2025). 

The differences between studies may therefore arise from 
several interacting factors: population and age range, competitive 
level, maturity assessment method, physical-performance tests, 
training exposure, body-size adjustment, study design, and 
statistical modelling. Duration and training dose are especially 
relevant when comparing cross-sectional studies with longitudinal 
or intervention research. The present study was cross-sectional 
and therefore could not determine whether changes in PHV 
preceded changes in performance. It also did not quantify training 
volume, intensity, or accumulated training history sufficiently to 
separate maturational effects from training adaptations. These 
distinctions caution against interpreting apparently inconsistent 
international findings as contradictory evidence; instead, they may 
reflect different developmental and methodological contexts. 

Theoretical, Methodological, and Practical Implications 
Theoretically, the findings support a multifactorial interpretation 

of youth physical performance. The Youth Physical Development 
framework emphasizes that strength, speed, power, and 
coordination develop through interactions among biological 
maturation, neuromuscular development, training, and individual 
characteristics rather than through a single developmental 
mechanism (Lloyd & Oliver, 2012). The current results extend this 
perspective by demonstrating that even when maturation varies 
substantially within a relatively narrow chronological age range, 
PHV may not independently explain performance variation across 
multiple field-based tests. 

The findings also refine the interpretation of PHV as a practical 
monitoring tool. PHV remains useful for describing biological 
development and identifying maturity-related differences, but the 
present results suggest that it should not be treated as a stand-
alone predictor of performance. This is consistent with 
recommendations emphasizing individualized consideration of 
maturation, training load, injury risk, and performance development 
in youth soccer (Towlson et al., 2020; Helsen et al., 2021). Maturity 
information may therefore be most useful when integrated with 
anthropometry, training history, technical ability, physical testing, 
and longitudinal growth monitoring. 

Methodologically, the study demonstrates the value of 
assessing several performance domains rather than relying on a 
single physical outcome. However, the findings also expose the 
limitations of simple bivariate correlations for understanding a 
complex developmental process. Future analyses should 
incorporate multivariable models that account for chronological 
age, body size, training exposure, playing position, and potentially 
nutritional or socioeconomic factors. Such approaches could 
determine whether PHV contributes unique explanatory 
information after other relevant predictors are considered. 

A particularly important practical implication concerns talent 
identification. The findings do not support using PHV alone to 
classify adolescent players according to physical potential. 
Previous work has shown that advanced maturation can create 
selection advantages in youth soccer, while these advantages may 

vary according to playing position and developmental context 
(Sweeney et al., 2022, 2023). Therefore, maturity-informed 
assessment should complement rather than replace technical, 
tactical, psychological, and physical evaluation. Maturity-matched 
approaches such as bio-banding may also help reduce the 
influence of temporary size and maturity differences during player 
development (Towlson et al., 2020; Helsen et al., 2021). 

Strengths and Limitations 
Several strengths should be considered when interpreting 

these findings. First, the study evaluated several important 
physical-performance domains—agility, linear speed, aerobic 
capacity, and explosive strength—using standardized field-based 
procedures. Second, testing was conducted across three 
consecutive sessions under standardized conditions, with warm-up 
procedures and repeated trials for selected tests. Third, the study 
explicitly quantified biological maturation rather than relying 
exclusively on chronological age. Finally, there were no reported 
missing observations in the principal descriptive variables, which 
reduces uncertainty arising from incomplete datasets.  

Nevertheless, the limitations substantially constrain 
interpretation. The most important limitation is the very small 
convenience sample (n = 17). Such a sample limits statistical 
power, increases uncertainty around correlation estimates, and 
reduces transferability to other adolescent soccer populations. A 
non-significant result may therefore represent either a genuinely 
weak relationship or insufficient precision to detect an existing 
association. The cross-sectional design is another major limitation 
because it captures maturation and performance at one point in 
time and cannot establish temporal or causal relationships. 
Longitudinal follow-up would be necessary to determine whether 
changes in maturity status precede changes in physical 
performance. 

Measurement considerations are also important. PHV was 
estimated using anthropometric measures and predicted maturity 
offset rather than direct skeletal-age assessment. Prediction-
based maturity estimates are practical and non-invasive, but they 
contain estimation uncertainty and should not be interpreted as 
equivalent to direct biological markers (Mirwald et al., 2002; 
Towlson et al., 2020). In addition, the physical tests were field-
based and therefore provide ecologically useful outcomes but may 
not capture detailed biomechanical, neuromuscular, or 
physiological mechanisms. 

Potential confounding was another limitation. The analysis did 
not appear to adjust simultaneously for body mass, stature, body 
composition, training history, playing position, technical 
proficiency, or previous exposure to structured training. These 
variables may influence both maturation and performance. 
Furthermore, the sample consisted exclusively of male players 
aged approximately 14–15 years, restricting transferability to 
female athletes, younger children, older adolescents, and different 
competitive levels. 

The study also involved multiple performance outcomes and 
several correlation tests. No correction for multiplicity was reported. 
Consequently, individual p-values should be interpreted cautiously, 
particularly in a small sample. The reported perfect correlation 
between Andersen distance and estimated VO₂max also requires 
special caution because VO₂max was mathematically derived from 
Andersen-test distance; it therefore does not represent an 
independent empirical association.  

Blinding of testers was not reported, and there was no follow-
up period. Although the performance tests were standardized, lack 
of information regarding tester blinding means that observer-
related bias cannot be completely excluded. These limitations do 
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not invalidate the findings, but they support a conservative 
interpretation: the study provides evidence concerning this specific 
cohort and measurement approach rather than definitive evidence 
that PHV is unrelated to youth soccer performance. 

Future Research 
Future research should move from small cross-sectional 

samples toward multicentre, longitudinal, and adequately powered 
designs. Studies should recruit larger cohorts of male and female 
players from different competitive levels and geographical regions, 
including Europe, Latin America, Asia, Africa, and the Middle East, 
to determine whether the maturity-performance relationship is 
context-specific. Repeated measurements over at least 12–24 
months would allow researchers to examine trajectories before, 
during, and after PHV rather than treating maturation as a single 
cross-sectional value. 

Future studies should also compare complementary maturity 
indicators, including predicted maturity offset, skeletal age, and 
longitudinal growth velocity, while explicitly modelling uncertainty 
in maturity estimation. Performance assessment should combine 
sprinting, change-of-direction ability, jumping, aerobic capacity, 
technical performance, and sport-specific match outcomes. 
Potential mediators and moderators—including body composition, 
training exposure, playing position, sex, biological maturity status, 

and technical proficiency—should be examined using multivariable 
and longitudinal models. 

Replication should use harmonized testing protocols and 
preregistered analytical plans, including explicit approaches to 
multiplicity and missing data. Larger datasets would also permit 
nonlinear models and interaction analyses to determine whether 
the influence of maturation differs before, around, and after PHV. 
Implementation studies should subsequently evaluate whether 
maturity-informed training and bio-banding approaches improve 
player development, reduce inappropriate training-load allocation, 
or alter talent-selection patterns. Finally, cost-effectiveness 
analyses are warranted to determine whether routine maturity 
monitoring provides sufficient practical benefit relative to its 
financial, personnel, and logistical requirements. 

Overall, the present study contributes to the international 
literature by showing that PHV should not be interpreted as a 
universal or stand-alone determinant of physical performance in 
adolescent soccer. Instead, maturation appears best understood 
as one component within a broader developmental system in which 
biological, morphological, neuromuscular, technical, training, and 
contextual factors interact. This interpretation is consistent with the 
increasingly multifactorial approach advocated in contemporary 
youth athlete development research (Towlson et al., 2020; 
Sweeney et al., 2023; Retzepis et al., 2025).

CONCLUSION 
This study examined the relationship between somatic 

maturation, expressed as years from predicted Peak Height 
Velocity (PHV), and physical performance among adolescent male 
soccer players. The findings showed that PHV was not significantly 
associated with aerobic capacity, linear speed, agility, or lower-limb 
explosive performance in the study cohort. Accordingly, the 
hypothesis that greater maturational advancement would be 
consistently associated with better physical performance was not 
supported. The findings indicate that PHV should not be interpreted 
as a stand-alone indicator of physical performance during early-to-
mid adolescence, as performance is likely influenced by the 
interaction of biological, neuromuscular, morphological, technical, 
and training-related factors. 

From an international perspective, these findings contribute to 
the growing evidence that the maturity–performance relationship in 
youth soccer is context-dependent rather than uniform across 
physical domains and populations. The results support the use of 
maturity-informed assessment while cautioning against relying 
exclusively on chronological age or PHV when evaluating 
adolescent players, prescribing training, or informing talent-
development decisions. However, given the small convenience 
sample and cross-sectional design, the findings should not be 
generalized to all youth soccer populations. Larger, longitudinal, 
and more diverse studies are required to determine how changes 
in biological maturation interact with physical performance across 
different developmental stages and sporting contexts.
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