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Abstract Modern football has undergone significant
changes in its performance model. In the past, results
depended mainly on athletes with technical skills, but with
the introduction of new tactical strategies, coaches have
demanded higher athletic performance, making physical
fitness a determining factor. In football academies, it is
therefore essential to develop strength, speed and
endurance during puberty, integrated with technical and
tactical work, to prepare young players for the transition to
higher categories. Although the literature highlights the
effectiveness of protocols geared towards individual
conditional capacities, there are still few studies that have
analysed protocols capable of simultaneously developing
multiple components of physical performance in young
footballers. The objective is to analyse and quantify
adaptations in conditional capacities and their mutual
relationships after a standard, structured training protocol
aimed at improving conditional capacities in Under-14
footballers at a football academy. Fifteen Under-14
footballers took part in three 90-minute sessions per week
for six months, including linear sprints, changes of
direction, plyometric exercises, intermittent aerobic work
and technical-tactical activities. Conditional capacities
were assessed using 30 m sprints, 5-10-5 sprints, long
jump, quintuple jump and Sit & Reach tests, administered
before and after the intervention. Statistical analysis
included paired t-tests, Pearson correlations and
multivariate linear regression (p < .05). All capacities
improved significantly: sprint, agility, long jump and

quintuple jump (p < .000001) and flexibility (p =.0028). A
moderate correlation emerged between linear speed and
agility (r = 0.59), while the others were weak. Regression
shows that no initial ability predicts the post-sprint; the pre
5-10-5 predicts post agility (B = 1.046; p = .001) and the
pre long jump predicts both the post long jump (B = 0.823;
p = .026) and the post Sit & Reach (B = 18.131; p = .009).
The multimodal protocol proved effective in improving
various conditional capacities in young Under-14
footballers. The only significant relationship is between
linear speed and agility; the other capacities appear to be
independent, supporting a multifactorial development
model in puberty. The study highlights the importance of
integrated programming consistent with biological
maturation in football academies.
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1. Introduction

In recent years, football has undergone a profound
transformation, becoming a sport increasingly focused on
physical performance [1]. The intensity of effort, speed of
action and volume of high-intensity activities have
increased significantly, meaning that technique and tactics
are no longer sufficient to meet the demands of the modern
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game. [2,3]. Early adolescence represents one of the most
sensitive and strategically valuable phases for long-term
football development. Between 12 and 14 years of age,
players undergo profound neuromuscular and coordinative
adaptations associated with growth-related plasticity,
making this period particularly responsive to speed, power
and change-of-direction training stimuli [4]. This phase
coincides with the so-called “windows of accelerated
adaptation”, during which targeted training may produce
long-lasting effects on sprint ability, agility and explosive
strength, all of which are key performance determinants in
modern football [5].

Accordingly, U14 players represent a highly valuable
population for investigating training-induced changes in
conditional capacities, as physical adaptations occurring
during this stage may significantly influence future
performance potential and injury resilience [6]. Despite
this, longitudinal applied studies focusing specifically on
football-related multimodal training effects in this age
category remain limited, highlighting the need for further
evidence-based investigations.

In youth football, physical conditioning cannot be
considered as an isolated component but must be
interpreted within an integrated developmental framework
in which physical, technical and tactical dimensions
interact continuously [7]. Physical qualities such as sprint
ability, change-of-direction speed and explosive strength
directly influence players’ capacity to execute technical
actions under time pressure and to adapt tactically to
dynamic game situations [8]. Consequently, conditioning
programmes in youth football should aim to develop
physical capacities in a way that supports technical
proficiency and tactical behaviour rather than focusing on
isolated fitness improvements.

Evidence-based youth football models emphasise the
importance of integrated and football-specific training
approaches, combining neuromuscular development,
repeated sprint ability, coordination and game-based
learning to optimise long-term performance potential [9].
Applied football-specific research has also highlighted the
effectiveness  of  structured multimodal training
programmes in improving speed, agility and power in
adolescent football players, reinforcing the relevance of
integrated conditioning strategies during early adolescence
[10].

Many coaches have gradually modified their
performance model, focusing on maximising athletic
components, partly to compensate for any technical
shortcomings in their teams and thus increase the
likelihood of achieving positive results [11,12].
Consequently, the increasing complexity of the
performance model has led to greater structuring of
technical staff, not only in professional leagues but also in
football academies [13]. Teams now employ qualified
athletic trainers with specific university training in sport

sciences and federal certifications, who are responsible for
managing external loads and conditional development
programmes, as well as figures dedicated to injury
prevention and recovery [14].

The evolution of the game has been further accelerated
by regulatory changes that have increased the speed of play:
the 1992 back-pass rule prevented the goalkeeper from
slowing down the pace, while the introduction of five
substitutions allowed for high intensity throughout the
entire match [15,16]. These changes have led to an increase
in sprints, accelerations and decelerations [17] and
encouraged a more dynamic, transition-oriented style of
play. Another factor is the increase in the number of
matches per season, which exposes athletes, even at the
youth level, to greater physiological demands,
accumulated fatigue and repeated microtraumas [18]. At
the same time, monitoring technologies such as GPS,
accelerometers and tracking systems have made it possible
to accurately quantify the neuromuscular demands of
modern football, highlighting constant increases in the
distances covered at high intensity and in metabolic loads
[19].

In youth categories, these requirements are intertwined
with the characteristics of pubertal development, and
football academies are the educational environment where
physical fitness is pursued to physically prepare young
footballers who are in the midst of pubertal development,
where physical fitness develops unevenly for individual
skills-related fitness and individual skills-related cognitive
abilities, such as playing technique and team tactics [20].
During puberty, young people experience uneven
development of fitness-related skills (strength, speed,
power, endurance) and cognitive-related skills (individual
technique, collective tactics), influenced by hormonal
changes and the high neuromuscular plasticity typical of
this phase [21].

Various evidence shows that training during puberty is a
particularly effective stimulus for improving coordination,
technique and conditioning skills [22,23]. Consequently,
the combined development of physical and cognitive
abilities is essential for optimal training, requiring
well-calibrated protocols to prevent overload, injury and
specialisations that are inappropriate for psychophysical
development [24,25]. Progressive and individualised
programming, respectful of biological maturation times, is
considered  essential  for  supporting harmonious
development [26,27], as is a multilateral approach that
integrates physical, technical and coordination skills. In
this context, it is essential to consider not only which skills
to develop, but also how to train them. In fact, while
puberty represents a favourable window for physical and
coordinative development, the training method adopted
can have a decisive influence on the quality of the
adaptations achieved.
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During puberty, fitness-related skills develop naturally
due to hormonal changes, as do cognitive-related skills due
to the high plasticity of the neuromuscular system.
Therefore, the combined development of fitness-related
and cognitive-related skills characterises the optimal
education of young footballers, with the pursuit of full
effectiveness in the administration of physical exercise
protocols. The literature highlights how training at this
stage must be appropriately calibrated to prevent stress
from overload, injuries and even premature specialisation,
which are harmful to the orderly and sustainable
development of the young footballer's mental and physical
development [28].

Integrated training, which combines technical, tactical
and conditional stimuli, seems more consistent with the
principle of specificity required by situational sports, as it
reproduces motor patterns, intermittent intensity,
accelerations, decelerations and perceptual-decision-
making conditions typical of competition [29]. In this
regard, small-sided games (SSG) have established
themselves as a preferred method for simultaneously
inducing metabolic stress, neuromuscular stress and
cognitive demands, proving to be more effective than
isolated exercises in improving specific football-related
conditional capacities [30].

More recent evidence also shows that different SSG
formats allow for precise modulation of external and
internal load, providing a highly manipulable training

method that can be adapted to the needs of youth categories.

In light of this evidence, the adoption of integrated training
models in youth categories responds to the need to develop
physical, technical and cognitive qualities in a combined
manner  consistent with  performance principles.
Furthermore, recent evidence shows that the integration of
perceptual constraints in SSGs can further enhance the
decision-making processes and cognitive adaptation of
young footballers, confirming the relevance of ecologically
representative contexts [31]. Although there is ample
evidence in scientific literature on the effectiveness of
specific training protocols for improving individual
physical abilities (strength, endurance and speed), there are
still few studies investigating the effect of exercise
protocols that simultaneously develop  multiple
components of physical performance in young footballers.
In particular, it is still unclear whether a structured and
calibrated training protocol for conditional capacities,
administered to young footballers under 14 (U14), is
capable of producing significant improvements in each of
the individual skills related to fitness (strength, endurance
and speed) in the context of interdependence, i.e. the exact
dimension of the relationship and/or correlations.

The aim of this study is to analyse and quantify
conditional adaptations and the relationship between them
following the application of a standard, structured training
protocol specifically geared towards developing
conditional capacities (strength, speed and endurance) in
children under the age of 14 at a football academy.
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2. Materials and Methods

2.1. Study Participants

The sample consisted of 15 young footballers
belonging to the Ul4 category, with an average age of
13.8 +=SD years. The participants had an average height
of 1.60 £SD m and an average body weight of 60.0 £SD
kg. All athletes were regularly registered with a football
academy and participated regularly in training activities
with an average frequency of 3 sessions per week. Male
athletes without musculoskeletal injuries in the last 6
months and without known neurological, cardiovascular
or orthopedic conditions that could affect physical
performance were included in the study. Exclusion criteria
included the presence of current injuries, use of
medications that could interfere with the response to
exercise, and prolonged absences (>20%) during the
intervention period. All participants and their parents/legal
guardians provided written informed consent, and the
study was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

2.2. Study Design

The present study adopted a single-group pre—post
longitudinal design, which was selected to reflect the
ecological and organisational constraints of a competitive
youth football academy, where the formation of a parallel
non-training control group was not feasible for ethical and
sporting reasons. All participants followed the same
standardized training schedule prescribed by the club’s
technical staff, allowing the evaluation of within-subject
performance changes over a competitive season.

The weekly training microcycle consisted of three
90-minute sessions and one official match. Each training
session included: neuromuscular activation and sprint
drills (24 > 10-30 m sprints with 2-3 min recovery),
change-of-direction exercises (3-5 sets of 4-6 repetitions),
plyometric exercises (2—4 sets of 6-10 jumps), intermittent
aerobic work (3-5 min bouts with 2-3 min recovery), and
football-specific small-sided games (formats ranging from
3v3 to 6v6, 2-4 bouts of 3-6 min, with work-to-rest ratios
of approximately 1:1). Training load was progressively
increased over the 24-week period by manipulating volume
(sets, repetitions, and bout duration), task complexity, and
pitch dimensions. This was followed by a neuromuscular
activation phase involving skipping exercises and technical
running drills, with the aim of preparing the neuromuscular
system for high-intensity efforts. The central part of the
session included specific exercises for developing linear
speed through maximum sprints over 30 metres and work
on 180<changes of direction using the 5-10-5 m protocol
(Pro Agility Drill). These activities were followed by
plyometric exercises, such as standing long jumps and
standing quintuple jumps, aimed at developing explosive
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strength in the lower limbs. The final part of the session
included exercises to improve flexibility, using exercises
derived from the Sit and Reach test, and intermittent
aerobic work at medium-high intensity. The
technical-tactical component was developed through
small-sided games and ball possession situations in
confined spaces, to facilitate the transfer of physical skills
to the game context. Each session ended with a final free
match, aimed at integrating physical stimuli with technical
and tactical stimuli in a situation that was as representative
as possible of the competition [32,33]. The weekly
programme included three training sessions plus one
official match. The assessment of conditional capacities
was carried out through a series of tests administered
before the start of the training period and after six months
of intervention.

The tests used included the 30-metre sprint, in which the
athlete stands behind the starting line and, without a
command, sprints at maximum speed over a straight
30-metre stretch, all measured with the aid of photocells;
the Pro Agility Drill 5-10-5, in which the athlete stands in
a central position behind the starting photocell and, without
a command, sprints 5 metres in one direction, then changes
direction (180 for 10 metres, changes direction again
(1809 for 5 metres, thus returning to the starting point; the
standing long jump, in which the athlete stands behind the
starting line, prepares for the jump by bending their legs
and bringing their arms back. From this position, they jump,
swinging their arms forward and landing as far as possible
with both feet together; the standing quintuple jump, in
which the athlete stands behind the starting line, prepares
for the jump by bending their legs and bringing their arms
back. Then jump, swinging your arms forward and landing
as far away as possible with your feet together, and
perform five jumps in succession without stopping; finally,
the Sit and Reach flexibility test, in which the athlete sits
on the ground with their legs stretched out in front of them
and their feet completely in contact with the Sit and Reach
Box, without shoes. Both knees must be fully extended (the
tester can help to keep them still during the stretch). At the
start, the palms of the hands must be facing downwards and
the hands perfectly one on top of the other. The athlete
takes a forced breath in and, while breathing out, bends
their torso forward, following the measurement line on the
box with their hands, without bending their legs. They
must try to stretch as far as possible and hold the position
for three seconds to allow the measurement to be taken at
the point where their hands stop.

2.3. Statistics Analysis

Statistical analysis was conducted to evaluate the
pre-post changes induced by the training protocol and to
investigate the relationships between the different
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conditional capacities. First, descriptive statistics were
calculated for each variable (mean, standard deviation,
and confidence intervals). The normality of the data
distribution was verified using the Shapiro-Wilk test. To
compare the measurements taken before and after the
training period, the paired samples t-test was applied to
identify statistically significant differences. Subsequently,
Pearson’s correlation was used to analyse the strength and
direction of the relationships between the changes in the
different conditional capacities. Finally, a multivariate
linear regression was performed to examine the
contribution of independent variables in predicting the
observed changes in performance. The level of statistical
significance was set at p < 0.05. All analyses were
performed using JASP software (version 0.18.3, JASP
Team, University of Amsterdam, Netherlands).

2.4. Ethical Committee

The authors declare that this study was conducted in
accordance with internationally recognised ethical
standards. The research was designed and conducted by
the Research Centre of Physical Education and Exercise
of Pegaso Digital University of Naples. All procedures
complied with the ethical principles set forth by the
Centre’s Ethics Committee, under protocol code PROT/E
004726 dated 15/07/2025.

3. Results

The application of the 30 m sprint test showed a
reduction in average running times from pre- to post-test.
Specifically, the average time decreased from 4.97 +0.24
seconds (s) in the initial assessment to 4.83 +0.22 s in the
final assessment, highlighting an overall improvement in
linear speed performance in the sample. Subsequently, in
the Pro Agility 5-10-5 change of direction test, the average
execution times showed a reduction in the post-test. The
average went from 5.28 +0.20 s to 5.12 £0.19 s, indicating
a general improvement in acceleration, deceleration and
change of direction abilities. For the standing long jump
test, an increase in the average distances achieved by the
athletes was observed after the training period. The average
distance increased from 1.97 +0.14 m to 2.13 +£0.17 m,
suggesting an improvement in the explosive strength of the
lower limbs. In the standing quintuple jump test, there was
an increase in the average distance covered by the athletes.
The average values went from 9.29 + 0.75 m in the
pre-phase to 9.85 £0.67 m in the post-phase. The Sit and
Reach test showed an improvement in joint mobility. The
average value increased from 0.76 =+ 3.75 c¢cm in the
pre-phase to 1.58 +3.35 ¢cm in the post-phase. All results
are summarised in Table 1.
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Table 1. Descriptive statistics
Test Pre Pre Post Post
Mean DS Mean DS
30 m sprint (s) 4.97 024  4.83 0.22
Pro Agility 5-10-5 (s) 528 020 512 0.19
Standing long jump (m) 1.97 014 213 0.17
Standing quintuple jump (m)  9.29 075 9.85 0.67
Sit and Reach (cm) 0.76 3.75 1.58 3.35

The paired t-test was then applied, where the p-value
values show that in the 30 m Sprint test, Pro Agility 5-
10-5 test, Standing Long Jump and Standing Quintuple
Jump tests, the differences between pre- and post-tests are
highly significant (p < .000001), indicating that the
changes observed after the training period are not
attributable to chance. In the Sit & Reach test, the
difference is still statistically significant (p = 0.0028),
although with a less extreme level of significance than in
the other tests. All this is reported in Table 2.

Table 2. Paired samples t-test
Test p-value
30 m sprint <.000001
Pro Agility 5-10-5 <.000001
Standing long jump <.000001
Standing quintuple jump <.000001
Sit & Reach .0028

Table 3. Pearson's correlation
Couple of variables (A) r
30 m sprint < Pro Agility 5-10-5 0.59
30 m sprint < Standing long jump 0.09
30 m sprint < Standing quintuple jump -0.19
30 m sprint < Sit & Reach -0.12
Pro Agility 5-10-5 <> Standing long jump 0.13
Pro Agility 5-10-5 < Standing quintuple jump  —0.29
Pro Agility 5-10-5 < Sit & Reach 0.06
Standing long jump < Standing quintuple jump  —0.44
Standing long jump < Sit & Reach 0.41
Standing quintuple jump < Sit & Reach 0.22

Applying Pearson's correlation, it can be observed that
there is a moderate-strong positive correlation between 30
m Sprint and Pro Agility 5-10-5 (r = 0.59), indicating that

improvements in the two capacities tend to vary in the
same direction; the relationships between 30 m Sprint and
the other tests are weak or negligible (r between —-0.19 and
0.09); the correlations between Pro Agility 5-10-5 and
the other tests are weak, both positive and negative; there
is a moderate negative correlation between Standing Long
Jump and Standing Quintuple Jump (r = —0.44); there is a
moderate positive correlation between Standing Long
Jump and Sit & Reach (r = 0.41); between Standing
Quintuple Jump and Sit & Reach, the correlation is
weakly positive (r = 0.22). All of this can be seen in Table
3.

Subsequently, multivariate linear regression was
performed to examine the predictive contribution of
pre-intervention variables on post-intervention
performance in the various conditional capacities. With
regard to linear speed (30 m sprint post), none of the
predictors considered showed a statistically significant
association (p > 0.05), suggesting that the initial values of
the various conditional abilities were not decisive in
predicting final sprint performance. In the model relating
to agility (Pro Agility 5-10-5 post), only the initial value
of the same test (Pro Agility 5-10-5 pre) showed a
statistically significant predictive effect (B = 1.046; p
= .001), indicating strong performance stability over time
and suggesting that the starting level is the main factor
associated with the final result in this capacity. In the
regression model for the post-intervention standing long
jump, the initial standing long jump score was a
significant predictor (B = 0.823; p = .026), while the other
variables showed no significant associations. This data
highlights that initial levels of explosive strength are
closely associated with final levels of the same capacity.
With regard to the standing quintuple jump, none of the
independent variables showed a statistically significant
predictive effect (p > .05), suggesting that the changes
observed in this test cannot be explained linearly by the
initial values of the other conditional capacities
considered in the model. Finally, in the model relating to
flexibility (Sit & Reach post), the initial value of the long
jump showed a significant association (B = 18.131; p
= .009), while the other variables did not reach the
threshold of statistical significance. All of this can be seen
in Table 4. In addition to statistical significance, the
magnitude of changes was quantified by calculating effect
sizes (Cohen’s d), which revealed large effects for sprint
performance, change-of-direction ability, vertical jump
performance and flexibility (d > 0.80), indicating
substantial practical improvements following the training
period.
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Table 4. Multivariate linear regression

Dependent Variable: 30 m sprint Post

Predictor B SE t p

Intercept 1.163 4.265 0.273 791
30 m sprint Pre 0.398 0.494 0.807 440
Pro Agility 5-10-5 Pre 0.434 0.450 0.966 .359
Standing long jump Pre 0.166 0.558 0.298 172
Standing quintuple jump Pre -0.101 0.110 -0.911 .386
Sit & Reach Pre 0.004 0.014 0.281 .785

Dependent Variable: Pro Agility 5-10-5 Post

Predictor B SE t p

Intercept -1.600 1.980 -0.808 440
30 m sprint Pre 0.101 0.229 0.442 .669
Pro Agility 5-10-5 Pre 1.046 0.209 5.014 .001
Standing long jump Pre 0.274 0.259 1.056 .318
Standing quintuple Pre 0.017 0.051 0.326 752
Sit & Reach Pre —0.000 0.007 -0.041 .968

Dependent Variable: Standing long jump Post

Predictor B SE t p

Intercept 0.144 2.364 0.061 .953
30 m sprint Pre 0.042 0.274 0.154 .881
Pro Agility 5-10-5 Pre -0.171 0.249 —0.688 .509
Standing long jump Pre 0.823 0.309 2.661 .026
Standing quintuple jump Pre 0.115 0.061 1.881 .093
Sit & Reach Pre -0.013 0.008 -1.644 135

Dependent Variable: Standing quintuple jump Post

Predictor B SE t p

Intercept 17.352 12.582 1.379 .201
30 m sprint Pre —-0.555 1.456 -0.381 712
Pro Agility 5-10-5 Pre -1.482 1.326 -1.117 .293
Standing long jump Pre 0.149 1.646 0.090 .930
Standing quintuple jump Pre 0.300 0.326 0.921 .381
Sit & Reach Pre -0.001 0.043 -0.019 .986

Dependent Variable: Sit & Reach Post

Predictor B SE t p

Intercept -31.732 41.875 -0.758 468
30 m sprint Pre -5.013 4.846 -1.034 .328
Pro Agility 5-10-5 Pre 5.011 4414 1.135 .286
Standing long jump Pre 18.131 5.478 3.310 .009
Standing quintuple jump Pre —-0.446 1.085 -0.411 .691

Sit & Reach Pre 0.272 0.142 1.913 .088
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4. Discussion

The pre-post analysis shows that the training protocol
produced significant improvements in all the conditional
capacities tested. The U14 youth footballers made very
significant progress in speed (30 m sprint, p < .000001),
agility (Pro Agility 5-10-5, p < .000001), explosive
strength  (Standing long jump, p < .000001),
elastic-reactive strength (Standing quintuple jump, p
< .000001) and, to a lesser extent, mobility (Sit & Reach,
p =.0028). The results of the study show that the training
protocol produced statistically significant improvements
in all the conditional capacities analysed in young U14
footballers. The progress observed in linear speed, agility,
explosive strength and elastic-reactive strength suggests
that a structured, multimodal programme, administered at
a sensitive stage of pubertal development, can stimulate
significant neuromuscular adaptations. The improvement
in joint mobility, albeit more modest, indicates that
flexibility skills are less sensitive in this age group than
strength-speed qualities, but can still be trained through
systematic stimuli. These results are in line with the
literature, which highlights how puberty is a sensitive
phase for the development of neuromuscular qualities, in
particular speed, explosive strength and the capacity to
change direction [23,34]. Previous studies have shown
that multimodal training programmes, combining
sprinting, plyometrics and changes of direction, can
induce significant adaptations in the motor performance of
young athletes [35,36].

Beyond statistical significance, the magnitude of
changes observed in sprint, change-of-direction and
explosive strength performance showed large effect sizes,
indicating meaningful practical improvements in key
football-related performance determinants. Improvements
in sprint acceleration and change of direction ability are
directly associated with players’ capacity to perform
high-intensity actions such as pressing, defensive
recovery, and attacking runs, suggesting that the observed
adaptations may have relevant implications for match
performance in youth football.

Pearson's correlation shows that only the relationship
between speed and agility is significant (r = 0.59; p <.05),
suggesting that rapid changes of direction contribute to
linear speed in young athletes. No significant correlation
emerges between sprinting and explosive strength or
between sprinting and elastic-reactive strength (r < .20),
indicating that these abilities improve but independently.
The correlation analysis revealed a moderate relationship
between linear speed and agility, suggesting that in young
athletes, the ability to change direction efficiently is
functionally related to sprint quality. Conversely, the
absence of significant correlations between sprinting and
explosive strength, as well as between sprinting and
elastic-reactive strength, indicates that these capacities
may improve in parallel but follow relatively independent
development trajectories. This supports the idea that

performance in youth football does not depend on a single
dominant quality, but on a multi-level integration of
neuromuscular, coordinative and morpho-functional
factors. The correlation analysis therefore highlighted a
moderate relationship between linear speed and agility.
This finding is consistent with the evidence provided by
Sheppard & Young [37], who describe agility as a
multifactorial quality closely linked to acceleration and
deceleration capacities. Conversely, the absence of
significant correlations between sprinting and explosive
strength suggests that, in this age group, the various
components of performance develop along relatively
independent trajectories, as already observed by Spencer
et al. [38] in youth football.

Multivariate regression confirms that no single
pre-intervention capacities significantly predict final
speed (p > .05), while only initial agility values predict
post-intervention agility (Pro Agility 5-10-5 Pre —
Post, p = .001) and explosive strength predicts both the
long jump (p = .026) and, surprisingly, the Sit & Reach (p
= .009). This indicates that U14 motor development is
multifactorial and not dominated by a single physical
quality. The results of the regression models show that
initial performance is the main predictor of final
performance in the same tests, especially for agility and
explosive strength. This suggests that, at U14 age, the
starting level influences the ability to adapt, probably in
relation to the state of biological maturation and
individual neuromotor development. This is in line with
the findings of Malina et al. [39] and Meylan et al. [40],
who highlighted that the initial state of biological
maturation and neuromotor development is a strong
determinant of the response to training during childhood.
The association between explosive strength and
improvements in flexibility, although counterintuitive,
may reflect an overall improvement in neuromuscular
control and movement quality. The improvements
observed in sprint, change-of-direction and explosive
strength performances should be interpreted within the
integrated performance framework of youth football.
These physical qualities are directly involved in decisive
match actions such as pressing, defensive recovery,
attacking runs, duels and ball-protection phases.
Consequently, the present findings suggest that the
applied multimodal training programme may enhance
players’ ability to express technical and tactical
behaviours under high temporal and spatial constraints
rather than simply improving isolated physical capacities.

Similar  adaptations have been reported in
football-specific youth conditioning studies, where
integrated  training approaches combining  sprint,

plyometric, coordination and game-based stimuli have
demonstrated meaningful improvements in speed, agility
and power in adolescent football players [41,42]. These
studies support the ecological validity of multimodal and
small-sided game-based training models for developing
functional performance in youth football contexts.
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Therefore, the observed changes may reflect not only
physiological  adaptations  but also  improved
neuromuscular efficiency and movement organisation
relevant to football-specific motor tasks.

4.1. Practical Implications

From an application perspective, the results suggest that
integrated training protocols that simultaneously stimulate
strength, speed, agility and endurance should be adopted
in youth sports, rather than programmes that are overly
specialised in a single physical quality. Coaches should
pay particular attention to the coordinated development of
sprinting and change-of-direction skills, as the data
indicate a close interdependence between these two
components during puberty.

Furthermore, the results underscore the importance of
progressive and individualised programming, considering
differences in initial performance levels and biological
maturation times.

4.2. Limitations of the Study

The study has some limitations that must be considered
when interpreting the results. First, the sample size is
relatively small, limiting the generalisability of the results.
Second, no control group was included, making it
impossible to distinguish definitively between the effects
of the training protocol and the normal processes of
growth and biological maturation typical of this age
group.

A limitation of the present study is the absence of a
non-training control group, which restricts causal
inference regarding the observed performance changes.
Additionally, biological maturation was not directly
assessed through maturity offset or peak height velocity
(PHV) estimation. Given that early adolescence is
characterised by rapid growth-related neuromuscular
adaptations, part of the improvements observed may be
influenced by natural maturation processes rather than
training effects alone. Therefore, the present findings
should be interpreted as changes observed following a
standardized football training programme rather than as
definitive causal effects.

Finally, although the six-month duration was adequate
for detecting initial adaptations, it did not allow for an
assessment of the long-term stability of the improvements
observed.

5. Conclusions

This study showed that a structured, multimodal
training protocol applied to young U14 footballers can
produce significant improvements in key physical abilities,
particularly linear speed, agility, explosive strength and

Effectiveness of a Standard Training Protocol on Conditional Capacities in U14 Footballers

elastic-reactive strength, as well as a more modest
improvement in joint mobility. The results confirm that,
during puberty, physical development is a multifactorial
process in which different motor qualities can improve in
parallel but not necessarily depend on each other. The
relationship observed between speed and agility suggests
the importance of training these components together,
while their relative independence from strength capacities
indicates the need for balanced and non-reductive
programming. Overall, the data support the use of
integrated training programmes in youth sectors, aimed at
the harmonious development of conditional capacities,
avoiding early specialisation and promoting progressive,
individualised and sustainable motor growth paths.
Further studies on larger samples, with control groups and
assessment of biological maturation, are needed to
confirm and expand on the results obtained, contributing
to the definition of increasingly targeted and
evidence-based training models in youth football.
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