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ABStRACt
Purpose. the study aimed to (1) verify maturity status effects on training performance indicators in young soccer players; 
(2) compare the anthropometric, physical fitness, and training performance indicators before and after 10-week training; 
(3) investigate relationships between anthropometric measures, maturity status, and performance indicators.
Methods. the study involved 34 male soccer players (aged 17 ± 2 years). Biological maturation was determined by skeletal 
age, with left hand radiology. Body height, mass, and adiposity were determined. Physical fitness was measured with field 
tests, including intermittent aerobic fitness, repeated sprint ability, and lower limb power. the participants were monitored 
daily over 10 weeks (preseason) through rating of perceived exertion.
Results. Average maturity players showed greater training load (p = 0.04) and physical training volume (p = 0.04) than 
early maturity players. Mature players presented higher physical training volume than early maturity players (p = 0.04). 
We verified better performances in intermittent aerobic fitness (p < 0.001, d = 1.086), vertical jump (p = 0.007, d = 0.584), 
best sprint time (p = 0.003, d = 0.661), average sprint time (p = 0.002, d = 0.676), and sum of the sprint times (p = 0.002, 
d = 0.675) after the 10-week preseason. Physical and technical-tactical training volumes were moderately-largely related 
to best sprint time (r = –0.48, r = –0.55, respectively). technical-tactical training volume was largely related to intermittent 
aerobic fitness (r = 0.54).
Conclusions. Advanced maturity and mature players presented greater training load and physical training volume than 
early maturity subjects. Players exhibited improved physical fitness after the 10-week preseason. technical-tactical training 
volume showed a large association with the intermittent aerobic fitness test.
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Introduction

Anthropometric, physical fitness, and maturity sta-
tus indicators have previously been employed during 
the talent identification process, when players move 
up across age groups [1, 2], and to monitor the training 
effect in soccer players [3]. in addition, coaches and 

researchers report concerns related to differences in 
morphology, physical fitness, and maturity status of 
young athletes belonging to the same age group [4]. 
thus, to ensure a long sports career of young athletes, 
coaches and practitioners should monitor training 
loads considering the maturity status to verify the 
training-related effects on physical fitness, fatigue symp-
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toms, and recovery time-course over the season [5, 6]. 
therefore, the analysis of the maturation stage is fun-
damental during youth soccer development [7, 8]. in 
fact, players in the same age group may be at different 
levels of biological development, which will provide 
a significant advantage in physical fitness for those 
who are in the highest stages of maturation [9, 10]. 
Furthermore, maturation stage assessment is neces-
sary for the organization and prescription of training 
content, considering the training load prescribed in 
accordance with the biological age and individual phys-
iological capacity [11], reducing the risk of injury, and 
improving performance [10, 12].

internal (e.g., rating of perceived exertion [RPE], 
visual analogue scale [VAS]) and external (e.g., total 
distance covered, accelerations/decelerations) load 
measures are fundamental to elicit peak performance 
and reduce the risk of injury over the season [13–18]. 
However, the effects of biological maturity on the 
training load have not been fully investigated in youth 
soccer. this information may encourage coaches to 
adjust training loads considering the maturity status 
of the players over the competitive season. in addition, 
few studies have investigated the load distribution over 
the season in young soccer players with the purpose 
of identifying the training-related effects on physical 
fitness [14, 19, 20].

A recent systematic review showed 2 studies inves-
tigating the internal load (RPE, VAS) of Portuguese 
and English young players, in which the oldest athletes 
accumulated greater perceived exertion than younger 
ones (U18 > U17 > U16 > U14) [21]. in addition, 1-match 
weekly internal load varied considerably between 
young soccer teams (ca. 35%), with the match account-
ing for 20–23% of the total internal load [21]. in fact, 
these studies provided important insights into player 
monitoring; however, other training-related meas-
ures should be better determined during the season 
(e.g., physical and technical-tactical training volume, 
the number of matches) to organize and distribute 
the training loads over the season [5, 22]. Deeper un-
derstanding of the training effect on these parame-
ters, as well as their interactions, could be essential to 
guide coaches and practitioners during schedule plan-
ning over the season.

therefore, the aim of this study was threefold: (1) to 
verify the effects of maturity status on training perfor-
mance indicators in young soccer players; (2) to com-
pare anthropometric variables and physical fitness 
before and after 10 weeks of training (preseason); and 
(3) to investigate the relationships between anthropo-
metric measures, maturity status, and performance in-

dicators. We expected that advanced maturity players 
would report higher training load and perceive lower 
intensity during the sessions compared with their coun-
terparts [20]. in addition, we expected morphology and 
physical fitness to improve after the 10 weeks of the 
preseason [23, 24]. Finally, we awaited moderate to 
large associations between maturity status and per-
formance indicators [16, 25].

Material and methods

Participants

A total of 34 male young soccer players (age: 17 ± 2 
years; height: 173 ± 8 cm; body mass: 64 ± 13 kg) 
belonging to a professional club of the Northeast re-
gion of Brazil participated in this study. the inclusion 
criteria were: (1) being a soccer player aged 15–18 
years; (2) training routine of 5–6 times a week. the 
goalkeepers were excluded, as well as any outfield 
players who presented injuries and/or health prob-
lems (according to the medical report) that prevented 
them from participation in training for a period of 7 
days.

the player’s chronological age (CA) was defined 
by using the decimal age, calculated with the date of 
the anthropometric measurements (AD) and the date 
of birth (BD) of the players [26]:

CA = (AD – BD) / 365

Procedures

the present study was conducted in nonexperi-
mental conditions in which the research problem was 
embedded [27]. the players were investigated during 
the 10 weeks of the preseason. Before beginning the 
training sessions, all participants were in an inactive 
period (ca. 40 days – transition phase between the 
seasons).

Multidimensional variables were considered: the 
anthropometric profile, maturity status, physical fit-
ness, and training performance indicators. the eval-
uations were performed at the club’s professional 
soccer training centre (at the measurement and eval-
uation laboratory and on the natural grass field). the 
initial evaluations were carried out in the first week 
of the soccer players’ training; they were repeated in 
the final week of the preparation period. training load 
indicators (volume and intensity variables) were col-
lected daily in all training sessions, throughout the 
preparation period.
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in the first week, before the start of the training 
session, the athletes underwent assessment of body 
mass, height, and subcutaneous skinfolds in the 
measurement and evaluation laboratory. Next, after 
a 3-minute warm-up, the participants were submit-
ted to a vertical impulse test and then to a horizontal 
impulse test. Subsequently, already on the training 
field, the soccer players were divided into groups of 
5–6 individuals, to perform an intermittent perfor-
mance test. A total of 24 hours after the intermittent 
test, the athletes completed an anaerobic power test. 
this evaluation routine was repeated at the end of the 
preparation period.

All evaluations were carried out at the same time 
of day, from 8 a.m. to 10 a.m. the ambient tempera-
ture recorded in the field during the tests ranged be-
tween 28° and 31°, on average, in accordance with 
the Agricultural Research Corporation of Rio Grande 
do Norte (www.emparn.rn.gov.br). in the laboratory, 
a temperature of 24° was recorded.

the month prior to the start of data collection was 
dedicated to the training of 3 evaluators (teachers 
graduated in Physical Education in the state of Rio 
Grande do Norte). the evaluators’ work consisted of 
organizing tasks for the evaluated groups, arranging 
the equipment necessary to collect and record data, 
and measuring and testing aerobic and anaerobic per-
formance. in all cases, the research coordinator was 
present at the evaluation sites. the evaluators’ training 
ended with the determination of the technical error 
of measurement and reliability coefficient, through 
the evaluation of approximately 15 soccer players in 
one week. Reliability was established with an analysis 
of replicates of the measurements obtained in a short 
period of time, expressed as a function of the propor-
tion between the error variance and the inter-indi-
vidual variance [28]. the reliability coefficients were 
estimated with the following formula:

R = 1 – (r2/s2)

the technical error of measurement was deter-
mined by using the formula proposed by Malina et al. 
[29]:

Se = ( z2/2N)0.5

Regarding the determination of skeletal age, all ra-
diographs were evaluated by the same examiner, and 
inter-observer reliability was indicated in previous 
studies [30].

Anthropometric profile

Player height was assessed with a portable stadiom-
eter with an accuracy of 1 mm (Sanny®, Brazil). Body 
mass was obtained with electronic scales with a 0.1 kg 
precision (Welmy®, Brazil), and skinfolds (tricipital, 
subscapular, suprailiac, thigh, geminal, and abdom-
inal) with a scientific adipometer with an accuracy of 
1 mm (Cescorf®, Brazil). All the procedures followed 
the protocols by Lohman et al. [31].

Physical fitness

the total distance covered during the Brazilian Soc-
cer test (BSt) was determined to assess the intermit-
tent endurance fitness [32]. For this, a 15-m long and 
1.5-m wide course was built at the test site, marked 
by cones. the test consists of 4 runs of 15 m (60 m), 
with a passive recovery interval of 10 seconds. the aim 
of the test is for the subject to perform as many repeti-
tions as possible. the speed of the test is controlled by 
means of sound signals (beeps) recorded on a CD, so 
that the individual reaches the mark determined ex-
actly at the time of the sound signal. For the sound re-
production in this protocol, a Sony VAio computer was 
used and connected to an amplifier box (Mondial 
MC0-02 Mult conect power bivolt 40W). For every 
240 m (16 × 15 m) of distance covered, one stage is 
completed, with an increase of 1 km/h in running speed 
in the next stage. the test starts (stage 1) at a speed 
of 9 km/h and ends (stage 11) at 19 km/h, which cor-
responds to the maximum distance covered of 2880 m. 
Prior to the test, there is a period (3 minutes and 30 sec-
onds) of adaptation and warm-up performed at 8 km/h. 
the test ends when the subject, for the second con-
secutive time, is unable to reach the line in time, in ac-
cordance with the speed established by the audible 
signal (objective evaluation), or the subject feels unable 
(gives up) to continue at the established speed (subjec-
tive evaluation). thus, the total distance covered by the 
subject is recorded, including the distance covered 
during the warm-up.

the anaerobic power was assessed with the Run-
ning Anaerobic Sprint test [14]. After a 10-minute 
warm-up, the test was started. the test consists of 6 
sprints at a distance of 35 m. At the end of each run, 
there is a 10-second recovery interval when the prac-
titioner runs slowly to the starting location for the 
next sprint. the time obtained in each repetition was 
recorded by a stopwatch attached to 2 pairs of photo-
electric cells (Multisprint – Hidrofit, Belo Horizonte, 
Brazil). the use of this protocol allows the following 
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information to be recorded: best sprint of the first 2 
attempts (also used as a speed measure), the worst 
sprint of the last 2 attempts, mean time spent on the 
6 sprints, and the fatigue index (subtraction of the worst 
sprint from the best sprint divided by the sum of 6). 
the test was required to respect the following condi-
tions: the start of any of the sprints must be performed 
in a static way; the runner’s recovery rate cannot ex-
ceed 10 seconds between the end of the sprint course 
and the start of the next sprint; at the end of each sprint, 
the runner is required to maintain the same direc-
tion during a space of 10 m that serves to decelerate; 
the timekeeper who is recording the runner’s recovery 
time should inform them, at 5-second intervals, of the 
time left before the start of the next sprint. this per-
formance test was used recently in a study by de ol-
iveira Matta et al. [10] among young soccer players.

For the evaluation of lower limb power, the vertical 
impulse protocol was used (countermovement jump, 
CMJ), widely reported in the literature [30, 31]. For this, 
we used a force platform (Jump test 2.0, Belo Hori-
zonte, Brazil). Before the test, the subject performed 
a 3-minute warm-up, which included muscle-joint 
mobility and stability exercises and simulating the 
motor gesture required in the jump protocol. After the 
warm-up, the participant stood upright, with their hands 
on their pelvic girdle, passed through the semi-flexed 
position, and then jumped at maximum height with-
out removing their hands from their waist. From its 
beginning to end, the movement is continuous, assum-
ing an eccentric and concentric phase before the aer-
ial trajectory. Each player performed 3 attempts, with 
a 2-minute interval between them, and the best value 
was recorded (the greatest height achieved).

in addition, to determine the power of lower limbs, 
the Standing Long Jump protocol was used. Before 
starting the test, the subject conducted a 3-minute 
warm-up, through the performance of muscle-joint 
mobility and stability exercises and simulation of the 
motor gesture required in the jump protocol. For this 
test, the athlete initially stood close behind the start-
ing line, perpendicular to a measuring tape (Vonder) 
fixed on the playing field, with feet parallel to the width 
of the shoulders, being able to move the arms freely and 
flex the knees before the jumps. the subject was in-
structed to jump as far as possible and land on their 
feet. Each player performed 3 attempts, with a recovery 
interval of 2 minutes between the jumps, and the long-
est distance achieved in centimetres was recorded. 
the distance reached was measured from the starting 
line to the landing location, defined by the back of 
the heel of the foot closest to the starting line.

Maturity status

Biological maturation was determined by skeletal 
age, on the basis of the radiological examination of the 
left hand-wrist, with the procedures of the Fels method 
[33]. the radiological examination was performed only 
in the first week of the preparation period, in a medi-
cal clinic, in the afternoon. Skeletal maturation was 
diagnosed by an expert, and the categorization of ath-
letes by maturation status was conducted in accord-
ance with Malina et al. [26] considerations. thus, the 
following skeletal maturation stages were defined: de-
layed (delayed/late maturing) – players with a skel-
etal age below the chronological age by more than 
1 year; normomature (on time/average) – players with 
a skeletal age within the range of ± 1 year in relation to 
the chronological age; advanced (advanced/early ma-
ture) – soccer players with a skeletal age above the 
chronological age by more than 1 year; and mature – 
adult or skeletally mature players. in our sample, no 
individuals with late maturity were identified.

training performance indicators

the training indicators used over the 10 weeks were 
the training volume (minutes), physical training volume 
(minutes), technical-tactical training volume (min-
utes), number of matches, RPE, and training load.

the training volume included the games and all 
training sessions, whether physical or technical-tactical, 
during the preparation period (10 weeks). the volume 
of technical-tactical training counted not only the spe-
cific technical and tactical activities implemented by 
the coach, but also the training games. the volume of 
physical training comprised all the specific activities 
included by the team’s physical trainer aimed at physi-
cal qualities (strength, endurance, speed, etc.).

the training load was determined in accordance 
with the session RPE, i.e., through the product of the 
total training session volume by the RPE scores (CR10) 
(training load = session volume × RPE) [34]. RPE was 
recorded ca. 30 minutes after each training session 
and match during the 10 weeks. the process of famil-
iarizing athletes with the RPE scale was carried out 
before the start of the evaluations and training, in order 
to standardize the low and high subjective perception 
of effort. We used the maximum effort made by the 
soccer players in the intermittent performance test as 
a reference of the ‘maximum’ (value 10), and the ath-
lete’s state of rest as a reference of the ‘minimum’ 
(RPE = 0), so that this measure reflected the global 
assessment of training.
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Statistical analysis

the data distribution and homogeneity of variance 
were checked and confirmed by using the Shapiro-
Wilk and Levene’s tests, respectively. the analysis of 
covariance (ANCoVA – chronological age as covari-
able) and Bonferroni’s post-hoc test were applied to 
verify the effects of the maturation stage on training 
indicators. the effect size was defined with the eta 
squared value ( 2). the magnitude of the effect size 
followed the classification proposed by Cohen [35]. 
Student’s t-test for dependent samples served to verify 
the effects of the 10-week training on anthropometric 
and physical fitness data. the effect size was defined 
by using Cohen’s d [35]. the relationships between 
training performance indicators, anthropometric data, 
and physical fitness were obtained with the Pearson 
correlation coefficient (r). Correlations were determined 
by verifying the association between training load in-
dicators and alterations (mean post-pre change) in mor-
phology and physical fitness performance. the magni-
tude of correlation coefficients was defined in accordance 
with Hopkins [36]. All analyses were performed with 
the SPSS® software, version 20.0 (Chicago, USA). Sta-
tistical significance was set at p < 0.05.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Univer-
sity of Coimbra, Portugal (Faculty of Sports Sciences 
and Physical Education) Scientific Committee.

Informed consent
informed consent has been obtained from the di-

rectors of the club, the players’ legal guardians, and the 
players included in this study.

Results

table 1 shows the results of covariance analysis 
with chronological age as a covariate. the analysed in-
dicators – training load and volume, volume of physical 
training and technical-tactical training, and number 
of games – corresponded to the sum of the entire prep-
aration period (10 weeks). RPE refers to the mean value 
obtained in the 10 weeks. We found large significant 
effects of maturity status on training load and physical 
training volume. the average maturity players showed 
greater training load (p = 0.04) and physical training 
volume (p = 0.04) than early maturity players. in ad-
dition, the mature players presented higher values of 
physical training volume than early maturity players 
(p = 0.04). the maturity status did not exert significant 
effects on RPE, training volume, technical-tactical train-
ing volume, or the number of matches.

table 2 presents the effects of 10 weeks of training 
on anthropometric and physical fitness data. Anthro-
pometric measures did not exhibit significant effects 
between the pre- and post-training status. However, 
we observed better performance in BSt, CMJ, best 
sprint time, average sprint time, and sum of the sprint 
times after the training protocol.

table 3 illustrates the relationships between an-
thropometric measures, physical fitness, and train-
ing performance indicators. training volume pre-
sented large associations with best sprint time (r = 
–0.52, p = 0.03). in addition, best sprint time exhib-
ited moderate and high associations with physical 
training volume (r = –0.48, p = 0.04) and technical-
tactical training volume (r = –0.55, p = 0.02), respec-
tively. Finally, there was a large correlation between 
technical-tactical training volume and BSt (r = 0.54, 
p = 0.02). No significant correlations were revealed 
of RPE or training load with anthropometric or func-
tional performance variables.

table 1. Effects of maturity status on training performance indicators in young soccer players (adjusted mean, standard 
error, and analysis of covariance with chronological age as covariate)

training performance indicators

Maturity status

F pAverage
(n = 9)

Early
(n = 14)

Mature
(n = 11)

training load (AU) 13,786 ± 745 11,028 ± 693.5 13,801 ± 773 4.063 0.027
training volume (min) 3852 ± 199 3201 ± 185.5 3891 ± 206.5 3.302 0.051
Rating of perceived exertion (AU) 3.31 ± 0.06 3.21 ± 0.05 3.29 ± 0.06 0.634 0.537
Physical training volume (min) 2076 ± 88 1747.5 ± 82 2100 ± 91 4.358 0.022
technical-tactical training volume (min) 1672 ± 106 1413 ± 99 1719.5 ± 110 2.062 0.145
Number of matches 5.60 ± 0.56 5.28 ± 0.53 6.70 ± 0.59 1.465 0.247

AU – arbitrary units
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table 2. Effects of 10 weeks of training on anthropometric and physical fitness data in young soccer players  
(mean ± standard deviation)

Variables
10 weeks

MC (%) t p d
Before After

Anthropometric measures
Height (cm) 172.9 ± 5.6 173.7 ± 5.8 0.7 ± 1.5 2.569 0.016 –
Body mass (kg) 64.2 ± 7.6 65.0 ± 6.8 0.8 ± 2.6 1.695 NS –
Adiposity (mm) 52.4 ± 12.9 52.4 ± 10.3 0.0 ± 6.6 0.000 NS –

Physical fitness
BSt (m) 1750 ± 140 1920 ± 174 169 ± 159 5.733 0.001 1.086
SLJ (cm) 213.9 ± 13.4 212.9 ± 15.4 –1.0 ± 6.8 –0.673 NS –
CMJ (cm) 35.3 ± 3.4 36.7 ± 2.9 1.3 ± 2.3 2.927 0.007 0.584
Best sprint time (s) 5.2 ± 0.3 5.2 ± 0.2 –0.1 ± 0.1 –3.318 0.003 0.661
Average sprint time (s) 5.6 ± 0.3 5.5 ± 0.2 –0.1 ± 0.2 –3.477 0.002 0.676
Sum of the sprint times (s) 33.8 ± 1.8 33.1 ± 1.2 –0.7 ± 1.1 –3.477 0.002 0.675
Fatigue index (%) 7.3 ± 2.4 6.8 ± 2.0 –0.5 ± 2.2 –1.211 NS –

MC – mean change between pre- and post-training tests, NS – not significant 
BSt – Brazilian Soccer test, SLJ – standing long jump, CMJ – countermovement jump

table 3. Partial correlation (considering chronological age) between training performance indicators,  
anthropometric data, physical fitness, and skeletal age in young soccer players

Variables

training performance indicators

Rating of perceived 
exertion

training 
volume

training 
load

Physical 
training volume

technical-tactical 
training volume

SA/CA ratio –0.242 –0.092 –0.197 0.018 –0.013
SA (years) –0.229 –0.092 –0.193 0.014 –0.016
Height (cm) 0.019 0.302 0.299 0.302 0.232
Body mass (kg) –0.117 0.040 –0.021 0.154 –0.116
Adiposity (mm) –0.058 0.023 –0.008 0.207 –0.153
BSt (m) –0.352 0.425 0.183 0.370 0.54*
SLJ (cm) 0.026 0.073 0.123 0.079 0.078
CMJ (cm) –0.181 0.296 0.128 0.253 0.315
Best sprint time (s) 0.068 –0.52* –0.409 –0.48* –0.55*
Average sprint time (s) 0.003 –0.430 –0.344 –0.431 –0.433
Sum of the sprint times (s) 0.003 –0.430 –0.344 –0.431 –0.433
Fatigue index (%) –0.089 0.063 0.035 0.021 0.097

SA – skeletal age, CA – chronological age, BSt – Brazilian Soccer test  
SLJ – stand long jump, CMJ – countermovement jump
* p < 0.05

Discussion

this study investigated the effects of maturity sta-
tus on training performance indicators in young soc-
cer players. Furthermore, we compared the anthro-
pometric measures, physical fitness, and training 
performance indicators before and after 10 weeks of 
training. Additionally, we verified the relationships 
between anthropometric data, maturity status, and 
training performance indicators. the main findings 

were as follows: (1) average maturity players showed 
greater training load and physical training volume 
than early maturity players; mature players present-
ed higher values of physical training volume than 
early maturity players; (2) we demonstrated training-
related effects on BSt, CMJ, best sprint time, aver-
age sprint time, and sum of the sprint times; (3) there 
were moderate and high correlations of best sprint 
time with physical and technical-tactical training 
time, respectively; technical-tactical training volume 
was also largely related to BSt.
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Here, mature and average maturity players dem-
onstrated higher training load and training volume 
compared with early maturity players. Wrigley et al. 
[20] identified greater response in the training load 
among the older category (U18) than in the lower age 
categories. Additionally, an increased training load 
was observed in the older age group (U18 > U17 > U16 
> U14) [20]. this reflects the combined input from 
both the coaches and sports science team to adhere to 
the training principles advocated for long-term youth 
soccer development. thus, the training load should 
be structured in relation to the maturity status of the 
players in order to achieve athletic development whilst 
minimizing the risk of injuries [20, 37].

in the current study, there was no significant ef-
fect of youth maturation stage on the RPE training in-
dicator. in spite of this, it seems that there was a ten-
dency for average maturity and mature players to 
perceive a greater effort to support the same external 
load imposed. Brink et al. [14] believe that the dis-
similarity related to RPE in the same category is due 
to the physical differences between the players and 
the sudden increase in the load in the transition of soc-
cer players from one category to another. Similarly, 
maturity effects were not identified for the number of 
matches, contrasting previous findings that coaches 
preferred to select mature young soccer players [38, 
39]. in addition, a superior maturity status and an-
thropometric and fitness measures were verified in 
young players (U15, U16) who were successful in at-
taining international or professional level compared 
with players who remained amateur [40]. Further-
more, athletes advanced in age and/or maturation, and/
or presenting greater body size exhibited systemati-
cally greater physical fitness and match running per-
formances than their younger, less mature, and/or 
smaller teammates [41]. therefore, these findings 
confirm the importance of coaches and practitioners 
considering the maturation status when assessing 
young soccer players on the basis of anthropometric 
measures, physical fitness, and training performance 
indicators.

Concerning the training effects, we verified supe-
rior performance in intermittent endurance fitness, 
sprint time, repeated sprint ability, and lower limb 
power after 10 weeks of training (total training load: 
12,655 ± 2614 arbitrary units [AU]; total training 
volume: 3596.5 ± 654 minutes; mean RPE scores: 
3 ± 0.2). Miranda et al. [42] also showed positive 
changes in anthropometric measures and physical 
fitness after 10 weeks of soccer training in a group of 
players aged 15–18 years (total training load: 15,341 

AU; total training volume: 4110 minutes; mean RPE 
scores: 3). in Brazilian U16 soccer players, 22 weeks 
of periodization training focused on technical-tactical 
actions (mean training volume: 110 minutes; mean 
RPE scores: 6) promoted positive changes in match 
physical and tactical performance [23]. Recently, Aquino 
et al. [24] observed that short-term pre-season (6-week) 
training with an emphasis on small-sided games and 
strength training contributed to benefits in several 
physical fitness measures and match performance. 
these findings corroborate the present study, suggest-
ing that appropriate load monitoring and training 
content distribution are essential to optimize player 
physical and technical-tactical adaptation.

the current study found moderate and high asso-
ciations between the best sprint time and the volume 
of physical and technical-tactical training, respectively. 
in addition, technical-tactical training volume was 
largely associated with intermittent aerobic fitness 
(e.g., distance covered during BSt). in contrast, train-
ing load and RPE scores were not correlated with in-
dicators of physical fitness or anthropometric data. 
in Spanish U18 players, training volume (mean: 360 
minutes) and training load (mean: 1500 AU) were 
largely related to changes in aerobic fitness [25]. in 
addition, Brink et al. [19] showed that weekly train-
ing volume presented a large association with inter-
mittent aerobic fitness in Dutch elite U19 players. 
Gómez-Díaz et al. [16] identified a large association 
between perceived exertion over the week (mean RPE 
scores: 4) and high-speed (> 19.8 km/h) distance cov-
ered during matches.

this study has some limitations that should be ac-
knowledged. We did not monitor the players through-
out the full season, and the consistency of the reported 
relationships and training effects may change over the 
competitive period. Moreover, the training load was 
obtained by using a subjective internal measure (i.e., 
RPE scores). Some confounding variables, such as tem-
perature and humidity, were not controlled in all train-
ing sessions.

Additional studies should be carried out through-
out the season and in younger training categories, veri-
fying the effects of skeletal maturation stages on these 
and other training indicators (external and internal 
load), such as technical and tactical aspects (e.g., de-
cision-making). We also suggest studies that use re-
gression analysis to understand which physical param-
eters can best predict training load.

the analysis of the maturation, performance, and 
training dimensions in different training categories has 
decisive practical implications in the prescription and 
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evaluation of the training effect. the variables analysed 
in the current study may contribute to the systemati-
zation, monitoring, and transition of young soccer play-
ers throughout the training process. Finally, the results 
reported in this article may contribute to training plan-
ning, as well as to developing scientific knowledge in 
the area of sports training.

Conclusions

in summary, the advanced maturity and mature 
young players presented greater training load and 
physical training volume compared with early matu-
rity players. in addition, the athletes exhibited im-
proved physical fitness after the 10 weeks of preseason 
(i.e., intermittent endurance fitness, sprint time, re-
peated sprint ability, and vertical lower limb power). 
A moderate to large association was observed between 
the best time during the sprint test and physical and 
technical-tactical training volume. Finally, the tech-
nical-tactical training volume showed a large associa-
tion with the intermittent aerobic fitness test.
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