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Abstract: The aim of this systematic review was to identify and synthesize the available information
regarding longitudinal data addressing young soccer players’ motor performance changes. Following
the Preferred Reporting Items for Systematic and Meta-analyses (PRISMA) statement, literature
searches were performed in three databases: PubMed, ISI Web of Science and SCOPUS. The following
descriptors were used: football, soccer, youth, young, player, athlete, physical performance, motor
performance, longitudinal. The inclusion criteria were original articles in English with longitudinal
data of young males (aged 10-18 years), with the aim to investigate motor performance serial changes.
The initial search returned 211 records, and the final sample comprised 32 papers. These papers
covered the European continent, and used mixed and pure longitudinal design with variation in
sample size and age range. The reviewed studies tended to use different tests to assess the motor
performance and aimed to identify changes in motor performance in several ways. In general, they
indicated motor performance improvements with age, with a marked influence of biological maturity,
body composition, and training stimuli. This review highlights the need for coaches and stakeholders
to consider players’ motor performance over time whilst considering biological maturation, biological
characteristics, and training stimuli.

Keywords: longitudinal; young; soccer players; motor performance

1. Introduction

Soccer is the world’s most popular sport and participants represent ~4.1% of the
total sporting population [1]. With such large numbers of participants, governing bodies
and other stakeholders invest significant amounts of money in soccer players’ talent
identification. The identification and development of the next generation of young soccer
players is a key goal for these organizations [2,3]. Thus, the design and implementation of
appropriate programs to uncover youth soccer players’ potentials are common practice
within soccer academies. These academies support the early development [4] and then the
transition of young players into the senior professional world [5,6].

In a cross-sectional study, data are collected from many different individuals at a
single time point and comparisons are made between different populations. In contrast, in
a longitudinal study, the same data are collected in the same individuals over short or long
periods of time. Therefore, whilst a cross-sectional study considers a snapshot in time, the
longitudinal study design considers what happens before or after the snapshot is taken.
The benefits of the cross-sectional design are that it allows researchers to compare many
different variables at the same time. However, the disadvantage is that cross-sectional
studies are not able to provide definitive information about cause-and-effect relationships.
A longitudinal study can detect development or changes in population characteristics at
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both the group and individual level. Thus, longitudinal studies can establish sequences of
events and enable the researcher to address cause-and-effect relationships. In youth soccer
studies, the longitudinal design allows the researcher to distinguish the effects of training
and competition from those associated with normal growth and development. There is
much research devoted to describing and interpreting the manifold expressions of soccer
players’ characteristics and their response to training and competition. Unfortunately, most
available evidence is based on cross-sectional data [2], with few longitudinal reports or
well-controlled experimental studies. This limits the current knowledge concerning youth
soccer players’ development [7,8].

Recent systematic reviews of young soccer players have dealt with match running
performance [9], talent identification [10], and anthropometric-physiological profiling [11].
These reviews identified a series of inconsistencies and gaps in the literature which have
hampered practitioners’ abilities to make evidence-informed decision making [2,12,13]. Fur-
thermore, there is an absence of research in young soccer players’ development processes
such as the interactions of their physical growth and biological maturation with systematic
training stimuli, estimation of velocities and spurts in their motor performance and specific
skills” levels, as well as players’ systematic responses to training and competition [8].

To the best of our knowledge, there apparently is no available systematic review
dealing with young male soccer players’ longitudinal development of motor performance.
Therefore, our goal is to provide a summary of existing longitudinal data dealing with male
soccer players’ motor performance changes during adolescence, which is a very important
time-window for the nurturing of soccer players’ careers.

2. Materials and Methods
2.1. Protocol

This review used the “Preferable Reporting Items for Systematic Reviews and Meta-
Analyses Protocols” (PRISMA-P) [14,15] to probe the literature of longitudinal studies into
young soccer players’ motor performance. We also complied with the Cochrane Handbook
for Systematic Reviews of Interventions (version 5.1.0; http:/ /handbook-5-1.cochrane.org/,
accessed on 10 October 2020).

2.2. Information Sources and Search Strategy

The search strategy comprised two stages. First, the electronic databases MEDLINE
(PubMed/PubMed Central interface), Web of Science™ Core Collection and SCOPUS were
searched up to January 2021. The online search was performed based on the following
strategy: (football OR soccer) AND (youth OR young OR player OR athlete) AND (physical
performance OR motor performance) AND (longitudinal). Second, the reference list of
the selected papers was searched for possible studies to be included in the review. A full
description of the input arguments used in each database is also provided (Electronic
Supplementary Material Table S1). EndNote software (version X9.0, X7.0.1, Clarivate
Analytics, Philadelphia, PA, USA) was used as the citation manager during the processes
of searching, deduplication, selection, and management of the studies.

2.3. Eligibility Criteria

To be included in the review, original studies had to: (i) have a longitudinal design
following players over time, i.e., with at least two repeated observations; (ii) have a
sample of young male soccer players, i.e., athletes aged between 10 and 18 years; (iii) aim
to investigate physical fitness/physical /motor performance and/or functional capacity
(expressed by muscular strength and/or power, aerobic/anaerobic power, agility, flexibility,
movement coordination and speed, as well as specific soccer technical performance such as
dribbling and shooting, for example) serial changes; and (iv) be published in English and
in peer-reviewed journals. Studies were excluded if: (i) psychological facets were mainly
assessed, (ii) they used impaired players, and (iii) they concentrated on match-analysis.
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2.4. Study Selection

Two researchers (MA, TNG) independently conducted the online search. Grounded
in the eligibility criteria, papers were firstly selected based on their title and abstract, and
those selected had their full text screened. To be included in the present review, eligible
papers had to be selected by the two researchers, and if any discrepancies were observed at
this stage, reviewers discussed and resolved inclusion and/or asked for the judgement of a
senior researcher (JM). The senior researcher examined each situation on a case-by-case
basis and determined the inclusion or exclusion of a given article using his experience
in the field. After the selection of the manuscript to be included, one of the researchers
screened the reference lists of the selected papers to identify any other potential paper
to be included in the review. Those studies selected in this stage were re-checked by the
second researcher, and only those approved by both were considered for inclusion in the
present study.

2.5. Methodological Quality Assessment

The quality of the included articles was assessed with the modified version of current
established scale used in sport science, health care and rehabilitation (i.e., Cochrane, Cole-
man, Delphi, and Physiotherapy Evidence Database (PEDro)). The current scale (Table 1)
was adapted from a recent review by Sarmento et al. [16]. Articles were assessed based
on their purpose (Q1), participants’ characteristics (Q2), sample justification (Q3), motor
performance assessments (Q4), statistical procedures used (Q5), results and outcome (Q6),
study method conclusion (Q7), practical implications (Q8), limitations (Q9), and future
direction (Q10). All ten quality criteria were scored on three levels (2-point per item),
i.e., a score of zero (no), one (maybe), and two (yes) given for each item. The total scores
ranged between zero and twenty. A sum of scores from all questions was subsequently
computed. To make a fair comparison between studies with different designs, the decision
was made to calculate a percentage score as a final measure of methodological quality. For
this, the total score was converted into percentages, ranging from 0 to 100%, to ensure
that the quality assessment was equitable across all the included articles. Studies were
categorized into 3 levels; high (>75%), moderate (50-74%) and low (<50%) methodological
quality scores [16]. Methodological quality was not evaluated for the purpose of includ-
ing/excluding studies. Two researchers (MA, TNG) performed independent assessments.
If discrepancies occurred, these were resolved in a consensus discussion with third senior
researcher (JM).

Table 1. Methodological quality scoring system (adapted from Sarmento et al., 2018 [16]).

Question Answer Score
Q1 Was(were) the aim(s) of study clearly set out? Yes = 2; Maybe =1; No =0 0-2
Q Were chara.cterlstlcs of participants presented in detail in methods Yes = 2; Maybe = 1; No = 0 02
section? (number of subjects, sex, age, country/city)
Q3 Was sample size justified? Yes =2; Maybe =1; No =0 0-2
Q4 Are the motor performance to be meas.ured clearly described in the Yes = 2; Maybe = 1; No = 0 02
methods section?
Q5 Were statistics clearly presented? Yes =2; Maybe =1; No =0 0-2
Results’ details (means and standard deviations and/or change/ . N
Q6 difference, effect size/mechanistic magnitude-based inference) Yes = 2; Maybe =1;No =0 0-2
Q7 Were conclusions approprlatfz given the study methods and Yes = 2; Maybe = 1; No = 0 02
the objectives?
Q8 Are there any implications for practice given the results of the study? Yes = 2; Maybe =1; No =0 0-2
Q9 Were limitations of the study acknowledged and described by Yes = 2; Maybe = 1; No = 0 02
the authors?
Q10 Are there any future direction described by the authors? Yes = 2; Maybe =1; No =0 0-2
Total 0-20

Strict rules applied (No information = 0 point; 1-2 items described = 1 point; all items described = 2 points).
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2.6. Strategy for Data Synthesis

A descriptive synthesis of the findings from the included studies is presented in
Table 2, where summaries with reference to authors and years of publication were pro-
vided. Then, the terminologies used in motor performance variable definition and as-
sessment were examined. Demographic details were extracted, including sample size,
age/age group of participations, and the geographical location of the players. Design
aspects (mixed-longitudinal, longitudinal), configuration (duration), and measurement
techniques/equipment were also included. Finally, general results regarding changes in
motor performance were extracted and main findings were organized and described.

Table 2. Characteristics of studies included in the review.

. Participants i
Study Design P Motor Performance . Quality
Author/Country Duration Age Number Assessments (Tests) Main Results Score
Physical performance: Plate
tapPing, sit and reach (SR), )
sit-ups, bent arm hang, Physical performance
(Philippaerts ' o St&.mdi'r\g long jump (SLJ), improvgd non-linearly and
Mixed-longitudinal . vertical jump (V]), endurance reached its peak around peak o
et al., 2006) 11-13 y at baseline 33 hutl S height veloci 65%
[17]/Belgium 5y shuttle run (E HR). eight velocity (PH\_/), yet
Soccer specific physical with different timing
performance: 30 m repeated and tempo.
sprint (RSA), agility shuttle run
5 x 10 m (SHR).
Speed and dribbling
improved with age mainly at
12-14 y, but with different
Physical performance: shuttle tempo. Dribbling improved
(Huijgen et al., 2010)  Mixed-longitudinal 12-19y 267 sprint and dribble test. after 16 y and sprinting from 70%
[18]/Netherlands 5y at baseline Soccer specific skills: slalom 14 to 16 y. Additionally, fat °
sprint and dribble test. free mass, weekly hours of
practice and playing position
were positively associated
with dribbling changes.
Physical performance: SR, SLJ, Physical performance
(Mirkov et al., 2010) Longitudinal 1y S_g=26 countermovement jumps (CM]) improved with age in both .
[48]/Serbia 4 at baseline C 263 with and without arm swing, groups, yet soccer players 85%
y 5= slalom running with performed better in agility
obstacles, SHR. and motor coordination.
Aerobic capacity increased
. . non-linearly with age but
(Roeszcgle 5 etal, Mixed-longitudinal . Pro =53 Soccer spec.lf_lc physical differences between groups o
) 5y 12-19 y at baseline N_pro =77 performance: intermittent occurred from 17 y onwards. 75%
[40]/Netherlands endurance (ISRT). Training was positively
associated with performance.
(Williams et al. ) Physical.performance'
2011) Longitudinal U12-Ul6 200 Physical performance: sprints dlirf?grfe(;:;eri tl:;'iiil%]ob;t SWIet: d 80%
[39]/United 3y at baseline 10 m (S10 m), 30 m (S30 m), VJ. 30 m sprint and peed, °
Kingdom vertical jump.
Physical performance: 520 m, -
hurdles agility run, CMJ, drop Szﬁac&rgg?;eirgnﬁf\%gt& ;ﬁd
j , foot tapping reaction oo
(Gonaus and Muller, e o jump, age. Power and flexibility as
2012) Mixed I%ngltudlnal 14-17 y at baseline 1642 medicine ball throw 2 kg, SR, well as endurance effect sizes 80%
) . y 20 m multi-stage endurance . .
[45]/ Austria decreased with age; however,
run (MSER). in speed results were stable
Soccer specific physical P from 14 to 17
performance: (SHR). ¥
Aerobic performance
(Valente-dos-Santos N oo 11-13y ;
etal., 2012) Mixed Ic;ngltudmal at baseline 83 Physical performance: MSER. 1}11nfolcll1ng wla s rglalt(ecll tol 90%
[25]/Portugal y chrono (()ig:ca. an, st.e et?
ages, and training stimuli.
Repeated sprint performance
(Valente-dos-Santos Physical performance: changes were related to
etal, 2012) Mixed-longitudinal 11-13y 83 MSER, CMJ. chronological and skeletal 550
[19] /lgortu A 5y at baseline Soccer specific physical ages, as well as fat free mass, ?
& performance: RSA. aerobic endurance, and lower
limb explosive strength.
Repeated sprint performance
. . development was related to
(Valente-dos-Santos Mixed-longitudinal Physic/laslévlgrfcfj)idn]lance. chronological age, maturity
etal., 2012) 5 & 11-13 y at baseline 83 S . i,fi h. ical status, fat free mass, body 80%
[26]/Portugal y OCCET SpECILIC phiysica size, aerobic endurance, and

performance: RSA.

lower limb explosive strength
and annual training.




negatively by fat mass, but in
16-20 y positively influenced
by fat free mass.
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Table 2. Cont.
i Participants i
Study Design p Motor Performance . Quality
Author/Country Duration Age Number Assessments (Tests) Main Results Score
Overall physical performance
development was related to
Physical performance: SHR, chrgnologlcal ?ge,
MSER, CMJ. m'atufatlon status, fat ma.ss,
. e . dribbling speed and training
(Valente-dos-Santos Mixed- 11-13 Soccer specific physical imuli I 1
t al., 2012) Longitudinal —oy 83 erformance: RSA. S‘Elmu 1. ' general, soccer 90%
eral g at baseline P skills unfolding was related
[27]/Portugal 5y Soccer specific skills: Ball h logical lavi
control, dribbling speed, to chrono O%lca acigfff, p faymg
Shooting accuracy, wall pass. position, fat an ?t_ ree
mass, repeated sprint and
aerobic endurance and
training stimuli.
Soccer specific skills: Soccer skills improved
(Huijgen et al., 2013) ~ Mixed-longitudinal 10-18 y 270 Loughborough Socce.r non-linearly: 18% in speed 859
[41]/Netherland 3y at baseline Pg in (I%SPT) pass, and 32% in speed and °
assmg ’ accuracy pass with age.
Aerobic performance
increased non-linearly with
. Soccer specific physical chronological age; yet,
(Carvalho et al., Mixed- U11 age categor erformance: The Yo-Yo between 12-13 y decreased.
2014) Longitudinal o irsery 33 o R ecover Additionally, aerobic 80%
[42]/Spain 4y Test (YYIR1) y performance was related to
’ training stimuli but not with
body size and
maturity status.
Aerobic performance
L i . improved non-linearly with
(De[lsﬁf gélali'l’li?m) Longgtudmal 11-14 y at baseline 162 SOZ;?érsrgigélec_ };};{}ﬁ{l;al age and was related to 85%
. g y p : . stature, fat-free mass, and
motor coordination.
Agility development was
related to chronological and
(Valente-dos-Santos skeletal age, stature, fat-free
Mixed-longitudinal 10-14 Physical performance: SHR. mass and playing position. o
etal., 2014) & y 83 ysicalp playmng p 85%
[28] /I;Oﬁu Al 5y at baseline Soccer specific skills: Dribbling. Dribbling changes were
8 related to chronological and
skeletal age, stature, playing
position and training stimuli.
Agility changes were related
to skeletal age, maturity
status, fat-free mass, aerobic
. . endurance, and explosive
(Valer;tel— d;(s)—f;;ntos Mixed-longitudinal 11-13y 3 Physmall\l/l)ggfgr?&r}ce. SHR, strength. Dribbling changes 750
el 5y at baseline e were associated with skeletal °
[29]/Portugal Soccer specific skills: Dribbling. :
age, maturity states, fat-free
mass, aerobic endurance,
explosive strength, and
training stimuli.
Systematic soccer specific
training stimuli had
. Physical performance: S10 m, significant effects on physical
(Wrigley et a.l" 2014) Longitudinal U12-U16 age S g=27 520 m, CMYJ, agility (505 test). erformance changes in o
[36]/United 8 8 8 gility P 5 90%
Kin dom 3y category at baseline Cg=18 Soccer specific physical young male players
gao performance: RSA, YY IRT2. independently from baseline
levels of performance and
biological maturation.
Non-linear improvement in
explosive strength and agility
(Bidaurrazaga- Mixed- Physical performance: CM]J, performance with higher
o U11 age category at Eo . development rates for early o
Letona et al., 2015) Longitudinal baseli 38 agility (barrow zigzag run), H 1 75%
[24]/Spain 4y aseline S15 m. matures. owever, | ate
matures had better linear
improvements in speed
performance.
4y ~12yat Aerobic performance stability
(Deprez et al., 2015) Longitudinal baseline 21 Soccer specific physical was moderate in 4 v and high 85%
[32]/Belgian 2yand4y 2y:~13yat 21 performance: YYIRI. ver 2 y & ?
baseline over<y
Explosive strength
development was related to
chronological age and motor
Mixed- . coordination. However, in
Deprez et al., 2015 S 7-17 Physical performance: CM]J, s o
( f;ﬁ]/ Belgian ) Longitudinal at basel}i]ne 555 sta};din IDbroacl jumy (SB])] 11-15 y was positively 75%
- & 7y & jump : influenced by stature and
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; Participants ;
Study Design p Motor Performance . Quality
Author/Country Duration Age Number Assessments (Tests) Main Results Score
Explosive strength
performance improved
non-linearly with age in CMJ
Mixed- test and linearly is SBJ.
(Deprez et al., 2015) o B . Physical performance: Additionally, explosive o
[34]/Belgian Long17t ;dlnal 11-14y atbaseline 35 CM]J, SBJ. strength performance was 90%
related to leg length, fat free
mass, flexibility, and motor
coordination also maturity
status except in SBJ test.
(Forsman et al Physical performance: S30 m, Physical performance and
2016) M Longitudinal 12-14 v at baseline 288 agility (8-figure). soccer skills remained 85%
[46]/Finland ly y Soccer specific skills: Dribbling, relatively high and stable ?
passing. across the period of one year.
Physical performance: CM]
with and without free arm, .
o o S15 m. Physical perfo_rr_nanc'e and
s ~ fi 1la: 0,
(Francioni et al Longitudinal U8-U12 age soccer specific skills
2016) [20]/Ital one season category at baseline 103 Soccer specific skills: Touch of increased with age in 70%
y gory the ball with the body and the > 8
head, passing, shooting, one season.
dribbling, dribbling with pass.
Physical performance: S40 m,
CMJ. Change pattern showed to be
(Zuber et al., 2016) Longitudinal U13 age category at 119 Soccer specific physical partial structural with high 70%
[21]/Swiss 3y baseline performance: YY IRT1. individual motor
Soccer specific skills: Dribbling, performance stability.
passing, Juggling.
Agility and aerobic
Physical performance: Agility perfqrmance improved
. . non-linearly and reach a
(Carvalho etal, Mixed- Ul11 age category at (barrow zigzag run), steady rate around 34 y after
2017) Longitudinal % tegory 33 S15 m, CMJ. Yy rate Ve 80%
) . aseline e . PHV. Sprint and explosive
[43]/Spain 6y Soccer specific physical : .
R strength maximum velocity
performance: YYIR1. occurred around 2 y
after PHV.
Physical performance: Agility Linear increases of all
Mixed- (T-Test), S10 m, S20 m, S30 m, physical performance tests.
(Fra[r;sge]r}g;a li.£1r21017) Longitudinal at i;zsgl}i/ne 2228 SR, hand grip. Yet, there is a suggestion of 75%
- 8 6y Soccer specific physical reaching a plateau around
performance: YYIRI. 15-17 years of age.
Aerobic capacity and passing
skills improved linearly in
(Rebelo-Goncalves Mixed- Physical performance: MSSE. goalkeepers yet dribbling
Y P speed development was
etal., 2017) Longitudinal 11-13 y at baseline 16 Soccer specific skills: Dribbling . . 60%
[22]/Portugal 5y speed, wall pass. i;g;gzs;hf(xgz Isrlf(l)lsltsly
explained by training stimuli
not by fat-free mass increases.
Physical performance: CM]
with and without free arm, Motor performance
(Francioni et al., S 515 m. improved in U14 age
2018) ngég;t‘:ac;glnal Ul4 a%zsceeﬁreiory at 33 Soccer specific skills: Touch of categories during one soccer 80%
[44]/Ttaly the ball with the body and the season independent of
head, passing, shooting, training exposure.
dribbling, dribbling with pass.
Physical performance of
(Coutinho et al., Loneitudinal U15,U17 E o=15 Physical performance: CM]J, U15E improved in 10 weeks.
2018) 10g U K age category at C_g _ 15 530 m, agility (repeated change Training had a moderate 95%
[30]/Portugal weeks baseline &= in direction). effect in U15E agility and in
U17E CMJ improvements.
Motor performance
Physical performance: S20m, improved non-linearly with
(Leyhr et al., 2018) Longitudinal U12 age category at 1134 agility (slalom course). time. Future professional 80%
[47]/Germany 3y baseline Soccer specific skills: Dribbling, players performed better at ?
ball control, shooting. baseline and maintained their
superiority across time.
Explosive strength improved
non-linearly with age. The
(Bennett et al., 2019) e Lo 620y Physical performance: length of the time between o
[23]/Belgium Mixed-longitudinal at baseline 2201 CMyJ, SBJ. assessments did not show a 70%

strong impact on player’s
future performance.
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Table 2. Cont.

; Participants ;
Study Design p Motor Performance . Quality
Author/Country Duration Age Number Assessments (Tests) Main Results Score
Straight speed and lower
(M(;e;r]l /e[;ili.t,ef().jOZO) Longitudinal U10 age category at 6 Physical performance: S10 m, limb explosive strength 90
LKin dom 6y baseline 520 m, CMJ. performance can arise rapidly °
8 and in radical fashions.
Agility, explosive strength,
and speed improved
non-linearly except aerobic
capacity which improved
. linearly with age. Differences
Physical performance: 520 m, . . 2
i e Longitwdinal L REC L ags sy Gaomen O e MEIRSRSEE SR
Xi 11y & gory multistage fitness tests/ 20 m phy P
ingdom baseline multi (MSER) (MSET) development. Future
' professional players had a
faster rate as they get older,
with different development
patterns in explosive strength
and agility.
y = years, g = group, Pro = professional, S = soccer, C = control, E = experimental.

3. Results
3.1. Included Studies

Study collection database searches retrieved 267 citations. Figure 1 shows the number
of articles found in each electronic database and the literature search/selection processes,
including all the steps performed. After exclusion of duplicates, two hundred and five
articles remained, and eight additional articles identified through other sources were
included in the selection process. The remaining 213 articles were screened based on their
title and abstract, and one hundred and seventeen articles were excluded at this stage.
The remaining 35 studies were screened for full text assessment. One study did not have
its full text available, and two other articles were excluded since they did not precisely
examine the development of motor performance variables. Thirty-two articles fulfilled
all the inclusion criteria and were chosen at the end of the screening procedure for the
in-depth analysis (i.e., qualitative analysis) and review.

3.2. Methodological Quality

Quality scores attributed to studies are found in Table 2 and in the Electronic Sup-
plementary Materials (Table S2). The quality of indicators was as follows: (i) the mean
+ standard deviation score of the 32 articles was 79 £ 10 percent; (ii) none of the studies
achieved the maximum score of 100% or scored below 50% (low quality); (iii) eight articles
were classified as of moderate quality (ranging between 51 and 75%) [17-24], but (iv)
twenty-four received high methodological quality scores (>75%). Putative deficiencies
were mostly related to question 3 (justification of the study sample size), and question 9
(limitations of the study acknowledged).

3.3. Studies’ Characteristics
3.3.1. Location

All studies were from the European continent: eight were conducted in Portugal
(25.8%) [19,22,25-30], seven in Belgium (22.6%) [17,23,31-35], four in the United Kingdom
(12.9%) [36-39], three in the Netherlands (9.7%) [18,40,41], three in Spain (9.7%) [24,42,43],
two in Italy (6.5%) [20,44]. Single studies were conducted in Austria [45], Finland [46],
Germany [47], Switzerland [21], and Serbia [48] (Figure 2).
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Identification

Screening

Eligibility

Included

PubMed Web of Science
(n=34) (n=177)

SCOPUS
(n =56)

v

Records identified through database searching

Additional records identified through other

—J

(n=267) sources (n =8)
A 4 A 4
Records after duplicates removed
(n=213)
4 Records excluded checking title,
Records screened > keywords and abstract
l (n=170)
Full-text articles excluded (3)
Full-text articles assessed for | e Failed to meet inclusion criterion(n =2)
eligibility (n =35) o Full-text not available (n=1)

A

Studies included (n=32)

Qualitative synthesis

A\ 4

v

v

Mixed-longitudinal
(n=19)

Longitudinal

(n=13)

Figure 1. Flow chart including literature search and selection steps following the Preferred Reporting Items for Systematic
and Meta-analyses (PRISMA) statement.

3.3.2. Sample Size and Design

Motor performance was investigated in a total of 12,190 youth soccer players, repre-
senting an average of ~380 players per study. Nineteen studies used a mixed-longitudinal
design, with sample sizes ranging between 16 [22] and 2228 [35], and age ranging from 5 to
20 years. Time durations (serial data collection) ranged from three [41] to nine years [45].
Thirteen studies used a pure longitudinal design lasting from ten weeks [30] to eleven
years of a prognostic period [38]. Sample sizes varied from 6 [37] to 2875 subjects [38], and

player age ranged from 7 [20

] to 19 years [38] (Figure 3).
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Figure 3. Total number of subjects across studies by country.

3.3.3. Motor Performance Assessments (Tests)

Motor performance, soccer-specific motor performance, and soccer-specific skills were
distinctively assessed. Twenty-five studies [17-27,29-31,33-39,43-47] used tests such as
plate tapping, sit and reach, sit-ups, bent arm hang, standing long jump, vertical jump
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with and without free arm, endurance shuttle run, sprints (10, 15, 20, and 30 m), medicine
ball throw 2 kg, multi-stage endurance run, agility (505 test, barrow zigzag run, 8-figure,
T-Test hurdles run, slalom course, slalom running with obstacles) and the multistage fitness
tests. Seventeen studies [17-19,21,26-29,31,32,35,36,40,42,43,45,48] assessed soccer-specific
motor performance, namely: 30 m repeated sprint (RSA), agility shuttle run 5 x 10 m (SHR),
intermittent endurance (ISRT), the Yo-Yo Intermittent Recovery Tests, slalom sprint and
shuttle sprint. Additionally, a dozen [18,20-22,27-29,38,41,44,46,47] of them also assessed
soccer-specific skills including dribbling, dribbling with a pass, shooting, shooting accuracy,
ball control, touch of the ball with the body and the head, juggling, passing, and wall pass.

3.3.4. Changes in Motor Performance

Overall, the reviewed studies aimed at identifying changes in motor performance in
different ways: (i) modelling mean trends as well as their covariates [18,19,22,23,25-29,31,
33,34,38,40-43,47]; (ii) describing mean changes over time [20,30,32,35,36,39,44-46,48]; (iii)
aligning changes by age-at-peak height velocity [37,43]; (iv) identifying timings of spurts
in different motor performance tests [17]; and (v) describing patterns of change [21].

Most multilevel /mixed modelling with polynomial age trends (age, age?, and age®)
showed systematic increases in soccer players” aerobic capacity [25,31,40,42]; however, two
did not [22,38]. Training stimuli [25,40] and playing position [38] were linked to aerobic
capacity differences, except for goal-keepers [22]; maturity status was not related to these
trends [31,42]. There is evidence [24,33,34,38] for lower limb explosive strength (counter-
movement jump) increasing non-linearly with increasing age, while the increase is linear
in standing broad jump test [23]. These increases were related to maturity status [24,34],
fat-free mass [34], playing position [38], and previous performance [23]. There are also
reports [24,28,29,38,43,47] showing non-linear improvements in change in direction, which
were explained by training stimuli [24], fat-free mass [28,29], and playing position [28,38].

Most straight speed [24,38,43,47] and repeated sprint ability [19,26] showed non-linear
trends, although one showed a linear trend [24]. Maturity status [24], fat-free mass, and
playing position [38] were associated with these changes. Additionally, training stimuli,
lower limb explosive strength, and fat-free mass were identified as additional repeated
sprint covariates [19,26]. Furthermore, there was also evidence that future professional play-
ers had systematic higher physical performance levels than future non-professionals [38,47].
Additionally, non-linear trends were observed in soccer technical skills [22,28,29,41,47].
Players with more training stimuli [22,28,29] and more lower limb explosive strength [29]
and midfielders [28] were better regarding dribbling speed.

During soccer seasons, significant differences were evident in motor performance [20,
35,39,45]. However, one study did not identify such changes in different age groups [39].
There is also evidence that motor performance remained relatively high and stable during
the period of one year [46], and in particular, aerobic capacity showed high stability over
two years and moderate stability over four years [32]. Three years of training was associated
with changes in physical performance independent of baseline levels and maturational
change [36]. Ten weeks of physical and tactical training in small-sided games produced a
moderate effect on U15 change in direction, moderate improvements in U17 lower limb
explosive strength, and a positive effect on attackers’ physical performance [30]. In contrast,
one study reported that a season follow-up improved U14 players’ motor performance
independent of training stimuli [44].

Two studies aligned motor performance changes with age-at-peak height velocity
(PHV) [37,43]. A case study reported systematic fluctuations in players’ straight speed
and lower limb explosive strength performance [37]. On the other hand, the maximum
velocity of lower limb explosive strength occurred 2 years after PHV, straight speed was
coincident with PHV, whereas change in direction and aerobic capacity started levelling
off their increases 3—4 years after PHV [43]. Contrarily, one study showed that almost all
physical performance peak spurts occurred at PHV and that a plateau in straight speed,
lower limb explosive strength and upper-body endurance development occurred after
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PHV [17]. Finally, one study used a person-centered approach aiming to identify players’
patterns of change and showed partial structural stable clustering as well as high individual
stability [21].

4. Discussion

In this systematic review, our aim was to provide a comprehensive overview of
the current body of evidence of existing longitudinal research concerning young soccer
players” motor performance. Across studies, there is evidence of motor performance
improvements with chronological age, as well as marked influences of biological maturity,
body composition and training stimuli. Further, researchers based their analyses and
conclusions on data from pure longitudinal and mixed-longitudinal designs. Notably, all
studies sampled European adolescent players.

4.1. Study Quality

Overall, studies tended to adhere to high quality standards. Yet, a less favorable point
is related to the apparent absence of sample size justification and a putative insufficiency
of this aspect is evident when discussing results” generalization. This, in turn, may weaken
to a certain degree their external validity [49]. In any case, it is also important to consider
pragmatic factors and/or research design requirements when sampling players and have
their regular assessments which are often conditioned by their training schedules and
academic obligations. This is a viable argument when there is a need for systematic and
highly regular assessments [50]. As such, we suggest that future studies should discuss
potential flaws of their designs, especially sample size, as well as ways of adequately
dealing with missing data [51] before drawing conclusions about the results’ transferability
to other settings, namely coaches’ decisions when planning their training sessions as well
as their expectations.

4.2. Location

Although one important aim of the grassroots FIFA program focuses on “Develop
the game” for all [52], there apparently is no doubt that appropriate nurturing of young
soccer players is time- and money-consuming, as well as being a challenging process [53].
The studies retrieved in this systematic review are from European countries that received
some form of funding from their governmental agencies. Furthermore, not only did
their progressive governments’ sport policies incorporate elements of soccer grassroots
programs [54,55], but this is also in the interest of coaches and managers from private soccer
clubs. We suggest that future longitudinal research with young soccer players should also
be conducted worldwide. This requires, of course, the presence of collaborative research
teams from different countries and continents, linking soccer producer countries with those
apparently less advanced in terms of research, team building, and soccer education.

4.3. Motor Performance Assessments

Physical performance tests offer objective assessments of young soccer players that
can generally be used for different purposes—description of systematic changes and their
covariates, selection and placement, assess individual progress, i.e., diagnostics, prediction,
and evaluation of training intervention programs [56]. Most reviewed papers dealt with the
description of mean changes in important physiological markers such as aerobic capacity,
lower limb explosive strength, and speed, by the use of different tests. A similar trend
was observed for soccer-specific physical performance and technical skills. In general,
technical skills improved with chronological age, as expected from players’ regular training
schedules. Even though tests were different for measuring the same construct across
studies, similar results were identified and may be linked (i) to the fact that tests were
appropriate for the age range and sample characteristics, and (ii) to expected changes
during adolescence as part of their natural developmental course plus the systematic and
cumulative effects of training and competition.
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It was found that soccer’s physiological demands and technical skills are different
for goalkeepers and outfield players [57], and this is probably the main reason why most
studies [18,25,28,41] decided to not include goalkeepers during data sampling and/or
their analysis. However, Rebelo-Gongalves et al. [22] sampled 16 goalkeepers that were
similarly tested (aerobic capacity, dribbling and passing skills) as their outfield players
peers. However, in a previous study [28], using the sample from the same research
project from Rebelo-Gongalves et al. [22], the authors decided to exclude goalkeepers
during sample selection/data analysis because the sample size was very small. Hence,
we emphasize the need for future research to direct its goal to goalkeepers” physical
performance characteristics and as well as their specific technical skills.

4.4. Statistical Procedures and Changes in Motor Performance

There apparently is no specific trend in statistical procedures used to analyse mo-
tor performance changes across studies’ publication years. Most studies [18,19,22,23,25—
29,31,33,34,39-43,47] used multilevel /mixed modelling independent of study design, du-
ration, and sample size. In general, they relied on polynomials of age (age, age?, age®) to
estimate motor performance mean trends (linear and non-linear), as well as adding different
predictors of such trends, namely training stimuli and maturity status [22,24,25,28,29,34,40],
and reported their different effect sizes.

When focusing on mean changes across time, there apparently is no parallel trend
across studies. For example, when using independent factors as group—control versus
experimental [48]—or players’ levels [30,45], training effects on motor performance as well
as its stability vary by using different statistical methods such as analysis of variance [30,37]
or the general linear model [35]. Yet, we were not able to localize a study that investigated
the tracking of players’ motor performance, notwithstanding the fact that stability of
changes was mentioned [32,46]. One study [17] used a non-smoothed polynomial method
to identify spurts in several physical performance markers aligned by age-at-PHV, and
showed that in spite of their different intensities, they tend to peak around PHV. Another
study used a person-centered approach with a cluster analysis to describe players’ patterns
of change and obtained partial structural stable clustering along with high individual
stability [21]. One case study [37] showed that physical performance trajectories are
irregular, occurring quickly and in a radical fashion, suggesting that individual differences
between soccer players tend to be temporary. We concur with the authors that there is
a novel need to longitudinally investigate young players as single cases, aiming to gain
a better understanding of their erratic and systematic changes in order to assist coaches
when structuring their training program as well as when making selection decisions.

There is a strong suggestion that motor performance changes are related to biological
maturation differences, between and within players, as well as their training stimuli. Yet,
there apparently is no unequivocal proof of the effects of different training interventions
and bio-banding [58] on players’ motor performance. Therefore, we recommend additional
research for a deeper understanding of the impact of training interventions on motor
performance during puberty, especially their hormonal and physiological mechanisms.
Additionally, we could not find a theoretical basis for conducting research apart from
using ANOVAs or the multilevel/mixed model. We contend that future research should
also consider players’ contexts, i.e., their families, coaches, and clubs. Young players’
development occurs within these contexts and they should be acknowledged. In sum,
there is a need to also use multidimensional and/or ecological approaches to enhance our
understanding of the complexities of young players” development [8].

4.5. Limitations of the Current Review

This is most probably the first systematic review on young male soccer players” motor
performance development based on serial data (pure longitudinal and mixed-longitudinal),
and it is not without limitations. First, it is possible that the retrieved publications are not
free from bias towards positive results. As such, we suggest future studies to combine
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available data for meta-analyses with proper statistical evaluation of publication bias.
Second, we restricted our criteria to only include male players. We urge future research to
also consider female players’ motor performance serial data. Third, it is also possible that
the review criteria and search strategy may have limited our scan. Fourth, although no
study used in this systematic review reported injuries or orthopedic problems, care must
be taken when interpreting data because of a putative equinus condition [59].

In spite of these limitations, we tried to present a comprehensive description of
available longitudinal data during players’ puberty given that it is considered a very
important time window that may likely benefit soccer stakeholders to employ better
developmental sporting strategies in their organizations to maximize young soccer players’
potentials and smooth their career transitions.

5. Conclusions

The present study compiled current empirical evidence on longitudinal data dealing
with male soccer players” motor performance changes during puberty. Puberty has been
found to be a crucial time for nourishing soccer players’ future quality vocations. Amongst
studies, it was observed that motor performance improved with chronological age, which
was linked to biological maturity, body composition changes and training stimuli. Coaches
and stakeholder of young soccer players should be aware of the positive influence of
physical and biological maturation, training stimuli and systematic fluctuations on players’
immediate motor performance. This suggests that selection and deselection decisions
should be made based on longitudinal rather than cross-sectional information. We propose
that future longitudinal studies with young soccer players should also be global, with a
focus on playing position, cases study, tracking methods, and deeper understanding of the
impact of training interventions on motor performance during puberty, especially their
hormonal and physiological mechanisms. Finally, there is a need for more research on the
contextual and environmental aspects impacting motor performance development.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/sports9040053 /51, Table S1: Full search strategy for each database with arguments presented
as they were used, Table S2: Scores attributed to each study according to twelve criteria used in
evaluating methodological quality.

Author Contributions: Conceptualization, .M. and M.A.; methodology, M.A. and T.N.G.; writing—
original draft preparation, ].M., D.B., A.D.G.B.-J. and M.A; writing—review and editing, ].M., M.A.,
D.B., A.D.G.B.-J. and TN.G.; supervision, ].M., A.D.G.B.-]. and D.B. All authors have read and agreed
to the published version of the manuscript.

Funding: This research was funded by the Portuguese Institute of Sports and Youth (IPDJ), grant
number CP/594/DD/2018; and the Portuguese Olympic Committee (COP).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Haugaasen, M.; Jordet, G. Developing football expertise: A football-specific research review. Int. Rev. Sport Exerc. Psychol. 2012, 5,

177-201. [CrossRef]

2. Williams, A.M,; Ford, P.R; Drust, B. Talent identification and development in soccer since the millennium. J. Sports Sci. 2020, 38,

1199-1210. [CrossRef]

3. Drust, B. Applied science and soccer: A personal perspective on the past, present and future of a discipline. Sport. Perf Sci. Rep.

2019, 56, 1-7.

4. Abarghoueinejad, M.; Barreira, D.; Dias, C.; Guimaraes, E.; Baxter-Jones, A.D.G.; Maia, J. Body Physique, Body Composition,
Physical Performance, Technical and Tactical Skills, Psychological Development, and Club Characteristics of Young Male
Portuguese Soccer Players: The INEX Study. Int. ]. Environ. Res. Public Health 2021, 18, 3560. [CrossRef]


https://www.mdpi.com/article/10.3390/sports9040053/s1
https://www.mdpi.com/article/10.3390/sports9040053/s1
http://doi.org/10.1080/1750984X.2012.677951
http://doi.org/10.1080/02640414.2020.1766647
http://doi.org/10.3390/ijerph18073560

Sports 2021, 9, 53 14 of 16

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Reeves, M.].; Roberts, S.J. A bioecological perspective on talent identification in junior-elite soccer: A Pan-European perspective.
J. Sports Sci. 2020, 38, 1259-1268. [CrossRef] [PubMed]

Ford, PR.; Bordonau, J.L.D.; Bonanno, D.; Tavares, J.; Groenendijk, C.; Fink, C.; Gualtieri, D.; Gregson, W.; Varley, M.C.; Weston,
M.; et al. A survey of talent identification and development processes in the youth academies of professional soccer clubs from
around the world. J. Sports Sci. 2020, 38, 1269-1278. [CrossRef]

Bergeron, M.E,; Mountjoy, M.; Armstrong, N.; Chia, M.; Coté, J.; Emery, C.A.; Faigenbaum, A.; Hall, G.; Kriemler, S.; Léglise,
M. International Olympic Committee consensus statement on youth athletic development. Br. J. Sports Med. 2015, 49, 843-851.
[CrossRef]

Lloyd, R.S.; Cronin, ].B.; Faigenbaum, A.D.; Haff, G.G.; Howard, R.; Kraemer, W.]J.; Micheli, L.].; Myer, G.D.; Oliver, ].L. National
Strength and Conditioning Association Position Statement on Long-Term Athletic Development. J. Strength Cond. Res. 2016, 30,
1491-1509. [CrossRef] [PubMed]

Palucci Vieira, L.H.; Carling, C.; Barbieri, FA.; Aquino, R.; Santiago, PR.P. Match Running Performance in Young Soccer Players:
A Systematic Review. Sports Med. 2019, 49, 289-318. [CrossRef] [PubMed]

Sarmento, H.; Anguera, M.T; Pereira, A.; Araujo, D. Talent Identification and Development in Male Football: A Systematic
Review. Sports Med. 2018, 48, 907-931. [CrossRef] [PubMed]

Slimani, M.; Nikolaidis, P.T. Anthropometric and physiological characteristics of male soccer players according to their competitive
level, playing position and age group: A systematic review. J. Sports Med. Phys. Fit. 2019, 59, 141-163. [CrossRef]

Johnston, K.; Wattie, N.; Schorer, J.; Baker, J. Talent Identification in Sport: A Systematic Review. Sports Med. 2018, 48, 97-109.
[CrossRef]

Bergkamp, T.L.G.; Niessen, A.S.M.; den Hartigh, R.J.R.; Frencken, W.G.P.; Meijer, R.R. Methodological Issues in Soccer Talent
Identification Research. Sports Med. 2019, 49, 1317-1335. [CrossRef] [PubMed]

Shamseer, L.; Moher, D.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A.; Group, P.-P. Preferred
reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: Elaboration and explanation. BM] 2015,
350, g7647. [CrossRef] [PubMed]

Shamseer, L.; Sampson, M.; Bukutu, C.; Schmid, C.H.; Nikles, J.; Tate, R.; Johnston, B.C.; Zucker, D.; Shadish, WR,; Kravitz, R.;
et al. CONSORT extension for reporting N-of-1 trials (CENT) 2015: Explanation and elaboration. J. Clin. Epidemiol. 2016, 76,
18-46. [CrossRef] [PubMed]

Sarmento, H.; Clemente, EM.; Aradjo, D.; Davids, K.; McRobert, A.; Figueiredo, A. What Performance Analysts Need to Know
About Research Trends in Association Football (2012-2016): A Systematic Review. Sports Med. 2018, 48, 799-836. [CrossRef]
Philippaerts, R.M.; Vaeyens, R.; Janssens, M.; Van Renterghem, B.; Matthys, D.; Craen, R.; Bourgois, J.; Vrijens, J.; Beunen, G.;
Malina, R.M. The relationship between peak height velocity and physical performance in youth soccer players. J. Sports Sci. 2006,
24,221-230. [CrossRef] [PubMed]

Huijgen, B.C.; Elferink-Gemser, M.T.; Post, W.; Visscher, C. Development of dribbling in talented youth soccer players aged 12-19
years: A longitudinal study. J. Sports Sci. 2010, 28, 689-698. [CrossRef]

Valente-dos-Santos, J.; Coelho-e-Silva, M.].; Martins, R.A.; Figueiredo, A.].; Cyrino, E.S.; Sherar, L.B.; Vaeyens, R.; Huijgen, B.C.H.;
Elferink-Gemser, M.T.; Malina, R.M. Modelling Developmental Changes in Repeated-Sprint Ability by Chronological and Skeletal
Ages in Young Soccer Players. Int. ]. Sports Med. 2012, 33, 773-780. [CrossRef] [PubMed]

Francioni, EM.; Figueiredo, A.].; Terribili, M.; Tessitore, A. Analysis of the intraseasonal stability of field test performances in
young academy soccer players. . Sports Sci. 2016, 34, 966-972. [CrossRef]

Zuber, C.; Zibung, M.; Conzelmann, A. Holistic Patterns as an Instrument for Predicting the Performance of Promising Young
Soccer Players—A 3-Years Longitudinal Study. Front. Psychol. 2016, 7, 1088. [CrossRef]

Rebelo-Goncalves, R.; Coelho-e-Silva, M.].; Valente-dos-Santos, J.; Tessitore, A.; Figueiredo, A.J. Longitudinal study of aerobic
performance and soccer-specific skills in male goalkeepers aged 11-18 years. Sci. Med. Footb. 2017, 1, 40-47. [CrossRef]
Bennett, N.; Woodcock, S.; Pluss, M.A.; Bennett, K.J.M.; Deprez, D.; Vaeyens, R.; Lenoir, M.; Fransen, J. Forecasting the
development of explosive leg power in youth soccer players. Sci. Med. Footb. 2019, 3, 131-137. [CrossRef]
Bidaurrazaga-Letona, I.; Carvalho, H.M.; Lekue, J.A.; Santos-Concejero, J.; Figueiredo, A.J.; Gil, S.M. Longitudinal Field Test
Assessment in a Basque Soccer Youth Academy: A Multilevel Modeling Framework to Partition Effects of Maturation. Int. J.
Sports Med. 2015, 36, 234-240. [CrossRef] [PubMed]

Valente-dos-Santos, J.; Coelho-e-Silva, M.].; Duarte, J.; Figueiredo, A.].; Liparotti, J.R.; Sherar, L.B.; Elferink-Gemser, M.T,;
Malina, R.M. Longitudinal Predictors of Aerobic Performance in Adolescent Soccer Players. Medicina (Kaunas) 2012, 48, 410-416.
[CrossRef]

Valente-dos-Santos, J.; Coelho-e-Silva, M.J.; Severino, V.; Duarte, J.; Martins, R.S.; Figueiredo, A.].; Seabra, A.T.; Philippaerts,
R.M.; Cumming, S.P; Elferink-Gemser, M.; et al. Longitudinal study of repeated sprint performance in youth soccer players of
contrasting skeletal maturity status. Int. J. Sports Med. 2012, 11, 371-379.

Valente-dos-Santos, J.; Coelho-e-Silva, M.].; Simoes, F; Figueiredo, A.J.; Leite, N.; Elferink-Gemser, M.T.; Malina, R.M.; Sherar, L.
Modeling Developmental Changes in Functional Capacities and Soccer-Specific Skills in Male Players Aged 11-17 Years. Pediatr.
Exerc. Sci. 2012, 24, 603-621. [CrossRef]


http://doi.org/10.1080/02640414.2019.1702282
http://www.ncbi.nlm.nih.gov/pubmed/31818207
http://doi.org/10.1080/02640414.2020.1752440
http://doi.org/10.1136/bjsports-2015-094962
http://doi.org/10.1519/JSC.0000000000001387
http://www.ncbi.nlm.nih.gov/pubmed/26933920
http://doi.org/10.1007/s40279-018-01048-8
http://www.ncbi.nlm.nih.gov/pubmed/30671900
http://doi.org/10.1007/s40279-017-0851-7
http://www.ncbi.nlm.nih.gov/pubmed/29299878
http://doi.org/10.23736/S0022-4707.17.07950-6
http://doi.org/10.1007/s40279-017-0803-2
http://doi.org/10.1007/s40279-019-01113-w
http://www.ncbi.nlm.nih.gov/pubmed/31161402
http://doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/pubmed/25555855
http://doi.org/10.1016/j.jclinepi.2015.05.018
http://www.ncbi.nlm.nih.gov/pubmed/26272791
http://doi.org/10.1007/s40279-017-0836-6
http://doi.org/10.1080/02640410500189371
http://www.ncbi.nlm.nih.gov/pubmed/16368632
http://doi.org/10.1080/02640411003645679
http://doi.org/10.1055/s-0032-1308996
http://www.ncbi.nlm.nih.gov/pubmed/22499567
http://doi.org/10.1080/02640414.2015.1082612
http://doi.org/10.3389/fpsyg.2016.01088
http://doi.org/10.1080/02640414.2016.1252848
http://doi.org/10.1080/24733938.2018.1524988
http://doi.org/10.1055/s-0034-1385881
http://www.ncbi.nlm.nih.gov/pubmed/25429551
http://doi.org/10.3390/medicina48080061
http://doi.org/10.1123/pes.24.4.603

Sports 2021, 9, 53 15 of 16

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

Valente-dos-Santos, J.; Coelho-e-Silva, M.].; Duarte, J.; Pereira, J.; Rebelo-Gongalves, R.; Figueiredo, A.; Mazzuco, M.A; Sherar,
L.B.; Elferink-Gemser, M.T.; Malina, R.M. Allometric multilevel modelling of agility and dribbling speed by skeletal age and
playing position in youth soccer players. Int. . Sports Med. 2014, 35, 762-771. [CrossRef] [PubMed]

Valente-dos-Santos, J.; Coelho-e-Silva, M.].; Vaz, V.; Figueiredo, A J.; Capranica, L.; Sherar, L.B.; Elferink-Gemser, M.T.; Malina,
R.M. Maturity-associated variation in change of direction and dribbling speed in early pubertal years and 5-year developmental
changes in young soccer players. ]. Sports Med. Phys. Fit. 2014, 54, 307-316.

Coutinho, D.; Santos, S.; Gongalves, B.; Travassos, B.; Wong, D.P,; Schollhorn, W.; Sampaio, J. The effects of an enrichment training
program for youth football attackers. PLoS ONE 2018, 13, e0199008. [CrossRef] [PubMed]

Deprez, D.; Valente-dos-Santos, ].; Silva, M.C.; Lenoir, M.; Philippaerts, R.M.; Vaeyens, R. Modeling Developmental Changes in
the Yo-Yo Intermittent Recovery Test Level 1 in Elite Pubertal Soccer Players. Int. ]. Sports Physiol. 2014, 9, 1006-1012. [CrossRef]
Deprez, D.; Buchheit, M.; Fransen, ].; Pion, J.; Lenoir, M.; Philippaerts, R.M.; Vaeyens, R. A longitudinal study investigating the
stability of anthropometry and soccer-specific endurance in pubertal high-level youth soccer players. J. Sports Sci. Med. 2015, 14,
418-426.

Deprez, D.; Valente-Dos-Santos, J.; Coelho-e-Silva, M.].; Lenoir, M.; Philippaerts, R.; Vaeyens, R. Longitudinal Development of
Explosive Leg Power from Childhood to Adulthood in Soccer Players. Int. J. Sports Med. 2015, 36, 672—679. [CrossRef] [PubMed]
Deprez, D.; Valente-Dos-Santos, ].; Coelho-e-Silva, M.].; Lenoir, M.; Philippaerts, R.; Vaeyens, R. Multilevel Development Models
of Explosive Leg Power in High-Level Soccer Players. Med. Sci. Sports Exerc. 2015, 47, 1408-1415. [CrossRef]

Fransen, J.; Bennett, K.J.M.; Woods, C.T.; French-Collier, N.; Deprez, D.; Vaeyens, R.; Lenoir, M. Modelling age-related changes in
motor competence and physical fitness in high-level youth soccer players: Implications for talent identification and development.
Sci. Med. Footb. 2017, 1, 203-208. [CrossRef]

Wrigley, R.D.; Drust, B.; Stratton, G.; Atkinson, G.; Gregson, W. Long-term Soccer-specific Training Enhances the Rate of Physical
Development of Academy Soccer Players Independent of Maturation Status. Int. ]. Sports Med. 2014, 35, 1090-1094. [CrossRef]
Moran, J.; Paxton, K.; Jones, B.; Granacher, U.; Sandercock, G.R.; Hope, E.; Ramirez-Campillo, R. Variable long-term developmental
trajectories of short sprint speed and jumping height in English Premier League academy soccer players: An applied case study:. J.
Sports Sci. 2020, 38, 2525-2531. [CrossRef] [PubMed]

Saward, C.; Hulse, M.; Morris, J.G.; Goto, H.; Sunderland, C.; Nevill, M.E. Longitudinal Physical Development of Future
Professional Male Soccer Players: Implications for Talent Identification and Development? Front. Sports Act. Living 2020, 2, 578203.
[CrossRef] [PubMed]

Williams, C.A.; Oliver, ].L.; Faulkner, ]. Seasonal monitoring of sprint and jump performance in a soccer youth academy. Int. |.
Sports Physiol. Perform. 2011, 6, 264-275. [CrossRef]

Roescher, C.R.; Elferink-Gemser, M.T.; Huijgen, B.C.; Visscher, C. Soccer endurance development in professionals. Int. J. Sports
Med. 2010, 31, 174-179. [CrossRef]

Huijgen, B.C.; Elferink-Gemser, M.T.; Ali, A.; Visscher, C. Soccer skill development in talented players. Int. ]. Sports Med. 2013, 34,
720-726. [CrossRef]

Carvalho, HM.; Bidaurrazaga-Letona, I.; Lekue, J.A.; Amado, M.; Figueiredo, A.J.; Gil, S.M. Physical Growth and Changes in
Intermittent Endurance Run Performance in Young Male Basque Soccer Players. Res. Sports Med. 2014, 22, 408—424. [CrossRef]
Carvalho, H.M.; Lekue, J.A.; Gil, S.M.; Bidaurrazaga-Letona, I. Pubertal development of body size and soccer-specific functional
capacities in adolescent players. Res. Sports Med. 2017, 25, 421-436. [CrossRef] [PubMed]

Francioni, EM.; Figueiredo, A J.; Lupo, C.; Terribili, M.; Condello, G.; Tessitore, A. Intra-seasonal variation of anthropometrical,
conditional, and technical tests in U14 soccer players. Rev. Int. Cienc. Deporte. 2018, 14, 219-232. [CrossRef]

Gonaus, C.; Muller, E. Using physiological data to predict future career progression in 14-to 17-year-old Austrian soccer academy
players. J. Sports Sci. 2012, 30, 1673-1682. [CrossRef]

Forsman, H.; Grastén, A.; Blomqvist, M.; Davids, K.; Liukkonen, J.; Konttinen, N. Development of perceived competence, tactical
skills, motivation, technical skills, and speed and agility in young soccer players. J. Sports Sci. 2016, 34, 1311-1318. [CrossRef]
Leyhr, D.; Kelava, A.; Raabe, J.; Honer, O. Longitudinal motor performance development in early adolescence and its relationship
to adult success: An 8-year prospective study of highly talented soccer players. PLoS ONE 2018, 13, e0196324. [CrossRef]
Mirkov, D.M.; Kukolj, M.; Ugarkovic, D.; Koprivica, V.J.; Jaric, S. Development of anthropometric and physical performance
profiles of young elite male soccer players: A longitudinal study. J. Strength Cond. Res. 2010, 24, 2677-2682. [CrossRef]

Hedeker, D.; Gibbons, R.D.; Waternaux, C. Sample size estimation for longitudinal designs with attrition: Comparing time-related
contrasts between two groups. J. Educ. Behav. Stat. 1999, 24, 70-93. [CrossRef]

Vasileiou, K.; Barnett, J.; Thorpe, S.; Young, T. Characterising and justifying sample size sufficiency in interview-based studies:
Systematic analysis of qualitative health research over a 15-year period. BMC Med. Res. Methodol. 2018, 18, 148. [CrossRef]
Hedeker, D.; Gibbons, R.D. Longitudinal Data Analysis; John Wiley & Sons: Hoboken, NJ, USA, 2006; p. 337.

Avry, Y.; Bernet, M.; Cornea, A.; Malouche, B.; Thondoo, G.; FIFA Education and Technical Development Department. Grassroots.
(N/A). Available online: https:/ /www.soccercoach.eu/fifa/grassroots_en.pdf (accessed on 22 March 2021).

Baker, J.; Schorer, J.; Wattie, N. Compromising Talent: Issues in Identifying and Selecting Talent in Sport. Quest 2018, 70, 48-63.
[CrossRef]

UK Parliament. Funding and Supporting Grassroots Sports. 2012. Available online: https:/ /publications.parliament.uk/pa/ld2
01011 /1dselect/ldeucom/201130/213007.htm (accessed on 22 March 2021).


http://doi.org/10.1055/s-0033-1358469
http://www.ncbi.nlm.nih.gov/pubmed/24920564
http://doi.org/10.1371/journal.pone.0199008
http://www.ncbi.nlm.nih.gov/pubmed/29897985
http://doi.org/10.1123/ijspp.2013-0368
http://doi.org/10.1055/s-0034-1398577
http://www.ncbi.nlm.nih.gov/pubmed/25958943
http://doi.org/10.1249/MSS.0000000000000541
http://doi.org/10.1080/24733938.2017.1366039
http://doi.org/10.1055/s-0034-1375616
http://doi.org/10.1080/02640414.2020.1792689
http://www.ncbi.nlm.nih.gov/pubmed/32723029
http://doi.org/10.3389/fspor.2020.578203
http://www.ncbi.nlm.nih.gov/pubmed/33345142
http://doi.org/10.1123/ijspp.6.2.264
http://doi.org/10.1055/s-0029-1243254
http://doi.org/10.1055/s-0032-1323781
http://doi.org/10.1080/15438627.2014.944301
http://doi.org/10.1080/15438627.2017.1365301
http://www.ncbi.nlm.nih.gov/pubmed/28816503
http://doi.org/10.5232/ricyde2018.05303
http://doi.org/10.1080/02640414.2012.713980
http://doi.org/10.1080/02640414.2015.1127401
http://doi.org/10.1371/journal.pone.0196324
http://doi.org/10.1519/JSC.0b013e3181e27245
http://doi.org/10.3102/10769986024001070
http://doi.org/10.1186/s12874-018-0594-7
https://www.soccercoach.eu/fifa/grassroots_en.pdf
http://doi.org/10.1080/00336297.2017.1333438
https://publications.parliament.uk/pa/ld201011/ldselect/ldeucom/201130/213007.htm
https://publications.parliament.uk/pa/ld201011/ldselect/ldeucom/201130/213007.htm

Sports 2021, 9, 53 16 of 16

55.

56.

57.

58.

59.

European Commission. Report to Commissioner Tibor Navracsics, Grassroots Sport—Shaping Europe. 2016. Available online:
http:/ /hu.eusport.org/files /242-nc0418026enn.en.pdf (accessed on 22 March 2021).

Safrit, M.]. Introduction to Measurement in Physical Education and Exercise Science; Mosby College Publishing: St. Louis, MO,
USA, 1990.

Bangsbo, J.; Mohr, M.; Krustrup, P. Physical and metabolic demands of training and match-play in the elite football player. J.
Sports Sci. 2006, 24, 665-674. [CrossRef] [PubMed]

Cumming, S.P; Lloyd, R.S.; Oliver, ].L.; Eisenmann, ].C.; Malina, R.M. Bio-banding in Sport: Applications to Competition, Talent
Identification, and Strength and Conditioning of Youth Athletes. Strength Cond. J. 2017, 39, 34—47. [CrossRef]

Rodriguez-Sanz, D.; Losa-Iglesias, M.E.; Becerro de Bengoa-Vallejo, R.; Palomo-Lopez, P.; Beltran-Alacreu, H.; Calvo-Lobo, C.;
Navarro-Flores, E.; Lopez-Lopez, D. Skin temperature in youth soccer players with functional equinus and non-equinus condition
after running. J. Eur. Acad. Dermatol. Venereol. 2018, 32, 2020-2024. [CrossRef] [PubMed]


http://hu.eusport.org/files/242-nc0418026enn.en.pdf
http://doi.org/10.1080/02640410500482529
http://www.ncbi.nlm.nih.gov/pubmed/16766496
http://doi.org/10.1519/SSC.0000000000000281
http://doi.org/10.1111/jdv.14966
http://www.ncbi.nlm.nih.gov/pubmed/29601106

	Introduction 
	Materials and Methods 
	Protocol 
	Information Sources and Search Strategy 
	Eligibility Criteria 
	Study Selection 
	Methodological Quality Assessment 
	Strategy for Data Synthesis 

	Results 
	Included Studies 
	Methodological Quality 
	Studies’ Characteristics 
	Location 
	Sample Size and Design 
	Motor Performance Assessments (Tests) 
	Changes in Motor Performance 


	Discussion 
	Study Quality 
	Location 
	Motor Performance Assessments 
	Statistical Procedures and Changes in Motor Performance 
	Limitations of the Current Review 

	Conclusions 
	References

