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Multiple athletic performances, maturation, and
Functional Movement Screen total and individual scores
across different age categories in young soccer players
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The purpose of this study was to evaluate differences in multiple athlet-
ic performances, and to examine associations between athletic perfor-
mance and Functional Movement Screen (FMS) in young soccer play-
ers. Forty-one soccer players were tested on peak height velocity (PHV),
5-, 10-, and 30-m sprint times, 505 change of direction (505 COD), Y-reac-
tive agility tests, countermovement jump (CMJ), and squat jump (SJ)
height. Significant main effects (P<0.01) were recorded in all tests ex-
cept FMS total score whereas the U16 group outperformed U12 and
U14 in almost each test. However, when the results were adjusted to
the PHV 7 of 11 tests were nonsignificant. Significant associations were
recorded between trunk stability push-up (TSPU) and 5 m (P=0.04) and

INTRODUCTION

Muscular strength, linear sprinting, sprinting with change of
direction and agility as a reaction to external stimuli are important
components of well-designed strength and conditioning program
that can affect athletic performance in adult (Loturco et al., 2016)
as well as young soccer players (Kobal et al., 2017). Despite the
training methods that are frequently used in older and more expe-
rienced soccer players copying this approach in young players seems
to be inappropriate mainly due to the limitations related to matu-
ration (Behm et al., 2008). Few studies examined physical perfor-
mance across different age categories in young soccer players in
relation to the maturation process (Lloyd et al., 2015; Mendez-
Villanueva et al., 2011). In both studies, the oldest group had al-
ways achieved the better performance in various tests (e.g., accel-
eration, maximal running speed, squat jump), however, when the

505 COD (preferred) times (P=0.01), and SJ height (P=0.03) in the U12.
In the U14, significant associations were recoded between TSPU and
SJ (P<0.01) and CMJ height (P=0.03). In the U16, significant associa-
tions were recorded between deep overhead squat and 5-m sprint time
(P=0.02) and CMJ height (P=0.04). Results of this study indicate that
athletic performance in young soccer players is multidimensional in na-
ture, and it is a consequence of several factors including maturation,
different training strategies, and movement proficiency.

Keywords: Youth soccer, Adolescence, Physical testing, Movement
screening

results were adjusted to peak height velocity almost each signifi-
cance disappeared (Lloyd et al., 2015; Mendez-Villanueva et al.,
2011). The results suggest that players who are advanced in bio-
logical maturation may have better performance results in muscu-
lar strength and power, running speed as well as endurance com-
pared to the less matured peers (Figueiredo et al., 2009; Malina et
al., 2004). Despite widespread physical performance testing across
age categories in young as well as adult soccer players, injury pre-
vention program and/or screening has become the standard proce-
dure within the test battery.

One of the methods that is widely accepted among numerous
coaches, researchers, and various educational institutions and uni-
versities in the world is the Functional Movement Screen testing
(FMS). FMS was invented by Gray Cook and Lee Burton and at a
basic level, it contains seven screening tests that assess several ar-
eas (Cook, 2011). The seven basic tests include: deep overhead
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squat (DS), hurdle step (HS), in-line lunge (ILL), shoulder mobili-
ty (SM), active straight leg raise (ASLR), trunk stability push-up
(TSPU), rotary stability (RS) (Cook, 2011). Several research stud-
ies examined the FMS in relation to injury prevention (Kiesel et
al., 2007; Letafatkar et al., 2014; Newton et al., 2017) and differ-
ent performance characteristics (Lee et al., 2019; Lloyd et al., 2015;
Lockie et al., 2015; Parchman and McBride, 2011). Among the
mentioned studies (besides the others) a considerable part of the
studies has been done on soccer players including prestigious soc-
cer academies and clubs (Marques et al., 2017; McCall et al., 2015;
Newton et al., 2017). However, it is not surprising that the best
clubs or academies use this screening tool in soccer as it offers af-
fordable and relatively quick tool that can be used to assess poten-
tial movement deficiencies in players (Bardenett et al., 2015).

Despite of the abovementioned studies and current trends, sev-
eral studies tried to examine potential sensitivity of the FMS to
predict injuries and establish associations to multiple performance
characteristics. For instance, Newton et al. (2017) examined injury
occurrence in relation to the FMS score in youth soccer players.
Their findings suggest that no relationship exists between achieved
scores and injury. Similarly, Smith and Hanlon (2017) found no
significant difference between FMS, and noncontact injuries in
soccer players. In regards of potential association of the FMS to
performance characteristics, several studies found significant asso-
ciations of either total score or subset of the FMS tests in soccer
players (Lee et al., 2019; Lloyd et al., 2015; Silva et al., 2017) but
some did not (Parchmann and McBride, 2011; Zalai et al., 2015),
however the study by Parchman and McBride (2011) was done on
golfers. Collectively, from the results of the abovementioned stud-
ies, it seems that individual scores are more able to detect poten-
tial associations between the FMS, and athletic performances (Silva
et al., 2017) which could be explained by different subtests that
assess several areas not all of which may be performance related.
Also, besides the ability of the FMS to potentially predict noncon-
tact injuries which according to the mentioned studies are in an
agreement, however, the opposite may hold true, when examining
association to the physical abilities with contrast findings in youth
players, whereas the differences may be caused as a result of com-
bination of both the movement quality, and growth and/or matu-
ration.

Therefore, the purpose of this study was twofold. At the first, to
assess differences between physical characteristics in young soccer
players of different age, and secondly, to assess the FMS scores and
multiple physical characteristics in youth soccer categories, and
thus to detect potential performance-related associations.

https://doi.org/10.12965/jer.2040546.273

MATERIALS AND METHODS

Experimental design

The present study represents cross-sectional design. All players
who met inclusion criteria across different age categories were test-
ed using the FMS method and petformed physical tests assessment

in a period of 4 days during the end of the actual season (Novem-
ber, 2019).

Participants

In total, 41 soccer players met inclusion criteria and were in-
cluded into this study. Participants were divided into three groups
(U12, U14, U16) according to the age category they play (Table 1).
All research procedures were explained to players, coaches as well
as parents. Informed consent was signed by coaches and parents as
well. The study was approved by local soccer academy and Univer-
sity Ethic Committee (registration number: V/2/2019) to comply
with the Declaration of Helsinki.

Procedures

Participants underwent four testing sessions. During the first
and the second session, they performed FMS testing (half of the
participants on session 1 and the other half on session 2). During
the next 2 sessions, they performed physical performance testing
which included 5-, 10-, and 30-m sprint time, 505 change of di-
rection test (505 COD), Y-reactive agility test (Y-test), squat jump
(8]), and countermovement vertical jump (CMJ) height. During
the 505 COD test participants changed direction to the left and
to the right side or to preferred and nonpreferred direction. COD
deficit as difference between 505 COD time and 10-m linear sprint-
ing time was also calculated in each group. The reason why testing
sessions were divided into four ones lies in the fact that all tests
were time consuming, especially the FMS testing, and there was
only limited time opportunity when all the participants could at-
tend testing sessions.

Biological maturity was assessed noninvasively by measuring
standing height (cm), sitting height (cm), and body weight (kg)

Table 1. Basic characteristics of players across age groups

Standing Sitting ~ Body weight Peak height

ey Agelr  poiottiom) heightlom)  tkg) velocity
UI12(=15) 11 1465:60 769+39 390:63 2205
Ul4(n=14) 13 1624+94 862+¢47 492:66 0107
UIB(h=12) 15  1752+¢43 930+24 626+21 19:04

Values are presented as mean + standard deviation.
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during the time of the physical performance testing. From these
measures peak height velocity was calculated (Mirwald et al., 2002)
which represents the predicted period of time in which a child
grows at the fastest rate (Lloyd and Oliver, 2012).

The FMS testing was carried out by two certified testers and
certified strength and conditioning specialist with at least with

2 years of FMS screening experience with the participation of the

Fig. 1. Testing of the Functional Movement Screen.
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local soccer club physiotherapist. Seven basic tests were performed
in the following order: (a) DS, (b) HS, (c) ILL, (d) SM, (e) ASLR, (f)
TSPU, (g) RS (Fig. 1). As there was no zero value obtained during
testing, no additional coding was required (in case of value “0”).
Briefly, the point scale ranged from 1 to 3 points where 1 represents
situation of unable to perform required pattern, 2 situations with

correct pattern performed but with compensation, and 3 points
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represented correct pattern as directed. All the testing was done in
accordance with the FMS methodology (for more details see: Cook,
2011). Total score represented the sum of individual subtests. The
FMS shows good test-retest reliability (Interclass correlation coef-
ficient [ICC], 0.6) and excellent reliability (ICC, 0.92) for the live-
versus-video session (Shultz et al., 2013).

Sprints over 5-, 10-, and 30-m dash, 505 COD test, and Y-test
were recorded using Witty wireless training timer (Microgate,
Bolzano, Italy). All sprints were performed in one run and measured
as split times (5-10-30-m). Participants had three trials from which
the best time was recorded for further analysis. They started from
stationary standing position with the dominant foot placed behind
the starting line. In 505 COD test, they run and changed direction
on the dominant and nondominant leg (preferred/nonpreferred
leg) with two trials on each side with the best time chosen for fur-
ther analysis (Fig. 2). Y-reactive agility test was also performed
with Witty system but in this case, additional equipment (Witty-
SEM, Bolzano, Italy) was added to the basic set-up to ensure video
stimuli in the form of arrows indicating direction of the subsequent
sprint after display (Fig. 3). Three trials were allowed to partici-
pants in the Y-reactive agility test with the best attempt for fur-
ther analysis. Stimuli were displayed with following a 0.5-sec de-

Turning point

A A

N

5m

Photo cell

10m

Startline

Fig. 2. 505 change of direction test.
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lay after triggering the second timing gate. COD deficit was cal-
culated as mean 505 time (nonpreferred/preferred) — mean 10 sprint
time. In overall, rest interval between trials was 2—3 minutes in
all tests. Participants were instructed and encouraged to “run as
fast as possible” from the beginning to the end of the dash.

Squat jump and countermovement jump height was recorded
using Optojump Next (Microgate, Bolzano, Italy). Participants
had three attempts in both variations with at least 30-sec rest be-
tween jumps. In both variations, participants were asked to put
their hands on the hips and hold them there during the whole
demonstration of the jumps. The highest vertical jump height
was recorded and used for further analysis. Participants were en-
couraged to “jump as high as possible.”

Test-retest reliability of our tests from our laboratory is shown
in Table 2. In 505 COD test, test-retest reliability was examined
elsewhere (ICC ranged from 0.84 to 0.89 with coeficient of varia-
tion from 1.6% to 1.8%) and this was also done in youth soccer
players in different age categories U11-U17 with the same device
as used in our study (Dugdale et al., 2020).

Statistical analyses

Normality of distribution in each category was performed by

Video screen
A 1 A
6m
A A
n v R
3m
Triggergate | ------ > * *
4m
A— A
Startline

Fig. 3. Y-reactive agility test.
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Tahle 2. Interclass correlation coefficients (ICCs) with 95% confidence inter-
vals (95% Cl)

Table 3. Results of 1-way ANOVA and multivariate ANCOVA with peak height
velocity as a covariate between the groups in each test

Variable ICC (95% Cl)

5m(sec) 0.97(0.83-0.98)
10 m (sec) 0.99(0.95-0.98)
30 m(sec) 0.98(0.95-0.99)
Y-test (sec) 0.82(0.39-0.95)
Squat jump (cm) 0.99(0.94-0.99)
Countermovement jump (cm) 0.97(0.91-0.99)

Shapiro-Wilk test. All data in each group showed normal distribu-
tion. Comparison of physical performance and FMS total score be-
tween groups was performed by 1-way analysis of variance (ANO-
VA) with Bonferroni post hoc test. Pearson product-moment cor-
relation was performed to detect association between physical per-
formances and FMS total score in each category. Spearman rank
cortelation coefficient was also calculated to obtain association be-
tween physical performance and individual subtests of the FMS in
each category. Strength of the associations according to the Hop-
kins (2016) are: 0.00-0.09 trivial; 0.10-0.29 small; 0.30-0.50
moderate; 0.51-0.70 large; 0.71-0.90 very large; 0.91-0.99 near-
ly perfect; 1.00 perfect. Kruskal-Wallis H-test (nonparametric
rank-based alternative of ANOVA) with Mann—Whitney U-test
as post hoc test was used to calculate differences between the groups
in each subtest of the FMS. Additionally, multivariate analysis of
covariance was performed to analyse differences between perfor-
mance characteristics adjusted to PHV as a covariate. Effect size
was calculated according to the Hedges g, where <0.49 is a small
effect, 0.50-0.79 is a moderate effect, and >0.80 is a large effect.
95% confidence intervals are also presented in the text. All analy-
ses were performed using IBM SPSS Statistics ver. 21.0 (IBM Co.,
Armonk, NY, USA).

RESULTS

ICCs with 95% confidence intervals are shown in Table 1. Re-
sults of the study indicate that older players significantly outper-
formed younger ones in almost each examined measure except
FMS total score where no significant differences between the
groups were detected (Table 3). Additionally, right part of the ta-
ble indicates results based on the PHV adjustment as a covariate.

The U16 group was significantly quicker compared to the U12
(P<0.01, -0.15 to -0.04 sec) and U14 (P <0.01, -0.14 to -0.03
sec) on 5-m dash. The same results were also obtained on the 10-m
and 30-m dash. In the COD 505 test, U14 and U16 were signifi-
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ANOVA ANCOVA

Performance

Ftest Pvalue Ftest Pvalue
5m (sec) 1.7 <001 2.7 >0.05
10m (sec) 17.1 <001 26 >0.05
30m (sec) 46.9 <001 6.2 <001
505C0OD (non) (sec) 12.8 <0.01 12 >0.05
505C0D (pref) (sec) 229 <001 1.1 >0.05
CODdef (pref) (sec) 47 <0.05 26 >0.05
CODdef (non) (sec) 70 <0.01 32 >0.05
Y-test (sec) 496 <0.01 6.5 <0.01
Countermovement jump (cm) 202 <001 58 <001
Squat jump (cm) 18.7 <0.01 7.1 <0.01
FMS TS 28 0.06 08 >0.05

ANOQVA, analysis of variance; ANCOVA, analysis of covariance; 505 COD (non/pref),
505 change of direction test with nonpreferred/preferred turning leg; CODdef (non/
pref), change of direction deficit with nonpreferred/preferred tuming leg; Y-test,
Y-reactive agility test; FMS TS, Functional Movement System-total score.

cantly quicker compared to the U12 (P <0.01) (in both variations).
In the CODdeficit (preferred), U16 and U14 achieved significant-
ly better result compared to the U12 (P <0.05), and in the COD-
deficit (nonpreferred), U14 and U16 achieved significantly better
results compared to the U12 (P<0.01 and P <0.05, respectively).
In the Y-test, the U16 significantly outperformed U14 (P <0.01,
-0.51 to0 -0.24 sec) and U12 as well (P <0.01, -0.63 to -0.37 sec).
The U14 was also significantly quicker compared to the U12
(P <0.03, -0.25 to -0.003 sec). In the CMJ U16 jumped signifi-
cantly higher compared to the U12 (P <0.01, 4.57 to 11.93 cm)
and U14 (P<0.01, 4.56 to 12.03 cm). Similarly in the SJ U16
jumped significantly higher compared to the U12 (P <0.01, 3.75
to 11.0 cm) and U14 (P <0.01, 4.57 to 11.93 cm). When com-
paring individual FMS subtests, only significant main effect was
recorded in the TSPU (P < 0.01). Post hoc comparison revealed that
both U14 and U16 achieved significantly higher score compared
to the U12 (Ul4 vs. U12: 2=-2.49, P=0.02; U16vs U12: 2=-3.41,
P<0.01).

Interestingly, when performance characteristics were adjusted
to the PHV as a covariate, 7 of 11 tests were nonsignificant (P >
0.05) (5 m, 10 m, both COD variations as well as COD deficits
and FMS total score). Significance persisted in the 30 m and Y-re-
active agility sprint times, CMJ, and SJ height (P <0.01).

No significant associations between the FMS total score and
performance tests were recorded in U12, Ul4, and U16. When
analysing associations between the individual FMS subtests, few
associations were recorded in the U12 group between TSPU and
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Table 4. Neuromuscular performance (nonadjusted) (mean + standard deviation) and FMS individual score (median) in each age category

p_— Age groups Hedges g ES
arebe U12 (n=15) U14(n=14) U16(n=12) Ul6vs. U14 U16vs. U12 Ul4vs. U12
Performance
5m(sec) 1.17+0.06 117007 1.08+004"" 1.50 (large) 1.67 (large) 0.06 (small)
10m (sec) 2.04+0.09 200+0.11 1.85+005"" 1.66 (large) 2.45 (large) 0.39 (small)
30 m (sec) 528+0.25 5.05+0.28 443+0117" 2.74 (large) 4.1 (large) 0.84 (large)
505 COD (non) (sec) 2.69+0.16 246+0.09%* 2.36+0.13** 0.88 (large) 2.17 (large) 1.71 (large)
505 COD (pref) (sec) 266+0.25 243+0.08** 2.35+0.11%* 0.82 (large) 1.50 (large) 1.19 (large)
CODdef (pref) (sec) 062+0.24 0.43+0.13* 0.50+0.09% 0.60 (moderate) 0.61 (moderate) 0.95 (large)
CODdef (non) (sec) 0.65+0.17 0.46+0.12** 051+0.13* 0.39 (small) 0.88 (large) 151 (large)
Y-test (sec) 2.72+0.13 2.59+0.16* 2.22+01171 2.57 (large) 3.99(large) 0.87 (large)
CMJ (cm) 25.11+4.65 25.06+3.03 333743371 2.52(large) 1.94 (large) 0.01 (small)
SJ(cm) 25.65+4.11 2477+297 33.03+4.03"7" 2.29 (large) 1.76 (large) 0.42 (small)
FMS score
TS (point) 157+19 16+1.6 172412
DS (point) 2 2 2
HS (point) 2 2 2
ILL (point) 2 2 2
SM (point) 3 3 3
ASLR (point) 3 2 25
TSPU (point) 2 3* 3**
RS (point) 2 2 2

FMS, Functional Movement System; 505 COD (non/pref), 505 change of direction test with nonpreferred/preferred turning leg; CODdef (non/pref), change of direction deficit
with nonpreferred/preferred turning leg; Y-test, Y-reactive agility test; CMJ, countermovement vertical jump; SJ, squat jump; TS, total score; DS, deep squat; HS, hurdle step;
ILL, in-line lunge; SM, shoulder mobility; ASLR, active straight leg raise; TSPU, trunk stability push-up; RS, rotary stability; ES, effect size.

*P<0.05and **P<0.01 compared to the U12. 'P<0.01 compared to the U14.

5-m sprint time (r=-0.50, P=0.04, n=15), TSPU and 505COD
(preferred) (r=-0.61, P=0.01, n=15), TSPU and SJ height (r=
0.55, P=0.03, n=15). Interestingly, similar trend was also seen
in the U14 between TSPU and CMJ height (r=0.55, P=0.03,
n=14), and TSPU and SJ height (r=0.67, P <0.01, n=14). Con-
trary and interestingly, in the oldest group U16 significant associ-
ations were recorded only between DS and 5-m sprint time (r=
-0.64, P=0.02, n=12), and DS and CM]J height (»=0.58, P =0.04,
n=12). In the U16, group associations with TSPU and SM could
not have been calculated because all the participants achieved the
highest possible score.
All the results in each group are shown in Table 4.

DISCUSSION

The main goal of this study was twofold: firstly, to examine dif-
ferences between physical characteristics in youth soccer players,
and secondly, to find out potential relationships between multiple
physical characteristics and the FMS score in youth soccer players

https://doi.org/10.12965/jer.2040546.273

of different age categories. Several expected, and few interesting
findings were recorded in this study.

First of all, comparison of physical characteristics between all
groups showed that in almost every test the oldest group U16
outperformed younger ones (U12 and U14), and U14 outperformed
Ul2 in 5 out of 10 examined physical characteristics. However,
these findings were also expected as much as growth and biologi-
cal maturation plays an important role especially in this age range
(Malina et al., 2004; Malina et al., 2015). Regarding acceleration
and maximum running speed, an interesting study was performed
by Mendez-Villanueva et al. (2011) who compared different age
groups of soccer players with significantly better results in favor of
the oldest group (U18) compared to the younger ones (U14, U16),
however, when the comparison was adjusted for the PHV, all the
significant differences disappeared which support the abovemen-
tioned statement about growth and maturation as main contrib-
uting factors behind the differences between the groups. Above-
mentioned statements and findings support our results as we have
recorded that U16 was significantly quicker compared to the U12
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(P<0.01) and U14 (P <0.01) in 5-, 10-, and 30-m dash support-
ed by large effect sizes ranged from 0.82 to 4.1. Interestingly, and
similarly as in the Mendez-Villanueva et al. (2011) study, we ad-
ditionally found out significant positive correlations between 5-,
10-, and 30-m sprint times in each examined age group (r=0.67—
0.89, P<0.01) except for the U16 group where the significance
level between 5- and 30-m sprint times was borderline (r=0.56,
P=0.055, n=12). These additional analyses may indicate that ac-
celeration and maximal running speed in youth soccer players may
share similar factors which may contradict the findings of profes-
sional soccer players (Little and Williams, 2005), and thus, proba-
bly different training strategies may be required or in other words,
simplicity of linear speed training in youth categories seems to be
optimal and should not be intricately separated. However, it should
be noted that correlation does not mean causation and thus the re-
sults should be interpreted with a caution.

In both variations of the 505 COD test, U16 and U14 were
significantly faster compared to the U12 with no significant dif-
ference between U16 and U14. This is the only test where no dif-
ferences were recorded between U16 and U14 and the similar trend
was found also in 505 COD deficit (both variations) (P > 0.05). In
this case, the abovementioned situation may hold also true where-
as additional analyses showed positive correlations only in the U16
between 505 COD (preferred) and 5-, 10-, and 30-m sprint time
(r=0.54-0.71, P <0.05) as well as 505 COD (nonpreferred) with
5- and 30-m sprint time (#=0.52-0.57, P<0.05). In the U14
group, only significant correlation was observed between 505 COD
(nonpreferred) and 30-m sprint time (r=0.51, P <0.05). No asso-
ciations were recorded in the U12 group. Abovementioned associ-
ations are supported by significant differences obtained between
the groups in COD deficit (both variations) which may indicate
that not only linear sprinting in the older ones is related to the
better performance in COD test but it also seems that technical
competence to perform rapid and technically mastered change of
direction ability (Nimphius et al., 2016) at an angle of 180° may
be on the higher level in older players. However, it should be not-
ed that even significant but the smallest P-values, and small to
large effect sizes ranged from 0.39 to 0.88 were recorded when
comparing U16 to U12 in the COD 505 deficit in both variations
which may indicate reduced ability with greater entry and exit
velocities (Loturco et al., 2019). Similarly, as in the 505 COD test,
we found that the U16 was significantly quicker in the Y-reactive
agility test compared to the U12 and U14 as well. Recorded dif-
ferences between the groups as mentioned above may be also at-
tributed to the maturation level as described above. Similar results
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were found in the study by Lloyd et al. (2015) who found that de-
spite the fact that small variation (R*=8%) in reactive agility was
recorded, it still suggests that better performance in the U16 group
can be explained by higher strength level in relation to the growth
and maturation status. Our results in running speed and mainly
in pre-planned 505 COD test and Y-reactive agility test could be
supported by SJ and CM]J height, whereas the U16 had signifi-
cantly higher vertical jump height compared to the both younger
groups (with large effect sizes ranged from 1.76 to 2.52). However,
this may indicate possible higher concentric strength level (Lloyd et
al., 2011) that is related to maturation status which can also affect
examined outcomes, mainly acceleration, reacceleration as well as
cutting skills where rapid force production is essential. It was also
shown significant association between SJ (r=0.762, P <0.001)
and CMJ (r=0.760, P <0.001) height and maximum strength in
young soccer players (Comfort et al., 2014).

Interestingly, when results of the performance characteristic were
adjusted to the PHV in more than a half of tests significance dis-
appeared (Table 2) which indicate that maturation of the players
plays an important role in relation to the physical performance and
FMS total score which has been also confirmed in previous studies
(Lloyd et al., 2015; Mendez-Villanueva et al., 2011). However, in
the study by Lloyd et al. (2015), only reactive strength index re-
mained also unchanged after adjusting to the PHV. Similar results
wete achieved in our study but in different parameters (30 m, Y-re-
active agility test, CMJ, and SJ) which suggests that not only mat-
uration but also probably different training approaches across age
categories are responsible for achieved performance differences in
youth soccer players.

Regarding the FMS assessment in relation to the physical char-
acteristics we have found few interesting associations but with
different trend in each examined group. First, when analysing the
FMS total score and all physical characteristics, no significant as-
sociation in each group was recorded. Similar trend was also re-
corded in another studies (Parchmann and McBride, 2011; Silva
et al., 2017; Zalai et al., 2015) whete no association between FMS
total score and physical performance was obtained. However, our
findings are in contrast to other studies where significant associa-
tion between FMS total score and physical petformance was re-
corded (Lee et al., 2019; Lloyd et al., 2015). It should be noted
that possible discrepancies between the studies may lie in the fact
that different physical tests across these studies were performed
and importantly, mean total score recorded in our study in each
group was still above 15 points which indicate good results and
reflect the reality in our age groups, whereas in this case, we were
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not able to divide players according to the low or high score as
elsewhere (Lee et al., 2019). And probably due to the abovemen-
tioned situation and/or results may be that total score is less sensi-
tive indicator of physical performance. However, when analysing
association between individual FMS scores and physical character-
istics, several associations in each group were recorded. Interest-
ingly, in the youngest groups (U12), significant associations were
recorded between TSPU and 5 m and 505 COD (preferred) sprint
times as well as SJ height. Similar trend was noted in the U14
group between TSPU and CM]J and SJ height. Contrary, in the
U16 group, significant associations were obtained between DS
and 5-m sprint time and CM]J height. The results in our study
when dealing with associations between individual FMS scores
and physical performances are in contrast with other studies which
examined similar associations with physical performances (Lloyd
et al., 2015; Silva et al., 2017). In both mentioned studies, no as-
sociations between TSPU and physical performances were record-
ed. This difference may be caused by different age groups in the
study (Silva et al., 2017) or by a statistical approach selected for
analysing potential associations (groups joined together) as well as
different tests selected (Lloyd et al., 2015). Interestingly, in both
younger categories (U12, U14) TSPU was significantly associated
to 5 mand 505 COD sprint times as well as vertical jump height
which may indicate different strength status in the groups. Al-
though no significant association was noted in the study by Lloyd
et al. (2015), however, they found that TSPU had significant con-
tribution (adjusted R*=4%) in the variation of the reactive strength
index which may reflect the importance of trunk muscle stabiliza-
tion during rapid movements and also change of direction (Sasaki
etal., 2011). In addition, when comparing differences between the
groups in individual scores, only significant difference was record-
ed between U16 vs. U12 (P<0.01) and U14 vs. U12 (P <0.05) in
TSPU which may indicate (in addition to technical competence)
higher strength level of the older groups compared to the younger
one. Regarding the association of the DS with 5-m sprint time
and CMJ height in the U16, similar results were recorded in the
study by Lloyd et al. (2015), but in this case, it is not clear wheth-
er the alike result would be obtained if the group was divided ac-
cording to the age categories and not grouped together. Significant
association in the U16 group may indicate importance of proper
execution of the squat which may be related to the better force
transmission in short sprint and CM]J height through the kinetic
chain.

Regarding FMS as available screening tool, it should be noted
that longitudinal assessment of athletes in combination with more
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sophisticated methods would be necessary to achieve more detailed
view or unwanted patterns which could help to provide more ac-
curate and individualized results that are specific and natural for
each athlete. As an example, squat technique can be improved by
adopting more of a hip hinge strategy to increase range of motion
which at the end can be technically optimal execution with respect
to individual characteristics of the athletes (Myer et al., 2014).

Limitations of this study include overall number of participants
whereas large sample size could validate the results of this study
but it is also questionable as limited number of players is available
within one age category, and therefore the results obtained in this
study are difficult to generalize and are valid for our sample size.
Another limitation is that maturation was assessed by prediction
equation and not directly, however, it is noninvasive and reliable
method to evaluate maturation in youth athletes.

In conclusion, the results of this study suggest that physical per-
formance in youth soccer players is a consequence of a wide range
of factors including maturation, various training methods across
age categories (e.g., older players may undergo more intense train-
ing strategies compared to younger ones) and movement profi-
ciency. All of that (including endurance, strength, speed, mobility,
and agility training) should be rationally developed throughout
childhood and adolescence that may lead to balanced development
of an individual with a perspective to future success.
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