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Abstract

A range of field-based tests have been proposed for inclusion in physical performance
assessment batteries. However, there are obvious time and human resources constraints in
applied settings. The knowledge of potential relationships between tests on performance,
asymmetries, as well as maturation-induced changes, may help select the most informative
and least time-consuming testing battery. The purposes of this study were: (1) to determine
correlations in performance between different field-based tests, in interlimb asymmetry
between those unilateral tests, and between asymmetry scores and test performances, and
(2) to determine the influence of players’ maturity status on test performances and asymme-
tries. A total of 309 male youth soccer players completed a nine-test battery including y-bal-
ance test, drop vertical jump, countermovement jump, single leg countermovement jump,
standing long jump, single leg hop for distance, lllinois agility test, 10 m sprint, and 20 m
sprint. The results revealed moderate-to-very large relationships between jump, sprint, and
agility performances (r= 0.43-0.94), but weak-to-moderate correlations between these
tests and balance scores (r < 0.38). No relevant relationship (r < 0.32) for asymmetries
detected through different unilateral tests was found, nor between asymmetries and perfor-
mance scores (r< 0.29). While maturity status clearly influenced players’ performance, a
limited impact on asymmetries was evident. Despite the mentioned relationships, the low
shared variance between tests indicates that they should not be used interchangeably, and
coaches should select those with the greatest specificity for the sport. Asymmetries do not
influence performance, but their prevalence and unchanging nature with maturation can be
seen as an opportunity for the identification of highly asymmetrical players and the applica-
tion of interventions to improve the weaker limb, irrespective of the athlete’s stage of
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development. To this end, the single leg countermovement jump might be viewed as an
appropriate test in male youth soccer.

1. Introduction

Young athletes participating in physically demanding sports such as soccer are required to per-
form multiple repeated high-intensity and multidirectional actions (e.g., jumping, sprinting,
and change of direction maneuvers) during training and matches [1]. The ability to perform
these actions has been identified as an important prerequisite for successful participation in
team sports [2] and thus, a range of field-based tests have been proposed for inclusion in physi-
cal performance assessment batteries [3, 4]. However, there are obvious time and human
resources constraints when a large number of players must be screened in applied settings.
The inclusion of multiple tests may then not always be possible, and the knowledge of potential
relationships between test performances may help coaches to select the most informative and
least time-consuming testing battery.

Previously researchers have reported large to very large relationships between different
physical performance abilities, such as vertical jump height and linear sprint time [5-9]. Con-
versely, others have failed to reach these high levels of correlations between the same physical
attributes [10-13]. Several factors have been proposed as responsible for these observed dis-
crepancies, including participants’ age, sex, sport, and level of performance, but also the use of
small sample sizes, and the application of different methodologies and limited number of tests
to evaluate these characteristics [13, 14]. Although associations among physical tests frequently
implemented in youth soccer environments have been examined in some previous studies [7,
15-17], researchers using an extended approach to analyze both the correlation between tests
assessing different physical performance abilities (e.g., sprint vs. jump) and the interrelation-
ships between tests (e.g., 10 m vs. 20 m sprints, countermovement vs. drop jumps) involving
the same movement pattern (i.e., linear sprint, vertical jump) in a large sample of male youth
soccer players are scarce [7, 17]. This extended approach can guide practitioners’ physical
assessment selection; for example, if one jump test can explain performance in other jump
assessments and different abilities such as sprinting, then the test battery may be logically
reduced. Thus, more comprehensive research concurrently exploring the correlation between
different abilities and using multiple tests is needed in this population.

The analysis of interlimb asymmetries has also been another major goal of physical testing
batteries [3, 4]. The available body of evidence indicates that interlimb asymmetries across a
range of unilateral tests [18-20] are prevalent in youth soccer players. The magnitude of asym-
metries (percentage of difference between limbs) is test-specific, with researchers reporting
variations in average inter-limb difference ranging from 6-7% to 12% for key performance
outcomes (i.e., distance and height) in different horizontal and vertical jump tests, respectively
[19-21]. Likewise, a variation in the direction (right vs. left limb) of asymmetry across tests has
also been reported in youth soccer players [20, 22-24], with the inclusion of multiple assess-
ments recommended when assessing asymmetries in youth athletes [3, 25]. Despite these find-
ings, the existing evidence regarding the consistency of asymmetry values (and its direction) in
male youth soccer players is mainly limited to vertical jump tests evaluated in small cohorts
(< 50 athletes) [22-24]. Again, the study of the potential relationships between unilateral tests
may help to optimize screening batteries.

However, it should be noted that asymmetries may simply be a by-product of playing com-
petitive sport over time [26], and their correction should only be prioritized where these
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interlimb differences represent a significant risk factor for injury and/or impair the young ath-
lete’s performance [18]. While some researchers have identified a link between asymmetries
and increased injury risk [27, 28], their influence on athletic performance is conflicting. For
example, Lockie et al. [29] did not find any relationships (r < 0.19; p > 0.05) between interlimb
jump asymmetries and performance in multidirectional speed tests in a cohort of recreational
team-sport (including soccer) athletes; on the contrary, Bishop et al. [18] found strong correla-
tions (r = 0.51-0.87; p < 0.05) between interlimb jump asymmetries and youth soccer players’
performance in jumping and multidirectional speed tests.

In male youth athletes, physical performance has been shown to generally increase with
chronological age [7, 30]. These differences across age groups have frequently been attributed
to maturation [7, 30], and recent evidence has confirmed this suggested interaction between
physical performance (e.g., sprint [31], jump [32]) and maturity status in adolescent soccer
players. Nevertheless, the development of certain physical performance abilities (e.g., balance)
across maturity states is still unclear [33, 34]. Likewise, a few studies have explored the influ-
ence of maturation on interlimb asymmetries, reporting a limited impact of stage of matura-
tion on mean asymmetry values [19, 35]. However, a large interplayer variability in asymmetry
scores has also been detected across several unilateral tests [25] and as such reporting only
group average may have distorted the true effect of maturation on interlimb asymmetry. Con-
sequently, additional studies are required to fully explore maturation-related changes in physi-
cal performance and asymmetry scores, while analyzing side-to-side differences on a more
individual level [25].

The purposes of this study were: (1) to determine the correlations in players’ performance
for different field-based tests, in interlimb asymmetry between those unilateral tests, and
between asymmetry scores and test performances, and (2) to determine the influence of play-
ers’ maturity status on test performance and asymmetry results. Based on previous research, it
was hypothesized that: (1) at least moderate relationships would be found between multidirec-
tional sprint and jump tests scores [7, 17], while weak correlations were expected for asymme-
tries detected through different tests and between asymmetries and test performances [25, 29];
and (2) players who were more mature would have greater scores for test performances [31,
32], but differences between maturational stages would be relatively small for asymmetries [19,
35].

2. Materials and methods
2.1 Study design

A cross-sectional observational design was used. Participants attended their respective club’s
training facilities during the preseason period of the competitive years 2017/18 and 2018/19
(i.e., from August 28 to September 15, 2017, and from August 27 to September 14, 2018), and
all data were collected in a single testing session for each soccer team. Anthropometric mea-
sures needed to calculate the maturity status were recorded first, and then the players per-
formed different neuromuscular tests including dynamic balance, vertical and horizontal
jumps, agility (change of direction), and sprint. A 20-minute standardized dynamic warm-up
was completed before the performance tests, which included whole body exercises emphasiz-
ing dynamic mobilization and gradually progressing in intensity [36].

2.2 Participants

A total of 309 male youth (10-19 years old) soccer players volunteered to participate in this
study (Table 1). Participants met the following inclusion/exclusion criteria: 1) engaged regu-
larly in soccer (at least 2-3 trainings and 1 match per week), and 2) were free of injuries and
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Table 1. Descriptive anthropometric values (mean + standard deviation) for all the participants and per maturation group.

Group n Age (years) Body mass (kg) Stature (cm) Leg length (cm) Maturity offset
Pre-PHV 118 11.6 £ 0.9 409 +7.2 149.2+7.0 73.5+48 -2.2+0.7
Circa-PHV* 44 13.9£0.7 574+7.1 167.5 + 4.8 82.9+4.5 0.0+0.3
PosPHV 00 166213 | 678580 | 1770862 | 86650 | 22208
Whole group 309 13.9+2.4 54.0 £ 13.6 163.2 +13.4 80.4+7.4 -0.2+2.0

* To account for the reported error in the prediction equation used to calculate players’ maturity offset, participants (n = 47) with years from age at peak height velocity
(PHV) ranging from -1 to —0.5 and from 0.5 to 1 were removed. Thus, the circa-PHV group consisted of players showing a maturity offset from —0.5 to 0.5.

https://doi.org/10.1371/journal.pone.0305570.t001

delayed onset muscle soreness at the time of testing (self-reported). Participants were asked to
refrain from vigorous exercise at least 48 hours prior to the testing session. The experimental
procedures used were in accordance with the Declaration of Helsinki and were approved by
the Ethics and Scientific Committee of the University of Murcia (ID: 1551/2017). Likewise,
written informed consent and assent was obtained from participants and parents/legal
guardians.

2.3 Procedures

2.3.1 Anthropometry and maturity status. Body mass was measured on a calibrated phy-
sician scale (SECA 799, Hamburg, Germany). Standing and sitting heights were recorded on a
measurement platform (SECA 799, Hamburg, Germany). Players’ leg length was calculated as
the difference between their recorded standing and sitting heights. Maturity status was calcu-
lated using the equation of Mirwald et al. [37]. To account for the reported error (approxi-
mately 6 months) in this equation, players were grouped into discrete bands based on their
maturational offset (pre-PHV [<-1], circa-PHV [-0.5 to 0.5], post-PHV [>1]), and players
with a maturity offset from -1 to -0.5 and 0.5 to 1 were removed (n = 47) from the dataset
when players were analyzed by stage of maturation.

2.3.2 Neuromuscular performance assessment. The nine tests were concurrently per-
formed using a randomized circuit style approach: y-balance test (YBT), drop vertical jump
(DV]), countermovement jump (CM]), single leg countermovement jump (SLCMYJ), standing
long jump (SLJ), single leg hop for distance (SLHD), Illinois agility test, 10 m sprint, and 20 m
sprint. Tests were selected based on their suitability and reliability for use within the context of
youth soccer [3, 18, 20, 33, 38]. All measures were taken by trained testers (i.e., Masters and
PhD students in Sports Science) coordinated by the principal investigator (FJR-P). Dominant
leg was defined as the player’s preferred kicking leg.

2.3.2.1 Y-balance test (YBT). Participants placed their hands on their hips and began in a
unilateral stance with the most distal aspect of their great toe behind the line on the center of
the Y-Balance test kit™ (Functional Movement Systems, USA). They were then asked to reach
the maximal distance by pushing the target indicator in the anterior, posteromedial, and pos-
terolateral directions, while maintaining their unilateral stance. Specifically, testing order was
completed as dominant anterior, non-dominant anterior, dominant posteromedial, non-dom-
inant posteromedial, dominant posterolateral, and non-dominant posterolateral. Trials were
discarded if the player failed to maintain unilateral stance on the platform, failed to maintain
reach foot contact with the reach indicator on the target area while the reach indicator is in
motion, used the reach indicator for stance support, or failed to return the reach foot to the
starting position under control [39]. After three familiarization repetitions, three trials were
performed on each leg and for each direction. The reached distance in cm was recorded and
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was then normalized and analyzed as percentage of leg length (excursion distance / leg
length x 100 = % of leg length) [39]. A composite score (average of the three directions) was
also calculated to obtain a global measure of the balance performance.

2.3.2.2 Drop vertical jump (DV]). Participants stood with hands on hips and feet shoulder-
width apart on a 40 cm high box [40]. They were instructed to lean forward and drop from the
box. Players were required to land with both feet simultaneously on a contact mat (Ergo Jump
Bosco System, Italia) that was located 20 cm in front of the box, then immediately perform a
maximal vertical jump minimizing ground contact time, and finally land back on the contact
mat. After three familiarization repetitions, each player performed two maximal jumps. Jump
height was used for analysis.

2.3.2.3 Countermovement jump (CM]). Bilateral CM]Js were carried out on a contact mat
(Ergo Jump Bosco System, Italia). Participants stood with hands on hips and performed a
countermovement to a self-selected depth, before jumping as high as possible and landing
back on the contact mat. After three familiarization repetitions, each player performed two
maximal trials. Jump height was obtained for analysis.

2.3.2.4 Single leg countermovement jump (SLCM]). SLCM]s were performed with dominant
and non-dominant legs. Participants stood on the test leg in the center of a contact mat (Ergo
Jump Bosco System, Italia) with hands on hips and the knee of the non-jumping leg slightly
flexed, so that the hovering foot was positioned at approximately mid-shin height of the jump-
ing leg. Players performed a countermovement to a self-selected depth, before jumping as fast
as possible and landing on the same test leg. No swinging of the non-jumping leg was allowed.
After three familiarization repetitions, each player performed two maximal trials on each leg.
Performance leg was alternated until all trials were completed. Jump height was used for
analysis.

2.3.2.5 Standing long jump (SL]). Participants stood behind the starting line and were
instructed to push off vigorously and jump as far as possible. They had to land with the feet
together and to stay upright. Free movement of the arms was allowed during the test. Jump
distance was measured from the starting line to the player’s heel with a standard tape measure.
After two familiarization tests, participants performed three repetitions.

2.3.2.6 Single leg hop for distance (SLHD). Participants stood behind the starting line on a
unilateral stance and were instructed to hop as far as possible, landing on the same leg. To be
considered a successful trial, participants must land under complete control, holding the final
landing for at least 2 s. Trials were conducted with dominant and non-dominant legs, and per-
formance leg was alternated until all trials were completed. After two practice trials, partici-
pants performed three maximal repetitions on each leg. The hop distance in cm was recorded
and was then normalized and analyzed as percentage of leg length (hop distance / leg
length x 100 = % of leg length) [32].

2.3.2.7 Illinois agility test. The Illinois agility test set-up consists of an area measuring 10 m
in length and 5 m in width (distance between the start and finish points). Four cones are used
to mark the start and finish lines as well as the two corners where participants turn. Four cones
are placed in the center of the testing area at a distance of 3.3 m from one another. To complete
the test, participants sprinted 10 m from the start position to the first corner cone, turned to
weave down and back through the center line of cones, made one final change of direction at
the second corner cone and finished with another 10-m sprint to the finish line. Athletes were
instructed to complete the trial as fast as possible without knocking down any cones. After a
familiarization test, participants performed two maximal trials. Time was measured using a
photocell system (Microgate Witty photocells; Microgate, Italy).

2.3.2.8 10 m and 20 m sprint. Time during a 10 m and 20 m sprint in a straight line was
measured by means of three pairs of Microgate Witty photocells (Microgate, Italy) placed 1.0
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m above the ground level. Each sprint was initiated from an individually chosen standing posi-
tion, 50 cm behind the photocell gate, which started a digital timer. After a familiarization test,
participants performed two maximal trials.

2.4 Statistical analyses

Raw data sets were checked for normality using the Kolmogorov-Smirnov test. Descriptive sta-
tistics including means and standard deviations (SDs) were calculated for all measures.

Pearson’s product-moment correlation coefficient (r) was used to determine (1) linear cor-
relations in performance between all tests, (2) the relationship in interlimb asymmetry
between unilateral tests, and (3) the association between asymmetry scores and test perfor-
mance. Correlation coefficients were interpreted as follows: <0.10, trivial; 0.11-0.30, small;
0.31-0.50, moderate; 0.51-0.70, large; 0.71-0.90, very large; >0.90, almost perfect [41]. The
Bonferroni method was used to adjust p-values for family-wise error rate.

A one-way ANOVA determined between-group differences for test performance and asym-
metries by maturity status (pre-PHYV, circa-PHV, post-PHV). Homogeneity of variance was
tested by Levene’s statistic and, where violated, Brown-Forsythe adjustment was used. Omega-
squared (w?) effect size (ES) was calculated for all main effects between maturity groups, and
was interpreted as follows: >0.01, small; >0.06, medium; >0.14, large [42]. Post hoc compari-
sons were made to determine significant pairwise differences using the Bonferroni or Games-
Howell test when equal variance was or was not assumed, respectively. Cohen’s d ES was also
calculated for all pairwise contrasts, considering d >0.2 small, >0.5 medium, and >0.8 large
[43].

To analyze the correlation in asymmetry between unilateral tests, the interlimb absolute
asymmetry was computed ((dominant—nondominant)) / (max: dominant or nondominant)
x 100) [44], and thus the direction of asymmetries was considered (i.e., negative and positive
values representing asymmetries in favour of nondominant and dominant legs, respectively).
To determine the association between asymmetry scores and test performances, as well as to
identify potential differences by maturity status, the bilateral strength asymmetry equation was
applied ((stronger—weaker)) / (stronger) x 100), and only the standard percentage difference
between legs was used for these analyses [44].

The proportion of players showing large asymmetries across maturation groups was also
explored. The cut-off value of >10% was selected to determine large asymmetries [27]. Krus-
kal-Wallis test was used to examine these differences across maturation groups, and pairwise
comparisons were determined through the Dunn’s post hoc test using the Bonferroni
correction.

All analyses were performed with JASP computer software (version 0.16.4.0; JASP, Amster-
dam, The Netherlands), with the significance level set at p < 0.05 for all tests.

3. Results
3.1 Correlations between tests

Pearson’s correlations showed moderate-to-almost perfect relationships (r = 0.43 to 0.94;

p < 0.05) between all the different test performances, with the exception of the YBT measures
which, apart from the moderate-to-very large relationships (r = 0.41 to 0.90; p < 0.05) found
between its different YBT directions, only demonstrated moderate associations (r = 0.33 to
0.38; p < 0.05) for YBT-PM, YBT-PL, and YBT-CS with the SLHD. All jump tests showed
large-to-very large correlations (r = 0.55 to 0.81; p < 0.05), with the highest r-values being
found between tests assessing the same jump direction (vertical vs. horizontal). 10 m and 20 m
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Table 2. Correlations in performance scores between the different tests.

Test YBT-A | YBT-PM | YBT-PL | YBT-CS | DVJ CMJ | SLCMJ | SLj(cm) | SLHD | Illinois | 10m 20 m
(%) (%) (%) (%) (cm) (cm) (cm) (%) agility (s) sprint sprint
(s) (s)
YBT-A (%) | —
(95%
CI)
YBT-PM r 0.41* —
(%) (95% | (0.31to
I 0.50)
YBT-PL r 0.48* 0.71* —
(%) (95% | (0.38to | (0.65to0
I 0.56) 0.76)
YBT-CS r 0.69* 0.88* 0.90* —
(%) (95% | (0.63to | (0.85t0 | (0.88to
I 0.75) 0.90) 0.92)
DVJ (cm) | ~0.06 0.18* 0.09 0.10 —
(95% | (-0.18t0 | (0.06t0 | (-0.03to | (~0.02to
19} 0.06) 0.29) 0.21) 0.22)
CMJ (cm) | 7 ~0.04 0.21* 0.19* 0.17 0.79* —
(95% | (—0.16 to (0.08 to (0.07 to (0.04 to (0.74 to
19} 0.09) 0.32) 0.31) 0.28) 0.83)
SLCM]J r ~0.11 0.22* 0.16 0.13 0.69* 0.77* —
(cm) (95% | (-024t0 | (0.10to | (0.03to | (0.0lto | (0.61to | (0.70to
I 0.01) 0.34) 0.28) 0.26) 0.75) 0.82)
SLJ (cm) r ~0.05 0.26* 0.20* 0.19* 0.59* 0.66* 0.68* —
(95% | (-0.16t0 | (0.15t0 | (0.09t0 | (0.08to | (0.51to | (0.58to | (0.60to
I 0.07) 0.36) 0.31) 0.30) 0.66) 0.72) 0.74)
SLHD (%) | r 0.04 0.38* 0.33* 0.33* 0.55* 0.59* 0.63* 0.81* —
(95% | (-0.07to | (0.28to | (022to | (0.22to | (046to | (0.50to | (0.55t0 | (0.76to
cn 0.16) 0.48) 0.43) 0.43) 0.63) 0.67) 0.70) 0.85)
Tlinois r ~0.10 ~0.26* ~0.24* ~025% | —044* | —043* | —0.57% | —0.52* | —0.54* —
agility (s) | (9505 | (—0.22t0 | (=037t0 | (<0.35t0 | (~0.36to | (~0.54t0 | (—0.53to | (~0.66to | (—0.60to | (~0.62 to
19} 0.02) ~0.15) ~0.12) ~0.13) ~033) | —032) | -047) | —042) | -0.44)
10 msprint | r 0.05 ~0.18* ~0.16 ~0.14 ~0.59% | —056* | -0.72* | —0.62* | -0.59* 0.72* —
(s) (95% | (-0.06t0 | (~029t0 | (-0.27to | (-0.25t0 | (~0.66t0 | (~0.64t0 | (~0.78t0 | (~0.69to | (-0.67to | (0.66 to
9} 0.17) ~0.07) ~0.05) ~0.02) ~0.50) | —047) | -065) | -055) | -0.51) 0.78)
20msprint | 7 0.09 ~0.20* ~0.16 ~0.14 ~0.69% | —0.66* | -077% | —072* | —0.67* 0.72* 0.94* —
(s) (95% | (-0.02to | (-0.31to (-0.27 to (-0.25to | (-0.75to | (-0.72to | (-0.82to | (-0.77to | (-0.73to | (0.65 to (0.93 to
I 0.21) ~0.09) ~0.05) -0.02) ~0.62) | —058) | -071) | -066) | -0.59) 0.77) 0.96)

YBT-A: Y-balance test anterior distance; YBT-PM: Y-balance test posteromedial distance; YBT-PL: Y-balance test posterolateral distance; YBT-CS: Y-balance test
composite score; DVJ: drop vertical jump; CMJ: countermovement jump; SLCM]J: single leg countermovement jump; SLJ: standing long jump; SLHD: single leg hop for
distance.

*p <005

https://doi.org/10.1371/journal.pone.0305570.t002

sprint tests were strongly correlated (r = 0.94; p < 0.05), and both sprint tests also exhibited a

very large correlation (r = 0.72; p < 0.05) with Illinois agility test times (Table 2).
Correlations in asymmetry between unilateral tests only demonstrated moderate-to-large

relationships between the YBT-CS with the rest of the YBT measures (r = 0.46 to 0.69;

p < 0.05), and between SLCM] and SLHD (r = 0.32; p < 0.05) (Table 3).
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Table 3. Correlations in interlimb asymmetries detected by unilateral tests.

Test YBT-A YBT-PM YBT-PL YBT-CS SLCM]J SLHD
YBT-A r —
(95% CI)
YBT-PM r 0.06 —
(95% CI) (=0.05 t0 0.17)
YBT-PL r 0.07 0.04 —
(95% CI) (—0.04 t0 0.18) (-0.07 to 0.15)
YBT-CS r 0.46* 0.65* 0.69* —
(95% CI) (0.37 t0 0.55) (0.57 t0 0.71) (0.63 to 0.75)
SLCM]J r 0.02 0.12 0.05 0.11 —
(95% CI) (=0.11 to 0.15) (—0.01 to 0.24) (—0.08 t0 0.17) (—0.02 to 0.23)
SLHD r -0.02 0.09 —-0.04 0.02 0.32* —
(95% CI) (—0.13 t0 0.10) (—0.03 to 0.21) (—0.16 to 0.07) (—0.09 to 0.14) (0.20 to 0.43)

YBT-A: Y-balance test anterior distance; YBT-PM: Y-balance test posteromedial distance; YBT-PL: Y-balance test posterolateral distance; YBT-CS: Y-balance test
composite score; SLCMJ: single leg countermovement jump; SLHD: single leg hop for distance.
*p<0.05

https://doi.org/10.1371/journal.pone.0305570.t003

The analysis of the correlation between asymmetry scores and test performances did not
reveal any relevant association (all 7-values < 0.29).

3.2 Differences by maturity status

Significant increases in jump scores and linear sprint and agility performances across matura-
tion groups were found with medium to large ES (p < 0.01; d = 0.67-3.11) (Table 4). However,
differences in the YBT performance were only found for the YBT-A and YBT-PM distances.

Table 4. Maturation-related differences for performance scores in the different tests.

Test Maturity group Whole group Between Pairwise comparisons
Pre-PHV Circa-PHV | Post-PHV maturity groups Pre-Circa Pre-Post Circa-Post
effects
Mean+SD | Mean+SD | Mean +SD Mean + SD p-value w? | p-value d p-value d p-value d

YBT-A (%) 64.1+54 61.3+5.1 61.3+5.1 62.7 +5.4 <0.01 0.06 0.01 0.54 <0.01 0.54 1.00 0.00
YBT-PM (%) 99.2+8.9 99.6 +7.6 102.1 £6.9 100.3 + 8.0 0.03 0.02 0.96 -0.05 0.03 -0.36 0.17 -0.31
YBT-PL (%) 95.7 £8.9 96.6 £7.7 96.9 £ 7.1 96.5 £ 8.0 0.50 0.00 1.00 -0.12 0.77 -0.16 1.00 —-0.04
YBT-CS (%) 86.3 +6.8 859+5.9 86.8 + 5.1 86.5 + 6.0 0.70 0.00 1.00 0.08 1.00 -0.07 1.00 -0.15
DV]J (cm) 22.4+45 26.6 4.3 309+5.7 26.6 £ 6.0 <0.01 0.37 <0.01 -0.85 <0.01 -1.71 <0.01 -0.87
CMJ (cm) 24.0+4.7 28.6 £3.6 31.8+5.2 282+5.7 <0.01 0.35 <0.01 -0.95 <0.01 -1.62 <0.01 -0.67
SLCM]J (cm) 103 +2.2 12.7 +2.9 17.1+3.5 13.4+4.1 <0.01 0.54 <0.01 -0.80 <0.01 -2.33 <0.01 -1.53
SLJ (cm) 156.0 +21.9 | 186.2+17.5 | 205.0 +20.3 180.4 + 29.0 <0.01 0.54 <0.01 —-1.47 <0.01 -2.38 <0.01 -0.91
SLHD (%) 155.8 £22.6 | 176.3+22.2 | 190.5+ 18.0 173.5 £ 25.0 <0.01 0.36 <0.01 -0.99 <0.01 -1.67 <0.01 —-0.68
Illinois agility (s) 17.7 £ 0.9 17.0 £ 1.1 16.2+0.8 169+ 1.1 <0.01 0.33 <0.01 0.75 <0.01 1.57 <0.01 0.82
10 m sprint (s) 2.1+0.1 2.0+0.1 1.9+0.1 2.0+0.2 <0.01 0.52 <0.01 1.32 <0.01 2.32 <0.01 0.99
20 m sprint (s) 3.7+0.2 3.4+0.2 3.2+0.2 3.5+0.3 <0.01 0.67 <0.01 1.85 <0.01 3.11 <0.01 1.26

YBT-A: Y-balance test anterior distance; YBT-PM: Y-balance test posteromedial distance; YBT-PL: Y-balance test posterolateral distance; YBT-CS: Y-balance test
composite score; DVJ: drop vertical jump; CM]J: countermovement jump; SLCMJ: single leg countermovement jump; SLJ: standing long jump; SLHD: single leg hop for

distance.

https://doi.org/10.1371/journal.pone.0305570.1004
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Table 5. Maturation-related differences for interlimb asymmetries (%) in the unilateral tests.

Test

Pre-PHV

Mean + SD

YBT-A 55+4.0
YBT-PM 53+44
YBT-PL 6.0+5.1
YBT-CS 34+£29
SLCM] 12.2£89
SLHD 7.7+6.3

Maturity group
Circa-PHV
Mean + SD

4.1+3.6
4.7+34
4.7+4.3
31+£25
114+ 8.4
6.1+53

Whole group | Between maturity Pairwise comparisons

Post-PHV groups effects Pre-Circa Pre-Post Circa-Post

Mean + SD Mean + SD p-value o’ p-value d p-value d p-value d
42+34 47+3.7 0.02 0.02 0.10 0.38 0.03 0.35 1.00 -0.03
41+34 4.7+3.8 0.06 0.01 0.58 0.17 0.07 0.31 0.64 0.14
41+£3.0 51+4.3 0.01 0.03 0.27 0.30 <0.01 0.44 0.67 0.15
2.6+2.0 3.0+2.6 0.07 0.01 0.85 0.10 0.05 0.32 0.41 0.22
95+79 10.9+8.3 0.10 0.01 1.00 0.10 0.10 0.33 0.78 0.23
50+3.6 6.6 £5.5 <0.01 0.05 0.26 0.31 <0.01 0.52 0.43 0.21

YBT-A: Y-balance test anterior distance; YBT-PM: Y-balance test posteromedial distance; YBT-PL: Y-balance test posterolateral distance; YBT-CS: Y-balance test

composite score; SLCMJ: single leg countermovement jump; SLHD: single leg hop for distance.

https://doi.org/10.1371/journal.pone.0305570.t005

Players in the post-PHV group reached significant greater YBT-PM distances than pre-PHV
players with small ES (p = 0.03; d = 0.36). By contrast, pre-PHV reached greater YBT-A dis-
tance than circa- and post-PHV players with medium ES (p < 0.01; d = 0.54).

Significant reductions in mean interlimb asymmetry scores were found for the YBT-A and
YBT-PL between pre- and post-PHYV players with small ES (p < 0.03; d = 0.35-0.44). A signifi-
cant reduction in mean asymmetry values between pre- and post-PHYV players was also
reported for the SLHD with medium ES (p < 0.01; d = 0.52) (Table 5). The individual analysis
conducted for asymmetries showed a reduced proportion of players with asymmetries >10%
for the YBT-A (14% vs. 4%; p = 0.05) and YBT-PL (18% vs. 5%; p = 0.01) from pre- to post-
PHV groups, respectively; but the proportion of players with asymmetry values >10% for all
the YBT measures remained low (< 18%) in all the maturation groups. This individual analysis
also identified a decreased proportion of players with asymmetries >10% for the SLHD (28%
vs. 10%; p < 0.01) from pre- to post-PHV groups, respectively. No differences in the propor-
tion of players with asymmetries >10% for the SLCM] were reported between pre-PHV
(49%), circa-PHV (55%), and post-PHV (41%) groups (Fig 1).

4. Discussion

The main findings of this study indicated a moderate-to-very large relationship between all
jump, sprint and agility performances. By contrast, weak correlations were reported between
these tests and balance measures (with the only exception of SLHD). The highest relationships
in performance scores were shown between tests evaluating similar movement patterns (e.g.,
linear sprint). The analysis of correlations for interlimb asymmetries did not report relevant
relationships between different unilateral tests (r <0.32), and only asymmetries for the
YBT-CS reached a moderate-to-large correlation with the rest of YBT measures. No meaning-
ful association (r <0.29) was found between asymmetries and performance scores for any test.
Performance in the different tests was clearly influenced by players’ maturity status. Although
our results showed a significant reduction in asymmetry for YBT and SLHD tests from pre-
PHYV to post-PHV groups, a limited impact of maturation on the magnitude of asymmetries
was evident.

Traditionally, testing batteries have been used to monitor athletes’ performance, identify
talent, and determine injury risk, or indicate readiness to return to training or competition
after an injury [3, 4, 14]. Many different tests have been proposed for these purposes [3, 4] and,
probably, more will emerge in the future. Thus, testing batteries with the best prognostic/
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Fig 1. Individual asymmetry percentages for each unilateral test. Dashed lines separate individuals with asymmetry values above and below the proposed cut-off
score of 10%. Black solid lines represent the population mean + smallest worthwhile change (SWC) (small to moderate) asymmetry threshold, red solid lines the
population mean + SD (high) asymmetry threshold, and grey bars represent the mean within-subject coefficient of variation (CV%) for each test and maturity
group according to Dos’Santos et al.’s [45] proposed calculations. P-values indicate differences in the proportion of players showing asymmetries > 10% between
maturation groups. YBT-A: Y-balance test anterior distance; YBT-PM: Y-balance test posteromedial distance; YBT-PL: Y-balance test posterolateral distance;
YBT-CS: Y-balance test composite score; SLCMJ: single leg countermovement jump; SLHD: single leg hop for distance.

https://doi.org/10.1371/journal.pone.0305570.9001

diagnostic and the shortest time commitment are essential and therefore, including multiple
tests that have a large common variance may be counterproductive to this aim [14]. Interest-
ingly, our study showed moderate-to-very-large relationships between jump, sprint, and agility
performances in adolescent soccer players. These findings are in line with our hypothesis and
previous research in soccer [7, 17], and suggest that individuals with better jump performance
tend to be faster (i.e., less time) in multidirectional speed tests. The necessity for maximal rela-
tive impulse to be produced for acceleration in each of these tests may explain these relation-
ships [46, 47]. However, it should be noted that, excluding the correlation between both linear
sprint tests (r = 0.94), the shared variance between the rest of the jump and multidirectional
sprint tests was less than 66%, even for tests assessing the same movement patterns (e.g., SLJ
vs. SLHD). Thus, while multidirectional sprint performance may also be enhanced by specific
training interventions for jump ability (and vice versa), our results suggest that these tests are
measuring different qualities and should not be used interchangeably. Strength and condition-
ing coaches need, therefore, to select tests that have the greatest specificity for the activity of
interest and sport when designing an efficient screening battery.

As hypothesized, an influence of maturation on players’ physical performance was also
revealed in our study, with individuals increasing their jump, sprint and agility scores from
pre- to circa- and post-PHV groups. These findings match with previous results in male youth
soccer [31, 32], and may reflect a natural improvement in the ability to perform stretch-short-
ening cycle (SSC) tasks with maturation [48]. Although the underlying mechanisms were not
explored in our study, it has been suggested that increments in muscle size, pennation angle,
fascicle length, tendon stiffness, motor-unit recruitment and preactivation, as well as reduced
muscle co-contraction could be behind the enhancement of force production characteristics
and SSC function during maturational years [48]. Previous researchers have also suggested
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that balance capabilities would be compromised in children and, as they mature, an improve-
ment in postural control might be expected [49, 50]. This improvement in postural control has
been linked to both body physical changes (configurations and proportions) and sensoriomo-
tor control development (learning to calibrate and integrate visual, vestibular, and somatosen-
sory information) [33, 50]. However, our analysis by maturity status on balance performance
only support partially these suggestions, as improvements from pre- to post-PHV players were
only identified for the YBT-PM direction (small ES). Moreover, players also showed a moder-
ate (d = 0.54) reduction in performance on this test from pre-PHV to circa- and post-PHV
groups for the YBT-A distance, which is also in line with earlier research [33]. Two main rea-
sons may explain the small increase, or even decrease, in balance performance with advancing
maturational stage found in our study. On the one hand, YBT scores were normalized and pre-
sented relative to leg length, which may have reduced the impact of anthropometric changes as
players mature. On the other hand, a very large relationship between YBT-A distance perfor-
mance and ankle dorsiflexion has previously been found [51] and as such, performance on this
test may be determined more by ankle mobility as opposed to dynamic balance [33, 34].

It seems reasonable to think that the observed differences between maturational groups for
physical performances may also affect the correlations between tests. In fact, previous
researchers have stated that during the early stages of maturation, basic improvements in one
component (e.g., speed) may also enhance performance within another (e.g., agility) [38]. To
check this, additional correlation analyses by maturation group were carried out in our study
(see S1 Table). These results confirm an influence of maturation on the strength of the correla-
tions achieved between tests, with pre-PHV generally showing stronger correlations than
circa- and, especially, post-PHV players. The trend in these relationships was, however, similar
across maturity states, with the highest correlations being found between tests evaluating simi-
lar movement patterns.

When examining the relationships between asymmetries across different unilateral tests,
our results also support the notion that interlimb asymmetries are task-dependent, as previ-
ously described [20, 21, 25]. Indeed, the only noteworthy correlation for asymmetries between
tests was that of the YBT-CS with the rest of YBT measures ( = 0.46-0.69), which is unsurpris-
ing as the YBT-CS is a measure obtained from the average of the three directions (anterior,
posteromedial, and posterolateral) assessed in the YBT. Likewise, our additional analyses
revealed a low (<6.6%) mean asymmetry score for almost all measures, with the only excep-
tion of the SLCMJ (10.9%), and a lack of influence of asymmetry on test performances (r
<0.29). Cumulatively, these findings might lead coaches to dispense with the analysis of asym-
metries in their proposals for testing batteries, as the cost-benefit ratio of this screening would
be questionable (i.e., need for multiple tests vs. lack of relevance to performance). However,
our asymmetry data should be interpreted with caution, as they are the result of a single testing
session and may not reflect the true picture of the presence of asymmetries compared to stud-
ies using repeated time point analyses or testing sessions [52]. Given that other recent studies
do show associations between interlimb asymmetries (assessed through similar tests) and
physical performance [18, 20, 52], more research is still needed to clarify this issue. Further-
more, the importance of asymmetries is not only related to performance: previous researchers
have found an increased likelihood of injury among youth athletes with asymmetries >10%
[27, 28]. In this regard, the individual analysis conducted in our study has shown a consider-
able proportion of total players with asymmetries >10% for the SLHD (~20%) and, especially,
for the SLCM]J (~50%). Moreover, unlike what was found for test performance, asymmetries
were not strongly affected by the maturational development of the players (no differences for
the SLCM] and limited ES <0.5 for the SLHD, and for the YBT as well), so those players exhib-
iting large asymmetries during the pre-PHV stage could be expected to maintain these
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interlimb differences as they mature. Therefore, the high prevalence, the potential relationship
to injury risk, and the unchanging nature with maturation mean that the assessment of asym-
metries (and specific intervention when detected) should remain as a primary objective of test-
ing batteries. The SLCM]J has proven to be the most sensitive test to identify large asymmetries
in our cohort of male youth soccer players. However, it should be noted that asymmetry values
are task- and metric-specific [53], so practitioners should also consider the use of specific
thresholds to their athlete population, metrics, and tests that assist in the interpretation and
classification of interlimb asymmetry scores. The calculations proposed by Dos’Santos et al.’s
[45] might be viewed as a good option for this purpose.

In the current study we used a comprehensive approach to concurrently explore both the
correlation between tests assessing different physical performance abilities (i.e., jump, balance,
multidirectional sprint) and the interrelationships between tests (e.g., DVJ], CM], SLCM])
involving the same movement pattern (i.e., vertical jump) in a large cohort of male youth soc-
cer players. This in-depth analysis also included the exploration of relationships between inter-
limb asymmetries across unilateral tests, taking into consideration the interplayer variability in
asymmetry values. Additionally, potential changes in performance and asymmetry scores
throughout adolescence were examined according to the players’ maturity status, rather than
analyses based on chronological age. Despite these strengths, our study also presents some lim-
itations. Firstly, only outcome measures (i.e., height/distance for jumps, time for sprints) were
analyzed. Although these are the most commonly used metrics in applied settings, some
researchers [54] have recently recommended the inclusion of specific force-time variables
when profiling athletes’ physical performance in these tasks. Secondly, specific tests of muscle
strength were not included in this research. There is extensive evidence showing the impor-
tance of strength for sport performance and injury risk reduction in youth athletes [55], as well
as its influence on other performance abilities [16]. The inclusion of this component is there-
fore key when testing youth athletes. Finally, the maturity status was calculated using a regres-
sion equation, which may not be as accurate as skeletal imaging; however, to minimize the
group allocation error derived from this equation, players with a maturational offset between
-1 and -0.5 and 0.5 to 1 were removed from the data set when running these analyses.

5. Conclusions

A moderate-to-very large relationship between all jump, sprint and agility performances was
found in this study, but the shared variance between almost all these tests was less than 66%
(with the only exception of both 10 m and 20 m linear sprints [R* = 88%)]). These findings indi-
cate that these tests would be evaluating different physical abilities and should not be used
interchangeably. However, the high correlations found between these tests (especially between
those evaluating similar movement patterns) seem to indicate a similar sensitivity to training
and thus, coaches might prioritize those with the greatest specificity for their sport. Due to its
influence on players’ physical performance, it is important for coaches to take growth and mat-
uration into account when comparing and interpreting their players’ results in these tests.

Our results also showed that interlimb asymmetries vary across different unilateral tests,
and that these side-to-side differences might not affect players’ performance on balance,
jumps, and multidirectional sprints. However, a great percentage (~50%) of total players
reported large (>10%) asymmetry scores for the SLCMJ. These asymmetries do not seem to be
largely reduced with the natural advance in maturation. Therefore, and given their potential
relationships to injury risk, analysis of interlimb asymmetries should remain as a major com-
ponent of the testing batteries implemented by coaches. The SLCM]J might be viewed as an
appropriate test to do this in male youth soccer.
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