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Abstract

Objective: To examine lower-body stretch-shortening cycle (SSC) indicators across chrono-
logical age categories and playing positions in elite male youth soccer players. Methods:
In a cross-sectional design, 984 male players from Slovakia (U15-U19) completed Squat
Jumps (S]), Countermovement Jumps (CM]), and Drop Jumps (DJ) using the OptoJump
photocell system. Outcomes included Eccentric Utilization Ratio (EUR), Reactive Strength
Index (RSI), DJ Ground Contact Time (DJ GCT), and Jump Heights (JH). Differences were
tested using factorial ANCOVA (age category x playing position) adjusted for height and
weight, followed by Tukey-adjusted post hoc comparisons (p < 0.05). Results: Significant
age-category main effects were observed for DJ RSI, DJ JH, CM] JH, SJ JH, and DJ GCT.
The largest effects were for DJ JH, CM] JH, and S JH (np2 =0.096-0.112), whereas the DJ
GCT effect was statistically significant but small (np? = 0.013). EUR showed no significant
differences across age categories (p = 0.586). Positional differences were limited overall and
mainly evident in selected U19 outcomes, particularly jump-height variables and D] GCT.
Conclusions: Lower-body SSC performance increased across chronological age categories,
with the largest separation in jump-height and reactive strength outcomes. These differ-
ences likely reflect a combination of maturation, training exposure, and selection rather
than chronological age alone. EUR remained stable across age categories and playing posi-
tions, although the JH-based ratio has limited sensitivity in the present test configuration.
Positional separation emerged mainly at U19, supporting broad SSC development across
earlier youth categories and position-sensitive interpretation in the oldest cohort.

Keywords: plyometrics; soccer; stretch—-shortening cycle; eccentric utilization ratio; reactive
strength index; playing positions

1. Introduction

Plyometric training modalities are increasingly being integrated into the conditioning
regimens of young soccer athletes, and several empirical studies have confirmed their
effectiveness in increasing muscular strength and explosiveness, as well as improving
sprinting and acceleration abilities [1-3]. Adaptations induced by plyometric training
improve muscle strength, dynamic stability, and neuromuscular coordination, and increase
muscle contraction speed and tendon stiffness [4—6]. The stretch—shortening cycle (SSC)
plays a key role in both inducing and acquiring adaptations [7]. Schmidtbleicher [8]
proposed a classification of SSC based on contraction speed into slow and fast types. Fast
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SSC is characterized by contraction times shorter than 0.25 s (e.g., drop jump), whereas slow
SSC involves longer contraction times and greater angular changes (e.g., countermovement
jump). The specific mechanisms underlying each SSC activity can be determined based
on the requirements of the respective SSC task [9]. The CM]J was used as a slow-SSC
task reflecting longer-duration force production, the DJ as a fast-SSC task reflecting rapid
ground-contact behavior [8,10], and the SJ as a concentric reference task used only for the
EUR calculation.

While traditional monitoring often relies on gross output metrics such as Jump Height
(JH) or Peak Power (PP), these indicators fail to isolate the movement’s underlying me-
chanical efficiency. Therefore, metrics such as the Eccentric Utilization Ratio (EUR) and
the Reactive Strength Index (RSI) are used for a more nuanced assessment [10-12]. The
EUR quantifies the performance benefit derived from the SSC by comparing Countermove-
ment Jump (CMJ) and Squat Jump (S]) performance [13]. Bobbert et al. [14] attribute the
superior performance of the CM] over the SJ to the countermovement-induced active pre-
contraction, which establishes substantial cross-bridge activity and force before concentric
action, thereby improving muscle function at contraction onset. Because the CM] reflects
not only elastic energy storage and reuse (SSC) but also activation-dependent effects, it is an
imperfect SSC model. Accordingly, EUR can provide a derived estimate of the performance
benefit associated with the countermovement when CM]J is compared with S]. However,
because EUR is mathematically dependent on both CMJ and SJ performance, it should
be interpreted alongside its component jump heights rather than as an isolated marker of
SSC function. A subsequent study [15] quantified joint-specific EUR and its relationship to
whole-body EUR to better characterize jump neuromechanics and inform training, showing
that knee SSC function is the primary determinant of overall SSC efficiency. In contrast,
ankle and hip contributions are minor, if present.

Similarly, the RSI serves as a potent marker of sprint potential, providing a precise
assessment of SSC for running compared to other tests [16]. Previous research indicates that
higher RSI and RSImod scores are associated with maximum sprint speed, more efficient
agility and change of direction, greater eccentric braking forces, and greater horizontal
deceleration, all of which are critical for elite soccer performance [17-20].

Growth and maturation influence SSC capability, with the RSI increasing over time,
particularly in older, more mature youth athletes, and reflecting a distinct component of SSC
function distinct from leg stiffness [21]. In youth soccer, SSC-related drop jump and sprint
parameters also differ across maturation groups classified by peak height velocity [22].
Although position-specific physical demands are well established in adult soccer, the
developmental trajectory of these characteristics in youth remains less clear [23]. Existing
evidence indicates that functional profiles do not differentiate significantly until later
adolescence (U17-U19) [24]. Therefore, mapping SSC indicators (e.g., EUR, RSI) across both
age categories and positions is essential to understand when position-specific performance
profiles truly emerge.

Current evidence in youth soccer is fragmented. Studies focused on growth and
maturation show that SSC-related measures such as RSI and drop-jump performance
change with age and maturity status, whereas position-based studies in youth soccer have
largely examined broader anthropometric and general fitness characteristics rather than
SSC-specific metrics [21,22,24]. To our knowledge, studies integrating age category and
playing position in male youth soccer remain scarce, and detailed profiling of SSC-specific
outcomes derived from SJ, CMJ, and DJ has not been well characterized.

The aim of this study was twofold: first, to examine lower-body SSC indicators across
chronological age categories in elite youth soccer players; and second, to compare these
indicators across playing positions, including goalkeeper (GK), full-back (FB), center-back
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(CB), central midfielder (CM), winger (W), and forward (FW). It was hypothesized that
older chronological age categories would show higher values in selected SSC-related
outcomes, particularly RSI and jump height. Positional differences were expected to be
smaller and more likely to emerge in older age categories, where positional specialization
and role-specific loading are more established.

2. Materials and Methods
2.1. Participants

In this cross-sectional study, we included a convenience sample of 984 elite Slovak
youth soccer players (U15-U19), comprising all eligible players available during the testing
period. Participants were selected to ensure high-level training exposure and competition
standards across all age categories. The U14 category was excluded from all analyses due
to a methodological inconsistency in box height during DJ testing. The anthropometric
characteristics of young soccer players, including height, weight, and age, stratified by
age category, are presented in Table 1. Participation in the study was contingent on active
membership of the academies of the Slovak Football Association. Players were recruited
from soccer academies across all regions of Slovakia, resulting in a geographically diverse
multi-academy sample of elite youth soccer players. Players who were unable to participate
in testing due to injury or were unable to perform at maximum effort in the SJ, CM]J, and
DJ tests were excluded from the study.

Table 1. Anthropometric characteristics of youth soccer players by age category: Mean + SD and
coefficient of variation for height and weight, and mean =+ SD for age.

Category n Body Height &+ SD [em] (CV)  Body Weight + SD [kg] (CV) Age (Years) + SD
U15 239 173.32 £7.82 (0.05) 59.24 +9.07 (0.15) 14.49 £ 0.27
Uleé 271 177.58 £ 6.48 (0.04) 64.70 +7.29 (0.11) 15.49 £ 0.27
u17 231 179.31 £ 6.33 (0.04) 69.10 £ 6.89 (0.10) 16.49 £ 0.27
U19 243 181.07 £ 6.31 (0.04) 73.00 £ 6.59 (0.09) 17.96 £ 0.57

Note. SD: Standard Deviation, CV: Coefficient of Variation, n: Number of Participants. Decimal age refers to
chronological age expressed in decimal form.

Participants were assigned to their respective playing positions based on their regular
roles during training and competition. The sample included goalkeepers (n = 115), full-
backs (n = 161), center-backs (n = 170), wingers (n = 156), central midfielders (n = 248), and
forwards (n = 134).

2.2. Ethics Committee

This study was part of a broader project approved by the institutional ethics committee
(Approval No. 83/2025) and was conducted in accordance with the Declaration of Helsinki.
The Ethics Committee waived the requirement for written informed consent because the
data were anonymized and used for routine monitoring. Information about the study’s
purpose, procedures, and risks was provided to players and their legal guardians by
coaches and club officials. Participation was voluntary, and withdrawal was possible at
any time without consequences. All players were familiar with the testing procedures as
part of their regular training.

2.3. Sample Size Estimation and Justification

This study used a convenience sample of 984 elite youth soccer players recruited from
multiple academy environments. As the data were collected within an organized testing
setting, no a priori sample size calculation was performed. Because this was a convenience
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sample, inference was supported primarily by effect sizes, confidence intervals, and the
consistency of observed patterns rather than by an a priori power target. To provide a
benchmark for interpreting non-significant effects, an approximate post hoc sensitivity
analysis was conducted for the primary factorial ANCOVA model. Assuming N = 984,
o = 0.05, power = 0.80, and denominator df = 958, the analysis indicated sensitivity to detect
small effects of approximately Cohen’s f = 0.11 for age category, f = 0.12 for playing position,
and f = 0.14 for the Category X Position interaction, corresponding approximately to
f2 = 0.011-0.020 and partial n? = 0.011-0.019. Therefore, very small positional or interaction
effects may remain statistically undetected or may have limited practical relevance.

2.4. Testing Procedures

The research was conducted from October to November during an ongoing com-
petition among soccer academies, with each academy tested over the course of one day.
Assessments of plyometric and jumping abilities were conducted indoors, with each soccer
academy schedule typically allocated as follows: U15 from 10 AM to 11 AM, U16 from
11 AM to 12 PM, U17 from 12 PM to 1 PM, and U19 from 1 PM to 2 PM. These schedules
were adapted according to the specific needs of each academy. The tests described here
were part of a broader testing battery designed to evaluate speed, explosiveness, and
strength, but only the plyometric and jumping tests were analyzed for this study. To
minimize bias, all tests were conducted indoors by trained evaluators using identical test
instructions across sessions. However, testing was performed across multiple academy
environments. Therefore, exact surface hardness was not mechanically quantified, and
the surface type could not be fully standardized across all sites. Players wore their usual
training or indoor soccer footwear rather than a standardized shoe model. These factors are
relevant particularly for D] GCT and RSI interpretation and are therefore acknowledged as
methodological constraints.

Before testing began, participants underwent a warm-up according to the RAMP
protocol, lasting approximately 15 min. This protocol includes phases of body temperature
increase, activation, mobilization, and potentiation [25]. Initially, the procedural method-
ologies for the tests were articulated verbally to the participants, followed by a practical
demonstration. This ensured that each participant had clear instructions and understood
the required exercises. Each participant first completed one practice trial to become familiar
with the procedure, followed by two attempts for each jump variant measured using the
OptoJump Next (Microgate, Bolzano, Italy) photocell system [26].

The first two plyometric performance tests included the SJ] and CM]. The participants
performed both tests independently and kept their hands on their hips. For SJ, participants
started from an approximately 90° flexed lower-limb position and were required to hold
the bottom position for at least 2 s before take-off. Compliance with the required pause and
starting position was monitored by trained testers through continuous visual inspection.
Trials were repeated when a visible countermovement, premature take-off, hand movement,
or clear deviation from the required starting position was observed. Nevertheless, because
OptoJump does not provide force-time data, subtle pre-movement or loading deviations
during SJ could not be quantified. For the CM], participants were allowed to self-select
the depth of the countermovement and were instructed to jump as high and explosively
as possible while keeping their hands on their hips. Because no force-time variables were
recorded, it was not possible to determine whether individual execution strategies empha-
sized maximal force production, rate of force development, or movement coordination.
There was a short break of approximately 10 s between each attempt. Between the two
tests, players in the same category rested for approximately 2-3 min until everyone had
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completed their turn. The best results from the two attempts in each test were used in
the analysis.

The DJ test was used to diagnose fast SSC. The drop jump test was conducted using
a bilateral drop from a height of 39 cm. Each subject was given two trials with a 60 s rest
interval between attempts, with the best trial being recorded. The directives provided to
the participants specified that they should place their hands on their hips, step off the box,
and execute a vertical jump to maximal height and speed, aiming to minimize GCT. Trials
were invalidated if the participant did not land with both feet simultaneously between
the photocells or if the jump did not meet the specified technical criteria. In these cases,
participants were required to repeat the attempt at the end of the trial sequence.

2.5. Statistical Analyses

Statistical analyses were performed in JASP (version 0.95.4, Netherlands). Descriptive
statistics are reported as mean, standard deviation, coefficient of variation, minimum, and
maximum values. For each outcome (D] RSI, DJ JH, D] GCT, CM] JH, SJ] JH, and EUR), a
factorial ANCOVA model was fitted with age category and playing position as fixed factors,
including their interaction, and with height and weight entered as covariates (Type III sum
of squares). The Category x Position interaction was used to assess whether positional
differences varied across age categories.

Estimated marginal means (EMMs; adjusted means) with 95% confidence intervals
were derived from the fitted models. Where an omnibus effect was statistically significant
(p < 0.05), Tukey-adjusted pairwise comparisons were conducted on EMMs for the cor-
responding factor (e.g., age categories averaged across positions, or positions averaged
across age categories).

For the applied positional profiling analysis, separate within-category ANCOVA
models were conducted for each age group, with EMMs and Tukey-adjusted post
hoc comparisons examined and reported when the omnibus positional effect was
statistically significant.

Model assumptions were assessed using visual inspection of residual Q-Q plots, the
Shapiro-Wilk test for residual normality, Levene’s test for homogeneity of variances across
Category x Position cells, and covariate x factor interaction terms for homogeneity of
regression slopes. Given the large sample size, formal normality tests were interpreted cau-
tiously, and visual residual diagnostics were prioritized. Homogeneity of regression slopes
was verified by adding covariate x factor interaction terms to each model (all p > 0.10).
Statistical significance was set at p < 0.05. A post hoc sensitivity analysis quantifying
the minimum detectable effect for the primary factorial model is reported in Section 2.3
Sample Size Estimation. Conventional benchmarks for partial eta squared were used to aid
interpretation (small ~ 0.01, medium ~ 0.06, and large ~ 0.14) [27].

3. Results

A total of 984 participants were included in the final analysis. Descriptive statistics
(mean =+ SD, coefficient of variation, and performance range) for CMJ JH, SJ JH, and D] RSI
across age categories are presented in Table 2. Factorial ANCOVA (Category x Position)
with height and weight as covariates showed significant main effects of age category for
DJ RSI (Mp? = 0.090), D] JH (np? = 0.112), CM] JH (mp? = 0.101), S] JH (np? = 0.096), and
DJ GCT (np? = 0.013; p = 0.006). Shapiro-Wilk tests indicated deviations from normality
in the ANCOVA residuals for DJ RSI, D] GCT, CMJ JH, SJ JH, and EUR (all p < 0.001),
whereas DJ JH residuals did not differ significantly from normality (p = 0.331). However,
given the large sample size (N = 984), these formal tests were expected to be sensitive
to minor deviations. Visual inspection of residual Q-Q plots did not indicate substantial
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departures from normality likely to compromise model interpretation; therefore, parametric
ANCOVA was retained. Levene’s tests indicated no substantial heterogeneity of variance
for most outcomes; D] JH showed possible heterogeneity depending on test specification
and was therefore interpreted conservatively, with effect sizes and 95% confidence intervals
emphasized alongside p-values. The largest age-category effects were observed for DJ JH,
CM]J JH, and SJ JH (np2 =0.096-0.112). In contrast, the age-category effect for D] GCT was
small, indicating limited practical magnitude despite statistical significance. Significant
main effects of playing position were observed for D] JH (np2 =0.019; p = 0.002), CMJ JH
(mp? = 0.015; p = 0.013), and S] JH (np? = 0.015; p = 0.012), whereas positional main effects
were not significant for D] RSI, D] GCT, or EUR. However, because the Category x Position
interaction was significant for D] GCT (p = 0.043, np? = 0.026), the main effect of age
category for this outcome should be interpreted with caution. For EUR, Category, Position,
and Category x Position effects were not significant (p = 0.586, p = 0.525, and p = 0.991,
respectively), and neither Height nor Weight showed a significant covariate effect. Detailed
ANCOVA results are presented in Tables 3 and 4.

Table 2. Mean, standard deviation, and performance range for CMJ JH, SJ JH, and DJ RSI across
age categories.

Performance

Metric Category Mean £ SD Ccv Minimum Maximum

U15 32.17 &= 4.58 0.14 19.70 46.40
Ule 35.15 +4.74 0.13 23.20 51.50

CMJ JH
U17 36.54 + 4.37 0.12 25.30 54.00
U19 39.18 + 5.16 0.13 27.00 67.70
U15 31.74 + 4.58 0.14 20.00 45.60
STTH Ulé6 34.73 +£4.58 0.13 25.70 51.80
1] U17 35.97 + 4.08 0.11 23.50 49.70
U19 38.49 4+ 5.05 0.13 27.70 64.40
U15 1.26 +£0.29 0.23 0.45 2.32
Ule 1.42 +0.35 0.25 0.62 2.88

DJ RSI
U17 1.54 +0.34 0.22 0.70 2.82
U19 1.65 +0.36 0.22 0.96 2.80

Note. SD: Standard deviation; CV: Coefficient of variation; CM]: Countermovement Jump; SJ: Squat Jump;
DJ: Drop Jump; RSI: Reactive Strength Index.

Tukey-adjusted pairwise comparisons based on estimated marginal means (adjusted
for height and weight and averaged across playing positions) indicated clear between-
category differences for jump height and RSI outcomes. For DJ RSI and DJ JH, all pairwise
age-category comparisons were significant. For CM] and SJ JH, all pairwise differences were
significant except U16 vs. U17. No Tukey post hoc comparisons were performed for EUR
due to the non-significant omnibus age-category effect. Because the Category x Position
interaction was significant for D] GCT, this outcome was interpreted primarily in relation
to the positional analyses.

The positional analyses (GK, FB, CB, CM, FW, and W) were conducted separately
within each age category using ANCOVA models adjusted for height and weight. Overall,
positional differences in the U15 to U17 categories were sporadic and largely non-significant,
with only minor exceptions observed: in U15, DJ JH differed between positions (F = 2.380;
p = 0.039; np? = 0.049), and in U16, D] GCT differed between positions (F = 2.599; p = 0.026;
np? = 0.047).
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Table 3. Factorial ANCOVA across age categories (U15-U19) for CMJ JH, SJ JH, and Eccentric
Utilization Ratio (EUR).

Perli\fzzl::;nce Effect F P np?

Category 35.972 <0.001 0.101

Position 2.889 0.013 0.015

CMJ JH Category x Position 1.392 0.143 0.021
Height 0.369 0.544 3.852 x 1074

Weight 22.479 <0.001 0.023

Category 33.817 <0.001 0.096

Position 2.962 0.012 0.015

S]JH Category x Position 1.208 0.259 0.019
Height 0.012 0.912 1.276 x 107°

Weight 20.869 <0.001 0.021

Category 0.645 0.586 0.002

Position 0.834 0.525 0.004

EUR Category x Position 0.343 0.991 0.005

Height 2.750 0.098 0.003
Weight 0.100 0.752 1.043 x 1074

Note. Category: Age Category (U15-U19); Position: Playing Position; CM]: Countermovement Jump; SJ: Squat
Jump; EUR: Eccentric Utilization Ratio; np?: Partial eta squared. Model: DV ~ Category x Position + Height +
Weight (Type III sum of squares). Reported values are F, p, and partial eta squared (npz) with 95% confidence
intervals for Category, Position, Category x Position, and covariates (Height, Weight).

Table 4. Factorial ANCOVA across age categories (U15-U19) for drop jump outcomes.

Perlijl)::l:cnce Effect F p np?
Category 31.508 <0.001 0.090
Position 0.299 0.913 0.002
DJ RSI Category x Position 1.472 0.109 0.023
Height 1.886 0.170 0.002
Weight 5.382 0.021 0.006
Category 40.227 <0.001 0.112
Position 3.719 0.002 0.019
DJ JH Category x Position 1.446 0.119 0.022
Height 0.159 0.690 1.661 x 10~*
Weight 5.801 0.016 0.006
Category 4.154 0.006 0.013
Position 1.464 0.199 0.008
DJ GCT Category x Position 1.717 0.043 0.026
Height 2.195 0.139 0.002
Weight 0.840 0.360 8.765 x 1074

Note. Category: Age Category (U15-U19); Position: Playing Position; DJ: Drop Jump; RSI: Reactive Strength
Index; GCT: Ground Contact Time; JH: Jump Height; np?: Partial eta squared. Model: DV ~ Category x Position
+ Height + Weight (Type III sum of squares). Reported values are F, p, and partial eta squared (np?) with 95%
confidence intervals for Category, Position, Category x Position, and covariates (Height, Weight). D] GCT is
expressed in ms; D] RSl is in arbitrary units; Jump Heights are in cm.
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U19 was the only age category showing significant omnibus positional effects
across multiple outcomes, including DJ RSI (F = 2.555; p = 0.028; np? = 0.052), D] GCT
(F =2.867; p = 0.016;p? = 0.057), DJ JH (F = 4.698; p < 0.001; np* = 0.091), CMJ JH (F = 2.639;
p =0.024; np2 =0.053), and SJ JH (F = 2.507; p = 0.031; np2 =0.051), whereas EUR showed
no significant positional differences. Adjusted estimated marginal means (95% CI) for each
SSC indicator by playing position in U19 are presented in Table 5 and visualized in Figure 1.

Table 5. Estimated marginal means (95% CI) of SSC indicators by playing position in U19 soccer

players derived from ANCOVA models adjusted for height and weight.

GK FB CB CM \4 FW
RSI 1.75 1.70 1.66 1.51 1.67 1.72
(1.61,1.88) (1.59,1.81) (1.54,1.78) (1.42,1.61) (1.56,1.79) (1.61,1.84)
229.90 208.80 232.80 234.70 231.30 220.40
GCT (215.10, (196.90, (219.90, (224.60, (218.50, (208.10,
244.70) 220.80) 245.70) 244.70) 244.10) 232.70)
DJ JH 39.02 34.78 37.00 34.52 37.59 36.69
(37.21,40.82)  (33.32,36.24)  (35.42,38.58)  (33.29,35.75)  (36.03,39.16)  (35.18,38.20)
CMJ JH 41.26 39.40 38.47 37.67 40.53 39.20
(39.29, 43.22) (37.81, 40.98) (36.76, 40.19) (36.34, 39.01) (38.82,42.23) (37.56, 40.84)
STTH 40.19 38.66 37.99 37.01 40.05 38.39
(38.27,42.12)  (37.11,4021)  (36.31,39.67)  (35.71,38.32)  (38.39,41.72)  (36.79,40.00)
EUR 1.03 1.02 1.01 1.02 1.01 1.02
(1.01, 1.05) (1.00, 1.04) (1.00, 1.03) (1.01, 1.03) (1.00, 1.03) (1.01, 1.04)
Note. Values are presented as mean (95% confidence interval). GK: Goalkeeper; FB: Full-back; CB: Center-back;
CM: Central Midfielder; W: Winger; FW: Forward. RSI: Reactive Strength Index; GCT: Ground Contact Time;
DJ JH: Drop Jump Height; CM] JH: Countermovement Jump Height; S] JH: Squat Jump Height; EUR: Eccentric
Utilization Ratio. GCT is expressed in ms; Jump Heights are expressed in cm; RSI and EUR are expressed in
arbitrary units.
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Figure 1. Estimated marginal means (£95% CI) of SSC indicators across playing positions in U19
soccer players, derived from ANCOVA adjusted for height and weight. Panels show DJ JH, D] GCT,
DJ RSI, CMJ JH, SJ JH, and EUR. Horizontal brackets indicate Tukey-adjusted pairwise differences
(*p <0.05; ** p < 0.01; *** p < 0.001); n per position: CB (n = 39), CM (n = 60), FB (n = 41), FW (n = 38),
GK (n=28), W (n = 37).
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When examining U19 positional differences in more detail using Tukey-adjusted post
hoc comparisons on estimated marginal means, D] RSI showed no pairwise differences
that remained statistically significant after Tukey correction (the smallest adjusted p-values
were for CM vs. FW and CM vs. GK, both p > 0.05). For D] GCT, CM showed longer contact
times than FB (p = 0.012). For DJ JH, GK exceeded CM (p = 0.002) and FB (p = 0.007), and W
exceeded CM (p = 0.024). For CM]J JH, GK differed from CM (p = 0.049), and for S] JH, W
differed from CM (p = 0.045).

4. Discussion

This study examined the rapid and slow forms of the stretch—shortening cycle among
elite young soccer players across the U19, U17, U16, and U15 categories. In this study, two
SSC-based vertical jump tests (CM] for slow SSC and DJ for fast SSC) were used, with the
concentric-only SJ serving as the reference for the EUR calculation [10,11]. The main find-
ings were that several SSC-related outcomes differed across chronological age categories,
particularly DJ RSI, DJ JH, CM]J JH, and SJ JH. However, because biological maturity was
not directly assessed, these age-category differences should not be interpreted as isolated
effects of chronological age. Rather, they likely reflect a combined influence of maturation,
body-size development, accumulated training exposure, and selection processes. EUR
showed no statistically significant age-category or positional differences, suggesting limited
sensitivity of this OptoJump-derived JH ratio in the present context rather than definitive
evidence that EUR is physiologically stable. Positional differences were limited overall and
were mainly confined to selected U19 jump-height and DJ GCT outcomes.

The findings indicate a general pattern of higher SSC-related performance in older
chronological age categories for most outcomes. This pattern is biologically plausible,
because growth and maturation are associated with increases in muscle mass, penna-
tion angle, tendon stiffness, fascicle length, motor-unit recruitment efficiency, and pre-
activation [28]. These changes may improve SSC function through greater force production,
altered muscle-tendon behavior, enhanced neural potentiation, and shorter electromechan-
ical delay. However, these mechanisms should be interpreted as plausible maturational
explanations rather than directly tested mechanisms in the present study. Without a direct
maturity indicator, such as maturity offset or peak height velocity status, the observed
age-category effects cannot be separated from biological maturation, training history, or
selection-related differences. Beyond vertical jumping, the same neuromuscular qualities
are recruited during sprint-relevant ground-contact actions: drop-jump RSI is associated
with sprint-acceleration performance and step kinematics in field-sport athletes [29], and
jump-based power measures, including RSI, explain a meaningful proportion of variance
in short-distance sprint times [30]. The progressive between-category increase in DJ RSI
observed here is therefore broadly consistent with the developing capacity for rapid, sprint-
relevant explosive actions, although direct sprint measurements would be required to
confirm this transfer in youth soccer players.

The absence of statistically significant EUR differences across age categories does not
indicate, by itself, physiologically consistent SSC utilization across player ages. Previous
research [11] examined the EUR across various sports and found no significant differences
among soccer, softball, and rugby. Significant differences between the pre-season and
off-season were observed only in field hockey and rugby, and only for the EUR calculated
from peak power and not jump height. In line with this, the present results indicate that
EUR did not show statistically detectable differences across chronological age categories or
playing positions. This should not be interpreted as proof that EUR is inherently stable as a
physiological construct. A likely explanation is mathematical: because EUR is calculated as
the ratio between CMJ and SJ performance, parallel increases in both jump types across
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age categories may conserve the ratio even when absolute jump performance improves
substantially. A second explanation is methodological. OptoJump-derived SJ and CM]
outcomes do not provide force-time information and may not detect subtle pre-movement,
loading, or execution deviations during SJ. Therefore, the null EUR finding more likely
reflects limited sensitivity of this JH-based ratio in the present test configuration than
definitive evidence that SSC utilization does not differ between players. Additionally,
future investigations may benefit from applying allometric scaling of jump height and
RSI to better account for the non-linear relationship between body mass and power-based
performance during the rapid weight gain typical of the U15-U17 stages. In contrast,
examination of RSI derived from GCT and JH in the Drop Jump test indicates that age
categories significantly influence RSI scores within a cohort of young soccer athletes. While
other authors observed only trivial differences in CM] and RSI performance for Irish
U17 and U19 female soccer players, our findings indicate meaningful differences across
age categories in both slow SSC (CM]J) and fast SSC (DJ RSI) indicators, suggesting that
reactive strength may vary considerably as players mature, potentially due to differences
in developmental stage and training exposure [31]. Notably, the performance values of our
U17 group (CMJ JH: 36.5 cm; RSI: 1.54) and U19 group (CM]J JH: 39.2 cm; RSI: 1.65) presented
in Table 2 are highly comparable to the professional benchmarks (CM] JH: 38 cm; RSI: 1.71)
and generally superior in vertical output to the youth scholarship standards (CMJ JH:
35 cm; RSI: 1.59) recently established for the English Football League [32]. Although direct
comparisons should be interpreted with caution due to the different measurement systems
used (OptoJump photocells in the current study vs. force plates [32]), the consistency across
these independent datasets reinforces the competitive physiological profiles of elite Slovak
youth soccer players.

Across DJ variables, age-category differences were more pronounced for jump height
than for ground contact time. This suggests that the factors captured by chronological age
category—potentially including maturation, body-size development, training exposure,
and selection—may be more strongly reflected in vertical output than in the ability to
minimize ground contact time. However, because DJ performance was assessed without
force-time variables, it is not possible to determine whether these differences resulted from
greater force production, altered rate of force development, differences in jump strategy,
or technical execution. The smaller effect size for D] GCT compared with jump height
therefore supports a cautious interpretation: older players jumped higher, but the ability
to reduce ground contact time showed only limited age-category separation. This finding
is strongly reinforced by Badby et al. [32], who also reported that while kinetic output
and jump height clearly discriminated between youth and professional levels, movement
strategy metrics remained relatively stable, suggesting that neuromuscular ‘output’ matures
earlier or to a greater extent than technical jumping ‘strategy’. Consequently, our findings
may support placing greater emphasis on technical reactive-efficiency work in younger
age categories, but this recommendation should be interpreted cautiously, as the present
study was cross-sectional and did not test training interventions directly. In line with
Ramirez-Campillo et al. [33], who recommended reporting RSI together with its constituent
components (e.g., jump height and ground contact time), we also support this approach
in youth soccer, as it allows for a more precise interpretation of the magnitude and nature
of performance changes across age categories. Given the reported associations between
RSI and soccer-relevant performance qualities such as acceleration and change-of-direction
ability, this targeted approach appears more justified than assuming that shorter contact
times will emerge automatically with growth and general training exposure [34].

The second part of the analysis focused on identifying differences among playing
positions: goalkeepers (GK), full-backs (FB), center-backs (CB), central midfielders (CM),
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wingers (W), and forwards (FW). We then compared our results with existing research to
determine the extent to which our findings aligned with previous studies. From a functional
perspective, this positional comparison is highly relevant in SSC research, because different
roles are exposed to distinct locomotor and mechanical demands during match-play, es-
pecially in relation to sprinting, accelerations, decelerations, and repeated high-intensity
actions [35,36].

In elite adult Belgian soccer players, goalkeepers and central defenders had the highest
jump heights, followed by strikers, who had higher values than central defenders and
midfielders [24]. In the oldest category, the observed pattern was broadly compatible with
previous reports, with goalkeepers and some wide/offensive roles tending to show higher
jump performance than central midfielders. However, these contrasts were not uniform
across all outcomes. This interpretation is also broadly compatible with youth match-
analysis data showing that wide players and attacking roles are typically exposed to greater
sprint and high-speed running demands, whereas central defenders generally display
the lowest high-speed outputs. Such role-specific loading may contribute to positional
differences in SSC outcomes [37], although the present data support this only indirectly,
primarily for selected U19 outcomes. At the same time, tactical formation probably further
shapes these position-specific loading patterns, as recent youth match-analysis studies
indicate that it meaningfully alters running demands across roles, particularly the high-
speed and sprint exposure of wide and attacking players [38,39].

In U15-U17, positional differences were small or absent, whereas the clearer separation
observed in selected U19 outcomes may reflect a combination of more stable positional
specialization, accumulated role-specific loading, training exposure, and prior selection pro-
cesses. However, these interpretations remain tentative because global Category x Position
interactions were not statistically significant across all outcomes. In U19, the clearest po-
sitional separation was observed for JH outcomes and DJ GCT characteristics, whereas
positional separation for DJ RSI was not robust after multiple-comparison correction.
This pattern is broadly compatible with the positional physical demands, given that the
goalkeeper position in the soccer field places relatively low demands on aerobic energy
metabolism, with its activities being predominantly oriented towards anaerobic perfor-
mance, such as jumping and sprinting. In contrast, midfielders and defenders typically
cover the greatest distance during a match. Boone et al. [23] reported that midfielders have
the second-highest VO2 max values, just after the extreme defenders. However, the authors
did not differentiate between central and wide midfielders in their study, as we did in our
analysis, which may have affected the results.

These findings suggest that position-specific profiling based on the present SSC tests
has limited utility, even in the U19 category. Although selected U19 differences were
observed, they were sparse and mainly involved jump-height outcomes and D] GCT. In par-
ticular, DJ RSI showed a significant omnibus positional effect in U19, but no Tukey-adjusted
pairwise position comparison remained statistically significant. Therefore, the present data
do not strongly support broad position-specific SSC programming based solely on these
tests. Instead, the findings support cautious individual profiling, with particular attention
to isolated differences such as higher jump-height outcomes in goalkeepers or wingers rela-
tive to central midfielders and longer D] GCT in central midfielders relative to full-backs.
Given the large multi-academy sample of elite male Slovak youth players, the results offer
valuable insights that may also be relevant to similar high-level youth soccer populations
in other countries. However, their applicability to female athletes, non-elite players, or
different soccer cultures should be explored in future research. From a programming
perspective, these results support maintaining a broad SSC-development approach across
youth categories, particularly because positional separation was weak or absent from U15 to
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U17. In older players, selected U19 differences may justify more individualized monitoring
and cautious position-sensitive interpretation, but the current data do not provide strong
evidence for highly differentiated position-specific SSC programs. This general progression
is broadly consistent with Oliver et al. [40], who support multicomponent development
in youth players and highlight the need for greater training specificity when targeting
maximal-speed qualities. Taken together with role-specific match-demand literature, the
selected U19 findings may support cautious position-sensitive interpretation in older age
categories. However, the present SSC tests alone do not provide sufficient evidence to
prescribe strongly differentiated position-specific SSC programs. Moreover, because po-
sitional allocation in youth soccer may already be shaped by anthropometry, biological
maturation, and selection-related biases, some of the positional differences observed in the
oldest category may reflect not only role demands and accumulated training exposure but
also prior selection processes [41,42].

Several methodological constraints should be considered when interpreting the find-
ings. First, although all participants were elite academy players and were familiar with
the testing procedures as part of regular monitoring, technical execution may still have
varied between individuals and age categories. This is particularly relevant for SJ, where
strict compliance with the required pause and absence of countermovement is difficult
to verify using photocells alone. Second, detailed information on previous plyometric
training exposure, training age, and recent training load was not available, which may
have influenced reactive strength and jump-height outcomes. Third, the study relied on
OptoJump-derived jump outcomes and did not include force-plate variables such as force,
impulse, rate of force development, or eccentric braking characteristics. This limited the
ability to explain whether age-category or positional differences reflected force production,
movement strategy, technical execution, or SSC-specific mechanisms. Fourth, testing was
conducted across multiple academy environments; exact surface hardness and footwear
were not standardized, which may have affected D] GCT and RSI. Finally, testing sessions
were conducted at different times of the day across academies, which may have introduced
circadian-related performance variability. These constraints limit mechanistic interpretation
and direct comparison with force-plate studies, but they reflect the practical realities of
large-scale academy testing.

A central limitation of this study is the absence of a direct biological maturity assess-
ment, such as maturity offset or peak height velocity status. This is not only a method-
ological limitation but also a major interpretive confound, particularly across the U15-U17
categories, where players of the same chronological age may differ substantially in mat-
urational status. Height and weight were included as covariates to account for part of
the somatic variance associated with growth, but these variables are imperfect proxies
and do not replace direct maturity assessment. Therefore, the present findings should be
interpreted as body-size-adjusted differences in chronological age categories rather than
as isolated effects of chronological age, biological maturation, or training exposure. In
addition, detailed information on training age and prior exposure to systematic plyometric
training was not available. As all participants were recruited from elite national academies,
some degree of structured training exposure is likely, but its exact volume and quality
could not be controlled and may also have contributed to the observed between-category
differences. It should also be noted that in an academy cohort, the older age categories
might be subject to de-selection effects: players who remain in the U19 cohort have already
passed retention decisions that the U15 cohort has not yet faced. The observed age-category
differences therefore reflect a combination of maturation, cumulative training exposure, and
selection-related survivorship, which cannot be disentangled in a cross-sectional design.
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5. Conclusions

This study showed differences in lower-body SSC indicators across chronological age
categories in elite youth soccer players, with the most notable adjusted differences observed
for DJ JH, CM]J JH, SJ JH, and DJ RSI. DJ GCT showed only a small age-category effect
despite statistical significance. Because biological maturity was not directly assessed, these
differences should be interpreted as body-size-adjusted chronological age-category differ-
ences that are likely confounded by maturation, training exposure, and selection processes.

EUR did not differ significantly across age categories or playing positions. This
finding should be interpreted cautiously and does not demonstrate that EUR is inherently
stable as a physiological construct. Rather, the lack of EUR differences may reflect the
mathematical conservation of the CM]J /S]J ratio when both component jump heights increase
in parallel, as well as the limited ability of OptoJump-based testing to detect subtle SJ
execution deviations.

Positional differences were limited overall and were mainly evident in selected U19
outcomes. In U19, goalkeepers and wingers differed from central midfielders in selected
jump-height outcomes, while central midfielders exhibited longer DJ GCT than full-backs.
For DJ RSI, the U19 omnibus positional effect was small, and no Tukey-adjusted pair-
wise differences remained statistically significant, indicating limited practical positional
separation for this metric.

From an applied perspective, the findings support broad SSC development and indi-
vidual monitoring across youth categories rather than strong position-specific programming
based solely on these tests. In older players, selected jump-height and DJ GCT differences
may inform cautious position-sensitive interpretation, but future research should include di-
rect maturity assessment, force-plate-derived variables, standardized surface and footwear
conditions, detailed training-history data, and female cohorts to better clarify SSC develop-
ment across youth soccer populations.

Author Contributions: Conceptualization, M.S. and RS,; Methodology, M.S. and R.S.; Formal
analysis, M.S.; Investigation, M.S. and J.S.; Data curation, M.S. and J.S.; Writing—original draft, D.K.,
M.S.,].S. and M.P; Writing—review and editing, D.K,, M.S.,J.S. and M.P; Funding acquisition, M.P.
and R.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Matej Bel University (Approval No. 83/2025).

Informed Consent Statement: Written informed consent was waived because the data were

anonymized and used for routine monitoring.

Data Availability Statement: The data that support the findings of this study are stored in a secure
private cloud environment and are available from the corresponding author upon reasonable request.

Acknowledgments: The authors used Al-assisted tools (Grammarly and ChatGPT-5) for language
editing, translation, and grammatical corrections. The authors take full responsibility for the content
of the manuscript.

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

1.  Bedoya, A.A.; Miltenberger, M.R.; Lopez, R M. Plyometric training effects on athletic performance in youth soccer athletes: A
systematic review. J. Strength Cond. Res. 2015, 29, 2351-2360. [CrossRef]
2. Ferley, D.D.; Scholten, S.; Vukovich, M.D. Combined sprint interval, plyometric, and strength training in adolescent soccer

players: Effects on measures of speed, strength, power, change of direction, and anaerobic capacity. J. Strength Cond. Res. 2020, 34,

957-968. [CrossRef]

https://doi.org/10.3390 /biomechanics6020056


https://doi.org/10.1519/JSC.0000000000000877
https://doi.org/10.1519/JSC.0000000000003476
https://doi.org/10.3390/biomechanics6020056

Biomechanics 2026, 6, 56 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

Chen, L.; Zhang, Z.; Huang, Z.; Yang, Q.; Gao, C.; Ji, H.; Sun, ].; Li, D. Meta-analysis of the effects of plyometric training on lower
limb explosive strength in adolescent athletes. Int. J. Environ. Res. Public Health 2023, 20, 1849. [CrossRef] [PubMed]

Rimmer, E.; Sleivert, G. Effects of a plyometrics intervention program on sprint performance. J. Strength Cond. Res. 2000, 14,
295-301.

Markovic, G.; Mikulic, P. Neuro-musculoskeletal and performance adaptations to lower-extremity plyometric training. Sports
Med. 2010, 40, 859-895. [CrossRef]

Ramirez-delaCruz, M.; Bravo-Sanchez, A.; Esteban-Garcia, P.; Jimenez, F.; Abian-Vicen, J. Effects of plyometric training on lower
body muscle architecture, tendon structure, stiffness, and physical performance: A systematic review and meta-analysis. Sports
Med. Open 2022, 8, 40. [CrossRef] [PubMed]

Davies, G.; Riemann, B.L.; Manske, R. Current concepts of plyometric exercise. Int. ]J. Sports Phys. Ther. 2015, 10, 760-786.
[PubMed]

Schmidtbleicher, D. Training for power events. In Strength and Power in Sport; The Encyclopedia of Sports Medicine; Komi, P.V.,,
Ed.; Blackwell: Oxford, UK, 1992; Volume 3, pp. 169-179.

Flanagan, E.P. An examination of the slow and fast stretch—-shortening cycle in cross-country runners and skiers. In ISBS Conference
Proceedings Archive; International Society of Biomechanics in Sports (ISBS): Ouro Preto, Brazil, 2007; Volume 1, pp. 51-54.
Flanagan, E.P.; Comyns, T.M. The use of contact time and the reactive strength index to optimize fast stretch-shortening cycle
training. Strength Cond. ]. 2008, 30, 32-38. [CrossRef]

McGuigan, M.R.; Doyle, T.L.A.; Newton, M.; Edwards, D.]J.; Nimphius, S.; Newton, R.U. Eccentric utilization ratio: Effect of sport
and phase of training. J. Strength Cond. Res. 2006, 20, 992-995. [CrossRef]

Suchomel, T.J.; Sole, C.J.; Stone, M.H. Comparison of methods that assess lower-body stretch—shortening cycle utilization.
J. Strength Cond. Res. 2016, 30, 547-554. [CrossRef]

Tufano, J.J.; Walker, S.; Seitz, L.B.; Newton, R.U.; Hakkinen, K.; Blazevich, A ]J.; Haff, G.G. Reliability of the reactive strength index,
eccentric utilisation ratio, and pre-stretch augmentation in untrained, novice jumpers. J. Aust. Strength Cond. 2013, 21, 31-33.
Bobbert, M.E,; Gerritsen, K.G.; Litjens, M.C.; van Soest, A.]. Why is countermovement jump height greater than squat jump
height? Med. Sci. Sports Exerc. 1996, 28, 1402-1412. [CrossRef]

Heeneman, J.; Krzyszkowski, J.; Kipp, K. Knee joint-specific eccentric utilization ratio determines lower-extremity stretch—
shortening cycle function during countermovement jumps. Med. Sci. Sports Exerc. 2018, 50, 30. [CrossRef]

Southey, B.; Willshire, M.; Connick, M.].; Austin, D.; Spits, D.; Beckman, E. Reactive strength index as a key performance indicator
in different athlete populations—A systematic review. Sci. Sports 2024, 39, 129-143. [CrossRef]

Rebelo, A.; Pereira, J.R.; Martinho, D.V.; Duarte, ].P.; Coelho-E-Silva, M.].; Valente-Dos-Santos, ]. How to improve the reactive
strength index among male athletes? A systematic review with meta-analysis. Healthcare 2022, 10, 593. [CrossRef]

Young, W.B.; Murray, M.P. Reliability of a field test of defending and attacking agility in Australian football and relationships to
reactive strength. J. Strength Cond. Res. 2017, 31, 509-516. [CrossRef] [PubMed]

Douglas, J.; Pearson, S.; Ross, A.; McGuigan, M. Reactive and eccentric strength contribute to stiffness regulation during maximum
velocity sprinting in team sport athletes and highly trained sprinters. J. Sports Sci. 2020, 38, 29-37. [CrossRef]

Harper, D.J.; Cohen, D.D.; Rhodes, D.; Carling, C.; Kiely, J. Drop jump neuromuscular performance qualities associated with
maximal horizontal deceleration ability in team sport athletes. Eur. J. Sport Sci. 2022, 22, 1005-1016. [CrossRef]

De Ste Croix, M.; Lehnert, M.; Maixnerova, E.; Ayala, F; Psotta, R. The influence of age and maturation on trajectories of
stretch—shortening cycle capability in male youth team sports. Pediatr. Exerc. Sci. 2021, 33, 16-22. [CrossRef] [PubMed]
Cinemre, A.; Unver, E.; Konsuk Unlu, H.; Demirci, N. A comparison of drop jump and sprint parameters in youth soccer players.
Turk. J. Sports Med. 2020, 55, 148-155. [CrossRef]

Boone, J.; Vaeyens, R.; Steyaert, A.; Vanden Bossche, L.; Bourgois, J. Physical fitness of elite Belgian soccer players by player
position. J. Strength Cond. Res. 2012, 26, 2051-2057. [CrossRef] [PubMed]

Deprez, D.; Fransen, J.; Boone, J.; Lenoir, M.; Philippaerts, R.; Vaeyens, R. Characteristics of high-level youth soccer players:
Variation by playing position. J. Sports Sci. 2015, 33, 243-254. [CrossRef]

Jeffreys, 1. The Warm-Up: Maximize Performance and Improve Long-Term Athletic Development; Human Kinetics: Champaign, IL,
USA, 2019.

Glatthorn, ].E; Gouge, S.; Nussbaumer, S.; Stauffacher, S.; Impellizzeri, EM.; Maffiuletti, N.A. Validity and reliability of Optojump
photoelectric cells for estimating vertical jump height. J. Strength Cond. Res. 2011, 25, 556-560. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum Associates: Hillsdale, NJ, USA, 1988.
Radnor, ].M.; Oliver, J.L.; Waugh, C.M.; Myer, G.D.; Moore, LS.; Lloyd, R.S. The influence of growth and maturation on
stretch—shortening cycle function in youth. Sports Med. 2018, 48, 57-71. [CrossRef]

Lockie, R.G.; Jalilvand, F; Callaghan, S.J.; Jeffriess, M.D.; Murphy, A.]. Interaction between leg muscle performance and sprint
acceleration kinematics. J. Hum. Kinet. 2015, 49, 65-74. [CrossRef]

https://doi.org/10.3390 /biomechanics6020056


https://doi.org/10.3390/ijerph20031849
https://www.ncbi.nlm.nih.gov/pubmed/36767213
https://doi.org/10.2165/11318370-000000000-00000
https://doi.org/10.1186/s40798-022-00431-0
https://www.ncbi.nlm.nih.gov/pubmed/35312884
https://www.ncbi.nlm.nih.gov/pubmed/26618058
https://doi.org/10.1519/SSC.0b013e318187e25b
https://doi.org/10.1519/00124278-200611000-00042
https://doi.org/10.1519/JSC.0000000000001100
https://doi.org/10.1097/00005768-199611000-00009
https://doi.org/10.1249/01.mss.0000535180.13014.b5
https://doi.org/10.1016/j.scispo.2023.01.004
https://doi.org/10.3390/healthcare10040593
https://doi.org/10.1519/JSC.0000000000001498
https://www.ncbi.nlm.nih.gov/pubmed/28129280
https://doi.org/10.1080/02640414.2019.1678363
https://doi.org/10.1080/17461391.2021.1930195
https://doi.org/10.1123/pes.2020-0063
https://www.ncbi.nlm.nih.gov/pubmed/33721841
https://doi.org/10.5152/tjsm.2020.171
https://doi.org/10.1519/JSC.0b013e318239f84f
https://www.ncbi.nlm.nih.gov/pubmed/21986697
https://doi.org/10.1080/02640414.2014.934707
https://doi.org/10.1519/JSC.0b013e3181ccb18d
https://doi.org/10.1007/s40279-017-0785-0
https://doi.org/10.1515/hukin-2015-0109
https://doi.org/10.3390/biomechanics6020056

Biomechanics 2026, 6, 56 15 of 15

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Furlong, L.M.; Harrison, A.].; Jensen, R.L. Measures of strength and jump performance can predict 30-m sprint time in Rugby
Union players. J. Strength Cond. Res. 2021, 35, 2579-2583. [CrossRef]

Doyle, B.; Browne, D.; Horan, D. Differences in anthropometric and physical performance characteristics between U17, U19, and
senior Irish female international football players. Int. J. Sports Sci. Coach. 2021, 16, 352-359. [CrossRef]

Badby, A.J.; Comfort, P; Ripley, N.J.; Mundy, P.D.; Soriano, M.A.; Robles-Palazén, EJ.; Fahey, J.; Sindall, P.; Bramah, C.; McMahon,
J.J. Normative data and objective benchmarks for selected force plate tests for professional and youth soccer players in the English
Football League. J. Sports Sci. 2025, 43, 2306-2323. [CrossRef]

Ramirez-Campillo, R.; Thapa, R K.; Afonso, J.; Perez-Castilla, A.; Bishop, C.; Byrne, P.J.; Granacher, U. Effects of plyometric jump
training on the reactive strength index in healthy individuals across the lifespan: A systematic review with meta-analysis. Sports
Med. 2023, 53, 1029-1053. [CrossRef] [PubMed]

Jarvis, P.; Turner, A.; Read, P; Bishop, C. Reactive strength index and its associations with measures of physical and sports
performance: A systematic review with meta-analysis. Sports Med. 2022, 52, 301-330. [CrossRef] [PubMed]

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

Harper, D.J.; Carling, C.; Kiely, ]. High-intensity acceleration and deceleration demands in elite team sports competitive match
play: A systematic review and meta-analysis of observational studies. Sports Med. 2019, 49, 1923-1947. [CrossRef]

Pettersen, S.A.; Brenn, T. Activity profiles by position in youth elite soccer players in official matches. Sports Med. Int. Open 2019,
3, E19-E24. [CrossRef] [PubMed]

Caugevi¢, D.; Mustafovié, E.; Covi¢, N.; Abazovié, E.; Savu, C.V.; Tohanean, D.I.; Antohe, B.A.; Alexe, C.I. Who runs the most?
Positional demands in a 4-3-3 formation among elite youth footballers. Sensors 2025, 25, 5825. [CrossRef]

Samolis, V; Stafylidis, A.; Vlachakis, P.; Trampas, A.; Karampelas, D.; Michailidis, Y. The running performance of elite under-19
football players in matches with a 1-4-2-3-1 formation in relation to their playing position. Appl. Sci. 2025, 15, 6961. [CrossRef]
Oliver, J.L.; Ramachandran, A K.; Singh, U.; Ramirez-Campillo, R.; Lloyd, R.S. The effects of strength, plyometric and combined
training on strength, power and speed characteristics in high-level, highly trained male youth soccer players: A systematic review
and meta-analysis. Sports Med. 2024, 54, 623-643. [CrossRef]

Towlson, C.; Cobley, S.; Midgley, A.W.; Garrett, A.; Parkin, G.; Lovell, R. Relative age, maturation and physical biases on position
allocation in elite-youth soccer. Int. ]. Sports Med. 2017, 38, 201-209. [CrossRef]

Sweeney, L.; Cummin, S.P.; MacNamara, A.; Horan, D. The selection advantages associated with advanced biological maturation
vary according to playing position in national-level youth soccer. Biol. Sport 2023, 40, 715-722. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /biomechanics6020056


https://doi.org/10.1519/JSC.0000000000003170
https://doi.org/10.1177/1747954120968191
https://doi.org/10.1080/02640414.2025.2523671
https://doi.org/10.1007/s40279-023-01825-0
https://www.ncbi.nlm.nih.gov/pubmed/36906633
https://doi.org/10.1007/s40279-021-01566-y
https://www.ncbi.nlm.nih.gov/pubmed/34606061
https://doi.org/10.1007/s40279-018-01048-8
https://doi.org/10.1007/s40279-019-01170-1
https://doi.org/10.1055/a-0883-5540
https://www.ncbi.nlm.nih.gov/pubmed/31143839
https://doi.org/10.3390/s25185825
https://doi.org/10.3390/app15136961
https://doi.org/10.1007/s40279-023-01944-8
https://doi.org/10.1055/s-0042-119029
https://doi.org/10.5114/biolsport.2023.119983
https://www.ncbi.nlm.nih.gov/pubmed/37398961
https://doi.org/10.3390/biomechanics6020056

	Introduction 
	Materials and Methods 
	Participants 
	Ethics Committee 
	Sample Size Estimation and Justification 
	Testing Procedures 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

