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Abstract

Purpose: We aimed to compare neuromuscular performance between academy soccer play-
ers (U-17, U-19, and U-21 categories) and first-team players, and to establish neuromuscular 
performance thresholds associated with the first-team level. Methods: Ninety-four male 
players participated and were followed over two seasons. Neuromuscular performance 
was assessed using force-plate and force-sensing frame technologies, including isometric 
hip adduction and abduction, Nordic hamstring exercise, countermovement jump (CMJ), 
and isometric squat hold. Peak force, eccentric and concentric peak force, rate of force 
development, impulse, modified reactive strength index (RSI-modified), dynamic strength 
index (DSI) and limb asymmetry were analyzed. Linear mixed models, binary logistic 
generalized estimating equations (GEE), and receiver operating characteristic (ROC) curve 
analyses were performed. Results: The neuromuscular variables that best discriminated 
between soccer academy and first-team were maximal hip pull force (OR = 2.53, p < 0.001), 
concentric peak force (OR = 2.42, p < 0.001), eccentric peak force (OR = 1.31, p = 0.046), 
modified RSI (OR = 2.00, p < 0.001), RFD at 200 ms (OR = 1.46, p = 0.004), and DSI 
(OR = 2.13, p < 0.001). ROC analysis identified practical cutoff values for maximal hip 
abduction force (442 N), maximal concentric and eccentric forces during the CMJ (1856 and 
1804 N, respectively), modified RSI (0.58 m·s−1 ) and DSI (0.57). Conclusions: First-team 
players demonstrate superior neuromuscular performance to academy players. The identi-
fied cutoff values should be considered exploratory benchmarks for distinguishing current 
competitive levels and require external, prospective validation in independent cohorts from 
other clubs before practical application.

Keywords: soccer; strength; talent development; reactive forces; athlete monitoring

1.  Introduction
Physical performance in soccer is characterized by the repeated execution of explo-

sive actions such as sprinting, accelerating, decelerating, changing direction, jumping, 
tackling, and kicking, all of which depend on the ability to generate force rapidly [1]. Conse-
quently, maximal and rapid force production are now recognized as fundamental physical 
qualities underpinning athletic performance in soccer [2]. Recent evidence indicates that 
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neuromuscular capabilities progressively improve with both age and competitive level [3]. 
Furthermore, assessing different manifestations of strength, together with force–time char-
acteristics, provides a more comprehensive understanding of neuromuscular function than 
traditional performance outcomes alone [4].

Advances in force-platform technologies have facilitated the objective assessment of 
multiple neuromuscular qualities within routine soccer practice. Systems such as Force-
Frame, NordBord, and ForceDecks enable practitioners to quantify maximal strength, ec-
centric and concentric forces, rapid force production, reactive and dynamic strength, and 
inter-limb asymmetries using standardized and reliable protocols [5–7]. Consequently, 
these assessments are increasingly implemented in professional soccer to monitor physical 
development and guide individualized strength and conditioning programs. In youth 
soccer academies, the NordBord and ForceFrame have been highlighted as practical and 
time-efficient tools for evaluating hamstring eccentric strength and adductor isometric 
strength across large numbers of players, while also demonstrating sensitivity to changes in 
neuromuscular performance over time [8]. Their implementation is further supported by 
evidence showing that neuromuscular performance develops progressively throughout the 
academy pathway, with squat jump, countermovement jump, and relative mean propulsive 
power increasing across age categories until the U20 level, where values become compara-
ble to those of senior professional players [9]. Accordingly, the assessment of lower-limb 
strength has become a key component of long-term athletic development programs aimed 
at improving physical quality and muscular strength throughout youth development [10].

Despite the increasing use of force-platform technologies, current evidence has pri-
marily focused on establishing normative values, evaluating test reliability, or comparing 
age groups using isolated tests or competitive standards [11,12], as well as examining 
the sensitivity of countermovement jumps (CMJs) to detect fatigue from both quanti-
tative and qualitative movement perspectives [13]. Previous studies [14] reported that 
physical performance characteristics contribute to distinguishing players who successfully 
progress through elite development pathways, while Hwang et al. [15] showed that coun-
termovement jump performance, lower-limb strength, and soccer-specific fitness tests were 
associated with progression to the professional level and could be integrated into predictive 
talent-identification models. Nevertheless, despite the widespread implementation of force-
platform technologies in soccer, normative neuromuscular profiles across academy age 
groups remain scarce, particularly within professional clubs from the CONCACAF region. 
Determining age-specific reference values and identifying neuromuscular variables with 
good discriminatory ability through receiver operating characteristic (ROC) analysis may 
provide practitioners with objective cutoff values to support player profiling, longitudinal 
monitoring, and evidence-based decision-making during the transition from academy to 
first teams. Therefore, the aim of this study was to compare neuromuscular performance be-
tween academy (U17, U19, and U21) and first-team soccer players and to examine the ability 
of neuromuscular performance measures to differentiate first-team from academy players.

2.  Materials and Methods
2.1.  Participants

The a priori sample-size calculation was based on the primary repeated-measures anal-
ysis. A total of 94 players were included in the study. Across the eight scheduled assessment 
sessions, 739 of 752 possible assessments were completed (98.3%), with 13 assessments 
(1.7%) missing. The GEE and ROC analyses were considered exploratory discrimination 
analyses, and no analysis-specific a priori sample-size calculation was performed for these 
analyses [16]. Players were allocated into four competitive categories according to their 
official team: U17 (n = 22; age 15.8 ± 0.66 years; body mass 70.3 ± 8.7 kg), U19 (n = 23; 
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age 17.5 ± 0.90 years; body mass 69.3 ± 9.2 kg), U21 (n = 24; age 18.1 ± 0.92 years; body 
mass 72.0 ± 8.6 kg), and first team (n = 25; age 25.5 ± 5.24 years; body mass 72.4 ± 7.9 kg). 
All assessments were conducted over two competitive seasons under standardized testing 
conditions. Inclusion criteria were: (i) registration as an active player in one of the club’s 
official squads (U17, U19, U21, or first team); (ii) regular participation in team training 
and competition during the year; and (iii) completion of at least 80% of all neuromuscular 
testing procedures. The exclusion criteria were: (i) musculoskeletal injury or pain that 
limited participation in testing; (ii) surgery or major lower-limb injury within the previous 
four months; and (iii) or incomplete or invalid test data. The study received ethical ap-
proval under reference UNA-CECUNA-CIRCLE-001-2026. All data were collected as part of 
routine institutional monitoring, and all players provided informed consent to participate. 
For participants under 18 years of age, written informed consent was obtained from a parent 
or legal guardian, and participant assent was obtained when applicable. The study was 
observational and descriptive, involved no biomedical or clinical intervention, contained no 
individually identifiable data, and posed minimal risk to participants.

2.2.  Study Designs
This observational cohort study was reported in accordance with the STROBE State-

ment [17] to evaluate neuromuscular performance across four soccer player categories 
(U17, U19, U21, and first team). Players were assessed on eight occasions throughout 
two competitive seasons, with testing sessions conducted once per month, resulting in 
739 longitudinal player assessments. Thirteen assessments were not completed because 
of temporary physical complaints or injury-related limitations, recommendations from 
the medical or coaching staff, or absence from the scheduled testing session. Each testing 
session was performed under standardized conditions and followed the same assessment 
protocol for all participants. Each testing session lasted approximately 2 hours and was 
conducted at the club’s training facilities. To minimize the influence of fatigue and circadian 
variation, all assessments were performed at the same time of day for each group. The 
testing battery followed a standardized sequence consisting of hip pull, hip squeeze, Nordic 
test, CMJ, and isometric squat (see Figure 1), with standardized recovery periods provided 
between tests. The players maintained their usual controlled nutrition and hydration habits 
at the club’s facilities. All assessments were supervised by the club’s Director of Sports 
Sciences along with the physical trainers for each age group.

2.3.  Neuromuscular Assessments
2.3.1.  Hip Adduction and Abduction Strength

Maximum isometric hip adduction or “squeeze exercise” and abduction or “pull exer-
cise” strength was assessed using the ForceFrame system (Vald Performance, Newstead, 
QLD, Australia). The ForceFrame enables the simultaneous assessment of bilateral hip 
strength and the quantification of inter-limb asymmetry [7]. Participants were positioned 
supine beneath the ForceFrame with the hips flexed to 45° and the knees flexed to approxi-
mately 90°, following the manufacturer’s standardized testing protocol. During the squeeze 
assessment, the medial femoral condyles and tibial condyles were aligned with the central 
force pads, whereas during the pull assessment, the lateral femoral condyles and fibular 
heads were aligned with the external force pads (Figure 1) [18].

Participants were instructed to maintain contact between the pelvis, trunk, and exami-
nation table throughout the assessment and to produce a maximal isometric contraction 
“as fast and as hard as possible” for 5 s. Three maximal trials were performed for each test 
with 10 s of passive recovery between repetitions. Standardized verbal encouragement was 
provided during every trial. The ForceFrame software (v3.1.1) recorded Squeeze and Pull 
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exercises variables, including peak force (N), Max Ratio (unitless), Max Impulse (N·s), 
and peak force asymmetry (%) based on absolute magnitude. The highest values obtained 
across the three trials were retained for statistical analysis. The hip adduction and abduction 
tests demonstrated good reliability, with ICC values ranging from 0.82 to 0.85 [5].

Figure 1. Neuromuscular testing battery performed in the LDA Professional Soccer Academy. Note: 
The assessment battery consisted of five neuromuscular tests performed in the following order: (1) hip 
abduction and adduction strength test, (2) Nordic hamstring exercise test, (3) countermovement jump 
(CMJ) using force plates, and (4) isometric squat hold. All tests were conducted under standardized 
conditions as part of the routine neuromuscular monitoring program of the Soccer Academy.

2.3.2.  Nordic Hamstring Exercise
Eccentric knee flexor strength was assessed using the NordBord Hamstring Testing 

System (Vald Performance, Newstead, QLD, Australia), which samples force data at 50 Hz. 
Participants assumed a kneeling position on the padded platform with the ankles secured 
immediately superior to the lateral malleoli using the device’s ankle hooks. Following the 
standardized testing protocol, participants maintained an upright trunk and hip position 
while gradually leaning forward, resisting the forward movement maximally with the 
hamstring muscles until they could no longer control the descent. During the movement, 
the arms remained flexed in front of the body to safely arrest the fall [19]. Before testing, 
participants completed two familiarization repetitions without data collection. Following 
a 3 min passive recovery period, two maximal trials were performed with standardized 
verbal encouragement during each repetition. The NordBord software (v3.1.1) automat-
ically recorded peak force (N), maximum torque (N·m), maximum impulse (N·s), and 
peak force asymmetry (%) based on absolute magnitude. The highest values obtained 
across the two trials were retained for statistical analysis. The NordBord system has demon-
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strated good-to-excellent reliability for the assessment of eccentric hamstring strength 
(ICC = 0.83–0.90) [20].

2.3.3.  Countermovement Jump
CMJ performance was assessed using dual ForceDecks FD4000 force platforms (Vald 

Performance, Newstead, QLD, Australia), sampling force data at 1000 Hz. Participants 
stood quietly with one foot positioned on each force platform and their hands placed on 
their hips throughout the test. Following a self-selected countermovement depth, partici-
pants performed a maximal vertical jump while minimizing horizontal displacement and 
maintaining their hands on their hips during the entire movement. Standardized verbal 
encouragement was provided during each trial.

Two maximal CMJ were performed with 60 s of passive recovery between attempts. 
Any trial in which participants removed their hands from their hips or exhibited an obvious 
technical error was discarded and repeated following the recovery period. The ForceDecks 
software (v3.1.1) automatically identified the eccentric and concentric phases of the jump 
from the vertical ground reaction force–time curve and calculated jump height (cm), relative 
peak power (W·kg−1 ), concentric peak force (N), eccentric peak force (N), peak force asym-
metry (%), and Reactive Strength Index–Modified (RSI–modified; m·s−1 ). RSI–modified 
was calculated as jump height divided by time to take-off. The highest values obtained 
across the two trials were retained for statistical analysis. The ForceDecks system has pre-
viously demonstrated good reliability for the assessment of jump performance in soccer 
players academy (ICC > 0.81) [21].

2.3.4.  Isometric Squat Hold Test
Maximal isometric squat hold test was assessed using dual ForceDecks FD4000 force 

platforms (Vald Performance, Newstead, QLD, Australia), sampling force data at 1000 Hz. 
Participants stood with one foot positioned on each force platform beneath a fixed barbell 
secured within a squat rack. The bar height was individually adjusted to achieve a knee 
flexion angle of approximately 140° while maintaining a standardized hip position across 
participants. Following a progressive preload, participants were instructed to exert maximal 
force against the immovable bar “as fast and as hard as possible” for 5 s while maintaining 
their feet in contact with the force platforms. Two maximal trials were performed with 1 min 
of passive recovery between attempts. Standardized verbal encouragement was provided 
during each trial. The ForceDecks software automatically identified contraction onset as 
the first instantaneous force increase ≥20 N above the force recorded during the weighing 
period. Contraction onset was visually verified before the final analysis. The software 
calculated peak vertical force (N), relative peak vertical force (N·kg−1 ), impulse at 200 ms 
(N·s), rate of force development at 200 ms (RFD200; N·s−1 ), peak force asymmetry (%), and 
dynamic strength index (DSI). DSI was calculated as the ratio of countermovement jump 
peak force to isometric squat peak force [22]. The highest values obtained across the two 
trials were retained for statistical analysis. The isometric squat test variables demonstrated 
acceptable-to-good reliability, with ICC values ≥ 0.75 [6].

2.3.5.  Statistical Analysis
Normality of the data was examined using Shapiro–Wilk tests and visual inspection 

of Q–Q plots, and descriptive data are presented as mean ± standard deviation (SD). A 
predefined hierarchical analytical strategy was used. Neuromuscular variables were first 
evaluated for differences across player categories (U17, U19, U21, and first team) using 
a linear mixed model (LMM), with player category included as a fixed effect and player 
ID as a random intercept to account for repeated measurements within players across the 
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season [23]. The LMM were estimated using restricted maximum likelihood (REML), 
and model assumptions were evaluated by inspection of residual and Q–Q plots. When 
a significant overall category effect was observed, post hoc pairwise comparisons were 
performed using Tukey-adjusted tests. Additionally, sensitivity analyses included the time 
of assessment as a fixed adjustment factor to determine whether category effects were robust 
against potential intra-season variations; however, category × occasion interactions were not 
examined because temporal differences between categories were outside the prespecified 
study objective (see the Supplementary Material S1). Variables showing significant between-
category differences in the LMM were subsequently examined using separate binary logistic 
generalized estimating equation (GEE) models, in which academy players (U17, U19, and 
U21) were grouped and compared with first-team players. Player ID was specified as the 
subject variable, with an independent working correlation structure and robust sandwich 
covariance estimator [24]. Odds ratios (ORs), robust 95% confidence intervals (CIs), Wald 
χ2  statistics, and p-values were reported, with regression coefficients and ORs expressed 
per 1-SD increase in each neuromuscular variable to facilitate comparisons across measures 
with different scales. Additionally, sensitivity analyses adjusting for assessment timing were 
conducted for both LMM and GEE models, with the results presented in Supplementary 
Material S1. Only variables remaining statistically significant in the GEE models were taken 
forward to exploratory receiver operating characteristic (ROC) curve analyses to evaluate 
their ability to discriminate between academy and first-team players. Optimal cutoff values 
were determined in the full sample using the Youden index [25]. The ROC curves and AUC 
values presented in Figure 2 were obtained from the full dataset and represent apparent 
discrimination estimates.

Figure 2. Receiver operating characteristic (ROC) curves for the neuromuscular variables discrimi-
nating first-team and academy soccer players. Note: (A) Hip pull peak force (N); (B) Concentric 
peak force (N); (C) Eccentric peak force (N); (D) Rate of force development at 200 ms (RFD 200 ms; 
N/s); (E) Modified reactive strength index (RSI-mod; m/s); and (F) Dynamic strength index (DSI). 
The solid blue lines represent the ROC curves, while the dashed diagonal lines indicate chance-level 
discrimination (AUC = 0.50). Each panel presents sen-sitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), optimal cutoff value, and area under the curve (AUC) with 
its 95% confidence interval. Optimal cutoff values were determined using the Youden index.

Internal validation was subsequently performed using player-level cluster bootstrap 
resampling with 2000 iterations, preserving all repeated assessments within each resam-
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pled player cluster [26]. AUC, sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were evaluated using out-of-bag observations, with 95% 
CIs derived from the bootstrap distributions [27]. Cutoff stability was assessed through the 
bootstrap-derived distribution of optimal thresholds, with uncertainty expressed as 95% 
percentile confidence intervals. AUC values were interpreted as excellent (0.90–1.00), good 
(0.80–0.89), fair (0.70–0.79), poor (0.60–0.69), or fail (<0.60) [27]. The sequential analytical 
strategy was prespecified to progressively reduce the number of variables evaluated at each 
stage; GEE and ROC analyses were considered exploratory, and their findings should there-
fore be interpreted as hypothesis-generating and requiring confirmation in independent 
cohorts. All statistical tests were performed using jamovi (version 2.7.37) and IBM SPSS 
Statistics (version 28.0), while graphical representations were generated using R (version 
4.6.1). Statistical significance was set at p < 0.05.

3.  Results
Table 1 summarizes hip pull, hip squeeze, and Nordic hamstring exercise performance 

across soccer player categories. In the hip abduction test, significant between-category differ-
ences were observed for peak force (p < 0.001) and maximum impulse (p = 0.015), whereas 
maximum ratio and peak force asymmetry did not differ between categories. First-team 
players produced greater peak force than the U17, U19, and U21 groups, while maximum 
impulse was higher in first-team and U21 players compared with the U17 category.

Table 1. Neuromuscular performance in the hip pull, hip squeeze, and Nordic tests across soccer 
player categories.

Testing Variable
U17 U19 U21 First Team Mixed Models

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-Value Pairwise 
Comparisons

Hip Abduction 
(Pull)

Peak Force (N) 424 ± 88 416 ± 100 443 ± 91 497 ± 70 <0.001 * First team > U21, 
U19, U17

Max Ratio 1.07 ± 0.15 1.03 ± 0.18 0.99 ± 0.19 1.01 ± 0.16 0.106 None

Max Impulse 3245 ± 908 3622 ± 1320 3796 ± 1287 3902 ± 1236 0.015 * First team > U17; 
U21 > U17

Asymmetry 
Peak Force (%) 5.93 ± 5.37 6.08 ± 5.92 7.19 ± 6.06 5.60 ± 4.60 0.276 None

Hip Adduction
(Squeeze)

Peak Force (N) 404 ± 82 412 ± 77 447 ± 94 444 ± 94 0.007 * U21 > U17
Max Ratio 0.99 ± 0.18 1.06 ± 0.19 1.05 ± 0.17 1.01 ± 0.17 0.066 None

Max Impulse 3769 ± 1364 3404 ± 1098 3096 ± 825 3548 ± 1476 0.010 * U17 > U21
Asymmetry 

Peak Force (%) 5.03 ± 3.82 5.34 ± 4.36 5.96 ± 4.57 6.35 ± 5.12 0.270 None

Nordic 
Hamstring 

Exercise

Peak Force (N) 406 ± 83 400 ± 65 435 ± 68 431 ± 72 0.005 * U21 > U19

Max Torque 194 ± 134 274 ± 287 232 ± 196 194 ± 118 0.010 * U19 > first team, 
U17

Max Impulse 3681 ± 1811 3806 ± 1599 3618 ± 2028 4088 ± 2305 0.683 None
Asymmetry 

Peak Force (%) 11.40 ± 9.44 9.83 ± 7.11 9.23 ± 6.69 10.61 ± 7.42 0.622 None

Note: Data are presented as mean ± standard deviation. p-values < 0.05 * were considered significant 
and correspond to the overall effect of the category. Only significant pairwise comparisons, determined 
by Tukey’s adjusted post hoc tests are reported.

In the hip adduction test, significant differences were found for peak force (p = 0.007) 
and maximum impulse (p = 0.010), whereas Max Ratio and peak force asymmetry did not 
differ between categories. U21 players demonstrated greater peak force than U17 players, 
while U17 players exhibited greater maximum impulse than the U21 category. In the Nordic 
hamstring exercise, significant differences were observed for peak force (p = 0.005) and 
maximum torque (p = 0.010), whereas maximum impulse and peak force asymmetry did 
not differ between categories. U21 players demonstrated greater peak force than U19 players, 
while U19 players exhibited greater maximum torque than first-team and U17 players.
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Table 2 summarizes CMJ and isometric squat hold performance across soccer player 
categories. In the CMJ, no significant between-category differences were observed for jump 
height, peak power relative to body mass, or peak force asymmetry. Significant differences 
were found for concentric peak force (p < 0.001), eccentric peak force (p = 0.005), and 
RSI-modified (p < 0.001). First-team players demonstrated greater concentric peak force 
than the U19 and U21 groups, while U17 and U19 players also showed greater values than 
the U21 group. For eccentric peak force, first-team players demonstrated greater values 
than the U19 players. First-team players also exhibited greater RSI-modified values than 
the U17, U19, and U21 groups.

Table 2. Neuromuscular performance in the CMJ and isometric squat hold test across soccer 
player categories.

Testing Variables
U17 U19 U21 First Team Mixed Models

Mean ± SD Mean ± SD Mean ± SD Mean ± SD p-Value Pairwise Comparison

CMJ

Jump height (cm) 35.1 ± 4.5 35.0 ± 4.9 35.6 ± 4.7 36.4 ± 4.7 0.540 None
Peak power/BM 

(W/kg) 55.3 ± 5.9 54.0 ± 6.6 55.2 ± 6.3 57.6 ± 7.3 0.066 None

Concentric peak force 
(N) 1883 ± 285 1810 ± 312 1655 ± 234 1997 ± 233 <0.001 * First team > U21, U19; 

U19 > U21; U17 > U21
Eccentric peak force 

(N) 1769 ± 268 1749 ± 277 1862 ± 270 1883 ± 261 0.005 * First team > U19, U17

Asymmetry peak 
force (%) 5.92 ± 4.24 5.75 ± 4.41 6.07 ± 5.01 6.47 ± 5.54 0.732 None

RSI-modified 
(m·s−1 ) 0.55 ± 0.09 0.53 ± 0.09 0.57 ± 0.09 0.62 ± 0.10 <0.001 * First team > U21, U19, 

U17

Isometric 
Squat Hold

Peak vertical force 
(N) 3060 ± 571 3017 ± 559 3147± 543 3022 ± 546 0.728 None

Peak vertical 
force/(N/kg) 43.6 ± 7.2 43.8 ± 6.7 44.6 ± 7.4 41.6 ± 6.5 0.052 None

Absolute impulse at 
200 ms (N·s) 218 ± 39 224 ± 49 226 ± 42 239 ± 51 0.036 * First team > U17

RFD at 200 ms 
(N·s−1 ) 3550 ± 1139 3429 ± 1125 3649 ± 1403 4088 ± 1644 0.013 * First team > U19, U17

Asymmetry peak 
vertical force (%) 12.21 ± 9.98 10.01 ± 8.39 10.94 ± 7.98 9.97 ± 8.43 0.257 None

DSI 0.58 ± 0.22 0.58 ± 0.16 0.52 ± 0.15 0.68 ± 0.15 <0.001 * First team > U21, U19, 
U17

Note: Data are presented as mean ± standard deviation. p-values < 0.05 * were considered significant 
and correspond to the overall effect of the category. Only significant comparisons, determined by 
Tukey’s adjusted post hoc tests are reported.

In the isometric squat hold test, peak vertical force, relative peak vertical force, and peak 
force asymmetry did not differ between categories. Significant between-category differences 
were observed for absolute impulse at 200 ms (p = 0.036), RFD at 200 ms (p = 0.013), and 
DSI (p < 0.001). First-team players demonstrated greater absolute impulse than the U19 
and U17 group and greater RFD at 200 ms than the U19 group. DSI was greater in first-team 
players than in the U17, U19, and U21 players.

Table 3 presents the results of the GEE analyses. Significant associations with first-team 
players were observed for hip pull maximal force (OR = 2.535, p < 0.001), concentric peak 
force (OR = 2.416, p < 0.001), eccentric peak force (OR = 1.315, p = 0.046), RSI-modified 
(OR = 2.004, p < 0.001), RFD at 200 ms (OR = 1.468, p = 0.004), and DSI (OR = 2.135, 
p <0.001). In contrast, hip squeeze maximal force (p = 0.060) and Nordic maximal force 
(p = 0.078) were not significantly associated with First-team players.

Figure 2 shows the ROC curve analyses for the six neuromuscular variables that 
remained statistically significant in the GEE models. Hip pull peak force showed an AUC 
of 0.736 with an optimal cutoff of 442 N (95% CI: 407.50–463.50 N), while concentric and 
eccentric peak force showed AUC values of 0.745 and 0.618, with optimal cutoffs of 1856 N 
(95% CI: 1776–1994 N) and 1804 N (95% CI: 1763–1931 N), respectively. RFD at 200 ms 
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showed an AUC of 0.585 with an optimal cutoff of 4450 N·s−1  (95% CI: 2858–5900 N·s−1 ), 
whereas RSI-modified showed an AUC of 0.703 with an optimal cutoff of 0.58 m·s−1  (95% 
CI: 0.57–0.65 m·s−1 ). Finally, DSI showed an AUC of 0.722 with an optimal cutoff of 0.57 
(95% CI: 0.563–0.609).

Table 3. Logistic regression analyses of neuromuscular variables distinguishing first-team and 
academy soccer players.

Outcome Predictor 𝛃 SE OR 95%CI Wald X2 p-Value

First team 
vs academy

Hip pull force max (N) 0.930 0.223 2.535 1.637–3.924 17.39 <0.001
Hip squeeze force max (N) 0.267 0.142 1.306 0.989–1.725 3.54 0.060

Nordic force max (N) 0.222 0.126 1.249 0.975–1.598 3.10 0.078
Concentric peak force (N) 0.882 0.206 2.416 1.613–3.617 18.33 <0.001 *
Eccentric peak force (N) 0.274 0.137 1.315 1.005–1.720 4.00 0.046 *

RSI-modified (m·s−1 ) 0.695 0.174 2.004 1.425–2.819 15.95 <0.001 *
RFD at 200 ms (N·s−1 ) 0.384 0.132 1.468 1.132–1.904 8.46 0.004 *

DSI 0.759 0.186 2.135 1.484–3.072 16.65 <0.001 *
Note. OR = odds ratio; CI = confidence interval; SD = standard deviation; Wald χ2  = Wald chi-square 
statistic. β coefficients, SEs, ORs, and 95% CIs are expressed per 1-SD increase in each neuromuscular 
predictor to facilitate comparison across variables measured on different scales. p < 0.05 * was 
considered statistically significant.

4.  Discussion
The present study compared neuromuscular performance between academy players 

(U21, U19, and U17) and first-team players; additionally, it examined the ability of neu-
romuscular performance measures to differentiate first-team from academy players. The 
main results indicated that several measures of maximal strength differed across categories, 
with first-team players generally demonstrating superior performance; likewise, variables 
related to rapid force production, including modified RSI and DSI—were associated with 
current competitive level and showed varying degrees of discriminative ability between 
first-team and academy players.

The results of the hip pull and squeeze tests (abductor and adductor, respectively) 
and Nordic hamstring test indicate that measures of absolute force production are more 
sensitive in differentiating category level than measures of limb asymmetry and force ratios. 
First-team players consistently demonstrated greater hip peak force than the younger cate-
gories, particularly U17 and U19 players, indicating differences in maximal force production 
across current competitive categories rather than demonstrating longitudinal progression 
from academy to first-team status. These findings agree with previous studies reporting 
lower hip strength values in youth soccer players (321.0 ± 73.9 N) [28] and higher values 
in professional players from the Polish league (435 ± 71 N) [11], and Premier League 
players, who have been reported to exceed 470 N [29]. Similarly, our findings indicate that 
academy soccer players exhibited lower strength values than those previously described 
in elite U18 Premier League players [12]. Regarding eccentric hamstring strength, the 
Nordic hamstring test values observed in the present study were consistent with the range 
previously reported in elite professional soccer players (approximately 200–400 N) [8,30], 
suggesting that differences in biological maturation and competitive level may contribute 
to the progressive increase in hip force production. This development is possibly associ-
ated with differences in accumulated resistance training exposure, high-intensity match 
demands, and neuromuscular characteristics between competitive categories [11], although 
these mechanisms were not directly examined in the present study. In contrast, neither 
inter-limb asymmetry nor maximum force ratio differed between competitive categories, 
suggesting that these variables may reflect individual neuromuscular characteristics rather 
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than competitive level, and may therefore be more relevant for injury monitoring than for 
distinguishing playing standard.

The CMJ and isometric squat results further reinforce the importance of rapidly gen-
erating force as a fundamental neuromuscular characteristic underpinning progression 
through the soccer development pathway [2,31]. Although jump height, relative peak 
power, maximal isometric force, and inter-limb asymmetry remained largely comparable 
across competitive categories, variables reflecting explosive neuromuscular function, in-
cluding concentric peak force, RSI-modified, impulse at 200 ms, RFD200, and DSI showed 
clear differences between groups. These results suggest that the ability to rapidly generate 
and transmit force may better characterize competitive level than maximal force capacity 
alone, and studies have shown that the explosive action during these tests (CMJ and iso-
metric maximal force) is associated with the high demands of specific soccer actions such 
as sprinting, accelerating, decelerating, jumping, and change of direction [32,33]. Inter-
estingly, jump height did not discriminate competitive level; first-team players generated 
substantially greater concentric and eccentric forces, indicating that the neuromuscular 
adaptations associated with elite performance are more effectively captured by force–time 
characteristics than by jump height alone [34]. Furthermore, jump height is influenced 
by movement coordination during the CMJ and may also be affected by neuromuscular 
fatigue [13,35].

Also, our findings are consistent with previous reports showing greater concentric and 
eccentric peak forces, together with higher RSI-modified values, in older and more advanced 
soccer players. Springham et al. [12] reported progressive increases in concentric peak 
force (U18: 1979 ± 373 N; U23: 2173 ± 461 N), eccentric peak force (U18: 1924 ± 417 N; 
U23: 2156 ± 499 N), and RSI-modified (U18: 0.55 ± 0.09; U23: 0.67 ± 0.15) across the 
Premier League development pathway, providing comparative evidence of neuromuscular 
differences between age categories that is consistent with the cross-sectional differences 
observed in the present study. Likewise, the RSI-modified values observed in our first-team 
players were comparable to those reported in young soccer players (~0.57 m·s−1 ) [36] and 
professional players (>0.60 m·s−1 ) [37]. Lastly, the DSI values observed in the present study 
were generally consistent with previously proposed interpretative thresholds, whereby 
values below approximately 0.60 may indicate a greater need to improve explosive ballistic 
performance relative to maximal strength [38].

Another important methodological strength of the present study is the application of 
binary GEE to examine neuromuscular variables associated with competitive level while 
accounting for repeated assessments within players. Unlike conventional between-group 
comparisons, GEE models account for the within-player correlation arising from repeated 
measurements and estimate the association between each neuromuscular variable and the 
odds of belonging to the first team [24,39]. Hip pull peak force showed one of the strongest 
associations, with each one-standard-deviation increase associated with approximately 2.5-
fold higher odds of belonging to the first team (OR = 2.53). Similarly, higher concentric peak 
force (OR = 2.42), DSI (OR = 2.13), RSI-modified (OR = 2.00), RFD at 200 ms (OR = 1.46), 
and eccentric peak force (OR = 1.31) were all positively associated with first-team status, 
reinforcing the importance of explosive neuromuscular qualities for progression through 
the soccer development pathway.

The ROC curve analysis further examined the discriminatory ability of the identified 
neuromuscular variables and established exploratory performance thresholds associated 
with current first-team status. Although the discriminative ability of some identified vari-
ables was acceptable rather than excellent (AUC = 0.70–0.75) the derived cutoff values 
provide preliminary descriptive reference points for comparing neuromuscular profiles 
between academy and first-team players, rather than validated criteria for talent identifi-
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cation or future professional progression. To our knowledge, relatively few studies have 
applied ROC analysis within the context of talent identification using objective physical 
performance assessments. Among these, Woods et al. [14,40] demonstrated the utility 
of ROC-derived thresholds to discriminate talent identified, whereas other studies [15] 
reported moderate discriminatory performance (AUC = 0.73) for predicting progression 
from elite youth to professional soccer using physical performance variables. Building 
upon this line of research, the present study represents one of the few investigations to 
combine GEE logistic regression with ROC curve analysis to identify objective neuromus-
cular variables associated with first-team level and establish practical cutoff values using 
force-platform technologies. Specifically, hip pull peak force (>442 N), concentric peak 
force (>1856 N), RSI-modified (>0.58 m·s−1 ) and DSI (>0.57) may serve as preliminary 
descriptive reference values for comparing the neuromuscular profiles of academy and 
first-team players. Although RFD at 200 ms was significantly associated with competitive 
level in the GEE analysis, its ROC performance indicated insufficient discriminatory ability 
(AUC = 0.585). This distinction highlights that a statistically significant association does 
not necessarily translate into meaningful classification performance. Furthermore, the low 
sensitivity (29.5%) indicates that the proposed cutoff of 4450 N·s−1  has limited ability to 
identify first-team players. Therefore, this threshold should not be interpreted as a practical 
benchmark for player classification or decision-making. Furthermore, consistent with recent 
recommendations in talent identification research [41], these thresholds should be inter-
preted as exploratory indicators of current neuromuscular characteristics with potential 
relevance for future player progression: this requires longitudinal validation and should be 
considered alongside technical, tactical, psychological, and contextual factors.

Limitations
Although a comprehensive protocol comprising five neuromuscular assessments was 

implemented throughout the competitive season to characterize different aspects of neuro-
muscular performance in soccer players, limitations should be acknowledged. Chronologi-
cal age, biological maturation, body size and body composition, training history, training 
load, match participation, and playing position were not incorporated as covariates in 
the models (LMM and GEE) and may have influenced the observed differences between 
competitive categories. This is relevant because the categories differed substantially in 
age and several of the neuromuscular measures were expressed as absolute force values 
rather than relative values. Therefore, the identified cutoff values should be interpreted, 
population-specific discriminatory reference values rather than universal first-team thresh-
olds. Furthermore, these values were derived from a single professional soccer club and 
require external validation in other soccer academies, mainly in Costa Rica, Central America 
and the Caribbean. Future studies should incorporate potential confounding factors such 
as age, maturation, body size/body composition, training history, and playing position, and 
examine body-mass-normalized or allometrically scaled neuromuscular measures.

5.  Conclusions
Neuromuscular performance differed across soccer player categories, with first-team 

players generally demonstrating greater force-generating and explosive neuromuscular 
characteristics than academy players. Hip pull peak force, concentric peak force, RSI-
modified and DSI were associated with first-team level. However, the identified cutoff values 
should be interpreted as exploratory neuromuscular references for distinguishing current 
competitive levels rather than predicting future promotion. These findings may contribute 
to a better understanding of neuromuscular differences between academy and first-team 
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players, although external and prospective validation in independent cohorts from other 
clubs is required before their application in player profiling and development programs.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/sports14110522/s1, Supplementary Material S1: Temporal sensitivity 
analyses of neuromuscular performance across competitive levels in soccer players.
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