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Background: Characterizing the most demanding passages (MDP) of physical activity during soccer competition is essential for optimizing training prescription and player monitoring. However, research investigating kinematic and mechanical MDP using a multifactorial criterion variable approach in elite youth soccer players remains limited. This study examined the relative intensities and compositional structure of multifactorial kinematic and mechanical MDP across different durations in an elite youth international tournament.



Methods: Locomotor activity data were collected from 17 elite youth players across five matches of an international tournament using GPS technology. Kinematic and mechanical MDP were identified using multifactorial criterion variables: MDPk (kinematic) and MDPm (mechanical). Linear mixed models assessed relative intensities (m·min−1 or efforts·min−1) and the univariate constituent compositions of MDPk [moderate-speed running [MSR], high-speed running [HSR], sprinting [SPR]] and MDPm [high-intensity accelerations [ACC3], decelerations [DEC3]] across rolling (R’) 1-, 3-, and 5-minute durations, comparing matches and positional groups (central, lateral).



Results: Differences between matches and positions were observed only for R1’ MDPk intensities. Both MDPk and MDPm intensities decreased as duration increased. Between-match differences were observed for MDPk composition, particularly for %HSR and %SPR. MDPk composition was duration-dependent, as %HSR and %SPR were greater in R1’ than R3’ and R5’, while %MSR followed the opposite trend. In contrast, MDPm composition remained stable across durations.



Conclusions: Practitioners should consider both the relative intensities and compositional structures of MDPk and MDPm when evaluating multifactorial peak demands in soccer. Analyzing kinematic and mechanical MDP as multifactorial constructs offers critical insights into the contribution of specific locomotor demands across various durations. This approach emphasizes the importance of duration-specific analyses in optimizing training, recovery, and match preparation strategies, thereby facilitating targeted training interventions and enhancing player readiness for competition.
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Introduction

Characterizing the locomotor demands of soccer match play is essential for designing effective training programs that prepare youth players for competition and support their long-term development (1). However, informing training prescriptions using total or average match demands may inadequately prepare players for peak external loads, known as the most demanding passages (MDP) during the match, which may lead to psychophysiological maladaptation and compromised performance (2, 3). The MDP, also referred to as the “most intense periods” (4), “peak match demands” (5), and “worst-case scenarios” (6) represents the period of maximal physical activity during the match (7, 8). Consequently, understanding MDP demands in professional youth competition is important for optimizing player development and facilitating their progression to senior level competition (5, 9).

Previous research in professional youth soccer has examined the MDP of various kinematic (e.g., running distance) and mechanical (e.g., accelerations and decelerations) performance variables across different rolling average durations (10, 11). An established inverse relationship exists between intensity and duration, whereby shorter MDP durations (e.g., 1 min) elicit the highest relative intensities compared to longer durations (e.g., 3 and 5 minutes) (4, 10, 12). This trend suggests that as MDP duration increases, the intensity of performance variables decreases. Such reductions in intensity over longer durations may be influenced by multiple technical/tactical, physiological, and match-specific contextual factors. For instance, match stoppages and changes in ball status, transitions between tactical phases and ball possession status, and shifts in the energy system contributions may all contribute to the attenuation of MDP intensities over extended durations (13–15). Consequently, shorter-duration MDP may better capture short periods of peak demands that define critical match moments, while longer-duration MDP might include lower-intensity phases that attenuate overall intensity measures. However, there is limited information regarding the selection of MDP durations and their implications for interpreting results and informing training prescription (4, 16). Additionally, kinematic and mechanical MDP demands have been reported to be influenced by player positions, with central positions (e.g., central defenders and midfielders) typically exhibiting lower demands than lateral positions (e.g., wide defenders and midfielders) (4, 16, 17).

Despite the insights gained from previous research, the predominant reliance on discrete (univariate) performance variables to identify and characterize MDP match demands may be reductionist, limiting the applicability of findings in practice (7, 8, 18). For example, while previous studies have reported the MDP for distances covered at speed thresholds ≥21 km·h−1 (TD21) (7), ≥19.8 km·h−1 (high-speed running, HSR) (18), and ≥24 km·h−1 (sprinting, SPR) (8), these investigations did not account for the absolute or relative contributions of additional locomotor activities during these periods (12, 19). Given the multifaceted and complex nature of soccer performance, where players frequently engage in dynamic transitions across multiple kinematic and mechanical locomotor intensities throughout the match, considering the MDP as a multifactorial construct may increase the specificity of training by enhancing the transferability of knowledge from monitoring to training design (16, 17). In effect, such an approach may facilitate more effective evaluations of match and training demands, providing a more comprehensive understanding of players’ activity profiles, and ultimately improving long-term player development strategies (17, 19).

Recent research analyzed the kinematic and mechanical MDP using respective multifactorial criterion variables MDPk and MDPm across 5-minute periods in professional male soccer players (17, 19). The authors reported that the univariate MDP of the respective constituent variables of MDPk (MSR, HSR, and SPR) and MDPm (ACC3 and DEC3) are comparable in both magnitude and frequency distribution across each half (19). Furthermore, MDPk and MDPm demands are position-specific, with lateral positions (full-backs and wide midfielders) showing higher kinematic and mechanical demands than central positions (central defenders and midfielders), which also exhibit lower values in both MDPk and MDPm intensities and compositions (17). The studies highlight the importance of using a multifactorial approach to provide greater ecological validity through integrating the relative intensities and compositions of MDPk and MDPm. Such methods enhance our understanding of how different positional roles experience and respond to peak physical demands, allowing for nuanced interpretations of fatigue accumulation and recovery needs based on changes in MDP intensity and composition (12, 15, 19). However, it remains unclear as to whether similar results apply across different durations or in youth soccer. The influence of additional duration periods on the constituent composition of multifactorial MDP performance variables also warrants further exploration.

In elite youth soccer, tournaments often consist of congested fixture periods, with multiple matches played over short timeframes (e.g., three matches within eight days), resulting in limited recovery (≤72 hours) between consecutive matches (9, 20, 21). Such conditions can exacerbate post-match psychophysiological stress, thereby increasing the risk of impaired performance and injury (20, 21). However, research in youth soccer has reported no significant differences in high-intensity kinematic and mechanical MDP performance between successive matches or between congested and non-congested periods (7, 8, 18). For example, Jimenez et al. (2023) reported no differences in high-intensity kinematic and mechanical MDP across 1-, 5-, and 10-min periods in elite U19 players when comparing congested and non-congested fixtures. Similarly, Castellano et al. (2019) observed no changes in distances covered ≥21 km·hr−1 MDP across 1-, 3-, 5-, or 10-min periods when three matches were played within one week in elite U19 players. Doncaster et al., (18) likewise reported no differences in HSR (≥19.8 km/hr) MDP across 1-, 3-, and 5-min periods between one-match and two-match microcycles in elite U23 players. Collectively, these findings suggest that players can maintain MDP performance during congested match fixtures; however, no studies have specifically examined MDP demands in elite youth players during an international tournament.

Taken together, a critical gap remains in the literature on composite MDP demands, particularly within elite youth soccer and, more specifically, within international tournament contexts. Therefore, this study aimed to investigate the relative intensities and compositions of multifactorial kinematic (MDPk) and mechanical (MDPm) MDP profiles during an elite youth international tournament across multiple rolling average durations according to matches and playing positions.



Methods


Subjects

Data were collected from 17 elite male players [age: 18.5 ± 0.9 y (range: 17–20 years); height: 180.4 ± 5.0 cm; weight: 72.5 ± 3.5 kg] belonging to the 2024 CONMEBOL Under-20 (U20) Copa Libertadores winning team. This study was approved by the university ethics committee (ERB#: 210/2024) and adhered to the principles of the Declaration of Helsinki.



Methodology

Player locomotor activities were collected across all matches of the elite international youth tournament using 10-Hz global positioning system (GPS) devices integrated with micro-electromechanical system (MEMS) and Global Navigation Satellite System (GNSS) (Catapult Vector S7, Catapult Sports, Melbourne, Australia). The tracking devices demonstrate valid and reliable measurements of speed, distance and sprint accelerations [coefficients of variation (CV) = ≤2%, ICC = 0.84 −0.99] and have been previously used in senior and elite youth soccer studies (13, 22–24). Overall, 10 Hz GPS devices reliably quantify accelerations (CV = 1.9%–4.3%) but show variable reliability for decelerations (CV = 2.5–10.9%) and consistently measure distance and multidirectional activities with acceptable accuracy (CV = 2.0%–5.3%) (11, 25–27). The tournament consisted of five official matches, including three group-phase matches and two knockout-phase matches (semi-final and final matches). Only outfield players who started and completed a minimum of 75 minutes per match were included in the analysis, and goalkeepers were excluded, resulting in a total of 46 match observations (2.6 ± 1.5 per player; range 1–5). The observed team won all five matches played across 13 days and consistently played in a 1-4-3-3 formation. Players were initially categorized by position as follows: central defender (CD; n = 10 observations), full-back (FB; n = 7), central midfielder (CM; n = 14), winger (WG; n = 10), and forwards (FW; n = 5). Subsequently, players were analyzed as central (CEN; CD, CM, and FW) and lateral (LAT; FB and WG) positions.

Each player wore the same GPS unit throughout the tournament, placed in a fitted vest between the scapulae. After each match, raw velocity data (0.1-s intervals) were downloaded using proprietary software (Openfield, Catapult Innovations, Melbourne, Australia), transferred to a spreadsheet, and analyzed using Python programming software (version 3.9). A rolling average analysis was conducted across 1-, 3-, and 5-minute durations and the maximal value for each performance variable was designated as the MDP. Kinematic and mechanical MDP were identified using composite criterion variables: MDPk and MDPm. MDPk consisted of the maximal total distance covered across moderate-speed running (MSR; 15–19.8 km·hr−1), high-speed running (HSR; 19.8–25.2 km·hr−1), and sprinting (>25.2 km·hr−1) thresholds, while MDPm comprised the maximal sum of high-intensity acceleration (ACC3; ≥3 m·s−2) and deceleration (DEC3; ≤−3 m·s−2) efforts for each duration (17, 19). Relative MDPk (m·min−1) and MDPm (n·min−1) intensities were calculated to compare across rolling average durations. The compositions of MDP criterion variables were defined as the percentage of each constituent variable within the respective composite criterion variable.



Statistical analysis

Linear mixed models (LMM) were used to assess differences and interactions between fixed effects, including durations (R1’, R3’, and R5’), matches (M1-5), and positions (central and lateral), with player and match identifiers included as random effects. Dependent variables included MDPk and MDPm relative intensities (in meters or number of efforts per minute, respectively) and the relative composition of their respective constituent variables (% of MDPk and % of MDPm). Normality of residuals was assessed using the Shapiro–Wilk test and QQ-plot visual inspection. Non-normally distributed data were log-transformed and subsequently back-transformed, with results presented as mean ± SD. For significant results, Bonferroni post-hoc tests were conducted for pairwise comparisons. Effect size was calculated using Cohen's d and interpreted as: 0.2–0.6 (small), 0.6–1.2 (moderate), 1.2–2.0 (large), and ≥2.0 (very large). All statistical analyses were performed using IBM SPSS version 27 (IBM Corp., Armonk, NY, USA). Significance was set at p ≤ 0.05, with data presented as mean ± SD.




Results


Match & position intensities

Figure 1 displays the relative MDPk and MDPm intensities across matches and positions according to duration. Significant interactions between duration and matches revealed differences for R1’ MDPk intensities between matches (p ≤ 0.01; d = 1.2–2.0). Across all matches, R1’ MDPk intensities were higher than R3’ and R5’ (p ≤ 0.001; d = 2.5–6.2), while R3’ was higher than R5’ in matches 1 and 3 (p ≤ 0.05; d = 1.2). No significant differences in MDPm intensities were observed between matches; however, MDPm R1’ intensities were higher than R3’ and R5’ across all matches (p ≤ 0.001; d = 2.5–2.6; Figures 1A,B).
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FIGURE 1
Relative MDPk and MDPm intensities across matches (A,B) and positions (C,D) according to rolling average duration. Statistical differences (p ≤ 0.05): c > M3; d > M4; * > R3’ & R5’; # > R5’; Δ > CEN. M, match; R’, rolling average duration (min); CEN, central positions; LAT, lateral positions.


Duration and position interactions showed moderately higher R1’ MDPk intensities for lateral compared to central positions (p ≤ 0.001; d = 0.8). Within each position, R1’ intensities were higher than R3’ and R5’ (p ≤ 0.001; d = 3.4–5.0), and R3’ was higher than R5’ (p ≤ 0.05; d = 0.9–1.2). No significant differences were observed for MDPm intensities between positions; however, R1’ MDPm intensities were higher than R3’ and R5’ (p ≤ 0.001; d = 2.5–2.6; Figures 1C,D).

Overall MDPk and MDPm intensities across durations were R1’: 102.6 ± 21.1 m·min−1; R3’: 46.5 ± 11.4 m·min−1; R5’: 36.4 ± 8.1 m·min−1; and R1’: 3.4 ± 1.0 n·min−1; R3’: 1.4 ± 0.4 n·min−1; R5’: 1.3 ± 0.4 n·min−1, respectively.



Match & position compositions

Figure 2 displays the mean relative constituent variable compositions of MDPk and MDPm across all rolling average durations, according to matches and positions. Statistically significant main effects for matches were observed for all constituent variables of MDPk (%MSR, %HSR, and %SPR) and MDPm (%ACC3 and %DEC3). However, post hoc pairwise comparisons with Bonferroni correction revealed no significant differences between individual matches for %MSR, %ACC3, and %DEC3. Moderate to large differences between matches were found for %HSR (p ≤ 0.05; d = 0.7–1.4) and %SPR (p ≤ 0.05; d = 0.9; Figures 2A,B). No statistically significant differences were observed for MDPk and MDPm compositions between positions (Figures 2C,D).
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FIGURE 2
Relative MDPk and MDPm compositions across matches (A,B) and posistions (C,D) according to their respective constituent variables, averaged across all rolling average durations. Statistical differences (p ≤ 0.05): a > M1; c > M3. M, match; CEN, central positions; LAT, lateral positions; MSR, moderate-speed running; HSR, high-speed running; SPR, sprinting; ACC3, high-intensity acceleration; DEC3, high-intensity deceleration.


Figure 3 displays the relative constituent variable compositions of MDPk and MDPm according to duration. Irrespective of match and position, the rolling average duration differentially influenced the relative constituent variable compositions of MDPk. The %MSR was significantly lower in R1’ (∼44%) compared to R3’ (∼54%) and R5’ (%58%; p ≤ 0.001; d = 0.6–0.8), while %HSR (R1’: ∼40%; R3’: ∼33%; R5’: ∼31%) and %SPR (R1’: ∼27%; R3’: ∼19%; R5’: ∼16%) revealed the opposite trend (p ≤ 0.001; d = 0.6–1.0). In contrast, no significant differences were observed in MDPm composition across durations for %ACC3 (∼40%) and %DEC3 (∼60%).
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FIGURE 3
Relative MDPk (A) and MDPm (B) compositions according to rolling average duration. Statistical differences (p ≤ 0.05); § > R1’; * > R3’ & R5’. R’, rolling average duration (min); MSR, moderate-speed running; HSR, high-speed running; SPR, sprinting; ACC3, high-intensity acceleration; DEC3, high-intensity deceleration.





Discussion

This study investigated the relative intensities and constituent compositions of the most demanding passages of kinematic (MDPk) and mechanical (MDPm) activities across matches, positions, and rolling average durations during an elite youth (U20) international tournament. The key findings indicate that (i) despite fluctuations in MDPk and MDPm intensities across matches and positions, significant differences were observed only for short-duration (R1’) MDPk intensities; (ii) relative MDPk and MDPm intensities decreased with increasing duration; and (iii) significant fluctuations in MDPk compositions across matches were associated with specific constituent variables, particularly %HSR and %SPR. These findings underscore the multifactorial nature of MDP demands during match play and emphasize the importance of integrating duration-specific analyses for training and match preparation.

The rolling average duration and MDP criterion variables influenced differences in match and positional MDP demands. Significant match-specific differences were observed only in R1’ MDPk intensities, suggesting that peak kinematic stressors fluctuate across matches in elite male youth competition. In contrast, the relatively stable MDPm intensities imply greater consistency in neuromechanical load, reinforcing the notion that high-intensity kinematic workload is more susceptible to match-specific factors such as tactical strategies, opposition quality, and situational game demands (9, 13, 19). As the duration increases, tactical adjustments, increased stoppages, and fluctuations in match tempo may reduce the overall magnitude of MDP performance (6, 13, 14). The absence of significant differences in longer-duration MDPk suggests that these fluctuations primarily affect transient peak intensities rather than more sustained running outputs (8, 18, 28). Additionally, transitions between anaerobic and aerobic energy systems over prolonged periods may further limit players’ abilities to sustain high-intensity activities, which may further influence MDP demands (15, 29). These findings highlight the importance of match-specific analyses to contextualize peak workload demands.

The tournament format presents a unique case study for analyzing MDP performance during congested fixture periods. In line with previous research in U19 and U23 players, despite fluctuations between matches, MDP demands remained stable throughout the tournament, suggesting that elite youth players can maintain peak performance across successive matches within congested fixtures (7, 8, 18). Effective team management strategies, such as limiting player exposure between successive matches and implementing recovery interventions, which may have contributed to mitigating psychophysiological stress, as suggested by these findings (9, 18, 20, 21). Future research should investigate these potential factors by incorporating additional teams, tournaments, and match contexts to gain a more comprehensive understanding of such effects.

A notable positional difference was observed in R1’ MDPk intensities, where lateral positions exhibited significantly higher R1’ MDPk (110.5 ± 22.9 m·min−1) compared to central positions (95.0 ± 15.7 m·min−1). This finding is consistent with previous research demonstrating that wide players, particularly full-backs and wingers, experience greater sprinting and high-speed running demands due to their tactical roles and involvement during attacking and defensive phases (11, 12, 15). However, no significant positional differences were found for MDPm intensities, suggesting that while lateral players perform more high-speed locomotor activities, the frequency of high-intensity mechanical efforts is comparable across positions (30). Future research should refine positional classifications to more clearly differentiate the specific roles of central defenders, midfielders, and forwards, thereby optimizing training prescriptions based on position-specific MDP demands. For example, grouping central defenders, central midfielders, and forwards likely reduced the contrast with lateral positions, given the distinct MDP demands previously reported across these roles. For instance, in professional senior players, the peak 3-min HSR was greater in lateral positions (FB and WM) than in other roles, while FB and FW exhibited higher peak 1-min and 5-min SPR compared to MF (16).

Between-match differences were observed for MDPk compositions, particularly in %HSR and %SPR. The moderate to large differences in these MDPk constituent variables highlight the fluctuating nature of MDP demands (9, 13, 14). For instance, the lowest %HSR and highest %SPR observed in Match 3 may indicate a greater reliance on explosive efforts in that match, potentially reflecting tactical shifts or opponent-specific adaptations (9). These findings could indicate a match characterized by frequent counterattacking situations or high defensive compactness, requiring players to perform more maximal sprinting actions within the MDPk (13, 14). However, the lack of significant differences in %MSR, %ACC3, and %DEC3 between matches suggests that specific kinematic and mechanical demands remain relatively stable, likely due to the inherent consistency of mechanical actions in soccer, where repeated accelerations and decelerations occur independently of match-specific running patterns (31). These findings highlight the importance of match-specific monitoring of the intensities and compositions of multifactorial MDP, as individual match contexts may impact the intensity and distribution of high-speed activities, requiring adaptive training and recovery protocols.

Previous research in senior players reported R5’ MDPk compositions (∼55% MSR, ∼30% HSR, and ∼15% SPR) comparable with those observed in this study with youth players (∼55% MSR, ∼30% HSR, and ∼20% SPR) (19). These findings suggest that the relationship between duration and MDPk composition may be comparable across cohorts, despite differences in relative intensities (senior: ∼46 m·min−1; youth: ∼36 m·min−1). Further research across larger samples and diverse cohorts is necessary to establish differences in MDPk and MDPm according to performance levels (5). In contrast, MDPm compositions between cohorts were similar, with %ACC3 and %DEC3 comprising ∼40% and ∼60% of MDPm, respectively (17).

While MDPk and MDPm compositions did not differ significantly by positions, the observed trends were consistent with prior studies on position-specific MDP demands (4, 12). Lateral positions (FB, WG) exhibited lower %MSR, similar %HSR, and higher %SPR compared to central positions (CD, CM, FW), although these differences were not statistically significant. The limited sample size and positional categorization in this study may have influenced these findings. Prior studies in Swedish first-division male players reported significant statistical differences in MDPk between central (CD, CM, FW) and lateral positions (FB, WM) (17). MDPm compositions, however, were comparable across positions, aligning with our findings. Further research with larger samples and refined positional classifications could reveal additional insight surrounding variations in MDP demands, allowing for tailored training interventions that target specific locomotor profiles. For example, central defenders may benefit from training focused on moderate-speed running endurance, while wide midfielders and forwards may require more sprint-based conditioning (32, 33).

MDPk composition was significantly influenced by duration, with shorter durations (R1’) characterized by higher %HSR (∼40%) and %SPR (∼27%), whereas longer durations (R5’) exhibited reductions in these variables (%HSR: ∼31%; %SPR: ∼16%) and increased %MSR (∼58%). These findings suggest a progressive shift from high-intensity running to moderate-speed activity as duration increases (4, 15). While the inverse relationship between MDP intensity and duration is well established, this study is the first to report changes in MDPk composition according to rolling average duration. Despite similar MDPk intensities between players or matches, variations in constituent variable compositions (%MSR, %HSR, %SPR) may impose different metabolic demands, shifting between aerobic and anaerobic energy pathways (15, 29). Consequently, variations in MDPk composition may also contribute to transient fatigue post-MDP, whereby decrements in high-intensity activities are observed following short (R1’) compared to longer durations (R3’ and R5’) (28). Such shifts may reflect match-specific tactical and situational contexts (13, 14). For instance, Bortnik et al. (13) reported that attacking and defensive transitions require higher sprinting and high-speed running and lower acceleration/deceleration loads across tactical transitions lasting <12 s. Thus, the relationship between MDP composition and tactical variability requires further study, as tailored interventions according to MDP duration and composition may enhance preparation for both high-intensity sprinting and sustained moderate-speed efforts (32, 33). High-intensity interval training (HIIT) and speed endurance training can enhance %SPR capacity, improving the ability to sustain high-intensity efforts and effective recovery (9, 32, 34).

Interestingly, MDPm compositions remained stable across durations, with %ACC3 (∼40%) and %DEC3 (∼60%) consistently observed. These results align with previous research reporting comparable values across R5’ periods (17), suggesting that mechanical loads (acceleration and deceleration) are relatively constant regardless of MDP duration. The relative stability of mechanical demands (ACC3 and DEC3) underscores the importance of maintaining neuromuscular resilience across different match contexts (31, 35, 36). Given the high mechanical demands of deceleration, training programs should emphasize eccentric strength and neuromuscular conditioning to improve deceleration tolerance and mitigate fatigue-induced performance decrements (8, 36, 37).

Although this study provides important insights into MDPk and MDPm demands across multiple rolling average durations and playing positions during an elite youth international tournament, some limitations should be acknowledged. First, the kinematic and mechanical intensity thresholds were derived from studies in senior football (17, 19). While some similarities exist with thresholds used in elite youth soccer (5, 10, 18), other studies have employed different thresholds for HSR (18–21 km/h) and SPR (>21 km/h), which may contribute to discrepancies between findings. Second, although the reference team won all five matches of the tournament, the influence of match outcome and match status on MDP performance may limit the generalizability of our findings (11). Finally, integrating tactical contextualization of MDP demands across multiple durations (13, 14) may provide greater insight and improve the translation of findings into training prescription, warranting investigation in future research.


Practical applications

This study provides critical insights into the tournament demands and the performance of the winning team. Integrating tracking and video analysis could further the understanding of the relationship between tactical and situational contexts and multifactorial MDP across different durations, thereby increasing insight into how these factors influence MDP intensities and compositions. The relationship between duration and MDP intensities and compositions highlights the importance of a comprehensive analysis that considers player characteristics, positional roles, and match-specific contexts. The inverse relationship between duration and intensity alters MDP composition, potentially reflecting shifts in energy system contributions and metabolic demands. Differential intensity profiles and MDP compositions across durations can inform player- and position-specific training strategies, ensuring that training constraints effectively target relevant physiological adaptations to enhance preparation, monitoring, and recovery. These benchmarks can inform supplemental or compensatory training drills aligned with regular training sessions, facilitating targeted locomotor activities through systematically designed constraints within sport-specific conditioning programs.




Conclusions

In conclusion, the implemented analysis approach provides a valuable framework for evaluating peak kinematic and mechanical demands across tournaments and age groups, contributing to the improvement of tournament preparation and player development strategies. By adopting a multifactorial approach, practitioners can better understand how MDPk (MSR, HSR, SPR) and MDPm (ACC3, DEC3) contribute to overall match intensity and player workload, allowing for more precise training prescriptions that account for position-specific and contextualized kinematic and mechanical demands. Analyzing the compositional structure of MDP, rather than relying solely on absolute intensities, offers a more comprehensive understanding of individual and positional demands, enhancing player monitoring, training design, and recovery strategies. Finally, the findings of this study should be interpreted with caution, as a single team was analyzed during one tournament, which limits the sample size and the generalizability of the results.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by CONSELHO DE ÉTICA E DEONTOLOGIA UNIVERSIDADE DA MAIA (Parecer N.° 210/2024). The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation and for publication as participants were professional players who were routinely monitored and data collection was part of their employment with the studied club; presented data are anonymized. The study was conducted in accordance with the Declaration of Helsinki.



Author contributions

FY: Methodology, Conceptualization, Writing – review & editing, Investigation, Formal analysis, Writing – original draft, Visualization. AZ: Methodology, Writing – review & editing. FN: Data curation, Investigation, Writing – review & editing, Supervision. PM: Data curation, Writing – review & editing, Methodology. JB: Writing – review & editing, Supervision. BT: Writing – original draft, Conceptualization, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the Portuguese Ministry of Science, Technology and Higher Education Fundação para a Ciênca e a Tecnologia (FCT) under Grant: 2021.06456.BD, and partially supported by CIDESD, through FCT – Portuguese Foundation for Science and Technology, I.P., under Grant: UID04045/2020.



Conflict of interest

Authors JB AND BT are employed by the Portuguese Football Federation. Authors FY, JB AND BT are affiliated with the FPF Academy. Author PM is employed by Clube de Regatas do Flamengo. The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer DVM declared a past co-authorship with the author FYN to the handling editor.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that Generative AI was used in the creation of this manuscript. Generative AI was used with the explicit purpose of enhancing language, readability, grammatical accuracy, and conciseness. Under no circumstances was Generative AI used for scientific insights. All efforts were made to ensure human oversight, and the work was reviewed and edited by all authors.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Rago V, Brito J, Figueiredo P, Costa J, Barreira D, Krustrup P, et al. Methods to collect and interpret external training load using microtechnology incorporating GPS in professional football: a systematic review. Res Sports Med. (2020) 28(3):437–58. doi: 10.1080/15438627.2019.1686703


	2. Akenhead R, Nassis GP. Training load and player monitoring in high-level football: current practice and perceptions. Int J Sports Physiol Perform. (2016) 11(5):587–93. doi: 10.1123/ijspp.2015-0331


	3. Gabbett TJ, Kennelly S, Sheehan J, Hawkins R, Milsom J, King E, et al. If overuse injury is a ‘training load error’, should undertraining be viewed the same way? Brit J Sport Med. (2016) 50(17):1017–8. doi: 10.1136/bjsports-2016-096308


	4. Delaney JA, Thornton HR, Rowell AE, Dascombe BJ, Aughey RJ, Duthie GM. Modelling the decrement in running intensity within professional soccer players. Sci Med Footb. (2018) 2(2):86–92. doi: 10.1080/24733938.2017.1383623


	5. Thoseby B, Govus AD, Clarke AC, Middleton KJ, Dascombe BJ. Peak match acceleration demands differentiate between elite youth and professional football players. PLoS One. (2023) 18(3):e0277901. doi: 10.1371/journal.pone.0277901


	6. Wass J, Mernagh D, Pollard B, Stewart P, Fox W, Parmar N, et al. A comparison of match demands using ball-in-play vs. whole match data in elite male youth soccer players. Sci Med Footb. (2020) 4(2):142–7. doi: 10.1080/24733938.2019.1682183


	7. Castellano J, Martin-Garcia A, Casamichana D. Most running demand passages of match play in youth soccer congestion period. Biol Sport. (2020) 37(4):367. doi: 10.5114/biolsport.2020.96853


	8. Jiménez SL, Mateus N, Weldon A, Bustamante-Sánchez Á, Kelly AL, Sampaio J. Analysis of the most demanding passages of play in elite youth soccer: a comparison between congested and non-congested fixture schedules. Sci Med Footb. (2023) 7(4):358–65. doi: 10.1080/24733938.2022.2117404


	9. Varley MC, Di Salvo V, Modonutti M, Gregson W, Mendez-Villanueva A. The influence of successive matches on match-running performance during an under-23 international soccer tournament: the necessity of individual analysis. J Sports Sci. (2018) 36(5):585–91. doi: 10.1080/02640414.2017.1325511


	10. Doncaster G, Page R, White P, Svenson R, Twist C. Analysis of physical demands during youth soccer match-play: considerations of sampling method and epoch length. Res Q Exercise Sport. (2020) 91(2):326–34. doi: 10.1080/02701367.2019.1669766


	11. Romero-Rodríguez RC, Alonso-Pérez-Chao E, Ribas C, Memmert D, Gómez-Ruano MÁ. Influence of contextual factors on most demanding scenarios in under-19 professional soccer players. Biol Sport. (2024) 41(4):51–60. doi: 10.5114/biolsport.2024.136087


	12. Martín-García A, Casamichana D, Díaz AG, Cos F, Gabbett TJ. Positional differences in the most demanding passages of play in football competition. J Sports Sci Med. (2018) 17(4):563.


	13. Bortnik L, Burger J, Rhodes D. The mean and peak physical demands during transitional play and high pressure activities in elite football. Biol Sport. (2022) 39(4):1055–64. doi: 10.5114/biolsport.2023.112968


	14. Ju W, Doran D, Hawkins R, Gómez-Díaz A, Martin-Garcia A, Ade J, et al. Contextualised peak periods of play in English premier league matches. Biol Sport. (2022) 39(4):973–83. doi: 10.5114/biolsport.2022.112083


	15. Whitehead S, Till K, Weaving D, Jones B. The use of microtechnology to quantify the peak match demands of the football codes: a systematic review. Sports Med. (2018) 48:2549–75. doi: 10.1007/s40279-018-0965-6


	16. Martín-Fuentes I, Oliva-Lozano JM, Fortes V, Muyor JM. Effect of playing position, passage duration and starting status on the most demanding passages of match play in professional football. Res Sports Med. (2021) 29(5):417–26. doi: 10.1080/15438627.2021.1937163


	17. Yousefian F, Zafar A, Fransson D, Brito J, Travassos B. Peak kinematic and mechanical demands according to playing positions in professional male soccer: composition analysis and characteristics of locomotor activities. Res Q Exercise Sport. (2025):1–11. doi: 10.1080/02701367.2024.2441126


	18. Doncaster G, White P, Svenson R, Page RM. The influence of fixture congestion on physical performance response to U23 soccer match-play. Res Sports Med. (2023) 31(4):491–505. doi: 10.1080/15438627.2021.2001649


	19. Yousefian F, Zafar A, Fransson D, Mohr M, Brito J, Travassos B. Characterizing the most demanding passages of kinematic and mechanical activity in elite football: a multifactorial approach. Biol Sport. (2024) 41(4):41–50. doi: 10.5114/biolsport.2024.134756


	20. Carling C, Gregson W, McCall A, Moreira A, Wong DP, Bradley PS. Match running performance during fixture congestion in elite soccer: research issues and future directions. Sports Med. (2015) 45:605–13. doi: 10.1007/s40279-015-0313-z


	21. Varley MC, Gregson W, McMillan K, Bonanno D, Stafford K, Modonutti M, et al. Physical and technical performance of elite youth soccer players during international tournaments: influence of playing position and team success and opponent quality. Sci Med Footb. (2017) 1(1):18–29. doi: 10.1080/02640414.2016.1230676


	22. Cormier P, Tsai MC, Meylan C, Agar-Newman D, Epp-Stobbe A, Kalthoff Z, et al. Concurrent validity and reliability of different technologies for sprint-derived horizontal force-velocity-power profiling. J Strength Cond Res. (2023) 37(6):1298–305. doi: 10.1519/JSC.0000000000004429


	23. Crang ZL, Duthie G, Cole MH, Weakley J, Hewitt A, Johnston RD. The inter-device reliability of global navigation satellite systems during team sport movement across multiple days. J Sci Med Sport. (2022) 25(4):340–4. doi: 10.1016/j.jsams.2021.11.044


	24. Ellens S, Carey DL, Gastin PB, Varley MC. Effect of data-processing methods on acceleration summary metrics of GNSS devices in elite Australian football. Sensors. (2024) 24(13):4383. doi: 10.3390/s24134383


	25. Johnston RJ, Watsford ML, Kelly SJ, Pine MJ, Spurrs RW. Validity and interunit reliability of 10 hz and 15 hz GPS units for assessing athlete movement demands. J Strength Cond Res. (2014) 28(6):1649–55. doi: 10.1519/JSC.0000000000000323


	26. Scott MT, Scott TJ, Kelly VG. The validity and reliability of global positioning systems in team sport: a brief review. J Strength Cond Res. (2016) 30(5):1470–90. doi: 10.1519/JSC.0000000000001221


	27. Varley MC, Fairweather IH, Aughey RJ. Validity and reliability of GPS for measuring instantaneous velocity during acceleration, deceleration, and constant motion. J Sports Sciences. (2012) 30(2):121–7. doi: 10.1080/02640414.2011.627941


	28. Varley M, Aughey R. One minute rolling sampling periods: the most sensitive method for identifying transient fatigue in soccer. J Sci Med Sport. (2010) 13:e53. doi: 10.1016/j.jsams.2010.10.575


	29. Gastin PB. Energy system interaction and relative contribution during maximal exercise. Sports Med. (2001) 31(10):725–74. doi: 10.2165/00007256-200131100-00003


	30. Harper DJ, Carling C, Kiley J. 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) 49:1923–47. doi: 10.1007/s40279-019-01170-1


	31. Dalen T, Jørgen I, Gertjan E, Havard HG, Ulrik W. Player load, acceleration, and deceleration during forty-five competitive matches of elite soccer. J Strength Cond Res. (2016) 30(2):351–9. doi: 10.1519/JSC.0000000000001063


	32. Ade JD, Drust B, Morgan OJ, Bradley PS. Physiological characteristics and acute fatigue associated with position-specific speed endurance soccer drills: production vs maintenance training. Sci Med Footb. (2021) 5(1):6–17. doi: 10.1080/24733938.2020.1789202


	33. Mohr M, Krustrup P. Comparison between two types of anaerobic speed endurance training in competitive soccer players. J Hum Kinet. (2016) 51:183. doi: 10.1515/hukin-2015-0181


	34. Buchheit M, Laursen PB. High-intensity interval training, solutions to the programming puzzle: part I: cardiopulmonary emphasis. Sports Med. (2013) 43(5):313–38. doi: 10.1007/s40279-013-0029-x


	35. Harper DJ, Kiely J. Damaging nature of decelerations: do we adequately prepare players? BMJ Open SEM. (2018) 4(1):e000379. doi: 10.1136/bmjsem-2018-000379


	36. Rhodes D, Valassakis S, Bortnik L, Eaves R, Harper D, Alexander J. The effect of high-intensity accelerations and decelerations on match outcome of an elite English league two football team. Int J Env Res Pub He. (2021) 18(18):9913. doi: 10.3390/ijerph18189913


	37. Muñoz-Castellanos B, Rabano-Muñoz A, Requena B, Suarez-Arrones L, Asian-Clemente JA. Congested period in professional youth soccer players showed a different high decelerations profile in the group performance and a specific positional behaviour. J Funct Morphol Kinesiol. (2022) 7(4):108. doi: 10.3390/jfmk7040108






OPS/images/fspor-07-1616921-g003.jpg
Y%MDPk

100
» %MSR
80 § ¢ %HSR
o 5 O %SPR
*
40
20
0

RI'R3'R5' RI'R3'R5' RI1'R3'RS

%MDPm

100

80

60

40

20

R1'R3' RS

R1' R3' RS

m %ACC3
%DEC3





OPS/images/fspor-07-1616921-g001.jpg
u RI'
@ R3'

O RS'

*

*

*

M2 M3 M4 M5

M1

= RI'
@ R3'

O RS'

=
&
[ ]

o R3'
O RS

m RI'
@ R3'

O RS

* <

w.u) WA

0

1504

CEN





OPS/images/fspor-07-1616921-g002.jpg
100 100
u %MSR m %ACC3
80 @ %HSR 80 %DEC3
o
o |« c o%SPR £ o]
¢ a c g
40+ S 404
204 20+

C D)
100 100
= %MSR » %ACC3
80 %HSR 80 %DEC3
o
éil O %SPR E o
s
40 3 a0
204 20
0l 0





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Relative intensities and compositions of multifactorial peak kinematic and mechanical demands in elite youth soccer

		Introduction



		Methods



		Subjects



		Methodology



		Statistical analysis











		Results



		Match & position intensities



		Match & position compositions











		Discussion



		Practical applications











		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















OPS/images/cover.jpg
& frontiers | Frontiers in Sports and Active Living

Relative intensities and compositions of
multifactorial peak kinematic and mechanical
demands in elite youth soccer








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Sports and Active Living





