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Abstract

The aim of this study was to analyze and compare the external load demands of players
from the Spanish women’s national football teams across the U-17, U-20, and senior
categories during their respective FIFA World Cup participations. Key kinematic variables
were assessed via global positioning systems (GPS), including total distance (TD), high-
speed running (HSR; ≥18 km·h−1), sprint distance (≥21 km·h−1), accelerations (>3 m·s−2),
decelerations (<–3 m·s−2), and high metabolic load distance (HMLD) during 3 world cups
(U17, U20 and senior). Significant differences were observed between the senior team
and both U-20 and U-17 in nearly all variables, with greater magnitude as the intensity of
the metrics increased, showing effect sizes ranging from moderate to very large (d = 0.95
to 4.76). Positional analysis by categories showed that senior full backs (FB) and central
midfielders (CM) showed higher demands compared to U-20 and U-17. For TD, senior
covered more than U-17 (FB: p = 0.001; d = 1.11 | CM: p = 0.023; d = 0.97), with small
differences vs. U-20 (d ≤ 0.54). In HSR, both positions outperformed U-17 and U-20 (FB:
p ≤ 0.007; d = 0.87–1.15 | CM: p ≤ 0.031; d = 0.71–1.11). In HMLD, both FB and CM
displayed very large differences compared to U-17 and U-20 (all p < 0.001; d = 2.54–6.16).
These findings underscore the need for progressive development of locomotor capacities
from early stages, considering both age category and playing position, to facilitate a more
seamless transition to elite-level football.

Keywords: women; female; football; soccer; GPS; load; match

1. Introduction
Women’s football has experienced substantial growth in recent years, marked by a

significant rise in visibility and increased investment from clubs and federations toward
its professionalization. This evolution has positively influenced the technical and tactical
development of female players. As the game has advanced, international women’s teams
now face greater physical demands. The rising intensity of play suggests that teams are
covering more distance at higher speeds, contributing to an overall faster pace [1].

Recent studies report that sprint distance, as a percentage of total distance, increased
by 29% to 36% in the 2019 and 2023 FIFA Women’s World Cups compared to 2015 [2]. This
shift has raised the level of preparation required, as players must manage these physical
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demands to reduce injury risk. A comparative study across age categories, conducted with
Brazilian U-17, U-20, and senior players [3], reported a general increase in key performance
indicators, such as total distance (TD) covered and high-intensity actions. Moreover,
progressive increases in both TD and sprint distance were observed with advancing age
among U-15, U-16, and U-17 players [4]. Kobal et al. (2022) [5] highlighted this by showing
that professional players outperform their U-17 and U-20 counterparts in sprint distance
and top speed. The greater frequency of sprints performed indicates that the capacity to
sustain repeated high-intensity sprint efforts may represent a critical determinant in the
progression to senior-level competition.

In addition to traditional locomotor variables such as total distance, high-speed run-
ning (HSR) distance, and sprint distance, neuromuscular metrics, particularly accelerations
and decelerations, have gained increasing importance in performance analysis [6]. Their
direct association with repeated explosive efforts and the overall mechanical load borne
by players makes them a key performance indicator [6]. These variables reflect short,
high-intensity movements that do not necessarily result in large displacements but in-
volve a high frequency of neuromuscular demanding actions. Considering these variables
is especially relevant given the inherent nature of football, which involves continuous
changes of direction, both with and without the ball, leading to a constant repetition of
such efforts throughout the match [6]. Vescovi et al. (2021) [7] reported that youth and
collegiate players display a lower frequency of accelerations and decelerations compared
to elite-level athletes, suggesting a reduced tolerance to neuromuscular load during early
developmental stages. Similarly, Ramos et al. (2019) [3] observed significant increases in
accelerative actions with age progression, reinforcing the notion that these variables are
critical for distinguishing between competitive levels. In terms of playing position, central
midfielders (CM) and full backs (FB) appear to record the highest values in these metrics,
likely due to their constant involvement in both attacking and defensive transitions [8].
However, it is evident that these patterns are strongly influenced by contextual factors such
as the team’s tactical model or opponent quality, among others.

Furthermore, the inclusion of high metabolic load distance (HMLD) has proven useful
for synthesizing the energetic demands imposed by HSR, accelerations, and decelerations
into a single, integrated metric [9]. HMLD refers to the distance covered while exceeding
a metabolic power threshold of 25.5 W·kg−1, thereby capturing complex high-intensity
movement patterns that may not be fully reflected by speed-based metrics alone. Despite
its growing relevance in the literature on male football, studies investigating HMLD in elite
female players remain notably scarce, and none have explored its application across age
categories or in high-level international contexts. This gap underscores the need to examine
this variable more closely to inform more accurate load monitoring and age-specific training
prescriptions.

Expanding the current understanding of external load demands across competitive lev-
els in women’s football—particularly in the context of top-tier international tournaments—
may contribute to optimizing physical preparation, reducing injury risk, and supporting
long-term athlete development. Despite the growing body of research on external load
in women’s football, there remains a significant gap in the literature regarding how these
demands vary across competitive levels, particularly within elite international tournaments.
Most existing studies have focused on domestic leagues or isolated matches, limiting our
ability to generalize findings to the unique physical and tactical contexts of top-tier com-
petitions. Therefore the aim of the present study was to address this gap by analyzing
a comprehensive set of kinematic metrics, including total distance, HSR distance, sprint
distance, HMLD, accelerations, and decelerations, across age categories and playing posi-
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tions, with the goal of establishing a reference framework to support a more individualized
transition from youth to senior level competition.

2. Materials and Methods
2.1. Design

A retrospective, observational, transversal, and comparative study was conducted to
compare the kinematic profile of players from the Spanish women’s national football teams
in the U-17, U-20, and senior categories during their respective World Cups. To better under-
stand the physical demands according to competitive level, different performance variables
were analyzed using Global Positioning System (GPS) devices, considering both playing
category and field position. The variables examined included total and high-intensity
distance covered, the total number of high-intensity accelerations and decelerations, and
the TD covered during high metabolic load actions throughout the matches played in each
tournament.

2.2. Participants

Eighteen U-17 players, eighteen U-20 players, and twenty senior players (Table 1) from
the Spanish women’s national football teams participated in the study. Data collection took
place during the FIFA U-17 Women’s World Cup in the Dominican Republic in October
and November 2024, the FIFA U-20 Women’s World Cup in Colombia in September 2024,
and the FIFA Women’s World Cup in Australia and New Zealand in July and August 2023.
Exclusion criteria included any serious injury sustained within the year preceding the
tournament or any condition that impeded participation with the national team during the
competition. Goalkeepers were also excluded from the study due to the specificity of their
role and the different nature of GPS-derived variables compared to outfield players. Players
were categorized into five groups based on their playing position: central-backs (CB), full
backs (FB), central midfielders (CM), wingers (WG), and strikers (ST), according to teams’
technical staff. All players consented to their participation in the study and data collection
and signed an informed consent form on behalf of their national team. All procedures
were approved by the Human Ethics Committee of Universidad Autónoma de Madrid
(CEI-124-2528), in accordance with the Declaration of Helsinki.

Table 1. Descriptive Characteristics of Players by Age Category.

Variable Senior U20 U17

Mean SD Mean SD Mean SD

Age (years) 24.9 3.5 19.2 0.8 16.8 0.5
Body mass (Kg) 62.1 6.4 61.8 6.1 60.6 4.4

Height (cm) 167.5 6.4 164.4 5.8 161.7 4.8
Kg = kilograms; cm = centimeters.

2.3. Procedures

Kinematic activity data were collected during each World Cup, encompassing a total of
7 matches in the senior category, 4 matches in the U-20 category, and 6 matches in the U-17
category. Only players who completed 80 min or more during a match were included in the
analysis. As a result, 52 observations were recorded for the senior category (13 CB, 12 FB,
17 CM, 4 WG, and 6 ST), 27 for the U-20 category (6 CB, 7 FB, 6 CM, 6 WG, and 2 ST), and
45 for the U-17 category (11 CB, 10 FB, 12 CM, 8 WG, and 4 ST). All match activity was
recorded using the WIMU PRO GPS device (RealtrackSystems S.L., Almeria, Spain). Intra-
and inter-unit reliability was considered acceptable, with an intraclass correlation coefficient
of 0.65 for the x-coordinate and 0.85 for the y-coordinate in the systems analyzed [10]. GPS
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devices were activated 15 min before players put them on to ensure adequate satellite
signal acquisition. Prior to the start of the pre-match warm-up, players placed the device
into a vest worn on their upper back at scapular level. Each player consistently used the
same GPS unit to minimize inter-unit measurement error. Upon match completion, GPS
data were extracted and analyzed using SPRO Software (version 958; RealtrackSystems,
Almeria, Spain). These procedures were part of the standard pre-match protocol, ensuring
that players did not deviate from their usual routines.

The variables analyzed for each match included TD, HSR distance (HSR; ≥18 km·h−1),
and sprint distance (≥21 km·h−1) [11]. Additionally, the number of high-intensity accel-
erations (>3 m·s−2) and decelerations (<–3 m·s−2) were recorded [12], as well as HMLD,
defined as the distance covered while expending more than 25.5 W·kg−1. HMLD pro-
vides a comprehensive measure of high-intensity activity, as it incorporates not only HSR
(≥19.8 km·h−1), but also accelerations and decelerations within a range of 2 m·s−2 to
4 m·s−2 [13,14].

2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 26.0 (IBM Corp.,
Armonk, NY, USA), and graphs were created using Graphpad Prism version 9.0 (San Diego,
CA, USA). Results are presented as mean ± standard deviation (SD), and the level of
significance was set at p < 0.05. Normality was assessed using the Shapiro–Wilk test, and
homogeneity of variance was verified through Levene’s test. Locomotor activity parameters
obtained via GPS for the three study categories (Senior, U-20, and U-17) were analyzed
using linear mixed models with a 95% confidence interval (95% CI). Due to unequal sample
sizes across age and categories, linear mixed models were fitted with random intercepts
for players and matches. Players were nested within age categories and playing positions,
which were included as fixed effects. For multiple comparisons, Bonferroni’s post hoc test
was applied for its conservative control of Type I error. Additionally, effect sizes (Cohen’s d)
were calculated to compare the different conditions and were categorized as follows: ≤0.2
(trivial), ≥0.2–0.6 (small), ≥0.6–1.2 (moderate), ≥1.2–2.0 (large), and ≥2.0 (very large) [15].

3. Results
3.1. Main Effects and Interaction

A significant main effect of playing category was found across all variables: TD
( p < 0.001; η2 = 7.51), HSR (p < 0.001; η2 = 0.406), sprint (p < 0.001; η2 = 0.325), accelera-
tions (p < 0.001; η2 = 0.482), decelerations (p < 0.001; η2 = 0.312), and HMLD (p < 0.001;
η2 = 0.874). Similarly, playing position had a main effect on all metrics: TD (p = 0.001;
η2 = 0.152), HSR (p < 0.001; η2 = 0.251), sprint (p < 0.001; η2 = 0.309), accelerations
(p < 0.001; η2 = 0.280), decelerations (p < 0.001; η2 = 0.245), and HMLD (p < 0.001;
η2 = 0.185). A significant interaction between category and position was found only
for accelerations (p = 0.007; η2 = 0.171).

3.2. Category and Positional Differences for Total Distance, HSR, Sprint, and HMLD

Table 2 shows category and positional comparisons for TD, HSR, sprint, and HMLD.
Category-level differences were found in TD between senior and U-17 (p < 0.001; d = 1.75)
and between U-20 and U-17 (p < 0.001; d = 1.26). HSR was significantly higher in seniors
compared to U-17 (p < 0.001; d = 2.01) and U-20 (p < 0.001; d = 1.36). Sprint distance also
favored seniors over U-17 (p < 0.001; d = 1.59) and U-20 (p < 0.001; d = 0.95). For HMLD,
senior players outperformed both U-17 (p < 0.001; d = 4.76) and U-20 (p < 0.001; d = 4.29)
(Figure 1). By playing position, significant differences in TD between the senior and U-17
groups were found for CB (p = 0.001; d = 1.88), FB (p = 0.001; d = 1.11), CM (p = 0.023;
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d = 0.97), WG (p = 0.006; d = 1.11), and ST (p = 0.005; d = 1.21). For HSR, differences were
also significant between senior and U-17 players in CB (p < 0.001; d = 1.60), FB (p < 0.001;
d = 1.15), CM (p = 0.005; d = 0.71), WG (p = 0.004; d = 1.68), and ST (p = 0.022; d = 0.59).
Regarding sprint distance, significant differences were found for CB (p < 0.001; d = 1.36), FB
(p < 0.001; d = 1.02), WG (p = 0.046; d = 1.46), and ST (p = 0.016; d = 0.46), with no significant
difference observed for CM. For HMLD, senior players showed significantly higher values
than U-17 across all positions: CB (p < 0.001; d = 5.11), FB (p < 0.001; d = 4.73), CM
(p < 0.001; d = 6.16), WG (p < 0.001; d = 4.67), and ST (p < 0.001; d = 2.46). Comparisons
between U-20 and U-17 revealed significant differences in TD for CB (p = 0.033; d = 1.34)
and WG (p = 0.023; d = 1.02), and in sprint distance for WG (p = 0.046; d = 1.10). Between
senior and U-20 players, significant differences in HSR were found for CB (p = 0.001;
d = 2.01), FB (p = 0.007; d = 0.87), and CM (p = 0.031; d = 1.11); in sprint distance for
CB (p = 0.012; d = 2.07) and FB (p = 0.002; d = 1.08); and in HMLD across all positions:
CB (p < 0.001; d = 4.76), FB (p < 0.001; d = 2.54), CM (p < 0.001; d = 3.06), WG (p < 0.001;
d = 1.73), and ST (p < 0.001; d = 5.22).

Figure 1. Match external load metrics across age categories during the FIFA Women’s World Cup
tournaments.
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Table 2. Mean (±SD) and effect size of total distance (TD), high-speed running (HSR), sprint distance,
and high metabolic load distance (HMLD) by playing position across the three age categories of elite
female soccer players.

Position SENIOR U20 U17 Senior vs. U20
ES (95% CI)

ABS vs. U17
ES (95% CI)

U20 vs. U17
ES (95% CI)

TD
(m

)

CB 10,160.7 ±
264.0 9557.3 ± 388.6 8309.6 ± 287.1 ∤ ∦ 0.77 (−0.1;1.64) 1.88 (1.09;2.67) 1.34 (−0.16;2.84)

FB 10,518.4 ±
274.8 9941.8 ± 359.8 8863.5 ± 301.1 ∤ 0.54 (−0.07;1.15) 1.11 (0.38;1.84) 0.62 (−0.56;1.81)

CM 10,685.3 ±
230.9

10,110.7 ±
388.6 9709.5 ± 274.8 ∤ 0.39 (−1.92;2.35) 0.97 (0.14;1.81) −0.15 (−2.84;2.54)

WG 9854.9 ± 476.0 9414.3 ± 388.6 8017.4 ± 336.6 ∤ ∦ 0.22 (−1.92;2.35) 1.11 (−0.66;2.89) 1.02 (−0.04;2.07)
ST 9989.6 ± 388.6 9671.1 ± 673.2 7994.2 ± 476.0 ∤ −0.10 (−4.6;4.39) 1.21 (−0.48;2.91) 0.88 (−7.78;9.53)

TEAM 10,241.8 ±
151.8 9739.1 ± 203.5 8578.9 ± 153.4 ∤ ∦ 1.38 (0.99;1.77) 1.75 (1.14;2.36) 1.26 (0.57;1.95)

H
SR

(m
)

CB 1021.1 ± 237.5 595.7 ± 153.8 ∤ 477.8 ± 151.3 ∤ 2.01 (0.70;3.31) 1.60 (0.91;2.28) 1.02 (−0.17;2.21)
FB 1268.5 ± 205.2 915.4 ± 266.2 ∤ 752.5 ± 266.8 ∤ 0.87 (0.11;1.63) 1.15 (0.36;1.94) 0.58 (−0.71;1.88)
CM 848.5 ± 281.7 554.2 ± 183.9 ∤ 558.1 ± 227.0 ∤ 1.11 (−0.05;2.28) 0.71 (−0.08;1.5) 0.66 (−0.41;1.73)
WG 1090.5 ± 210.7 841.9 ± 267.3 606.0 ± 213.7 ∤ 0.2 (−0.38;0.79) 1.68 (−0.45;3.81) 0.79 (−0.77;2.34)
ST 1224.8 ± 305.9 833.6 ± 142.6 806.2 ± 305.4 ∤ 0.88 (−1.39;3.14) 0.59 (−0.43;1.60) 0.40 (−3.43;4.22)

TEAM 1050.6 ± 296.2 741.7 ± 256.9 ∤ 612.3 ± 243.9 ∤ 1.36 (0.90;1.83) 2.01 (1.36;2.67) 0.57 (−0.07;1.22)

Sp
ri

nt
(m

)

CB 446.2 ± 139.5 245.8 ± 58.9 ∤ 182.6 ± 86.2 ∤ 2.07 (0.65;3.48) 1.36 (0.65;2.06) 1.16 (0.33;1.99)
FB 627.3 ± 121.4 399.9 ± 117 ∤ 350.5 ± 150.3 ∤ 1.08 (0.36;1.80) 1.02 (0.27;1.76) 0.47 (−0.75;1.69)
CM 307.3 ± 170.6 171.8 ± 112.7 191.3 ± 102.1 0.44 (−0.95;1.84) 0.45 (−0.26;1.15) 0.39 (−0.79;1.56)
WG 405.8 ± 110.6 397.8 ± 139.4 214.9 ± 117.3 ∦ −0.17 (−0.6;0.26) 1.46 (−0.28;3.21) 1.10 (−0.10;2.30)
ST 591.2 ± 220.9 347.6 ± 167.5 338.3 ± 217.9 ∤ 0.42 (−0.91;1.76) 0.46 (−0.72;1.64) 0.49 (−2.87;3.85)

TEAM 456.2 ± 197.6 310.6 ± 143.2 ∤ 241.8 ± 139.9 ∤ 0.95 (0.30;1.60) 1.59 (1.10;2.09) 0.49 (−0.30;1.37)

H
M

LD
(m

)

CB 2776.3 ± 286.8 1184.7 ± 183.2 ∤ 1022.3 ± 184.5 ∤ 4.76 (3.73;5.79) 5.11 (4.34;5.88) 1.09 (0.13;2.05)
FB 3110.3 ± 403.8 1560.1 ± 359.3 ∤ 1376.9 ± 210.7 ∤ 2.54 (1.83;3.24) 4.73 (3.74;5.72) 0.61 (−1.19;2.41)
CM 2891.01 ± 289.7 1228.4 ± 291.1 ∤ 1301.8 ± 154.5 ∤ 3.06 (2.04;4.09) 6.16 (5.43;5.72) −0.39 (−2.14;1.35)
WG 2772.9 ± 402.1 1454.1 ± 341.9 ∤ 1104.5 ± 208.4 ∤ 1.73 (0.49;2.97) 4.67 (2.21;7.13) 1.24 (−0.09;2.56)
ST 2920.1 ± 362.7 1588.5 ± 12.2 ∤ 1417.6 ± 271.1 ∤ 5.22 (3.19;9.25) 2.46 (1.03;3.88) 0.28 (−3.12;3.67)

TEAM 2907.2 ± 344.7 1381.5 ± 320.1 ∤ 1225.4 ± 240.5 ∤ 4.29 (3.45;5.14) 4.76 (4.0;5.51) 0.67 (−0.15;1.50)

Data is presented as mean± standard deviation. CB = central back; FB = full back; CM = central midfielder;
WG = winger; ST = striker; TEAM = group mean; ∤ = Different from SENIOR; ∦ = Different from U20.

3.3. Category and Positional Differences for High Intensity Accelerations and Decelerations

Table 3 shows group and positional comparisons for high-intensity accelerations
(>3 m·s2) and decelerations (<–3 m·s2). At the group level, seniors outperformed U-17
in accelerations (p < 0.001; d = 1.70) and decelerations (p < 0.001; d = 1.92), and also U-20
(acc: p < 0.001; d = 2.10; dec: p < 0.001; d = 0.99). No differences were found between U-
20 and U-17 (Figure 2). By position, seniors showed higher accelerations than U-17 in CB
(p < 0.001; d = 1.54), FB (p < 0.001; d = 2.13), CM (p = 0.010; d = 1.42), and ST (p < 0.001;
d = 1.87), with no difference in WG. For decelerations, differences were found in CB
(p = 0.010; d = 1.13), FB (p < 0.001; d = 2.43), CM (p = 0.010; d = 1.35), and ST (p = 0.008; d = 1.43).
Compared to U-20, seniors had higher accelerations in CB (p = 0.011; d = 2.04), FB (p < 0.001;
d = 1.31), CM (p = 0.033; d = 1.41), and ST (p < 0.001; d = 1.07); and more decelerations in FB
(p = 0.008; d = 0.77) and CM (p < 0.001; d = 1.57). Although not all differences were significant
across every position and variable, the overall pattern remained consistent across most metrics:
Senior > U-20 > U-17.
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Table 3. Mean (±SD) and effect size of acceleration (Acc > 3 m.s2) and deceleration (Dec < −3 m.s2)
for the different playing positions among the 3 age categories of elite female soccer players.

Position SENIOR U20 U17 Senior vs. U20
ES (95% CI)

ABS vs. U17
ES (95% CI)

U20 vs. U17
ES (95% CI)

A
cc

>
3

m
.s

2 CB 44.69 ± 7.5 29.67 ± 3.5 ∤ 22.09 ± 8.4 ∤ 2.04 (0.37;3.71) 1.54 (0.93;2.15) 0.65 (−0.44;1.75)
FB 61.08 ± 13.1 38.86 ± 13.1 ∤ 35.3 ± 7.8 ∤ 1.31 (0.58;2.04) 2.13 (0.99;3.28) 0.52 (−0.70;1.74)
CM 42.29 ± 6.9 29.67 ± 9.2 ∤ 30.67 ± 7.1 ∤ 1.41 (0.46;2.37) 1.42 (0.65;2.18) 0.05 (−1.90;2)
WG 48.75 ± 11.8 40.67 ± 15.5 34.5 ± 10.7 0.11 (−1.3;1.51) 0.66 (−1.36;2.68) 0.19 (−0.52;0.89)
ST 73.83 ± 18.2 27 ± 19.7 ∤ 41.5 ± 10.4 ∤ 1.07 (−0.94;3.08) 1.87 (−0.27;4.01) −1.90 (−13.95;10.14)

TEAM 51.37 ± 15.1 34.3 ± 12.2 ∤ 31.24 ± 10.1 ∤ 2.10 (0.41;3.80) 1.70 (1.01;2.38) 0.06 (−1.11;1.24)

D
ec

<
−

3
m

.s
2 CB 54.69 ± 10.61 40.33 ± 10.8 39 ± 11.3 ∤ 0.81 (−0.34;1.96) 1.13 (0.24;2.01) 0.40 (−0.46;1.26)

FB 83.08 ± 14.4 64.29 ± 19.6 ∤ 49.7 ± 9.25 ∤ 0.77 (−0.03;1.56) 2.43 (1.68;3.19) 1.11 (−0.07;2.29)
CM 66.76 ± 15.92 41.83 ± 10.87 ∤ 52.25 ± 8.27 ∤ 1.57 (0.18;2.96) 1.35 (0.18;3.19) −1.53 (−3.78;0.72)
WG 63.25 ± 9.7 55.67 ± 10.7 55 ± 17.1 0.52 (−1.62;2.66) 0.32 (−1.97;2.61) 0.06 (−0.45;0.57)
ST 77.83 ± 7.91 62.5 ± 17.6 52.5 ± 10.2 ∤ 0.58 (−1.77;2.93) 1.43 (−0.34;3.20) 0.15 (−4.52;4.83)

TEAM 68.52 ± 16.5 51.93 ± 16.6 ∤ 48.96 ± 12.3 ∤ 0.99 (0.43;1.56) 1.92 (0.88;2.96) 0.30 (−1.04;1.64)

CB = central back; FB = full back; CM = central midfielder; WG = winger; ST = striker; TEAM = group mean;
∤ = Different from SENIOR.

Figure 2. High-Intensity Accelerations and Decelerations in U17, U20, and Senior Players During
FIFA Women’s World Cup Matches.
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4. Discussion
The aim of this study was to describe and compare the kinematic demands of the

Spanish women’s national football teams in the U-17, U-20, and senior categories during
their respective FIFA World Cup participations. Significant differences were found across
several performance variables between categories. The main findings were: (1) Significant
differences were observed between the senior team and both U-17 and U-20 in all variables,
except TD, where no difference appeared between senior and U-20. TD also differed
significantly between U-17 and U-20. (2) TD, HSR, and sprint distances were greater in the
senior category compared to U-17 across all positions, except for CM in sprint distance.
Differences between senior and U-20 were noted in HSR for CB, FB, and CM, and in sprint
for CB and FB. (3) Accelerations were significantly higher in the senior group than in both
U-17 and U-20 across all positions. (4) For decelerations, significant differences emerged
between senior and U-17 across all positions except WG, and between senior and U-20 in
CM and FB. (5) HMLD differed significantly across all positions between senior and both
U-17 and U-20.

The analysis of distance-related variables showed that senior players recorded higher
TD, HSR, sprint, and HMLD values than U-20 and U-17 players. This pattern aligns
with previous studies reporting greater locomotor demands in elite senior players com-
pared to younger counterparts [4,5,16–18]. This progressive rise from U-17 to senior
levels may suggest improved physical performance associated with biological maturation,
potentially influenced not only by physiological or structural factors, but also by an in-
crease in match tempo, reflecting enhanced technical-tactical demands at higher levels of
competition [17,19]. Notably, differences between categories increased with variable in-
tensity. Seniors covered 4% and 16% more TD than U-20 and U-17, respectively; 30%
and 40% more HSR; and 32% and 47% more sprint distance. This trend highlights the
need for age-specific training interventions that progressively enhance physical capacities
in accordance with the escalating technical-tactical and physiological demands of elite
competition. Regarding position-specific physical demands, patterns in distance covered
were similar across all categories. In terms of TD, CM covered the greatest distances, fol-
lowed by FB, while attacking players (WG and ST) covered less. On the one hand, despite
covering less total distance, ST exhibited higher physical demands in HSR, HMLD, and
sprint distance, ranking among the positions with the highest values in these variables.
This pattern suggests that while ST performs less overall movement, the intensity of their
efforts is substantially higher. On the other hand, FB appeared to have the greatest kine-
matic demands. Across all variables, players in this position covered the highest distances,
indicating the need for a high level of physical conditioning to meet the demands of match
play, as highlighted in previous studies [14,20]. Therefore, teams’ staff during international
competitions should make informed decisions about the types of training drills to imple-
ment, depending on whether the physical objective is to replicate match demands or to
reduce exposure to high-intensity efforts during congested competitive periods [21]. In the
latter case, moderating physical loads may be essential to promote adequate recovery and
maintain performance capacity across successive matches.

The inclusion of HMLD in this study adds valuable information, as it reflects sustained
physical effort and metabolic demands beyond speed thresholds, making it a strong indica-
tor of overall physical load during matches [13,14]. In our study, senior players covered 53%
and 58% more distance than U20 and U17 players, respectively. The differences between se-
nior players and their U20 and U17 counterparts were notably significant, as senior players
doubled the distance covered at high metabolic load. Regarding positional comparison,
significant differences were found across all positions between the senior category and both
the U20 and U17 categories. The players who covered the greatest HMLD in all categories
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were ST and FB, while CB covered the least distance, which is consistent with previous
studies [22,23].

Neuromuscular kinematic variables (accelerations and decelerations) showed a clear
progression with age. Similar to our findings, acceleration and deceleration profiles in male
soccer players from the U17, U19, and B team categories (mean age: 21 years) reported
a progressive increase in neuromuscular demands as players matured and advanced to
higher competitive levels [24]. Furthermore, the authors emphasized the importance of
developing both acceleration and deceleration capacities from early stages, acknowledging
that these abilities should not be trained with the same volume or under identical criteria.
While accelerations occur more frequently within low to moderate intensity ranges, decel-
erations tend to increase at higher intensities, as they are typically executed after reaching
elevated running speeds [24]. This asymmetry in the load profile supports the need for
a differentiated training approach, considering not only the intensity and frequency of
these actions but also their tactical relevance and positional specificity. In our study, senior
players performed 33% and 39% more accelerations, and 23% and 28% more decelerations
than U20 and U17 players, respectively, reflecting greater neuromuscular demands at elite
levels [5,25,26]. It is worth noting that, unlike other studies [3] that report higher counts
of these actions due to the use of broader thresholds, the present study only quantified
high-intensity accelerations and decelerations (>3 m·s−2 and <–3 m·s−2, respectively). This
decision followed the methodology established by the Performance Area of the Spanish
Women’s National Team, aiming to better capture the physiological load and injury risk
associated with high-intensity actions. When comparing these actions by position, a trend
was observed in which FB and ST registered the highest counts, while CB recorded the low-
est. This is particularly relevant, as these neuromuscular variables can impose considerable
mechanical stress on players, especially decelerations, which involve significant eccentric
and quasi-isometric work and therefore result in greater muscle damage [27]. Football is
recognized as a deceleration-dominant sport [6], and the mechanical stress, fatigue, and
tissue damage accumulated from these actions may account for up to 65% more impact on
physical load than any other kinematic variable, and up to 37% more than accelerations [28].
In this context, it is essential to implement targeted recovery strategies for players in FB and
ST positions, particularly during periods of highly competitive density, when accumulated
load may compromise performance and increase injury risk.

Furthermore, it would be beneficial to systematically reinforce the musculature in-
volved in deceleration actions through microdosed strength training aimed at inducing
protective adaptations. Furthermore, female athletes tend to exhibit a more pronounced dy-
namic knee valgus and greater frontal-plane trunk motion during braking tasks, both biome-
chanical factors associated with an elevated injury risk, especially at the knee joint [29,30].
Consequently, the development of neuromuscular strengthening programs targeting these
structures, along with specific movement skill training, is essential for players in these
positions given their higher exposure to high-intensity deceleration actions during match
play.

Although similar studies exist, this is the first to compare female national teams from
the same country throughout the FIFA World Cup. It is important to note that data collected
during World Cups represent a qualitatively distinct competitive context compared to
friendly or qualification matches. Studies such as Datson et al. (2017) [8] have reported
greater physical demands (TD and HSR) in official competitions; however, even these do
not fully capture the unique environment of a World Cup, characterized by elite opponents,
knockout-stage pressure, and intense media exposure. While Ramos et al. (2019) [3] also
reported a progression in physical performance with age, their analysis involved teams
competing in different tournaments (South American Championship and Olympic Games),
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whereas the present study compares all categories within the same tournament and under
a highly demanding context. Therefore, this research provides a novel contribution to
the literature by examining how kinematic profiles evolve under the highest levels of
international competition.

Due to its ecological design, this study has certain limitations that should be consid-
ered when interpreting the results. First, contextual match variables such as opponent
level, tactical approach, and final score were not controlled, despite their known impact
on locomotor demands [31,32]. Although hormonal and psychological factors in female
athletes were monitored, they were not deeply analyzed. Second, locomotor activity was
measured across various venues and under differing environmental conditions throughout
the World Cups, meaning factors like temperature and humidity could not be standardized
and may have influenced the results. Future research should explore the effects of contex-
tual variables, nutrition, and menstrual cycle on kinematic performance across age groups
in elite women’s football.

5. Conclusions
The present study demonstrates that senior players attain higher values across all ana-

lyzed variables, indicating a progressive increase in kinematic demands with age and com-
petitive level. Moreover, the greater the intensity of the variable assessed, the larger the
performance gap observed between categories. As such, it is crucial to develop these physical
capacities from early stages in a progressive manner, ensuring that players progressively meet
the physical performance thresholds characteristic of the next competitive level of the next
category by the final stages of their transition. This approach promotes a more effective adap-
tation to increased competitive demands. Additionally, position-specific physical demands
must be considered. The data suggest that FB and ST require a strong ability to repeatedly
perform high-intensity efforts, while CM covers extensive distances during matches. It is also
important to consider that physical demands may vary depending on contextual factors such
as match status (e.g., whether the team is winning or losing) or the strength of the opponent,
which can influence both the intensity and type of physical actions required. Lastly, it is
important to highlight that only approximately 17% of players from youth national teams
succeed in establishing themselves at the senior level [33]. This statistic underscores the
challenge of transitioning to the top tier and reinforces the need to monitor and interpret key
physical variables to support optimal development and long-term performance progression.
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