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Abstract
Background Team management, especially player selection, rotation, and availability, are critical issues when dealing 
with the high demands of modern training and gameplay. As such, research continuously seeks ways to improve 
these actions or implement new ideas to gain a competitive advantage through the rotation of players in the 
starting line-up. The current study aimed to examine the rounds of the 2018 FIFA World Cup Russia in which the most 
rotations of key players were made and how this affected physical activity.

Methods The sample consisted of 110 players from the top eight teams in the 2018 World Cup Russia who played 
entire matches for up to 90 min in seven consecutive games. All players were divided into key players (KPs, n = 58) 
and non-key players (NKPs, n = 52). The analysis used data collected by an advanced motion analysis system known 
as STATS®, with physical activity variables analyzed, including total distance covered (TDC), distance covered with 
high intensity over 20 km/h (HIR), and the number of sprints undertaken. In statistical analysis, differences between 
categories and consecutive matches were calculated using the Kruskal-Wallis H test, and if a significant effect size was 
found, a multiple comparisons p values test was performed.

Results The best teams at the 2018 FIFA World Cup Russia used the most KP rotations with NKPs in the third match 
of the group stage. In addition, this was even more visible among more successful teams than less successful teams. 
The rotation strategy among the best eight teams allowed them to maintain the physical activity of KPs and NKPs in 
all rounds of the tournament.

Conclusions Coaches and coaching staff should incorporate squad rotation that includes a large group of players 
in their team management to improve their success. Team management expertise in player rotation during matches 
played over congested schedules at top tournaments maintains high levels of physical activity indicators (TDC, HIR, 
and sprints).
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Introduction
During the FIFA World Cup tournaments, teams must 
possess the highest possible level of physical activity in 
every match to fight to score the most goals. Maintaining 
such levels uses various regeneration strategies, among 
which is player rotation [1, 2]. Many studies indicate the 
positive aspects of using player rotation during the World 
Cup, where matches are played every four to five days [3–
6]. A soccer team usually consists of key players (KPs), 
who appear in most matches throughout the season, and 
non-key players (NKPs), whose role is to replace KPs. 
Team rotation allows KPs a longer recovery, prevents 
overloads and injuries, creates a competitive environ-
ment within the team [7, 8], and allows NKPs to achieve 
higher activity, especially high-intensity running [9–11]. 
Smpokos-Sbokos et al. [12] confirmed the appropriate-
ness of using rotation by showing that a low level of rota-
tion can adversely affect players by, among other things, 
increasing dynamic stress load and residual fatigue. This 
raises the question of when and how often coaches make 
player rotations in tournaments and matches at the high-
est level of the sport.

Coaches often change line-ups between matches dur-
ing domestic leagues, and only a small number of players 
play consistently in consecutive matches [13]. According 
to Carling et al. [13], squad rotation in soccer at the club 
level means that only 40% of KPs will have to play full 
matches in subsequent phases of the season. However, 
during tournaments such as the World Cup, coaches 
may limit the KP rotation due to the importance of each 
match. Therefore, despite the rotation, some players will 
play in most or all matches. Varley et al. [14] noted the 
use of rotation after a team qualified for the knockout 
stage after winning its first two matches in the group 
stage. In this situation, the coaches, confident of advanc-
ing to the knockout phase of the tournament, allowed 
KPs to rest. Varley et al. [14] also found that an average of 
three players per team played in all group-stage matches. 
However, when a team advances to the knockout stage, 
each subsequent match decides whether they will prog-
ress or be eliminated from the tournament. As such, it 
can be assumed that teams that reach the final rounds 
and succeed in the tournament adopt an optimal rotation 
strategy.

From a cognitive point of view, it is critical to under-
stand how the player rotation strategy affects the physi-
cal activity of the team, with research showing that squad 
rotation during congested schedules contributed to 
improving or maintaining physical activity [5, 7, 15–17]. 
The KPs who play over 60 matches during the season, 
including league, cup, and national team matches, are the 
most exposed to overload. Indeed, a greater frequency 
of matches every four to five days increases the per-
ceived load on muscle structures and the level of stress 

on players [18]. When playing two matches per week, an 
athlete’s ability to sprint, jump, and perform repetitive 
high-intensity exercises also decreases [19]. However, 
recent research indicates that the proper rotation of play-
ers by the coach can mask the signs of fatigue in con-
gested schedules during tournaments such as the World 
Cup [20].

New strategies are constantly being sought to gain an 
advantage over the opponent, with team management 
through player rotation one of the key ways to deal with 
the high demands of modern football [21]. Currently, 
only one study by Kołodziejczyk et al. [22] described 
team management during the World Cup, but it only 
concerned the most exploited players among the top 
four teams. In the literature, there are only a few studies 
analyzing player rotation. Yet, it is crucial from the cog-
nitive point of view to understand the rotation scheme/
pattern used by the less successful and more successful 
teams, as well as the level of physical activity of the KPs 
and NKPs in the subsequent rounds of the tournament. 
Such knowledge seems attractive to physical preparation 
coaches and football coaches. Therefore, the purpose of 
this study was to examine in which rounds of the 2018 
FIFA World Cup Russia the most rotations of KPs were 
made and how they affected physical activity.

Material & methods
Experimental approach to the problem
The study analyzed the top eight teams that reached at 
least the 2018 FIFA World Cup Russia quarter-finals. 
All players who played at least one full match were 
divided into KP and NKP groups, and the number of KP 
exchanges for NKPs in subsequent matches of the tour-
nament was analyzed. These changes were also divided 
by the teams that made it to the quarter-finals (less suc-
cessful - LS) and semi-finals (more successful - MS). In 
addition, we examined what level of physical activity in 
the subsequent matches of the tournament was charac-
terized by KPs and NKPs.

An objective analysis of physical activity performed 
by professional soccer players employed the STATS® 
advanced motion analysis system (Stats LLC, IL, USA). 
An assumption was made that in the round with the most 
KP rotations, the NKPs replacing them would achieve 
higher physical activity parameters during the match, 
which may allow KPs to reach higher physical activity in 
the next round.

Procedures
The research sample included the top eight teams 
(France, Croatia, Belgium, England, Russia, Sweden, 
Brazil, and Uruguay) over 38 matches of the 2018 FIFA 
World Cup Russia, with 110 players analyzed across 
365 match observations (including 58 key players − 261 
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observations, and 52 non-key players − 104 observa-
tions). Due to the specificity of the position, goalkeepers 
were excluded from the analysis. The results obtained up 
to 90 min (without extra time) were used for the analy-
sis. The mean height of the players was 183.28 ± 6.69 cm, 
body weight was 78.43 ± 7.68 kg, and age was 26.31 ± 3.44 
years. The authors adopted two operational definitions 
of players for this study. KPs were all players who started 
the first match of the tournament and played until full-
time. The NKPs were all other players who played in at 
least one full match in the tournament. The study main-
tained player anonymity in line with data protection laws 
and was conducted in accordance with the Declaration of 
Helsinki. In addition, the study design was approved by 
the local Ethics Board (No. 12/2021).

Physical activity measurement used an advanced 
motion analysis system known as STATS® (Stats LLC, IL, 
USA), operating at 25 frames per second to simultane-
ously track players every second of the game across all 
sections of the soccer field. Using cameras, the STATS 
system converts player movement on the field into quan-
titative data and generates reports. The validity and reli-
ability of this system for making such measurements have 
been described in detail elsewhere [23, 24]. Match data 
was taken from the official FIFA website [25]. Data from 
the same resource was previously used in research related 
to FIFA World Cup analysis by da Mota et al. [26] and 
Kołodziejczyk et al. [22], who discussed the process of 
tracking and encoding the official FIFA dataset in detail.

The recorded variables included total distance cov-
ered (TDC), distance covered with high intensity over 
20 km/h (HIR), and the number of sprints performed [10, 
27–29].

Statistical analysis
The Shapiro-Wilk and Levene tests were used. Arith-
metic means, median, standard deviations, and quartile 
deviation were calculated (the description of physical 
activity presents arithmetic means ± standard deviation 
to allow for comparison with other studies). Differences 
between categories over consecutive matches were calcu-
lated using the Kruskal–Wallis H test. When a significant 
effect size was found, a multiple comparisons p values 
test was performed [30, 31]. The level of statistical signifi-
cance was set at p < 0.05. All statistical analyses employed 
Statistica ver. 13.2 software package (StatSoft. Inc., CA, 
USA).

Results
The statistical analysis of the total number of player rota-
tions in relation to the subsequent rounds of the tourna-
ment revealed an effect for the total number of player 
rotations (H = 131.248(5); p = 0.001), the number of player 
rotations for MS teams (H = 118.286(5); p = 0.001), and the 

number of player rotations for LS teams (H = 57.170(3); 
p = 0.001), see Table 1.

The statistical analysis of the physical activity param-
eters in relation to the subsequent rounds of the tour-
nament revealed no significant effect on the distance 
covered by KPs (H = 4.932(6); p = 0.553), the distance 
covered by NKPs (H = 2.787(5); p = 0.733); the HIR cov-
ered by KPs (H = 7.687(6); p = 0.262), the HIR covered by 
NKPs (H = 7.736(5); p = 0.171); the number of KP sprints 
(H = 9.285(6); p = 0.158), and the number of NKP sprints 
(H = 5.658(5); p = 0.341), see Table 2.

Discussion
This study was designed to investigate the rounds in 
which the top teams of the 2018 FIFA World Cup Rus-
sia performed the most player rotations. Our main find-
ing was that the greatest number of KP rotations for 
NKPs was used by the coaches in the third match of the 
group stage. Varley et al. [14] confirmed this by showing 
that player rotation may result from securing progres-
sion from the group stage after the first two matches. 
In addition, the high number of player rotations in the 
third round was even more pronounced among MS 
teams compared to LS teams. The four best teams of 
the tournament (MS teams) scored six points in the first 
two matches of the group stage and rotated almost all 
KPs in the third match (France - five rotations, Croatia 
- six, Belgium– seven, and England - eight). Research by 
Kołodziejczyk et al. [6] also investigated squad rotation 
at the 2018 FIFA World Cup Russia, with analysis of the 
top four teams of the tournament showing that coaches 
can manage the squad and potentially gain an advantage 
over their opponent by intentionally rotating the KPs at 
the right moments of the tournament [6]. Such a game 
strategy does not preclude potential promotion to the 
next phase of the competition, and coaches can use play-
ers who have not played before [14]. For comparison, the 
situation of the top four teams at the 2014 FIFA World 
Cup Brazil was evaluated, and it turned out that, despite 
winning the first two matches, only two of the four teams 
decided to increase the number of rotations during the 
third match of the group stage (data unpublished). It 
should also be taken into account that the situation of 
the teams and their game plan during the tournament 
could have been different had they not won the first two 
matches of the group stage. In our research, the number 
of KP rotations in subsequent rounds of the tournament 
was between two and three in LS teams. However, it is 
not easy to determine the precise model of team rota-
tion during high-level competitions. Therefore, further 
analysis and observation of player rotation in world-class 
teams is encouraged.

Carling et al. [3] noted that squad rotation contrib-
utes to more effective KP recovery and leads to greater 
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availability of these players. Thanks to this, coaches have 
greater comfort and the ability to select a larger group 
of players. According to Hillis et al. [32], another factor 
affecting the rotation of players may be an attempt to 
minimize the accumulation of fatigue before the knock-
out phase. Therefore, our next goal was to investigate 
how rotations affect the physical activity of KPs and 
NKPs. Our analysis showed that the increased squad 
rotation in the third round of the tournament affected 
the physical activity parameters of the team during the 
match. The regular introduction of NKPs contributed 
to more effective recovery and maintenance of physical 
activity for both KPs and NKPs in all rounds of the tour-
nament. Such squad rotation extends the time for player 
regeneration, preventing a decrease in physical activity 
levels, especially in the knockout phase of the tourna-
ment. Indeed, Kołodziejczyk et al. [22] stated that it was 
very important for the teams because in the knockout 
phase, England played two extra-times, and the Croatians 
had three extra-times (in three consecutive matches).

Padrón Cabo et al. [33] demonstrated that NKPs are 
more rested and achieve better running parameters 
during the match in congested schedules. Our results 
confirmed these observations and showed that NKPs 
who replaced KP in the third match of the group stage 
achieved higher parameters in terms of TDC and HIR 
and generated more sprints than KPs at every stage of 
the tournament. Notably, the greatest TDC differences 
in favor of NKPs were recorded in the third match of 
the group stage and the sixth and seventh rounds of the 
tournament, from 0.63 to 0.68  km. In turn, the biggest 
difference in HIR and the number of sprints occurred in 
the semi-final, with 237  m and ten sprints, respectively. 
As noted earlier at the 2014 FIFA World Cup Brazil, the 
highest TDC, the HIR, and the total number of sprints 
were also achieved by the players in the semi-final match 
[34]. These findings show the high speed and endurance 
requirements of the players in the key rounds of soccer 
games at the highest level.

The physical activity of soccer players is characterized 
by high inter-match variability [35, 36]. From a statisti-
cal point of view, some differences may be insignificant 
due to high coefficients of variation. But from the point 
of view of practice, the longer distance run by the player 
during the match (more than 630 m, HIR of 237 m, and 
ten more sprints) is very significant for the effectiveness 
of the game [37]. This information is important from a 
practical point of view because the research conducted 
by Konefał et al. [38] showed that increasing the number 
of sprints performed significantly increased the chances 
of winning a match. Moreover, the importance of the 
ability of players to generate high intensity has been stud-
ied many times before by authors such as Dellal et al. [15] 
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and Faude et al. [39] and shows a correlation with posi-
tive match results.

The authors are fully aware of many factors that may 
have influenced the analyses presented here. As this is a 
single tournament analysis, the data should be used with 
caution. Another limitation of this study is that technical 
and tactical activities were not included. Future analysis 
should also include physiological-biochemical variables 
and an assessment of perceived exertion (RPE). In addi-
tion, Woods et al. [40] showed another factor that can 
influence the decision of coaches to rotate the starting 
line-up, namely motivation. Therefore, it is worth exam-
ining this factor in future research also. Undertaking fur-
ther research on player rotation strategies in top-level 
tournaments is important as such knowledge is essen-
tial, especially in tournaments where any loss can put the 
team at risk of being eliminated.

Conclusions
The eight best teams at the 2018 FIFA World Cup Russia 
used the most KP rotations with NKPs in the third match 
of the group stage, which was even more evident among 
the MS teams compared to the LS teams. As noted, 
increased rotation affected the team’s physical activity 
parameters (TDC, HIR, and sprints) during the match, 
extended the time for player regeneration, and prevented 
a decrease in the level of physical activity, especially 
in the knockout phase of the tournament, as indicated 
by maintaining the physical activity of both KPs and 
NKPs in all rounds of the tournament. Moreover, NKPs 

achieved higher physical activity parameters throughout 
all phases of the tournament relative to the KPs. In con-
clusion, using increased squad rotation should be con-
sidered a strategy for KP regeneration and a method of 
maintaining player performance in aspects of the team’s 
physical activity in the crucial phases of the tournament.

Practical application
Coaches and coaching staff should be aware of the oppor-
tunities offered by player rotation. Analysis of the best 
teams of the 2018 FIFA World Cup Russia shows that 
squad rotation is one of the key factors in increasing the 
chances of success. This recovery strategy will become 
increasingly important in future World Cups and con-
gested schedules to counteract the deterioration of play-
ers’ performance. In addition, squad rotation can be the 
basis for optimizing the level of physical activity of KPs 
and NKPs by creating intra-team competition.
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Table 2 Physical activity parameters up to 90 min of the best eight teams (means ± standard deviation)
Selected vari-
ables of physi-
cal activity

Key players/
Non-key 
players

Group stage Knockout stage H
(sig)

MC
(p ≤ 0.05)1st

(1)
2nd
(2)

3rd
(3)

Round of 
16
(4)

Quarter-
final
(5)

Semi-final
(6)

Final/3rd 
place match 
(7)

Distance cov-
ered [km]

Key 9.87
±
0.96

9.78
±
0.96

9.35
±
0.73

9.61
±
1.11

9.82
±
1.05

9.83
±
0.99

9.79
±
0.97

4.932 
(0.553)

-

Non-key - 10.22
±
1.16

10.02
±
0.88

9.93
±
0.94

10.14
±
0.95

10.46
±
1.13

10.47
±
1.01

2.787 
(0.733)

-

HIR
[m]

Key 737.66
±
297.16

625.24
±
237.46

623.20
±
261.78

655.70
±
273.02

668.33
±
260.43

670.11
±
244.05

802.23
±
315.62

7.687 
(0.262)

-

Non-key - 752.13
±
242.00

730.05
±
264.22

654.89
±
233.92

690.44
±
191.02

907.57
±
227.49

854.29
±
249.42

7.736
(0.171)

-

Sprints [number] Key 31.67
±
11.85

27.48
±
11.18

25.65
±
10.73

28.05
±
10.77

30.44
±
12.08

29.25
±
11.21

33.18
±
10.68

9.285
(0.158)

-

Non-key - 31.40
±
9.84

31.39
±
11.18

29.79
±
10.14

30.89
±
7.92

39.57
±
8.58

33.29
±
9.67

5.658 
(0.341)

-

H - Kruskal–Wallis H test

(sig) - significance

MC - multiple comparisons p values test



Page 6 of 7Chmura et al. BMC Sports Science, Medicine and Rehabilitation           (2024) 16:49 

Data availability
Match data were retrieved from the official website of FIFA. The datasets used 
and/or analyzed in the study are available from the corresponding author 
upon reasonable request.

Declarations

Ethics approval and consent to participate
This study maintained player anonymity by following data protection law, was 
conducted in compliance with the Declaration of Helsinki, and was approved 
by the local Board of Ethics - Senate Research Ethics Committee at Wroclaw 
University of Health and Sport Sciences. A waiver to informed consent to 
participate was taken from the Senate Research Ethics Committee at Wroclaw 
University of Health and Sport Sciences (No. 12/2021).

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details
1Department of Team Games, Wroclaw University of Health and Sport 
Sciences , I.J. Paderewskiego 35, 51612 Wrocław, Poland
2Department of Methodology of Recreation, Poznań University of Physical 
Education, Królowej Jadwigi 27/39, 61871 Poznań, Poland
3Department of Human Motor Skills, Wroclaw University of Health and 
Sport Sciences , I.J. Paderewskiego 35, 51612 Wrocław, Poland
4Department of Track and Field, Wroclaw University of Health and Sport 
Sciences , I.J. Paderewskiego 35, 51612 Wrocław, Poland

Received: 26 January 2023 / Accepted: 29 January 2024

References
1. Carling C, Lacome M, McCall A, Dupont G, le Gall F, Simpson B, Buchheit M. 

Monitoring of post-match fatigue in Professional Soccer: welcome to the 
Real World. Sports Med. 2018;48(12):2695–702. https://doi.org/10.1007/
s40279-018-0935-z.

2. Carling C, Court M. Match & motion analysis of soccer. In: Williams M, Drust B, 
Williams MA, Ford P, editors. Science & Soccer III. Developing Elite performers. 
3rd ed. Routledge; 2013. pp. 173–98.

3. Carling C, le Gall F, McCall A, Nédélec M, Dupont G. Squad manage-
ment, injury and match performance in a professional soccer team over a 
championship-winning season. Eur J Sport Sci. 2015;15(7):573–82.

4. Hills SP, Barrett S, Feltbower RG, Barwood MJ, Radcliffe JN, Cooke CB, Kilduff 
LP, Cook CJ, Russell M. A match-day analysis of the movement profiles of 
substitutes from a professional soccer club before and after pitch-entry. PLoS 
ONE. 2019;14(1):e0211563. https://doi.org/10.1371/journal.pone.0211563.

5. Palucci Vieira LH, Aquino R, Lago-Peñas C, Martins M, Puggina GH, E. F., Barb-
ieri FA. Running performance in Brazilian Professional Football players during 
a congested Match schedule. J Strength Conditioning Res. 2018;32(2):313–
25. https://doi.org/10.1519/JSC.0000000000002342.

6. Kołodziejczyk M, Chmura P, Konefał M, Chmura J, Rokita A, Andrzejewski M. 
The Effect of Squad Rotation on Physical Activity at the 2018 World Cup in 
Russia. Analysis the most exploited players of the 4 best teams. Front Psychol. 
2021;12. https://doi.org/10.3389/fpsyg.2021.726207.

7. Carling C, le Gall F, Dupont G. Are physical performance and Injury Risk in a 
Professional Soccer Team in Match-Play affected over a prolonged period of 
fixture congestion? Int J Sports Med. 2012;33(01):36–42. https://doi.org/10.10
55/s-0031-1283190.

8. Owen A, Djaoui L, Ates AD, Mendes O, B., Lyon C. Biochemical response 
comparisons of a competitive Microcycle Vs. Congested Fixture periods 
in Elite Level European champions League Soccer players. J Comple-
ment Med Altern Healthc. 2019;10(1):555778. https://doi.org/10.19080/
JCMAH.2019.10.555778.

9. Gai Y, Volossovitch A, Leicht AS, Gómez M-Á. Technical and physical perfor-
mances of Chinese Super League soccer players differ according to their 

playing status and position. Int J Perform Anal Sport. 2019;19(5):878–92. 
https://doi.org/10.1080/24748668.2019.1669356.

10. Liu H, Wang L, Huang G, Zhang H, Mao W. Activity profiles of full-match 
and substitution players in the 2018 FIFA World Cup. Eur J Sport Sci. 
2020;20(5):599–605. https://doi.org/10.1080/17461391.2019.1659420.

11. Lorenzo-Martínez M, Padrón-Cabo A, Rey E, Memmert D. Analysis of physical 
and technical performance of Substitute players in Professional Soccer. Res Q 
Exerc Sport. 2021;92(4):599–606. https://doi.org/10.1080/02701367.2020.175
5414.

12. Smpokos-Sbokos E, Mourikis C, Linardakis M. Differences in motor activities 
of Greek professional football players who play most of the season (2016/17). 
J Phys Educ Sport. 2018;18(Supplement issue 170,):490–6. https://doi.
org/10.7752/jpes.2018.s170.

13. Carling C, McCall A, le Gall F, Dupont G. What is the extent of exposure to 
periods of match congestion in professional soccer players? J Sports Sci. 
2015;33(20):2116–24. https://doi.org/10.1080/02640414.2015.1091492.

14. 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. https://doi.org/10.1080/02640414.20
17.1325511.

15. Dellal A, Lago-Peñas C, Rey E, Chamari K, Orhant E. The effects of a congested 
fixture period on physical performance, technical activity and injury rate dur-
ing matches in a professional soccer team. Br J Sports Med. 2015;49(6):390–4. 
https://doi.org/10.1136/bjsports-2012-091290.

16. Djaoui L, Wong DP, Pialoux V, Hautier C, da Silva CD, Chamari K, Dellal A. 
Physical activity during a prolonged congested period in a top-class Euro-
pean Football Team. Asian J Sports Med. 2013;5(1). https://doi.org/10.5812/
asjsm.34233.

17. Dupont G, Nedelec M, McCall A, McCormack D, Berthoin S, Wisløff U. Effect of 
2 Soccer matches in a week on physical performance and Injury Rate. Am J 
Sports Med. 2010;38(9):1752–8. https://doi.org/10.1177/0363546510361236.

18. Nédélec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. Recov-
ery in Soccer. Sports Med. 2013;43(1):9–22. https://doi.org/10.1007/
s40279-012-0002-0.

19. Rollo I, Impellizzeri FM, Zago M, Iaia FM. Effects of 1 Versus 2 games a week on 
physical and subjective scores of Subelite Soccer players. Int J Sports Physiol 
Perform. 2014;9(3):425–31. https://doi.org/10.1123/ijspp.2013-0288.

20. Silva JR, Rumpf M, Hertzog M, Nassis G. Does the FIFA World Cup’s con-
gested fixture Program Affect players’ performance? Asian J Sports Med. 
2017;8(4):e13805. https://doi.org/10.5812/asjsm.13805.

21. Strudwick T. Contemporary issues in the physical preparation of elite players. 
In: Williams M, Drust B, Williams MA, Ford P, editors. Science & Soccer III. 
Developing Elite performers. 3rd ed. Routledge; 2013. pp. 335–56.

22. Kołodziejczyk M, Chmura P, Milanovic L, Konefał M, Chmura J, Rokita A, 
Andrzejewski M. How did three consecutive matches with extra time 
affect physical performance? A case study of the 2018 football men’s 
World Cup. Biology Sport. 2021;38(1):65–70. https://doi.org/10.5114/
biolsport.2020.97668.

23. Linke D, Link D, Lames M. Validation of electronic performance and tracking 
systems EPTS under field conditions. PLoS ONE. 2018;13(7):e0199519. https://
doi.org/10.1371/journal.pone.0199519.

24. Ramos J, Lopes RJ, Marques P, Araújo D. (2017). Hypernetworks Reveal 
Compound Variables That Capture Cooperative and Competitive Interac-
tions in a Soccer Match. Frontiers in Psychology, 8. https://doi.org/10.3389/
fpsyg.2017.01379.

25. www.fifa.com/worldcup/FIFA. 2018 FIFA World Cup Russia™. Accessed 30 July 
2018.

26. da Mota GR, Thiengo CR, Gimenes SV, Bradley PS. The effects of ball posses-
sion status on physical and technical indicators during the 2014 FIFA World 
Cup finals. J Sports Sci. 2016;34(6):493–500. https://doi.org/10.1080/0264041
4.2015.1114660.

27. Tuo Q, Wang L, Huang G, Zhang H, Liu H. Running performance of Soccer 
players during matches in the 2018 FIFA World Cup: differences among con-
federations. Front Psychol. 2019;10. https://doi.org/10.3389/fpsyg.2019.01044.

28. Ugalde-Ramirez A. Physical activities according to playing positions, match 
outcome, and halves during the 2018 Soccer World Cup. J Phys Educ Sport. 
2020;20(06):3635–41.

29. Zacharko M, Konefał M, Radzimiński Ł, Chmura P, Błażejczyk K, Chmura 
J, Andrzejewski M. Direction of travel of time zones crossed and results 
achieved by soccer players. The road from the 2018 FIFA World Cup to UEFA 

https://doi.org/10.1007/s40279-018-0935-z
https://doi.org/10.1007/s40279-018-0935-z
https://doi.org/10.1371/journal.pone.0211563
https://doi.org/10.1519/JSC.0000000000002342
https://doi.org/10.3389/fpsyg.2021.726207
https://doi.org/10.1055/s-0031-1283190
https://doi.org/10.1055/s-0031-1283190
https://doi.org/10.19080/JCMAH.2019.10.555778
https://doi.org/10.19080/JCMAH.2019.10.555778
https://doi.org/10.1080/24748668.2019.1669356
https://doi.org/10.1080/17461391.2019.1659420
https://doi.org/10.1080/02701367.2020.1755414
https://doi.org/10.1080/02701367.2020.1755414
https://doi.org/10.7752/jpes.2018.s170
https://doi.org/10.7752/jpes.2018.s170
https://doi.org/10.1080/02640414.2015.1091492
https://doi.org/10.1080/02640414.2017.1325511
https://doi.org/10.1080/02640414.2017.1325511
https://doi.org/10.1136/bjsports-2012-091290
https://doi.org/10.5812/asjsm.34233
https://doi.org/10.5812/asjsm.34233
https://doi.org/10.1177/0363546510361236
https://doi.org/10.1007/s40279-012-0002-0
https://doi.org/10.1007/s40279-012-0002-0
https://doi.org/10.1123/ijspp.2013-0288
https://doi.org/10.5812/asjsm.13805
https://doi.org/10.5114/biolsport.2020.97668
https://doi.org/10.5114/biolsport.2020.97668
https://doi.org/10.1371/journal.pone.0199519
https://doi.org/10.1371/journal.pone.0199519
https://doi.org/10.3389/fpsyg.2017.01379
https://doi.org/10.3389/fpsyg.2017.01379
https://doi.org/10.1080/02640414.2015.1114660
https://doi.org/10.1080/02640414.2015.1114660
https://doi.org/10.3389/fpsyg.2019.01044


Page 7 of 7Chmura et al. BMC Sports Science, Medicine and Rehabilitation           (2024) 16:49 

EURO 2020. Res Sports Med. 2020;1–11. https://doi.org/10.1080/15438627.20
20.1853545.

30. Kruskal WH. A nonparametric test for the several sample problem. Ann Math 
Stat. 1952;23(4):525–40. https://doi.org/10.1214/aoms/1177729332.

31. Kruskal WH, Wallis WA. Use of ranks in one-criterion variance analysis. J Am 
Stat Assoc. 1952;47(260):583–621. https://doi.org/10.2307/2280779.

32. Hills SP, Barwood MJ, Radcliffe JN, Cooke CB, Kilduff LP, Cook CJ, Rus-
sell M. Profiling the responses of Soccer substitutes: a review of current 
literature. Sports Med. 2018;48(10):2255–69. https://doi.org/10.1007/
s40279-018-0962-9.

33. Padrón-Cabo A, Rey E, Vidal B, García-Nuñez J. Work-rate analysis of Substitute 
players in Professional Soccer: analysis of Seasonal variations. J Hum Kinetics. 
2018;65(1):165–74. https://doi.org/10.2478/hukin-2018-0025.

34. Chmura P, Andrzejewski M, Konefał M, Mroczek D, Rokita A, Chmura J. 
Analysis of Motor activities of Professional Soccer players during the 2014 
World Cup in Brazil. J Hum Kinetics. 2017;56:187–95. https://doi.org/10.1515/
hukin-2017-0036.

35. Gregson W, Drust B, Atkinson G, Salvo VD. Match-to-match variability of high-
speed activities in premier league soccer. Int J Sports Med. 2010;31(4):237–42. 
https://doi.org/10.1055/s-0030-1247546.

36. Carling C, Bradley P, McCall A, Dupont G. Match-to-match variability in 
high-speed running activity in a professional soccer team. J Sports Sci. 
2016;34(24):2215–23. https://doi.org/10.1080/02640414.2016.1176228.

37. Chmura P, Konefał M, Chmura J, Kowalczuk E, Zając T, Rokita A, Andrzejewski 
M. Match outcome and running performance in different intensity ranges 
among elite soccer players. Biology Sport. 2018;35(2):197–203. https://doi.
org/10.5114/biolsport.2018.74196.

38. Konefał M, Chmura P, Kowalczuk E, Figueiredo AJ, Sarmento H, Rokita A, 
Chmura J, Andrzejewski M. Modeling of relationships between physi-
cal and technical activities and match outcome in elite German soccer 
players. J Sports Med Phys Fit. 2019;59(5):752–9. https://doi.org/10.23736/
S0022-4707.18.08506-7.

39. Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action 
in goal situations in professional football. J Sports Sci. 2012;30(7):625–31. 
https://doi.org/10.1080/02640414.2012.665940.

40. Woods B, Thatcher J. A qualitative exploration of substitutes’ experiences 
in Soccer. Sport Psychol. 2009;23(4):451–69. https://doi.org/10.1123/
tsp.23.4.451.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1080/15438627.2020.1853545
https://doi.org/10.1080/15438627.2020.1853545
https://doi.org/10.1214/aoms/1177729332
https://doi.org/10.2307/2280779
https://doi.org/10.1007/s40279-018-0962-9
https://doi.org/10.1007/s40279-018-0962-9
https://doi.org/10.2478/hukin-2018-0025
https://doi.org/10.1515/hukin-2017-0036
https://doi.org/10.1515/hukin-2017-0036
https://doi.org/10.1055/s-0030-1247546
https://doi.org/10.1080/02640414.2016.1176228
https://doi.org/10.5114/biolsport.2018.74196
https://doi.org/10.5114/biolsport.2018.74196
https://doi.org/10.23736/S0022-4707.18.08506-7
https://doi.org/10.23736/S0022-4707.18.08506-7
https://doi.org/10.1080/02640414.2012.665940
https://doi.org/10.1123/tsp.23.4.451
https://doi.org/10.1123/tsp.23.4.451

	In which rounds were the most rotations of key players made, and how did this affect physical activity? Analysis of the eight best teams of the 2018 FIFA world cup Russia
	Abstract
	Introduction
	Material & methods
	Experimental approach to the problem
	Procedures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Practical application

	References


