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Abstract: There are concerns over the impact of the congested international match calendar on pro-
fessional footballers’ physical and mental well-being, and injury susceptibility. This study aimed to
determine whether there were differences in match workload and international travel between injured
and non-injured male football players over two elite competition seasons. An observational, retro-
spective, case–control study was conducted using data from the 2021/2022 and 2022/2023 seasons
of five top-tier European men’s football leagues. Student t-tests were used to compare cumulative
match workload and international travel data over a 28-day period preceding 1270 injuries and
2540 controls. There were significant differences in match workload and international travel vari-
ables between the injured groups (all injuries and hamstring injuries) and the control group. Match
workload variables were higher (p < 0.01), recovery variables lower (p < 0.01), and international travel
variables higher (p < 0.01). An overload of match workload and international travel contribute to
increased injury susceptibility in professional men’s football. This emphasizes the need to address
international match calendar concerns, including the number of games per season, the frequency of
back-to-back games, and international travel requirements. Additionally, the findings highlight the
importance of monitoring player match workloads, and implementing squad rotations and tailored
training programs to mitigate injury risks.

Keywords: elite; hamstring injuries; fixture congestion

1. Introduction

In professional football, the international match calendar (IMC) is an organized sched-
ule that directs when international and club matches are played during a season [1]. The
number of games players compete in per season can vary depending on the league they
play in, domestic and continental cup involvement, and their national team duties. At an
elite professional level, where clubs compete for multiple domestic and continental titles,
combined with national team duties, players might end up playing 70 games in a season [2].
This congestion of fixtures inevitably raises concerns about players’ physical and mental
health [3]. Moreover, plans to reformat and expand major competitions, such as the UEFA
Champions League, FIFA World Cup, and FIFA Club World Cup, will increase the number
of matches players compete in even further [2,3].

A study of elite European club football from the 2000–2001 to 2018–2019 seasons
indicated a match injury incident rate of 23.8 injuries per 1000 match-playing hours [4].
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Therefore, increasing players’ match exposure will increase their susceptibility to injuries.
A systematic review on the effects of fixture congestion found that injury risk increased
during fixture-congested periods with fewer than four days of recovery between games [5].
In surveys of professional footballers, 35–40% reported playing too many matches per
season with insufficient recovery time between games [6], and 55% of players believed they
had sustained injuries due to match fixture congestion [1]. Furthermore, 65% of players
felt that international travel had a negative impact on their recovery, performance, or
health [6]. According to a study conducted with the Australian men’s national football
team, footballers playing domestic football in Europe made an average of 9.3 nine-hour
flights across multiple time zones to participate with the national team during a two-year
period [7]. While an association between travel and injuries has not been established,
extensive travel across multiple countries and continents is likely to have a negative impact
on the performance and wellness of professional footballers [8,9]. Various intrinsic and
extrinsic factors contribute to a player’s susceptibility to injury [10]. Intrinsic factors include
age, technique, and previous injury, while extrinsic factors include working conditions,
access to facilities, playing surface, travel, and workload. Identifying and addressing these
contributing factors is crucial to reduce injuries and safeguard player welfare [10,11].

To identify and address the issue of excessive workload and to protect player welfare,
FIFPRO (The Fédération Internationale des Associations de Footballeurs Professionnels)
launched the Player Workload Monitoring (PWM) tool, which is a digital platform that
tracks match schedules and player workload [12]. This tool focuses on three extrinsic
contributing factors: match workload, rest, and international travel [12]. Currently, the
PWM tool contains data from 1500 professional male footballers from the 2017–2018 season
onwards [12]. Workload refers to the cumulative stress athletes endure over a given
period [13]. It can be measured over acute periods (typically seven days) or chronic periods
(typically 28 days) [14]. Match workload is typically quantified by the number of matches
or minutes played in a given time frame [13] but can also be quantified by measuring
the distance run in a match, or calculating certain actions like sprints or passes made in
a game [15]. In elite men’s football, an acute overload of matches (fixture congestion)
has been associated with an increased susceptibility to injury [5,13]. Conversely, an acute
underload of match exposure has been associated with an increased susceptibility to
muscle injuries [16], in particular, hamstring injuries [17]. As hamstring injuries constitute
24% of all injuries in elite men’s professional football [18], understanding the impact of an
underload of match workload and international travel on injury susceptibility, as well as
an overload, is vital to safeguard players at risk.

Therefore, the aim of this study was to determine whether there were differences
in match workload (underload and overload) and international travel between injured
and non-injured male football players over two seasons of elite competition. Given the
high prevalence of hamstring injuries in men’s football, the study also aimed to identify
differences in match workload (underload and overload) and international travel between
elite male football players who sustained hamstring injuries and non-injured matched
controls over the same two seasons of competition. The null hypothesis was that there
were no significant differences in match workload and international travel between injured
(all injuries and hamstring injuries) and non-injured elite male football players.

2. Materials and Methods

An observational case–control study was conducted over two football seasons (2021–2022
and 2022–2023). We used the STROBE case–control checklist when writing this paper [19].

The participants were professional male football players. The inclusion criteria were
as follows:

1. The players competed in one of the following five national leagues (top five UEFA as-
sociation club coefficients) [20] during the 2021/2022 and 2022/2023 football seasons:
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a. Premier League (United Kingdom)
b. La Liga (Spain)
c. Serie A (Italy)
d. Bundesliga (Germany)
e. Ligue 1 (France)

2. The players were embedded within the FIFPRO PWM tool during the 2021/2022 and
2022/2023 football seasons.

Players who sustained injuries during either of the two seasons formed the injury
group. The injured players were randomly matched with two players who met the inclusion
criteria and who did not sustain an injury in the season in which the injured player’s injury
occurred to form the control group. Controls were randomly allocated to injured players to
avoid bias. A sample size calculation based on the minutes played between an injury and
non-injury group in a prior study [16] indicated that 58 injury events and 116 non-injury
events were required (i.e., a total sample of n = 174 to ensure a 1:2 case–control ratio) [21]
to achieve a power of 80% and a level of significance of 5% (two-sided) for detecting a true
difference in means between injury and non-injury groups [22].

Match workload for the 2021/2022 and 2022/2023 seasons was collected from the
FIFPRO PWM tool, which is a digital platform that tracks the match workload for pro-
fessional football players worldwide (https://fifpro.org/en/workload-monitoring-tool/
(accessed on 11 June 2024)). The FIFPRO PWM sources match load data from Wyscout
(https://wyscout.hudl.com/ (accessed on 11 June 2024)). Wyscout’s data collection proce-
dure, including quality controls, have been published elsewhere [23]. The following match
workload variables were collected:

• Number of minutes played (club domestic league, club domestic cup, club international
cup, club friendlies, national team competition, and national team friendlies) (min);

• Number of match appearances (club domestic league, club domestic cup, club interna-
tional cup, club friendlies, national team competition, and national team friendlies) (n);

• Number of starting appearance (across the same match types) (n);
• Instances as an unused substitute, which is defined as the number of appearances on

the bench without minutes played (across the same match types) (n);
• Instances of fewer than 3 days between appearances (n), which is a match fixture

congestion cycle associated with a higher risk of injury [24];
• Instances of fewer than 5 days between appearances (n), which is a match fixture

congestion cycle associated with a higher risk of injury [24];
• Number of critical zone matches, which is defined as an instance of feewer than 5 days

between appearances, with a minimum of 45 min played in each appearance (n) [12].

Data on players’ international travel for their match fixtures (club and national team)
during the 2021/2022 and 2022/2023 seasons were also collected from the FIFPRO PWM
tool (https://fifpro.org/en/workload-monitoring-tool/ (accessed on 11 June 2024)). The
following variables were collected:

• Hours spent flying (h);
• Kilometers traveled (km);
• Number of time zones crossed (n).

Injury data for the 2021/2022 and 2022/2023 seasons were collected from a publicly
available data source (https://www.transfermarkt.de/ (accessed on 11 June 2024)). Each
injury was subsequently verified through club and national team press releases, and/or
social media posts by either the club, national team, or player. In cases where there was
a discrepancy between injury data from the primary data source and the verified source,
a third data source was identified to validate the injury data. Data on injury location,
type, and severity were recorded in accordance with the consensus statement on injury
definitions and data collection procedures in studies of football (soccer) injuries [25], and
the football-specific extension of the International Olympic Committee consensus statement:
methods for recording and reporting of epidemiological data on injury in sport 2020 [26].

https://fifpro.org/en/workload-monitoring-tool/
https://wyscout.hudl.com/
https://fifpro.org/en/workload-monitoring-tool/
https://www.transfermarkt.de/
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For each injury, the cumulative match workload and international travel values were
calculated over the 28-day period preceding the injury date. This was performed to
determine chronic match workload and international travel for each respective variable
for the injured player and corresponding controls over the same period [15]. If an injured
player did not participate in a single match during the 28-day period, the injury data point
and its matched controls were not included in the analysis.

Injury type, location, and severity were presented as frequencies and percentages.
Descriptive statistics for chronic match workload and international travel were reported as
means and standard deviations. The data were tested for normality using the Shapiro–Wilk
normality test, and for variance using Levene’s test for equality of variances. Although
the data were not normally distributed, as both sample sizes were greater than n = 50, an
independent t-test and Welch t-test were used to compare chronic match workload and
international travel variables between injury and control groups [27,28]. An independent t-
test was used when equal variance was assumed and the Welch t-test when equal variance
was not assumed [27]. The statistical analysis procedures were repeated to compare
differences in chronic match workload and international travel variables between hamstring
injuries and their respective case controls.

Statistical significance was set at p < 0.05. Hedge’s G effect size statistic (ES) was used
to determine the magnitude of the differences between the groups. ESs were interpreted
according to Hopkins et al. (2009) [29] as trivial (<0.2), small (0.2–0.59), moderate (06–1.19),
large (1.2–1.99), very large (2.0–3.99), and extremely large (>0.4). All statistical analyses
were performed in SPSS (version 28.01, IBM SPSS Statistics).

3. Results
3.1. Participants

Eight hundred and sixty elite male football players met the eligibility criteria for the
study. The mean age of the players was 26 years old (Table 1). Thirty-one percent of the
players competed in the Premier League, 19% in Ligue 1, 18% in the Serie A, 18% in La Liga,
and 14% in the Bundesliga, in the period when the data were collected. All characteristics
of the participants are presented in Table 1.

Table 1. Age, chronic match workload, and international travel variables (over a 28-day period) of all
professional male football players across seasons and both seasons combined (total).

Variables 2021–2022 (n = 1743) 2022–2023 (n = 2067) Total (n = 3810)
Mean SD Mean SD Mean SD

Age 25.9 3.9 26.5 3.9 26.3 3.9

Minutes Played (min) 326 159 305 169 315 165

Appearances (n) 4.2 1.7 4.1 1.8 4.1 1.8

Appearances in Starting Eleven (n) 3.5 1.8 3.3 1.9 3.4 1.8

Unused Substitute (n) 0.6 1.0 0.7 1.2 0.6 1.1

Rest Time (min) 572 42 574 44 573 43

Fewer than 3 Days between Matches (n) 0.6 0.9 0.6 0.9 0.6 0.9

Fewer than 5 Days between Matches (n) 2.1 1.9 1.9 2.0 2.0 1.9

Critical Zone Matches (n) 1.5 1.6 1.4 1.6 1.4 1.6

Distance Traveled (km) 3234 5288 1861 4156 2489 4756

Travel Time (h) 4.5 6.9 2.6 5.5 3.5 6.3

Time Zones Crossed (n) 1.5 3.0 1.1 3.1 1.3 3.0

SD = standard deviation; min = minutes; n = number; km = kilometers; h = hours.
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3.2. Injuries

Over the course of the two seasons, 585 players experienced at least one injury. One
thousand four hundred and eighty-eight injuries were identified and verified across the two
seasons. Thirty-three injuries could not be verified and were excluded from the analyses.
The most common injury locations were the thigh (n = 496, 33%) and knee (n = 209, 14%).
The most frequent types of injuries were muscle strain/rupture/tear (n = 825, 55%) and
joint sprain/ligament tear (n = 300, 20%). Six hundred and thirty-eight injuries (43%) had
a moderate severity (8–28 days), and 526 injuries (35%) were severe (>28 days). Twenty
percent of injuries were hamstring injuries (n = 299).

3.3. Match Workload and International Travel and Injuries

A summary of chronic match workload and international travel of the players across
the seasons is shown in Table 1. There were small and significant differences in all the
variables between the injury group and control group (Table 2). The injured group made
significantly more appearances (p < 0.001, ES = 0.4) and had significantly less rest time than
the control group (p < 0.001, ES = −0.4).

Table 2. Differences in workload variables between injury and control groups.

Workload Variables Injury (n = 1270) Control (n = 2540) Injury vs. Control
Mean SD Mean SD ES Interpretation

Minutes Played (min) 337 164 303 164 0.2 * Small

Appearances (n) 4.6 1.7 3.9 1.8 0.4 * Small

Appearances in Starting Eleven (n) 3.8 1.9 3.2 1.8 0.3 * Small

Unused Substitute (n) 0.5 0.9 0.7 1.2 −0.2 * Small

Rest Time (min) 562 42 578 42 −0.4 * Small

Fewer than 3 Days between Matches (n) 0.7 0.9 0.6 0.9 0.2 * Small

Fewer than 5 Days between Matches (n) 2.4 2.0 1.8 1.8 0.3 * Small

Critical Zone Matches (n) 1.7 1.8 1.3 1.6 0.2 * Small

Distance Traveled (km) 3041 5218 2213 4483 0.2 * Small

Travel Time (h) 4.2 6.9 3.1 5.9 0.2 * Small

Time Zones Crossed (n) 1.6 3.4 1.1 2.8 0.2 * Small

SD = standard deviation; ES = Effect Size; * p < 0.05; min = minutes; n = number; km = kilometers; h = hours.

3.4. Match Workload and International Travel and Hamstring Injuries

There were small and significant differences in all the variables between the hamstring
injury group and matched control group (Table 3). The hamstring injury group made
significantly more appearances (p < 0.001, ES = 0.6) and appearances in the starting eleven
(p < 0.001, ES = 0.5) than the control group, and had more instances of fewer than 5 days
between matches (p < 0.001, ES = 0.5) and significantly less rest time than the control group
(p < 0.001, ES = −0.5).

Table 3. Differences in workload variables between hamstring injury and control groups.

Workload Variables Injury (n = 260) Control (n = 520) Injury vs. Control
Mean SD Mean SD ES Interpretation

Minutes Played (min) 362 160 310 162 0.3 * Small

Appearances (n) 4.9 1.7 4.0 1.7 0.6 * Small

Appearances in Starting Eleven (n) 4.1 1.9 3.3 1.8 0.5 * Small
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Table 3. Cont.

Workload Variables Injury (n = 260) Control (n = 520) Injury vs. Control
Mean SD Mean SD ES Interpretation

Unused Substitute (n) 0.4 0.8 0.7 1.2 −0.2 * Small

Rest Time (min) 554 40 577 41 −0.6 * Small

Fewer than 3 Days between Matches (n) 0.9 1.0 0.6 0.9 0.3 * Small

Fewer than 5 Days between Matches (n) 2.8 2.0 1.8 1.8 0.5 * Small

Critical Zone Matches (n) 2.0 1.8 1.4 1.6 0.4 * Small

Distance Traveled (km) 3264 5299 2075 4024 0.3 * Small

Travel Time (h) 4.5 7.0 2.9 5.4 0.3 * Small

Time Zones Crossed (n) 1.6 3.1 1.1 2.8 0.2 * Trivial

SD = standard deviation; ES = Effect Size; * p < 0.05; min = minutes; n = number; km = kilometers; h = hours.

4. Discussion

The objectives of this study were (1) to compare chronic match workload and interna-
tional travel between elite male football players who sustained injuries and non-injured
controls over two competitive seasons, and (2) to compare the same variables between
players that sustained hamstring muscle injuries and non-injured controls over the same
period. All the match workload and international travel variables included in the study
differed significantly between the injured group (all injuries and hamstring injuries) and
their respective control groups. Match workload variables (minutes played, appearances,
appearances in starting eleven, fewer than 3 days between matches, fewer than 5 days
between matches, and critical zone matches) were significantly higher, recovery variables
(rest and unused substitute) significantly lower, and international travel variables (dis-
tance, time, and time zones crossed) significantly higher, suggesting that an overload of
acute and chronic match workload and international travel contribute to increased injury
susceptibility in professional men’s football.

Instances of fixture congestion (fewer than 3 days between matches, fewer than 5 days
between matches, and critical zone matches) were higher in the injury group compared
to controls. These findings align with the findings of a systematic review, concluding
that overall injury risk increased during fixture-congested periods [5]. This correlation is
understandable, as previous studies in team ball sports have shown that muscle recovery
can last up to 72 h (3 days) post-game, with football and rugby players requiring longer
recovery times than other team ball sports [30]. In a FIFPRO survey of 1055 professional
footballers, 87% were in favor of limiting the number of back-to-back matches played in a
row (matches played with fewer than 5 days of recovery time in between appearances) [31].
Additionally, 85% of the surveyed players believed that the limit of back-to-back matches
should be set at six or fewer, while more than half thought it should be capped at three [1,31].
It is worth noting that our study examined the number of back-to-back matches in a 28-day
period, rather than the total number of consecutive back-to-back matches. Thus, further
research is warranted to determine the injury risk associated with varying numbers of
back-to-back matches. This research could inform stakeholders to establish a limit that not
only safeguards the players but also remains feasible within the confines of the increasingly
congested IMC.

The injury cohort had a higher chronic match workload and less recovery time over
the 28 days compared to the control group. Players exposed to higher chronic workload,
characterized by frequent appearances and limited rest time, may experience greater physi-
cal and mental fatigue and reduced recovery capacity, predisposing them to injuries over
time. Eighty-eight percent of coaches believe players should not play more than 55 games
per season, i.e., 4.2 in a 28-day period, to give players adequate time for recovery and
preparation [31]. Interestingly, this number falls below the mean number of appearances
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of the injured group (n = 4.6) and above the mean of the control group (n = 3.9). Further-
more, the injured group traveled for more hours, further distances, and across more time
zones than the control group. International travel, amidst an already packed calendar with
limited rest time, further reduces players’ recovery capacity and increases predisposition
to injury. Traveling long distances over multiple time zones can result in travel fatigue
and jet lag, further exacerbating players’ struggle to recover adequately and heightening
their susceptibility to illness and injury [9]. These findings underscore the importance of
managing players’ workload over extended periods of time to effectively mitigate injury
risks. By monitoring both acute and chronic workloads, stakeholders can implement tar-
geted interventions to optimize performance and minimize injury susceptibility. This may
include implementing squad rotation strategies, scheduling adequate rest periods in the
IMC, and tailoring training programs to ensure adequate rest and recovery between games.
In addition, particular attention should be given to players traveling long distances over
multiple time zones.

Hamstring injuries constituted 20% of all injuries, reflecting findings of the UEFA Elite
Club Injury Study, where they constituted 24% of all injuries [18]. An overload of match
workload was a significant contributor to hamstring injuries when compared to the control
group. The UEFA Elite Club Injury Study suggested that factors such as the crowded IMC
and extensive international travel may increase hamstring injury susceptibility [18], which
is a hypothesis supported by the findings of our study. Contrastingly, hamstring injuries
have also been associated with an underload of match workload, specifically minutes
played [17]. A study by Moreno-Perez (2023) examined data from two La Liga teams
across the 2011–2014 seasons [17]; variations in match exposure, high-risk activities during
matches, and changes in travel variables between teams and competitions, as well as
over time, could explain the differences observed in the results. However, the findings
underscore the importance of managing match workload effectively to mitigate the risk of
hamstring injuries, both in terms of underload and overload.

The use of publicly available data provided access to a large dataset encompassing
professional male football players from multiple clubs, nations, and leagues, improving
the generalizability and applicability of our findings. Furthermore, the use of the FIFPRO
PWM tool ensured that match workload and international travel data were collected in a
standardized manner [23,32]. However, the use of publicly available data is not without its
limitations. Specifically, regarding injury data, concerns have been raised regarding the
accuracy of publicly available sources [33]. To address these concerns, each injury data
point was verified, and when it could not be verified, it was removed from the dataset. The
mechanism of injury was not described in this study. As such, some of the injuries recorded
may have been caused by an inciting event and not an accumulation of load or fatigue.
While this study focused on match workload and international travel, it is important to
acknowledge that various intrinsic and extrinsic factors, including playing styles, coaching
strategies, and individual player characteristics, can also impact a player’s susceptibility to
injury [10]. Furthermore, training data were not included in the dataset, as it is not publicly
available. In future studies, it would be beneficial to include training data to offer a more
complete understanding of player workload. Additionally, exploring the role of playing
positions, styles, and coaching strategies could provide valuable insights into reducing
injury susceptibility.

The findings of this study underscore the importance of managing players’ workload
over extended periods of time to effectively mitigate injury risks. By monitoring both acute
and chronic workloads, stakeholders can implement targeted interventions to optimize per-
formance and minimize injury susceptibility. Strategies may include implementing squad
rotation, scheduling adequate rest periods in the IMC, and tailoring training programs to
ensure adequate rest and recovery between games. Footballers should also be granted at
least one day off per week, aligning with standard practices in most industries. In addition,
particular attention should be given to players traveling long distances over multiple time
zones. Ideally, matches should not be scheduled in the first 48 h after national team duties.
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5. Conclusions

In conclusion, injured players (all injuries and hamstring injuries) had higher match
workloads in the 28 days leading up to their injuries compared to non-injured players.
Additionally, injured players experienced a greater number of back-to-back matches in the
28 days leading up to their injuries compared to the non-injured group. Injured players
also traveled further, for longer, and across more time zones than the non-injured group.

The findings highlight the importance of closely monitoring player match workloads
and international travel requirements to mitigate injury risks. The findings also align with
the perceptions of players regarding match workload, travel, and injury susceptibility,
and address concerns regarding the IMC, including the number of games in a season, the
frequency of back-to-back games, and international travel requirements.
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