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Abstract 

 

Football involves two 45-minute halves requiring bursts of high-intensity activity interspersed 

with low-intensity movements. In the last years, the high-speed and sprint distance demand 

of the game increased significantly, requiring the players to be prepared for sprinting more 

than before. However, no standard thresholds exist for high-speed and sprint running, 

hindering comprehensive analysis and consistency across studies and safe ranges for 

running loads for elite teams playing twice weekly remain unclear. Considering the gaps 

reported, the aims were (1) establishing high-speed running thresholds for training, (2) 

comparing high-speed loads between starting and non-starting players during congested 

fixtures, (3) analysing running distribution across congested microcycles, and (4) quantifying 

peak game intensity periods. 

All the existing literature was reviewed, and, given the lack of consensus, practitioners might 

use FIFA’s thresholds such as 19 km·h-1 and 23 km·h-1 for females and 20 km·h-1 and 25 

km·h-1 for males.  Relative thresholds should be considered for specific training sessions to 

reach near to maximal velocity exposure accounting for players’ maximum velocity capacity. 

Custom sprinting thresholds can better address the needs of players who are exposed to 

significantly lower loads during congested fixture periods because of the low match 

exposure. In fact, coaches seem to be influenced by shorter microcycles in their training 

proposal, preferring sessions with a reduced muscle impact when fewer days are available 

and decreasing training loads as match day approaches. Finally, zooming in the 

quantification of the peak match demand, resulted important to appropriately prepare 

players using football-specific drills reflecting each playing role peculiarity. In this regard, it 

was found that during the most intense minute of the match midfielders cover the most 

distance, centre-backs the least high-speed distance, and sprint distances are consistent 

across roles, reflecting team dynamics during the most demanding passage of the match. 
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Chapter 1: Introduction 

 

1.1 Football, high-speed running and their evolution 

 

Football is a team-based sport in which two squads, each comprising eleven players, 

compete on a field measuring 105 meters in length and 68 meters in width (Figure 1). At 

each end of the field, goals are positioned. The primary objective of the game is to score 

more goals than the opposing team. The player we represented in yellow in Figure 1, the 

goalkeeper, is allowed to handle the ball with the hands to protect the goal, while the other 

ten players may use any part of their body except their arms and hands. The ten outfield 

players are categorized according to their positions on the field. Those located in the dark 

grey central area of Figure 1 include central defenders, central midfielders, and central 

attackers. Conversely, players positioned on the light grey flanks are known as wide 

defenders or fullbacks, wide midfielders, and wide attackers or wingers. Additionally, three 

primary lines of players can be defined: the red players in Figure 1 form the defensive line, 

the green players make up the midfield, and the black players constitute the attacking line. 

 

 

Figure 1: Football pitch and classical players’ disposition. 

 



16 

 

For adult players, the match consists of two 45-minute halves, each characterized by an 

intermittent activity profile. This profile includes a variety of high-intensity activities such as 

accelerations, decelerations, changes of direction, sprinting, jumping, and tackling (Stolen 

et al., 2005; Reynolds et al., 2021). These high-intensity actions are interspersed with low-

intensity phases, which involve both passive recovery (e.g., standing) and active recovery 

(e.g., walking and jogging). This dynamic interplay between high and low-intensity activities 

demands a high level of physical fitness and strategic planning to optimize performance and 

manage fatigue throughout the match. The latest data from the 2022 World Cup indicate 

that a player, depending on their position, needs to cover approximately 115 meters per 

minute, run at high speeds for about 15 meters per minute, and sprint for 2 meters per 

minute (Branquinho et al., 2023; Chaize, Allen and Beato, 2024).  

The capacity to maintain high-speed running and sprinting is a crucial attribute for football 

players aspiring to compete at the professional level (Chmura et al., 2017).  This ability not 

only enhances a player's overall performance but also significantly impacts their 

effectiveness during critical moments of the game. Sustaining high-speed runs and sprinting 

allows players to execute rapid transitions from the defensive to the attacking line and vice 

versa, cover large distances quickly, and respond dynamically to the evolving demands of 

the match. Consequently, these skills are essential for both offensive and defensive players, 

making them indispensable for professional footballers aiming to excel in high-stakes 

competitions.  

Moreover, the demands of the game are continually increasing (Barnes et al., 2014; Bush 

et al., 2015; Lago-Peñas et al., 2022). In particular, as football evolves, the intensity and 

frequency of high-speed running and sprinting required during matches are rising in the 

major European leagues (Barnes et al., 2014; Reynolds et al., 2021; Lago-Peñas et al., 

2022) and the prevision for the near future suggest that these demands will continue to rise, 

driven by advancements in training methodologies, tactical innovations, and the overall pace 

of the game. More specifically, analysing data from the Premiere League from 2006 to 2013, 

high-intensity running distance increased by ~30% (890±299 vs 1151±337 m, p<0.001; ES: 

0.82) and ~50% (118±36 vs 176±46, p<0.001; ES: 1.41), respectively (Barnes et al., 2014). 

Sprint distance and number of sprints increased by ~35% (232±114 vs. 350±139 m, 

p<0.001; ES: 0.93) and ~85% (31±14 vs. 57±20, p<0.001; ES: 1.46), respectively (Barnes 

et al., 2014). Aggregating players by playing position, full backs displayed the greatest 

increase in high-speed running (∼36% higher in 2012-13) and sprint distance (36-63%, 

p<.001, ES: 0.8-1.3). Similarly, analysing data from 2012 to 2020 from the Spanish LaLiga, 
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the number of efforts made at high-intensity running increased across the eight seasons 

analysed, ranging from 14.6% in external defenders to 9.2% in external midfielders (Lago-

Peñas et al., 2022).  

As illustrated above, playing position affects the physical demand of the match. More 

specifically, players occupying the central area of the pitch (refer to the dark grey area in 

Figure 1) engage in less high-speed running compared to those operating on the flanks. 

Midfielders (depicted as green players in Figure 1) are required to cover a greater total 

distance than players in any other position. Lastly, attackers and central defenders 

experience higher demands in terms of accelerations and decelerations. In the Premier 

League, elite male football players, depending on whether they are playing as centre-backs 

or wide midfielders, are required to cover between 750 meters and 1200 meters of high-

speed running distance and between 225 meters and 330 meters of sprint distance, 

respectively (Bush et al., 2015). 

Another factor influencing match demands is the age of the players. Specifically, when 

comparing the match load demands of U18, U23, and 1st team players, the most significant 

differences between these groups were observed in high-speed running, sprint distance, 

and high-intensity burst distance (Reynolds et al., 2021). Based on these results, it appears 

that the greater the level of practice of the players, the higher the physical demands of the 

match, particularly in terms of high-speed running distance. 

 

1.2 Monitoring high-speed running and measuring peak speed 

 

It is evident that to accurately quantify the demands of both games and training sessions, 

practitioners must implement a systematic monitoring system. Currently, the most reliable 

system available for football teams is the Global Navigation Satellite System (GNSS)-based 

Electronic Performance Tracking System (EPTS). These systems are highly regarded for 

their ability to track player movements and performance metrics with precision, utilizing 

GNSS technology to provide detailed data on player positioning, speed, and overall physical 

exertion during both training and matches. An example of GNSS-based EPTS unit can be 

observed in Figure 2 and it will be deeply described in Chapter 2. 
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Figure 2: Example of GNSS based EPTS unit (from https://pro.statsports.com/apex/). 

 

In everyday practice, whenever a player steps onto the pitch, they are required to wear this 

type of technology. Typically, this involves using a bib worn under the t-shirt, which securely 

holds the EPTS unit between the scapulae. This placement ensures accurate data collection 

throughout the session. Such data is indispensable for calculating the player's velocity at 

every moment, which in turn allows for the derivation of acceleration and deceleration 

intensities. By continuously monitoring these metrics, coaches and sports scientists can gain 

valuable insights into a player's performance, tailor training programs to individual needs, 

and optimize recovery strategies to enhance overall athletic development.  

During matches, an alternative type of EPTS is available, which relies on video-tracking 

cameras. Figure 3 illustrates the setup of these systems, showing the distribution of cameras 

around the pitch. The cameras marked in blue represent the minimum number required for 

the system to function effectively, while the cameras marked in yellow indicate additional 

units that can be deployed to gather more detailed information. In fact, the flexibility and 

scalability of video-tracking systems allow them to be adjusted based on specific analytical 

needs, with additional cameras enhancing data accuracy and detail. The latest 

advancements in video-tracking systems enable users to model the human skeleton by 

pursuing all the major joints and principal body segments of the player. 

For these reasons, video-tracking systems can offer a comprehensive view of player 

movements and are extensively used in professional football contexts. They provide data 

about position, speed, and distance covered, allowing for a thorough analysis of both 

individual and team dynamics. Their validity and interchangeability with GNSS-based EPTS 

have been previously reported (Taberner et al., 2019), but, unlike wearable devices, video-

https://pro.statsports.com/apex/
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tracking systems are non-invasive, meaning players do not need to wear any additional 

equipment, which ensures they can perform naturally without physical constraints. The high 

sampling rate of video-tracking systems captures precise, real-time information on player 

actions, making them particularly useful for analysing rapid movements and high-intensity 

activities. Additionally, these systems can track the ball and opponent’s movement, which is 

essential for tactical analysis and understanding player-ball interactions during different 

phases of the game. Coaches can leverage video-tracking data for detailed tactical analysis, 

examining team formations, player positioning, and movement patterns to devise effective 

strategies and make informed decisions. Furthermore, the recorded footage from video-

tracking systems enables comprehensive post-match reviews, helping coaches and 

analysts identify strengths, weaknesses, and areas for improvement, both for their own team 

and their opponents. Overall, video-tracking systems are a powerful tool for enhancing the 

understanding of player performance and team dynamics, contributing to more effective 

training and strategic planning. 

 

 

Figure 3: Example of video tracking-based EPTS. 

 

Both EPTS described (i.e. GNSS and video tracking technology) offer a vast array of 

performance metrics. GNSS, in particular, provide over 260 metrics (Figure 4). Some of 

these metrics are directly measured by the system, while others are derived from primary 

measurements or estimated using more complex formulas. In addition to the metrics 

obtained via the GNSS antenna, EPTS can also integrate data from other sensors, typically 

connected through Bluetooth protocols. The most commonly used sensor for monitoring a 

player's internal response is the heart rate monitor. This device records the heart rate on a 
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beat-by-beat basis and provides various derived metrics, such as average heart rate, time 

spent in different metabolic intensity zones, and more complex heart rate exertion indexes. 

 

 

Figure 4: Metrics provided by EPTS (from https://pro.statsports.com/apex/). 

 

Each metric recorded by the EPTS is typically reported using various thresholds to 

differentiate between low and high-intensity activities. By dividing the velocity spectrum into 

thresholds, it is possible to categorize running velocities into at least four distinct levels: low, 

medium, high, and sprint running velocity. Since we are focusing on "running velocity," 

values below 7 km∙h-1, which correspond to walking, are excluded. Low-speed running is 

slightly more demanding than walking but can be sustained for extended periods without 

significant effort, usually falling below 14-15 km∙h-1. Medium-speed running, typically 

between 14 and 21 km∙h-1, is primarily supported by aerobic energy systems. High-speed 

running, which ranges from 18 to 25 km∙h-1, relies heavily on anaerobic systems. Sprinting, 

defined as running at speeds above 23-25 km∙h-1, is a less frequent but highly intense 

activity compared to the other intensities mentioned.  

In addition to fixed absolute thresholds, which are essential for comparing player 

performance, relative or individual thresholds can also be calculated. These relative 

thresholds are particularly useful for defining sprint training, as they take into account the 

individual differences of each player. In this context, thresholds can be arbitrarily defined as 

a percentage of the player's maximum velocity, considering that muscle activation 

https://pro.statsports.com/apex/
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significantly changes above 85% of the individual's maximum velocity (Higashihara et al., 

2010). Therefore, the thresholds of 80%, 85%, 90%, and 95% are commonly used to define 

submaximal, near-maximal, and maximal sprint velocities. 

To establish these relative thresholds, coaches need to know the maximum velocity of each 

player. Testing batteries for football players often include sprinting tests to assess their 

abilities, and these tests can also be useful for setting individual thresholds. Typical test 

distances range from 20 to 40 meters, with 20-30 meters being sufficient for measuring peak 

running speed in football players (Buchheit et al., 2020). Linear sprint tests are reliable and 

easy to measure when running time is the goal, but peak running speed requires advanced 

equipment like radar guns or EPTS. While some suggest measuring peak running speed 

during matches or drills (Massard, Eggers and Lovell, 2018), other studies show that only 

40-meter linear sprints accurately estimate it (Kyprianou et al., 2019).  

Matches and drills have too much variability and may not allow all players to reach peak 

running speed, especially players playing in the central area of the pitch. A test combining 

match play and linear sprints could be more practical, allowing coaches to test peak running 

speed regularly while integrating some specificity to the task at hand (Kyprianou et al., 

2019). Increasing pitch size in large-sided games can lead to more sprints, but contextual 

effects on player variability must be considered. Technical drills with enough space for 

sprints can help measure peak running speed while minimizing disruptions, but variability 

among players can still be an issue.  

In conclusion, linear sprinting, despite the majority of sprints in games being curvilinear, 

remains crucial for assessing peak running speed, which is essential for making training 

adjustments and preventing injuries. However, even when testing opportunities are limited, 

sport scientists can derive peak running speed from official match data. It is important to 

note that the recorded peak speed will be slightly lower than the player's maximum 

achievable velocity, but it will realistically be around 90% of their true peak speed (Mendez-

Villanueva et al., 2011). 
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1.3 Planning training in football 

 

The first consideration when planning training for football players is the time unit. The longest 

time unit is the sport season, which typically starts in July for most European clubs and ends 

in May, or mid-July for players involved with their national teams. The season is divided into 

macro-cycles, usually three: the pre-season period, the in-season, and the off-season. The 

pre-season begins in July and ends in mid-August when the national championship starts. 

The competitive season lasts from mid-August to the end of May, while the off-season 

occurs in June. Each macro-cycle can be divided into meso-cycles, typically spanning three 

to eight weeks, although this depends on the coaching staff's philosophy and the fixture 

calendar. A classic example of a meso-cycle is the period between two consecutive 

international breaks. In September, October, November, and March, key players are called 

up by their national teams for ten-day periods to participate in competitions. The 20-25 days 

between the September and October breaks can be considered a meso-cycle. Each meso-

cycle is further divided into micro-cycles, which refer to the period between two consecutive 

matches. Micro-cycles are composed of two or more days, each filled with exercises, which 

are further broken down into series and repetitions. Knowing these time units, along with 

monitoring and accurately describing the demands of a match, is crucial for planning training 

sessions and defining the parameters of each exercise. Understanding the training load is 

essential to achieve the objectives of each session, which are typically determined by the 

interval between the previous and upcoming games, as well as established training 

principles and available scientific evidence. The most common approach in professional 

adult football involves a structured weekly cycle (Lopategui, Paulis and Escudero, 2021). 

This cycle generally includes two recovery days following a match, characterized by minimal 

or no load to allow for physical recuperation. These are followed by two days of high-load 

acquisition, where the focus is on intensive training to build fitness and skills. Finally, the 

cycle concludes with two days of tapering, during which the training load is gradually 

reduced to ensure players are rested and prepared for the next match. This systematic 

approach helps in optimizing performance and minimizing the risk of injury, ensuring that 

players are in peak condition for each game. 

In this type of microcycle it is standard practice to label the days following the most recent 

game as match day plus 1 (MD+1) and match day plus 2 (MD+2). The days leading up to 

the next match are similarly designated as MD-4, MD-3, MD-2, and MD-1 (Malone et al., 

2015). This nomenclature helps in organizing and planning the training schedule, ensuring 
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that each day is tailored to meet specific recovery, acquisition, and tapering needs. In Figure 

5 a typical training week according to what described above is reported. 

 

 

 

It should be noted that the planning strategy described is typical in Italy and similar countries, 

but it may differ in contexts where a weekday off is commonly accepted by default, usually 

at MD+2 or MD-3. 

When players have to play only one match per week, managing their training load is 

relatively straightforward, regardless of whether they play in the match or remain on the 

bench. However, the situation becomes more complex when there are two games in one 

week, as illustrated in Figure 6. In such scenarios, the training and recovery schedules must 

be meticulously planned to ensure players are adequately prepared for both matches. This 

involves balancing the need for recovery with the necessity of maintaining fitness and 

readiness. For starting players, who experience higher physical demands during matches, 

the focus is on optimizing recovery while still incorporating sufficient training stimuli. For non-

starting players, the challenge is to provide enough high-intensity training to keep them 

match-ready, despite fewer opportunities to play. Practitioners need to take into account the 

varying needs of both groups of players and ensuring that all players of the roaster can 

perform at their best in both games. However, before delving into the complexities of periods 

with two games per week that we discuss deeply in Chapter 1.5, it is essential to clearly 

define who the starting and non-starting players are. 
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Figure 5: Training & Match Load distribution during a typical week with 1 single match day. 
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Figure 6: 3-day and 4-day microcycles. 

 

1.4 Defining starting and non-starting players 

 

Starting players, often referred to as starters, are those selected to begin the match on the 

field. These players typically experience higher physical demands during the game, 

including greater distances covered and more high-intensity activities. Non-starting players, 

or non-starters, include those who begin the match on the bench and may or may not be 

substituted into the game. Non-starters generally have lower or null physical demands on 

match day but still require appropriate training loads to maintain their fitness and readiness 

for future matches. 

During a football match, starting players generally cover distances ranging from 10 to 13 

km. This extensive distance includes a variety of high-intensity activities such as sprints, 

accelerations, decelerations, and changes of direction (Anderson, Orme, Di Michele, Close, 

Milsom, et al., 2016). Non-starting players need to compensate for their reduced workload 

with additional training sessions. These sessions can be scheduled immediately after a 

game or during the subsequent training days, particularly on MD+1 and MD+2, to ensure 

they maintain an adequate fitness level throughout the season. In practice, the threshold 

commonly used to differentiate between starting and non-starting players is 60 minutes of 

playing time. Playing more than 60 minutes imposes a high load on the player, necessitating 

at least one recovery day to mitigate fatigue. Conversely, playing less than 60 minutes 

allows for a training session the following day. In this context of individualized training plans, 

accurately quantifying the total workload - which encompasses both training and match 

loads - is critically important. This quantification is essential for professional football coaches 

and sports scientists who aim to achieve optimal physical adaptations and minimize the risk 

of injury (Thorpe et al., 2015). By carefully monitoring and adjusting the total workload, they 
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can ensure that all players, regardless of their match participation, maintain peak physical 

condition and are prepared for the demands of the season.  

Recent research conducted over an entire season on English Premier League players has 

revealed that non-starting players accumulate a similar total exposure time and total 

distance, considering both match and training time, as starting players. However, non-

starters exhibit lower levels of high-speed running compared to their starting counterparts 

(Anderson, Orme, Di Michele, Close, Milsom, et al., 2016). To address this discrepancy, it 

is recommended to incorporate additional high-speed activities into the training regimen for 

non-starters. Nevertheless, increasing the workload, particularly in terms of high-speed 

running and sprinting, can be challenging during congested fixture periods. This difficulty 

arises from the uncertainty surrounding player selection and availability. Indeed, within the 

framework of a 3- or 4-day microcycle (see Figure 6), the day following a match (MD+1) 

coincides with two days before the subsequent match (MD-2) and three days before the next 

match (MD-3), respectively. In this context, providing players with an effective training 

stimulus can be counterproductive if they are selected for the next match and do not 

adequately recover from the stimulus. Therefore, coaches and sports scientists must 

meticulously balance the dual objectives of delivering sufficient training stimuli and ensuring 

players' availability for selection. 

 

1.5 Defining congested fixture periods in football 

 

In contemporary football, the elite teams from various championships, such as Serie A and 

the Premier League, engage in frequent matches throughout the season to participate in 

international competitions and national cup tournaments. Consequently, these teams do not 

limit their play to weekends (one match per week); instead, they often compete multiple 

times within a week, sometimes playing 2-3 matches over a span of 7-8 days (Julian, Page 

and Harper, 2021). This scenario is prevalent in top-level football, where congested 

microcycles constitute 75% of the microcycles throughout an entire season. In Figure 7, the 

distribution of microcycle lengths over a full season for a professional adult top-level male 

football team competing in the Italian Serie A is illustrated. As evidenced, 3-day microcycles 

are more frequent than one might expect, accounting for 34% of the season. When 

combined with 4-day microcycles, they represent 57% of the season.  

This type of "congested fixture season" significantly hinders practitioners' ability to plan 

training according to the standard microcycle depicted in Figure 5, accounting only for 24% 
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of the microcycles of a season and which typically involves six training sessions per week 

with one match. During congested fixture periods, individual players may endure 

approximately 10 consecutive weeks of an intense schedule, encompassing both domestic 

and international matches, including commitments with their national teams (Silva et al., 

2023). Under these conditions, the number of weekly training sessions is decreased to 

prioritize physical recovery, particularly in the days immediately following a match, thereby 

enhancing overall performance  (Querido et al., 2022).  This approach significantly impacts 

the training load, such that the weekly load, especially the distance covered at high speed, 

is predominantly achieved during the matches themselves. (Anderson, Orme, Di Michele, 

Close, Morgans, et al., 2016).  

 

  

Figure 7: Microcycle length distribution during an entire season of a top-level football team. 

 

To illustrate, within a four-day microcycle, the initial session following a match (MD+1) is the 

sole opportunity for non-starting players from the previous match day to engage in physical 

development, occurring 72 hours before the subsequent match day. On MD+2, which is less 

than 48 hours after the previous match day and 48 hours before the next, starting players 

are still in the recovery phase from the previous match's exertions and are unable to fully 

train, while non-starters must begin tapering for the upcoming match day. Finally, MD-1, 
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occurring less than 72 hours after the previous match day and 24 hours before the next, 

serves as a tapering session for both starting and non-starting players.  

A three-day microcycle, consisting of MD+1, MD-1, and MD, is also feasible and constitutes 

at least 30% of the microcycles for teams concurrently competing in national championships, 

cups, and international competitions (FIFPRO, 2022). Under these circumstances, MD+1 

remains the only day available for training non-starting players, albeit with a limited load due 

to the approximately 48-hour window before the next match day. Conversely, MD-1, which 

occurs less than 48 hours after the previous match day and about 24 hours before the next, 

may be the only day to prepare starting players and assess their readiness for the 

forthcoming match. Thus, it is imperative to strike an optimal balance between recovery from 

the previous game and preparation for the next. 

 

1.6 Defining the most intense periods of the football match 

 

Reporting the match demand using the total values of distance covered and high-intensity 

activities is insufficient for planning a training session. Coaches can further dissect the match 

into subunits to be trained, identifying specific tactical situations or critical moments within 

the match. This approach aids in designing training drills that enhance the performance 

levels of individual players and, consequently, the team as a whole. Several studies 

described the total physical demand of a match or its relative demand (i.e., the average 

demand per minute) to define training targets and design training sessions (Impellizzeri, 

Marcora and Coutts, 2019; Chaize, Allen and Beato, 2024). However, it was suggested that 

the average match activities do not fully explain the demands of the game and they cannot 

be the only reference point for the physical training of the players. Specifically, average 

values towards training may not expose players to the most intense periods which occur 

intermittently throughout matches (Delaney et al., 2015). These peak locomotor periods that 

occur during a game have been reported using different terms such as most intense periods 

(MIP) (Martín-García, Casamichana, et al., 2018), peak match or physical demand 

(Whitehead et al., 2018), duration-specific running demands (Duthie et al., 2018), worst case 

scenario (Novak et al., 2021), most demanding passages (Lino-Mesquita et al., 2024) or 

other similar lexical alternatives. 

In professional football, the MIPs are utilized by practitioners as benchmarks for replicating 

exercises. This is particularly important when individual repetitions are of short duration, as 

it helps maintain a high level of physical demand during training (McCall et al., 2020). This 
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methodology proves beneficial in preparing players for various technical and tactical 

scenarios that require them to achieve very high intensities and cover significant distances 

in minimal time, such as during negative and positive transitions (Bortnik, Burger and 

Rhodes, 2022), very different from the average game demand (Abbott, Brickley and 

Smeeton, 2018; Riboli, Esposito and Coratella, 2022). In fact, a 5-min peak match demand 

was reported to be more than twofold for high-speed running distance and three-to sixfold 

for sprint distance, depending on the playing position, compared with the match average 

both in elite female (Ramos et al., 2017) and male (Riboli et al., 2021) players. Raising the 

bar, previous research has reported that relative distance can be over 200 m∙min-1 when 

analysed using short time windows (i.e., 1 min) in USA Major League of Soccer (Calder and 

Gabbett, 2022), and this game-speed intensity is much higher than the average relative 

distance (i.e., around 110 m∙min-1) reported considering the whole game in English 

professional football (Beato, Youngs and Costin, 2024; Chaize, Allen and Beato, 2024).  

 

1.7 Conclusion 

 

Football, recognized as the most widely played sport globally, has led to a continuous 

evolution in training methodologies. Coaches, in their quest for excellence, constantly refine 

their techniques, focusing on even the minutest details that could provide a competitive edge 

during matches. Among these various aspects, high-speed running has garnered significant 

attention over the past decade. This focus is evident not only in academic research but also 

in practical applications by professionals in the field. The emphasis on high-speed running 

underscores its perceived importance in enhancing player performance and overall team 

success. 

The substantial number of researchers and practitioners involved in the study of high-speed 

running in football is beneficial in terms of the volume of data available and reported. 

However, this abundance can also pose a challenge when there is no established 

international standard. Currently, there is no universally accepted definition of high-speed 

running. By synthesizing the various published studies, it is possible to approximate that 

high-speed running for football players is characterized by velocities exceeding 18-20 km∙h-

1 for female and male players, respectively. Raising the bar, the threshold for higher 

velocities, typically referred to as sprint running, is generally defined as speeds above 23-

25 km∙h-1 for female and male players, respectively. 
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In this manuscript, for the sake of clarity, the term high-speed running will be used to refer 

to any running activity that occurs at speeds above 18-20 km∙h-1, unless otherwise specified. 

This inclusive definition encompasses sprint running as well. 

For a football player, and indeed for athletes across various sports, running at high velocities 

necessitates both adequate space during training sessions and sufficient time for recovery 

between these sessions. These two variables - space and time - are therefore pivotal in the 

analysis and optimization of high-speed running. The availability of ample space ensures 

that athletes can achieve and sustain the required speeds, while appropriate recovery time 

between single repetitions or sessions is crucial for preventing injuries and maintaining peak 

performance levels. Consequently, any comprehensive study or training program focused 

on high-speed running must carefully consider these factors to enhance the effectiveness 

and safety of the training regimen. 

Indeed, each training exercise should be designed to encourage players to achieve high 

speeds, necessitating the use of large spaces and longer distances. The dimensions of the 

training pitch alone do not solely determine this; the number of players participating in a drill 

also plays a crucial role. By dividing the total playing surface by the number of players, one 

can determine the area each player is responsible for covering. This measurement, referred 

to as the relative pitch area (RPA), is a critical factor in understanding training demands and 

it is widely recognized for its impact on the requirements of high-speed running during 

training sessions. In fact, it highlights the importance of spatial distribution and player density 

in effectively simulating match conditions and optimizing training outcomes. 

On the other side, players require adequate recovery time following high-speed running 

training sessions or matches, that normally require a player to run a considerable amount of 

distance at high-speed. This need for recovery can pose significant challenges when there 

are only a few days between games. At the elite level, football players often contend with 

two match days per week. Consequently, starting players (those selected to begin the 

match) typically have only 2-4 days to recover and prepare for the next game. 

Simultaneously, players who were benched during the match need to experience similar 

high-speed running stimuli to compensate their lack of playing time. However, providing this 

exposure is challenging during short competitive microcycles, which offer limited training 

opportunities due to the brief 2-4 day intervals between games. These dual challenges often 

result in a polarized high-speed running load on match days, characterized by high weekly 

high-speed running values for starters and low values for non-starters. This disparity 
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underscores the difficulty in balancing training demands and recovery periods within the 

constraints of a rigorous competitive schedule. 

Finally, a significant portion of the high-speed running demands in a football match can be 

concentrated within very brief time intervals. This concentration poses a challenge in 

understanding the distribution of high-speed running throughout a match and identifying the 

worst-case scenarios that players must be prepared for. Understanding these peak 

demands is essential for designing training programs that adequately prepare players for 

the most intense phases of a match. By replicating these high-intensity periods in training, 

coaches can ensure that players are better equipped to handle the physical stresses of 

competitive play, indirectly reducing the risk of an injury occurring. 

 

1.8 Summary and aims of the thesis 

 

Considering the context described by the available literature, in turn determined by 

practitioners’ experiences and needs, it appears fundamental monitoring the workload of a 

football player. A systematic and individualized approach can help to avoid detraining of 

non-starting players and overtraining of starting ones, especially during congested fixture 

periods with reduced training opportunities and recovery days, respectively.  

 

1.8.1 Aims and objectives 

 

1. To date no standardized velocity thresholds exist for classifying high-speed running 

and sprinting in adult professional female and male football players. The scientific 

community and practitioners employ various approaches for both absolute and 

relative velocity thresholds, yet these methods have not been collectively analysed 

or discussed previously. This lack of a unified approach complicates the aggregation 

of results from different teams, thereby hindering the development of more robust 

benchmarks for both match and training demands. Therefore, all the studies about 

professional adult football players will be systematically analysed to identify potential 

common criteria to define high-speed and sprint thresholds. 

2. For élite level teams playing twice a week, high-speed and sprint running distance 

appear to be polarized during match days, inducing to find solutions to expose to this 

kind of stimulus all the players of the roaster independently by their playing time. To 
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date, very few studies have reported data from starting and non-starting players at 

élite level during congested fixture periods and none of them reported data about the 

near-to-maximal speed intensity. Therefore, workload differences between starting 

and non-starting players will be calculated at different speeds, in particular at near-

to-maximal velocity. 

3. Professional élite level football players have to compete more than once a week, but 

very few studies have described this particular scenario identified by microcycles with 

four or five days and none has explored the worst scenario of the three-days 

microcycle. Therefore, high-speed running distribution during the most common 

microcycles in professional élite football with three, four and five days will be defined. 

4. It results clear from this review that the average values recorded during a match can 

help to modulate the load across the training days and define training drills, but higher 

benchmarks have to be looked for to prepare all the players to the most demanding 

passages of the match. To date, most intense periods have been described for élite 

players, but only considering time windows longer than 1 minute. Therefore, shorter 

most intense periods of the match will be calculated and analysed to define the 

maximum quantity of high-speed running a top player has to run in a portion of the 

match. 

 

1.8.2 Research questions 

 

To address the gaps in knowledge identified in the aims, four intermediate research 

questions were formulated: 

1. Which high-speed running thresholds are most appropriate for describing the training 

and performance of football players? (Chapter 2) 

This question seeks to establish the specific velocity thresholds that best capture the 

demands of high-speed running in female and male adult football players, providing 

a standardized framework for both training and performance analysis. 

2. Is there a difference in high-speed running load between starting and non-starting 

players, particularly during congested fixture periods? (Chapter 4) 

This question aims to investigate whether starting players experience different high-

speed running loads compared to non-starting players, especially during periods with 
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a high density of matches. Understanding these differences can inform tailored 

training and recovery strategies. 

3. What is the distribution of high-speed running during different congested fixture 

microcycles? (Chapter 5) 

This question focuses on analysing how high-speed running is distributed across 

various microcycles within congested fixture periods. The goal is to identify patterns 

and optimize training schedules to manage player load effectively. 

4. What are the maximum intensity periods during matches for an élite Italian adult 

team? (Chapter 6) 

This question seeks to pinpoint the most demanding periods of high-speed running 

during matches, in particular for time windows shorter than one minute. By identifying 

these peak intensity phases, players can be better prepared for the highest physical 

demands they will face in competition. 
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1.8.3 Main thesis hypothesis 

 

Given the growing and sustained interest in the subject of high-speed running in football, 

the aim of this thesis is to provide a comprehensive description of its dynamics within an 

élite adult football team and to elucidate the specific patterns, demands, and implications of 

high-speed running in this context, offering valuable insights into how elite football players 

manage and optimize their performance through targeted training and recovery strategies. 

By focusing on an élite adult team, the thesis sought to contribute to the broader 

understanding of high-speed running, informing both academic research and practical 

applications in the field of sports science. 

In order to do this, the main hypothesis for this thesis are that (1) non starting players are 

less taxed compared to starting players, especially at very high running velocity, (2) very 

short congested fixture microcycles exacerbate this gap and, (3) most intense periods need 

to be trained specifically since completely different from average match values. 

This is presented graphically below in Figure 8, and these hypotheses will be examined in 

the experimental chapters of this thesis. 

 

 

 

 

  

Specific strategies are 

needed to monitor and train 

high-speed running. 

The match is the most demanding load a 

football player must sustain during the week. 

Non starting player are less 

taxed, especially in terms of high-

speed running. 

This gap between starters and 

non-starters is larger during 

congested fixture periods. 

The most intense periods are 

significantly more demanding 

compared to average values. 

Figure 8: Graphical representation of thesis hypothesis. 
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Chapter 2: Systematic review of the topic 
 

Aspects of this chapter have been published in the following paper: Gualtieri A, Rampinini E, Dello Iacono A, 

Beato M. High-speed running and sprinting in professional adult soccer: Current thresholds definition, match 

demands and training strategies. A systematic review. Front Sports Act Living. 2023 Feb 13;5:1116293. doi: 

10.3389/fspor.2023.1116293. 

 

2.1 Introduction 

 

In this chapter which high-speed running and sprinting thresholds are most appropriate for 

describing the training and performance of football players are systematically analysed. 

Football is a team-based sport characterized by an intermittent activity profile with high-

intensity activities such as accelerations, decelerations, changes of direction, sprinting, 

jumping, and tackling interspersed by low-intensity phases of passive (i.e., standing) and 

active recovery (e.g., walking, jogging) (Stolen et al., 2005; Reynolds et al., 2021). The 

match play intensity in male football has considerably increased over the last 15 years, 

especially due to the greater high-speed running and sprint locomotive demands. High 

speed running, in this case the distance covered at velocity between 19.8 km·h-1 and 25.1 

km·h-1, increased around 29%, and sprint, in this case distance covered at velocity above 

25.1 km·h-1, increased around 50%. High-speed running and sprint running account for ~7-

11% and ~1-3% relatively to the total distance covered during a match, respectively (Barnes 

et al., 2014; Reynolds et al., 2021; Lago-Peñas et al., 2022). Similarly, intense running in 

female football has increased across various playing positions by approximately 16-32% 

from the 2015 to the 2019 Fédération Internationale de Football Association World Cup 

(FIFA, 2019).  

In the lines here above the entry speed considered to define both high-speed running and 

sprinting were specified. In fact, to define high-speed running or sprinting an entry speed 

has to be defined. These two entry speeds, that consequently define two speed thresholds, 

can be absolute or relative. In the first case, a velocity, usually reported using km·h-1 or m·s-

1 as unit of measurement, is defined as cut off, while in the second scenario a percentage 

value is used to define the thresholds. This percentage value is relative to the maximum 

velocity achievable by every single player, that represents the 100%. Both absolute and 

relative thresholds can be useful for practitioners, as illustrated in the next lines. 

The evolution of football matches intensity implies that players should be adequately 

prepared to cope with the physical demands of the game. Furthermore, high-speed running 

and sprint activities are also considered as key determinants for successful performance 
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(Carling, Le Gall and Dupont, 2012). To illustrate, straight sprinting has been identified as 

the single most frequent locomotive action preceding goal situations, performed by either 

the scoring player or the assisting one (Faude, Koch and Meyer, 2012; Martínez-Hernández, 

Quinn and Jones, 2022). Moreover, there is evidence highlighting significant positive 

associations between high-speed running and sprint distances covered by players in specific 

positions (e.g., wide midfielders and forwards) and the number of matches won by their team 

(Chmura et al., 2018). Accordingly, the ability to sustain high-speed running and sprinting 

can be considered a key characteristic for football players to compete at the professional 

level (Chmura et al., 2017). Therefore, developing players’ capacity to perform high-speed 

running and sprinting is paramount for the coaching staff and sport science departments in 

professional football. On the other hand, even if the demand is increasing, there is no 

evidence that producing more high-speed or sprinting distance leads to the victory: 

preparing players to cope with the higher and higher game demand without deceiving them 

with the hope of an easy victory thanks to an improved sprinting capacity could be the most 

appropriate approach to be adopted by coaches. 

With the performance model in mind and moving to the training, the use of individual relative 

thresholds has been proposed as an alternative approach to arbitrary velocity thresholds 

selection for better quantifying external load measures in football (Beato, Drust and Iacono, 

2021), i.e. how much distance, high-speed running, sprinting players have to perform during 

training or games. For example, when comparing in Chapter 4 external load between 

starting and non-starting players during a 21-day congested fixture period of a Serie A team, 

significant between-group differences for sprint distance emerged only when individualized 

thresholds were used. In that case, 80 % of the individual peak velocity was used to define 

sprinting velocity. This may suggest that the selection of velocity thresholds should account 

for the individual maximal velocity to accurately quantify sprint distance outcomes during 

training and matches. Nevertheless, given that only preliminary evidence is available on this 

topic, further research is warranted to investigate the effectiveness of using individual 

relative thresholds in football.  

The monitoring of high-speed running and sprinting distance has been traditionally used to 

inform training practices with the aim to physically prepare football players to the match 

demands. However, some training contents and drills are unable to elicit high-speed running 

or sprinting: summarizing the pertaining literature and outcomes across different types of 

exercises can allow coaches to make evidence-informed decisions when planning training 

sessions aimed at ensuring adequate high-speed running and sprint distances exposure.  
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Therefore, in the next paragraphs the evidence on velocity thresholds used to classify high-

speed running and sprinting in adult professional female and male soccer players will be 

reported; the existing evidence about the use of individualized thresholds will be examined; 

the high-speed running and sprinting demand during football matches and training will be 

described; and the available evidence about the relationship between high-speed running 

and injuries will be discussed.  

Once these questions are addressed, it will facilitate a comprehensive understanding of 

high-speed running and sprinting in football. This will also elucidate the existing knowledge 

gaps that the experimental studies in Chapters 4, 5, and 6 aim to bridge. These chapters 

offer an in-depth examination of high-speed running in football players, beginning with a 

week-long period and culminating in Chapter 6 with an analysis of the most intense 10 

seconds during a match. 
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2.2 Methods 

 
To analyse systematically the literature about high-speed running and sprinting in football, the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols (PRISMA) 

statement was consulted. As a consequence, prior to the start of this systematic review the relative 

checklist was completed (Page et al., 2021). The review methods were established prior to the 

conduct of the review, including review question, search strategy and inclusion/exclusion criteria. No 

significant deviations from the a priori protocol was made. The assessment of the risk of bias was 

not performed because of the complexity of judging the quality of observational studies: this decision 

has been taken considering what previously reported by other authors that deepened the topic (Lang 

and Kleijnen, 2010). 

 

2.2.1 Review questions 

 

Four review questions were stated before starting with the systematic search of the 

literature: 

 

1. What absolute and relative velocity thresholds are utilized to classify high-speed 

running and sprinting in adult professional female and male soccer players? 

2. What are the demands of high-speed running and sprinting during football matches? 

3. What are the demands of high-speed running and sprinting during football training 

sessions? 

4. Is there a relationship between high-speed running and the incidence of injuries? 

 

2.2.2 Search methods for identification of studies 

 

To answer the four questions reported in the previous paragraph, the same systematic search was 

performed in PubMed (MEDLINE), Web of Science and SPORTDiscus (EBSCO) until October 2022 

with no restriction for year of publication. The following search strategy adapted for each database 

was used: ((‘football’ OR ‘soccer’) AND (‘adult’ OR ‘senior’)) AND ((‘high speed’ OR ‘sprint’) AND 

(‘running’ OR ‘distance’ OR ‘effort’)) AND (((‘match’ OR ‘game’) AND (‘demand’ OR ‘request’)) OR 

(‘training’ OR ‘session’)).  
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Table 1: Systematic review search strategy 

 

In addition, manual searching, and reference checking have been performed by three independent 

reviewers to search other relevant reports. 

 

2.2.3 Inclusion and exclusion criteria 

 

Studies were included if they met the following criteria. 

• The study was original research article. 

• the study was published in English and in a peer-reviewed journal. 

• The research design was either an observational study, an intervention study including a 

control group or with a crossover design. 

• Participants were professional football players of any football code and any sex. 

• The study reported high-speed running or sprint distances outcomes, defined according to 

arbitrary or individualized velocity thresholds and collected during official matches or training 

sessions. 

• The study reported any high-speed running related injury mechanism, incidence, or 

prevalence.  

Contrariwise, manuscripts were excluded from the review in any of the following cases. 

• The subjects played at a lower level of the third national league, but only if not defined as 

professional players. 

• Metrics reported did not include high-speed running and sprinting values. 

• Data came from manual coding. 

 

  

Variable Search terms 

Population (‘football’ OR ‘soccer’) AND (‘adult’ OR ‘senior’) 

Load (‘high speed’ OR ‘sprint’) AND (‘running’ OR ‘distance’ OR ‘effort’ OR 
‘velocity’)  

Variable ((‘match’ OR ‘game’) AND (‘demand’ OR ‘request’)) OR (‘training’ OR 
‘session’)  

Final search Combination of the three groups: ‘Population’ AND ‘Load’ AND ‘Variable’ 
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2.2.4 Data collection and analysis 

 
My self and another independent researcher independently assessed titles and abstracts of all 

identified articles, which were downloaded into a web app for systematic reviews (rayyan.qcri.org, 

Hamad Bin Khalifa University, Qatar) (Ouzzani et al., 2016). A third independent reviewer was 

consulted to settle conflict. 

 

2.2.5 Data extraction 

 
Me and the other reviewer independently extracted data from all relevant articles by reading the 

articles in full. Key areas of interest were elucidated, and the information extracted included:  

• Study population, i.e. sample size, gender, football code, competition level and Club’s name 

when available. 

• Dataset dimension, i.e. number of training sessions or weeks, number of games, number of 

seasons included in the study. 

• High-speed and sprint running metrics, adopted absolute and/or individualized thresholds. 

• Details from the study relevant for the systematic review, i.e. main findings and average 

training or match load values. 
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2.3 Results 

 

2.3.1 Search results 

 

The systematic search through the 3 databases (i.e., Pubmed, Web of Science, SPORTDiscus) 

produced 830 records, which were screened using a web app for systematic reviews 

(rayyan.qcri.org, Hamad Bin Khalifa University, Qatar) (Ouzzani et al., 2016) to remove any 

duplications. The summary of the systematic search was as follows: 

- 704 results on Pubmed 

- 76 results on Web of Science  

- 50 results on SPORTDiscus 

After removing duplicates (n = 32), to enable simultaneous screening against the inclusion–exclusion 

criteria, titles and abstracts were screened to remove articles that were clearly not relevant. At this 

stage, 733 records were excluded. The full texts of the remaining 65 articles were then accessed for 

complete screening with 19 studies being excluded as did not meet the inclusion criteria. Seven 

additional studies were found through other sources, 3 from personal archives and 4 following 

references screening of the 65 articles accessed. Independent screening results were then 

combined, and any disagreements was resolved by consensus discussion with supervisors. After 

the final screening, 53 studies were included in this systematic review. The PRISMA flow diagram 

for the description of the overall process is reported in Figure 9. 
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Figure 9: PRISMA flow diagram for the description of the overall process for the systematic review. 

 

2.3.2 Descriptive characteristics of the included studies 

 

After final screening, 1 longitudinal observational study, 2 reviews, and 50 observational studies 

were included in the systematic review. Data regarding sample size, gender, age, load metrics and 

results about match and training demand as well as high-speed running related injuries were 

extracted, verified for accuracy, and reported in Table 2, Table 3 and Table 4.  

Seven studies were carried out with female players, 43 with male players and 1 with both female 

and male players. These studies were carried out between 2013 and 2022 and comprised a total of 

1897 participants, divided as follows: 97 adult females and 1800 adult males. The total number of 

analysed games was 442 for females and 2098 for males. The asymmetry between the number of 

players and the number of games is due to the different objects of the studies. The male sample 

considers both training monitoring and matches, while the female sample includes only data 

collected during matches. The total number of pre-season and in-season weeks was 287 overall. 

The total number of single drills analysed was 209. The key outcomes of the selected studies in this 

systematic review included velocity thresholds definition, match demands and training outcomes in 

terms of high-speed running and sprint distance, and high-speed running related injuries. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers). 

Records identified from: 
 

MEDLINE (n = 704) 
Web of Science (n = 76) 
EBSCO (n = 50) 

Records removed before 
screening: 

Duplicate records removed  
(n = 32) 
Records marked as ineligible 
by automation tools (n = 0) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 798) 

Records excluded 
(n = 733) 

Reports sought for retrieval 
(n = 65) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 65) 

Reports excluded: 
 

Sport = (n = 9) 
Level = (n = 4) 
Metrics = (n = 3) 
Data sample frequency or 
collection = (n =3) 

Records identified from: 
 

Organisations (n = 3) 
Citation searching (n = 4) 

Reports assessed for eligibility 
(n = 7) 

Reports excluded: 
(n = 0) 

Studies included in review 
(n = 46) 
Reports of included studies 
(n = 7) 

Identification of studies via databases and registers Identification of studies via other methods 
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Table 2: High-speed running in women and men & absolute VS relative thresholds. 

Study Subjects Metrics Details 

(Bradley and 
Vescovi, 2015) 

Female football 
players 

HSR threshold 

Sprint threshold 

Vmax 

Female VS male football players: Vmax ~10% 
lower, V@VO2max ~15% lower, final V@Yo-Yo 
~12% lower. 

A generic HSR thresholds for female could be 
at 15-16 km/h.  

To set an individual threshold for HSR you can 
use V@VO2max or the final V@Yo-Yo. In female it 
changes with age till >24 yrs. 

To assess Vmax a 30-40m sprint test is needed. 
In female Vmax tends to plateau at 16 yrs. 

(Mara et al., 2017) 12 elite female 
players from the 
Australian national 
league (W-League) 

7 games 

HSR = 12.24 - 19.0 
km/h 

Sprint >19 km/h  

High Speed Runs 
and Sprints (n) 

Match demand: HSR = 2452 ± 636 m; Sprint = 
615 ± 258 m; high-speed runs = 376; sprints = 
70. 

A large proportion of high-speed runs (81–84%) 
and sprints (71–78%) were performed over 
distances less than 10 m, with 14 seconds 
between high-speed runs and 87 seconds 
between sprints. The characteristics of high-
speed runs and sprints differed between repeat 
and nonrepeat efforts, and the activity profiles of 
players varied according to positional groups and 
period of the match. 

(Baumgart, Freiwald 
and Hoppe, 2018) 

14 adult female 
players  

115 U12-13-14-15-
17-19-23 and PRO 
male players 

from a 1st division 
German Bundesliga 
club 

30m linear sprint  

with 5-10-20m split 
times 

Sprint mechanical properties differ according to 
gender and age in top-level German football 
players. An increase in sprint mechanical 
properties was found from U12 to U17. Sprint 
mechanical properties of females were similar to 
those of U14 and U15 male players. 

(Scott and Lovell, 
2018) 

22 International 
women's football 
players 

HSR >12.67 km/h 
(HRDP) 

VHSR > 17.82 km/h 
(MAS) 

In this approach, each players running speed 
corresponding to HRDP, together with their MAS 
determined from the VAM-EVAL, were used as the 
entry-points to the HSR and VHSR zones. 

Individualised speed thresholds for external 
load monitoring were not able to better quantify the 
dose-response of Football training during a 21-day 
training camp in players representing the highest 
level of women’s football. Quantifying the external 
load using players’ peak sprinting speed 
demonstrated a lower capacity to determine the 
dose-response of training, with consistently lower 
associations with heart rate and RPE. 
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(Massard, Eggers 
and Lovell, 2018) 

23 semi-
professional 
Australian male 
football players 

Peak speed (PS) in 
40-m sprint test and 
match 

Maximal sprint speed testing may be unnecessary 
for PS determination in football players. Instead, 
tracking PS via 10 Hz GPS over a series of 
matches is a suitable alternative, even during 
preseason “non-competitive” matches. 

Absolute PS was faster in matches (31.4 ± 1.5 
km ∙ h−1) versus measures in a 40m sprint test 
measured using timing gate (+0.80; 90% CI:0.13–
1.47 km/h; likely small effect) and GPS (+1.14; 
90% CI: 0.47–1.81 km ∙ h−1; likely moderate 
effect). 

(Kyprianou et al., 
2019) 

12 male youth 
football players 
(U17) 

Peak speed in 40-m 
sprint test, sprint 
training, match, 
LSG, MSG, SSG 

To assess Vmax a 40m sprint test is needed. 
Percentage differences Vpeak when compared 
with the sprint test were as follows: -41% (SSG), -
27% (MSG), -21% (LSG), -3% (sprints), and -9% 
(matches). 

(Park, Scott and 
Lovell, 2019) 

27 international 
female players 

52 international 
matches 

HSR: ≥12.5 km/h  

VHSR: ≥19 km/h  

Sprint ≥22.5 km/h 

 

PS in elite women = 29.0 ± 1.5 km/h 

k-means clustering and Gaussian mixture 
modelling were not appropriate for football given 
the limited instances in which players move at 
velocities associated with sprinting, which are 
often considered key physical performance 
indicators. A spectral Clustering technique with 
application of a 𝛽 = 0.1 smoothing factor derived 
new thresholds featuring both logical validity and 
analysis rigor. Similar analyses may be warranted 
to determine appropriate velocity zones for other 
sports and youth populations. 

(Rago et al., 2019) 13 Italian Serie B 
football players 

MSR = arbitrary 
14.4-19.8 km/h or 
individualised 80-
99% MAS 

HSR = 19.9-25.1 
km/h or 100% MAS 
– 29% ASR 

Sprint = ≥25.2 km/h 

or ≥30% ASR 

Perceptual responses (RPE) were moderately 
correlated to MSR and HSR quantified using the 
arbitrary method (p < 0.05; r = 0.53 to 0.59). 
However, the magnitude of correlations tended 
to increase when the individualised method 
was used (p < 0.05; r = 0.58 to 0.67). Distance 
covered by sprinting was moderately correlated to 
perceptual responses only when the 
individualised method was used (p < 0.05; 0.55 
[0.05; 0.83] and 0.53 [0.02; 0.82]). 

The magnitude of the relationships between 
external training load (ETL) and RPE parameters 
appears to slightly strengthen when ETL are 
adjusted to individual fitness capacities, with 
special emphasis on cardiorespiratory fitness 
(MAS). 

(Ramos et al., 
2019) 

U17 (n=14), U20 
(n=14) and adult 
(n=17) international 
women football 
players 

High intensity (HID) 
= 15.6-20 km/h 

Sprint >20 km/h 

Likely to almost certainly differences among all 
age brackets for the HID and sprint were found 
(adult > U20 > U17, ES varying from 0.41 [20.23–
1.06] to 3.69 [2.63–4.76]), except for the 
comparison between U17 and U20 for sprint 
where the differences were rated as unclear. 

HID: adult (756m) > U20 (688m) > U17 (485m). 
Sprint: adult (307m) > U20 (223m) ≈ U17 (192m). 

(O’Connor et al., 
2020) 

53 pro male 
Australian rules 
footballers 

ABS sprint >24.9 
km/h 

REL sprint ≥75%, 

≥80%, ≥85%, ≥90%, 

≥95%, 

Very low and very high 4-week cumulative sprint 
loads ≥80% individual Vmax resulted in higher 
incidence rate ratios (2.54–3.29), than ABS 
thresholds (1.18–1.58). 
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(Scott, Norris and 
Lovell, 2020) 

36 elite female 
players from 
National Women’s 
Soccer League 
(NWSL, USA) 

408 match 
observations (11±6 
per player) 

HSR: ≥12.5 km/h or 
60% vIFT (50% PS) 

VHSR: ≥19 km/h or 
80% vIFT (65% PS) 

Sprint ≥22.5 km/h or 
30% ASR (80% PS)  

Subjective ratings of fatigue and wellness are 
not sensitive to substantial within-player changes 
in match physical performance. HSR, VHSR, and 
SPR thresholds customized for individual 
players athletic qualities did not improve the 
dose-response relationship between external load 
and wellness ratings. 

PS in elite women = 30.5 ± 1.8 km/h (mean of 5 
different roles). 

Match demand (ABS): HSR = 2401 ± 454 m; 
VHSR = 398 ± 143 m; sprint = 122 ± 69 m.  

 

 

Table 3: High-speed running during training and match. 

Study Subjects Metrics Details 
 

(Mugglestone et al., 
2013) 

20 semipro football 
players 

50 games  

HSR >15 km/h 

Sprint > 21 km/h 
(meters & number) 

1st vs 2nd half 

(1 Hz GPS) 

HSR was reduced in the second half (1st half 
vs 2nd half: 837±294 vs 797±289 m; p = 0.03). 

The number of sprints decreased over time, but 
between halves there were no differences in 
the distance sprinted (1st half vs 2nd half: 
159±100 vs 161±93 m; p = 0.79) or in the 
number of sprints (1st half vs 2nd half: 11±6 
vs 11±6; p = 0.68). 

Large correlations between temperature and 
number of sprints (1st half 0–5 min: r = 0.638, p 
< 0.001; 2nd half 0–15 min: r = 0.616, p < 
0.001) and temperature and total distance 
covered (1st half 0–5 min: r = − 0.767, p < 
0.001; 2nd half 0–15 min: r = 0.763, p < 0.001) 
in the first 5 min of each half. 

Semipro in this study performed 1/3 of HSR in 
a 5 min period compared with the top-class. 

(Scott et al., 2013) 15 professional 
football players 

97 individual training 
sessions  

HSR >14.4 km/h 

VHSR >19.8 km/h 

Absolute and % of total distance values 
recorded during training: HSR = 544 ± 255m 
(12.0 ± 3.8%), VHSR = 132 ± 101m (2.8 ± 
1.9%). For ranges see the table below. 

 

(Silva et al., 2013) 

 

13 professional 
players from the 
Portuguese 
championship 

8 matches during 4 
time points of the 
season  

Manual coding 

HSR = 18 – 30 km/h 

Sprint >30 km/h 

Match demand: HSR distance = 420 ± 107m 
(Aug), 380 ± 56m (Oct), 430 ± 54m (Jan), 661 
± 193m (Mar). Sprint distance = 98 ± 28m 
(Aug), 96 ± 25m (Oct), 111 ± 33m (Jan), 206 ± 
78m (Mar).  

Alterations in game physical parameters of 
professional football players occur during the 
season and training status is related to a 
greater ability to maintain HI-related 
performance variables during the match. 
Players covered greater total and HI distances 
in the last quarter of the season. The amount of 
HI performed in the last 15-minute period of 
each half, which is indicative of the ability to 
maintain performance during the game was 
higher in the last quarter of the season. 
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(Wehbe, Hartwig and 
Duncan, 2014) 

19 elite male adult 
football players from 
Australian-league 
(A-League) soccer 
(Sydney Football 
Club) 

8 preseason 
matches 

HSR > 19.7 to ≤ 
25.1 km/h 

Sprint > 25.1 

Putting together 
thresholds: 

HIR >14.3 km/h  

VHIR > 19.7 km/h 

Positional comparison: midfielders covered 
28% more HIR distance than defenders. 

Match half comparison: HIR and VHIR 
decreased from the first to the second half by 
10 and 11%, respectively.  

Match status analysis: when the team was 
winning, average speed was 4% lower than 
when the team was drawing (p ≤ 0.05, d = 
0.32).  

Pre- and post-goal analysis: scoring or 
conceding goals did not appear to affect HIR. 
In the 5-minute intervals before and after a goal 
was scored, 5-minute HIR distance was 140 
and 128 m, respectively (p = 0.464). In the 5-
minute intervals before and after a goal was 
conceded, 5-minute HIR distance was 144 and 
110 m, respectively (p = 0.015). Average and 
peak 5-minute HIR distance during the whole 
match was 123 and 237 m, respectively. 

Spanish league players covered less distance 
at high intensity (>19.1 km/h) and more 
distance at low intensity (<14.1 km/h) when 
their team was winning compared with when 
their team was losing (Lago 2010). 

(Malone et al., 2015) 30 professional 
players from English 
Premier League 
(Liverpool) 

6 preseason weeks 

36 in-season weeks 

3 microcycles 

HSD > 19.8 km/h Higher total distances covered in the early 
stages of the competitive season and the 
highest HR response occurring at the midpoint 
of the season. 

HID 1-week in-season microcycles (daily 
means): early-season = 243 ± 229m, mid-
season = 225 ± 213m, late-season = 146 ± 
104m. 

Wide midfielders covered a higher amount of 
HSD across the different microcycles than 
central defenders (94 [43–145] m, ES = 0.47 
[0.22–0.73], small). 

Periodization of training load was typically 
confined to MD-1 (regardless of mesocycle), 
whereas no differences were apparent during 
MD-2 to MD-5. 

(Anderson, Orme, Di 
Michele, Close, 
Morgans, et al., 
2016) 

12 English Premier 
League players 

10 training sessions 
+ 6 games (1-, 2-, 3-
game weeks) 

HSR = 19.8 - 25.1 
km/h 

Sprint >25.1 km/h 

The majority of distance during specific training 
sessions was completed in the low-to moderate 
speed zones, whereas the distance 
completed in high-intensity zones were 
largely completed in the game itself. 

HSR: match demand = 706 m; training stimulus 
= 156 m (1-game week),192 m (2-game week), 
81 m (3-game week). 

Sprinting: match demand = 295 m; training 
stimulus = 8 m (1-game week),16 m (2-game 
week), 7 m (3-game week). 
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(Carling et al., 2016) 12 French League 1 
players 

31 games 

HSR = 19.8 - 25.2 
km/h 

Sprint >25.2 km/h 

Total HSR (THSR, 
≥19.8 km/h); 

Math demand: HSR = 587 ± 133 m; Sprint = 
184 ± 87 m; THSR = 770 ± 206. 

 

(Kobal et al., 2016) PRO vs U20 vs U17 10-20 m sprint time 

Squat 1RM, CMJ/SJ 
height, Yo-Yo IRTL1 

10 and 20m sprint time is not different between 
U17, U20 and PRO: due to importance of 
sprinting in football, it is strongly recommended 
that fitness coaches develop more effective 
strategies to improve speed ability in PRO. 

(Chmura et al., 2017) 340 international 
football players from 
32 teams 

905 single 
observations during 
2014 World Cup 

HIR = 19.9 – 25.2 
km/h (% of TD) 

N° of sprints >25.2 
km/h 

The mean distance covered by players at high 
intensity was 8.83 ± 2.11%. It was significantly 
longer between the quarter-finals and the semi-
finals (p ≤ 0.01). In the semi-finals the 
percentage values of TD covered at HI were 
the greatest. Individually, the greatest 
percentage achieved was 17% by 2 
midfielders. 

The mean number of sprints performed was 
33.25 ± 10.67, 1 every 173 s. The greatest 
number of performed sprints was 68, 1 every 
82 s, in a semi-final match. 

Winning a football championship requires 
players to run longer mean total distances and 
longer distances at high intensity during a 
single match. 

(Miñano-Espin et al., 
2017) 

149 Real Madrid 
games: data from 
Real Madrid and 
opposing teams’ 
players 

HIR = 21.1 - 24.0 
km/h 

Sprint >24 km/h 

High Speed Runs 
and Sprints (n) 

Match demand: HIR distance = 269 m Real 
Madrid vs 285 m opposing team; Sprint 
distance = 245 m vs 248 m; High Intensity 
Runs = 11; Sprints = 20. 

Players from Real Madrid covered shorter 
distances in HIR and Sprint and executed less 
sprints than players from the opposing team. 

No differences were revealed in the HIR and 
Sprint distances or the number on high 
intensity runs and sprints performed by players 
from Real Madrid depending on the quality of 
the opposition. 

(Abbott, Brickley and 
Smeeton, 2018) 

46 U23 Premiere 
League 2 
professional players 
(Brighton and Hove 
Albion) 

22 matches 

39 LSG, MSG, SSG 

VHSR = 100% MAS 
– 30% ASR 

Sprint >30% ASR 

Mean and 1-min 
peak values 

Despite eliciting significantly higher average 
total distances compared with competition, 
LSGs produced significantly lower peak total 
distance relative to the competition. For VHSR 
and sprinting, LSGs elicited similar average 
intensities to competition; however, peak 
intensities were significantly lower than 
competition. 

VHSR and sprinting distances increased 
with game format, with LSGs (> 7v7) 
producing the highest intensities. Only LSGs 
were able to replicate competitive demands, 
with SSGs and MSGs significantly below 
competitive values for all positions. 
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(Baptista et al., 2018) 18 professional 
football players 
(Tromsø Idrettslag) 

23 official matches 

HIR ≥ 19.8 km/h 

Sprint ≥ 25.2 km/h 

Number of HIR and 
sprint efforts of 
various length (1-5, 
6-10, 11-15, 16-20, 
21-25, 26-30, 31-35, 
36-40, 41-45, 46-
50m) 

CoD counts 

CB had the lowest values of all positions in 
both variables but especially pronounced in 
Sprint (1 m/min) when compared with CF (2.5 
m/min). 

HIR analysis: CF presented higher values in 
26-30 m than all the other positions, while 
distances of 36-40 and 46-50 m were covered 
more times by FB. CB were the players with 
lowest values in these longer distances (36-
40 and 46-50). 

Sprint analysis: CB, FB, CM and WM 
performed higher number of 1-5 m sprints, 
while CF covered higher number of 6-10 m 
sprints. 

The most common distance covered in HIR for 
CB, CM, WM and CF was 1-5 m, but for full-
backs was 6-10 m. 

(Casamichana, 
Bradley and 
Castellano, 2018) 

20 amateur adult 
football players 

4 different SSG 
5v5+GK: 25x40, 
25x66, 50x40, 
50x66 

13.0 – 17.9 km/h 

18.0 – 20.9 km/h 

>21 km/h 

(1) short narrow pitch (SN; 40 × 25 m), (2) 
short wide pitch (SW; 66 × 25 m), (3) long 
narrow pitch (LN; 40 × 50 m), and (4) long wide 
pitch (LW; 66 × 50 m). 

Coaches could design SSGs on short pitches if 
the neuromuscular load (accelerations, 
decelerations and change of direction) needs to 
be increased and design SSGs on longer 
pitches if the cardiovascular (heart rate) and 
mechanical load (distance covered and peak 
speed) needs to be elevated.  

(Martín-García, 
Gómez Díaz, et al., 
2018) 

24 professional 
football players 
(Barcelona 2nd 
team) 

37 matches + 42 
training weeks (1 
game per week) 

HSR >19.8 km/h 

Sprint > 25.2 km/h 

When comparing starters and non-starters at 
MD+1, thanks to the SSG approach used in 
players with limited game time, non-starters 
demonstrated greater external loads for TD, 
HMLD, AMP, ACC, and DEC, but not for HSR 
or SPR.  

In youth football, Ade et al. found that running-
based drills elevated HSR and SPR compared 
with SSG drills, but the latter produced more 
ACC and DEC. Thus, implementing a mixed 
strategy of SSG and running-based drills could 
provide the best training stimulus for non-
starters. 

The session that produced the greatest HSR 
(43%) and SPR (45%) distances relative to 
competition was MD-4. 

HSR and SPR distances are the metrics 
illustrating the most variability within the 
microcycle (>80%), which is consistent with the 
variability found in SSG formats (60–140%) (2) 
but lower than competition variability (20–30%) 
(14,16). 
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(Martín-García, 
Casamichana, et al., 
2018) 

23 professional 
football players 
(Barcelona 2nd 
team) 

37 official matches 

HSR > 19.8 

Sprint >25.2 km/h 

1’, 3’, 5’ and 10’ MIP 
using TD, HMLD e 
AMP as the criterion 
variables 

HSR: FB covered the greatest distance, 
reaching values of 47.2 ± 24.0 m/min in the 1’ 
period. 

1’ MIP demand using TD as the criterion 
variable (positions’ average): TD = 191.6±19.7, 
HSR = 38.3±23.1, Sprint = 10.6±15.6, 
ACC>3m/s2 = 2.8±1.6, DEC <-3 m/s2 = 3.5±1.6 

1’ MIP demand using HMLD as the criterion 
variable (positions’ average): TD = 173.5±26.0, 
HSR = 49.9±19.8, Sprint = 16.6±17.4, 
ACC>3m/s2 = 3.5±1.7, DEC <-3 m/s2 = 3.6±1.7 

(Soroka, 2018) 599 players 

who played in 2010 
World Cup 

HIR = 19.9 – 25.2 
km/h 

Sprint > 25.2 km/h 

The largest amount of HIR and Sprint distance 
was found in midfielders, which did not 
correspond to studies carried out on players of 
the Premier League and Primera Division in 
2006-2007 (strikers covered the largest sprint 
distance) (Carling 2008).  

(Vieira et al., 2018) 40 Brazilian 
professional football 
players 

59 official matches 

HIA: ≥15 km/h 

(events) 

MSS 

(1 Hz GPS) 

Individualized data analysis revealed that 
during national leagues the players presented 
reduced HIA when played congested than non-
congested periods. 

(Dalen et al., 2019) 26 male football 
players from an elite 
Norwegian league 
team 

18 games and 56 
SSGs (28 4vs4 + 28 
6vs6) 

HIR >19.8 km/h 

Sprint >25.2 km/h 

HIR (m/min) in match peak (5 mins most 
demanding period), match mean, 4v4 and 6v6 
= 19±3.5, 8.3±2.1, 2.7±0.9, 3.7±2.1. Sprint = 
8.8±4, 1.7±0.7, 0.1±0.1, 0.2±0.5. 

The smaller pitch used for SSGs may lead to a 
different work pattern from match play, which is 
supported by the relatively low HIR and sprint 
distances observed during SSGs in this study. 
4 vs 4 games are a good method of training 
acceleration and player load tolerance, but 
SSGs do not represent a good method of 
training HIR. 

(Clemente, 
Sarmento, et al., 
2019) 

23 professional 
football players 
(Portuguese Second 
League) 

5v5+GK in 40x31m 
(124 m2) 
6v6+GK in 45x32m 

(120 m2) 
9v9+GK in 70x50m 

(194 m2) 

Running = 14 – 20 
km/h 

Sprinting >20 km/h 

Greater values for sprinting distance were 
found in the full match compared to 5vs5+GK 
(d = 3.673, strong effect), 6vs6+GK (d = 2.606, 
moderate effect) and 9vs9 +GK (d = 1.903, 
moderate effect) sided games.  

MSG are not appropriate for simulating the 
sprinting conditions of official full matches. LSG 
(9vs9+GK) simulate official full matches more 
accurately than the other sided-games that 
were studied (5vs5+GK and 6vs6+GK). 

 

(Jones et al., 2019) 37 professional 
male football 
players (English 
Football League 
One) 

79 matches 
partitioned in 3 
fixture congestion 
scenario 

HID = 19.9 – 25.2 
km/h 

Sprint > 25.2 km/h 

The Linear Mixed Model did not identify 
significant interactions between position, fixture 
congestion scenario and time period (p = 
0.549), position and fixture congestion scenario 
(p = 0.481), nor fixture congestion scenario and 
time period (p = 0.162). 
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(Casamichana et al., 
2019) 

23 professional 
football players 
(Barcelona 2nd 
team) 

37 official matches 

TD, HMLD, AMP 

1’, 3’, 5’ and 10’ MIP  

The differences between the first and second 
half are trivial or unclear when short time 
windows are considered (e.g.,1 and 3 min), but 
they increase as the rolling duration increased, 
reaching the greatest difference between 
halves in the complete half (45 min). 

(Clemente, Rabbani, 
et al., 2019) 

27 professional 
football players 
(Sporting Lisbona) 

22 training weeks 
(with 3-4-5 training 
sessions + 1 game) 

 

RD = 14.0 – 19.9 
km/h 

HSR = 20.0 – 24.9 
km/h 

Sprint > 25.0 km/h 

Training/Match ratio 
(TMr) 

It was observed that specific variables (e.g., 
HSR distance and sprinting distance) were 
associated with substantially lower ratios than 
other variables. 

The TMr for RD and HSR distance were 
1.2±0.7 and 1.1±0.8, respectively, in 3-days 
week and 2.3±1.3 and 2.3±1.5, respectively, in 
5-days week. This suggests that the number of 
training sessions tend to emphasize the stimuli 
of overall distance and that the demand of 
three days of training is very similar to the 
demand of one match. 

Some determinant external load measures 
(e.g., HSR or sprinting) are clearly undertrained 
comparing with more prevalent measures (e.g., 
TD, ACC or DEC): SSG increase the frequency 
of ACC/DEC while decreasing opportunities to 
perform HSR or sprinting. 

 

(Hills et al., 2019) 17 Championship 
football players (Hull 
City Tigers) 

13 matches (35 
single observations) 

MSR > 14.4 ≤ 19.8 
km/h 

HSR > 19.8 ≤ 25.2 

Sprint > 25.2 

Relative TD (+13.4 m/min) and HSR (+0.4 
m/min) distances covered during rewarm-ups 
increased with proximity to pitch-entry. 

Very few HSR and no sprint distance were 
performed during each warmup or rewarm-up 
bout. 

Substitutes covered greater TD (+67 to +93 m) 
and HSR (+14 to +33 m) distances during the 
first five min of match-play versus all 
subsequent epochs. 

(Modric et al., 2019) 101 professional 
football players from 
Croatian Soccer 
League (6th of 10) 

14 matches 

RD = 14.4 – 19.7 
km/h 

HSR = 19.8 – 25.1 
km/h 

Sprint > 25.2 km/h 

InStat technical 
index 

Math demand: HSR = 462 ± 160 m; Sprint = 
156 ± 97 m. 

Association between the running 
performance of players involved in certain 
playing positions and overall game 
performance (InStat index). Specifically, it 
seems that CD distance in the running zone 
and number of high-intensity accelerations, FB 
number of decelerations, and FW sprinting 
distance are crucial physical requirements of 
team success. 

 

(Oliveira et al., 2019) 19 elite football 
players participating 
in UEFA Champions 
League. 

39 weeks + 50 
matches 

HSD > 19 km/h 

Hooper Index 

Although there are some significant differences 
between mesocycles, there was minor variation 
across the season for the internal and external 
TL variables used. MD-1 presented a reduction 
of external TL during in-season match-day-
minus training comparison 
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(Asian-Clemente et 
al., 2020) 

17 U19 professional 
football players form 
an elite Spanish first 
division football club 

4 SSGs (5c5c5+2) 
in 1 single 35x35m 
pitch or in 2 
28.5x28.5m 
contiguous pitches 

HSD = 18 – 21 km/h 

VHSD >21 km/h 

VHSD (m/min): 2.5 ± 1.8 in 35x35m, 12.8 ± 6.3 
using 2 contiguous 28.5x28.5 pitches, 4.6 ± 2.3 
in official matches. 

When football is played in smaller relative 
areas than those used for official games, the 
ACC and DEC will be increased. Similarly, 
forcing players to change spaces quickly 
during SSGs promotes greater running 
activity, with higher HSD and VHSD covered 
per player. Although most of the running 
demands during matches were simulated with 
the proposed SSGs, it may be necessary to 
design other types of tasks to train for peak 
speed and distance covered at sprint speed. 

(Kelly et al., 2020) 26 English Premier 
League players 
(Manchester United) 

1 season 

HSD >14.4 km/h 

VHSD = 19.8 – 25.2 
km/h 

HSD was greater 3 days before a game (G-3) 
vs G-1 (95% CI, 140 to 336 m) while VHSD 
was greater on G-3 and G-2 than G-1 (95% CI 
range, 8 to 62 m; p < 0.001). 

HSD was similar between mesocycles during 
the whole season suggesting that training 
schedules employed in elite football may be 
highly repetitive likely reflecting the nature of 
the competition demands. 

(Altmann et al., 
2021) 

German Bundesliga 
male players 
(n = 25) 

Match observations 

(n = 163) 

HID = 17.0 – 23.99 
km·h-1 

Sprint ≥24.0 km·h-1 

CM showed both the largest total (11.66 ± 0.92 
km, ES = 0.68–1.86) and HID (1.57 ± 0.83 km, 
ES = 0.08–0.84) compared to all other 
positions, WM demonstrated the largest 
sprinting distance (0.42 ± 0.14 km, ES = 0.34–
2.39). 

Some professional football players will likely 
incur differences in the composition of physical 
match performance when switching positions 
and therefore should pay special consideration 
for such differences in the training and recovery 
process of these players. 

(Oliva-Lozano, 
Fortes, et al., 2022) 

Spanish LaLiga 
male players 
(n = 277) 

Match observations 

(n = 1252) 

Maximal Intensity 
Sprint: when an 
acceleration 
occurred from 14 
km·h-1  and the 
player got to exceed 
30 km·h-1 for 0.2 s. 

Professional football players need to be 
prepared for maximal intensity sprints in the 
first period of the match as well as maximal 
intensity sprints under high fatigue conditions 
given the frequency of sprints in the last period 
of the match. 

Training drills should be designed with a 
special focus on non-linear sprints without 
possession of the ball, based on the main 
tactical purpose of each position (e.g., CD: 
interceptions; CM: recovery runs; FB, WM and 
FW: run the channel). 
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Table 4: High-speed running and injuries. 

Study Subjects Metrics Details 
 

(Small et al., 2009) 9 semi-professional 
football players 

SAFT 90:  

sprint time every 15’ 
of a 90’ simulated 
game 

3D kinematic data 

Acute fatigue effect during game: significant 
time dependent increase was observed in sprint 
time during the SAFT 90 with a corresponding 
significant decrease in stride length. Analysis of 
the kinematic sprint data revealed significantly 
reduced combined maximal hip flexion and knee 
extension angle, indicating reduced hamstring 
length, between pre-exercise and halftime and 
pre-exercise and full-time. 

Exercise simulating the physiological and 
mechanical demands of football match play 
produced a time dependent alteration in sprinting 
kinematics/technique that may have implications 
for the increased predisposition to hamstring 
strain injury during the latter stages of football 
match-play. 

(Duhig et al., 
2016) 

51 professional 
Australian Football 
players 

2 seasons 

GPS data + sRPE Higher than ‘typical’ HSR session means (i.e. Z-
score >0) were associated with a greater 
likelihood of HIS. Trivial differences were 
observed between injured and uninjured groups 
for standardised s-RPE, TD, ACC and DEC. 

Exposing players to large and rapid increases 
in HSR distances above their 2-yearly session 
average increased the odds of HSI. However, 
reducing HSR in week -1 may offset HSI risk. 

It is not the absolute HSR distance the problem, 
but the large and rapid increases: this is why it is 
important to monitor changes in each player’s 
HSR. 

(Malone et al., 
2016) 

37 elite Gaelic 
footballers 

1 season 

91 injuries 

GPS data + sRPE Players who produced over 95% maximal 
velocity on at least one occasion within training 
environments had lower risk of injury compared to 
the reference group of 85% maximal velocity on 
at least one occasion.  

Higher chronic sRPE-TL (≥4750 AU) allowed 
players to tolerate increased distances (between 
90 to 120 m) and exposures to maximal velocity 
(between 10 to 15 expo-sures), with these 
exposures having a protective effect compared to 
lower exposures. 

(van den Tillaar, 
Solheim and 
Bencke, 2017) 

12 adult sports 
students 

SM, ST and BFlh 
sEMG during 7 
hamstring exercises 
+ sprint 

Maximal EMG activity of the different hamstring 
exercises was on average between 40-65% (ST), 
18-40% (BFlh) and 40-75% (SM) compared with 
the max EMG activity in sprints, which were 
considered as 100%. 

Nordic hamstring exercises with its variation 
together with the laying kick activates the 
hamstrings at high levels and at angles similar to 
the joint angles at which peak hamstring 
activation occurs during sprinting (at least for the 
hip angle, but the knee joint angle was not 
specific to the angle at which highest activation 
occurred during the sprint). 
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(Colby et al., 2018) 60 professional 
Australian Football 
players 

3 seasons 

GPS data + sRPE Exposure to a very low sprint chronic load 
condition in the previous week was associated 
with a 3-fold increase in injury risk, identifying 
50% of injuries in this cohort. Preventive 
strategies should ensure AF players attain >150 
m of sprint volume per week (2 sessions 
exposed to >85% max velocity) to maintain a 
minimum workload for competitive demands. 

(Jaspers et al., 
2018) 

35 professional 
football players 

2 seasons, 64 
overuse injuries 

GPS data + sRPE 

HSR > 20 km/h 

Cumulative 1-2-3-4 
wks loads, ACWR 
1:4 coupled 

Likely harmful effects were observed for HSR: 
for a medium1-weekly HSR (634-1028 m, OR: 
1.56, 90% CI: 0.99–2.46), and for a high ACWR 
1:4 coupled for HSR (>1.18, OR: 1.71, 90% CI: 
0.90–3.26). A high ACWR for HSR should be 
avoided. 

External load indicators may be more relevant to 
monitor than RPE multiplied by duration to 
minimize injury risk. 

(Malone et al., 
2018) 

37 professional 
football players 
(Benfica) 

48 weeks 

HSR >14.4 km/h 

Sprint > 19.8 km/h 

When HSR and SR distances are considered 
independently of aerobic fitness and previous 
training load history, a U-shaped association 
exists for distance completed at these speeds 
and subsequent injury risk. Players with higher 
aerobic fitness were able to complete increased 
weekly HSR and SR distances with a reduced 
injury risk. Higher 21-day chronic sRPE-TL 
(≥2584 AU) allow exposure to greater volumes of 
HSR and SR, which in turn offers a protective 
effect against injury. 

1-week safer zone: HSR = 700-750m, SR = 200-
350m. 

Absolute weekly change safer zone: HSR < 
100m, SR < 50m 

3:21 acute:chronic workload ratio safer zone: 
HSR < 0.85, SR = 0.71-0.85 

(Tokutake et al., 
2018) 

61 male track and 
field athletes 

1 season 

Hip and knee 
strength,  

gluteus maximus 
and biceps femoris 
muscle thickness, 

hip and knee joint 
ROM, 

previous hamstring 
injury 

Previously injured athletes had a significantly 
higher injury rate than uninjured athletes. Passive 
hip ROM (flexion and extension) tended to be 
larger in the injured than control group. 

The incidence of HSI was 2.88/1000. NO 
significant differences in the injury occurrence 
ratio among short sprinters (100 or 200 m: 8/18 
[44.4%]), long sprinters (400 or 800 m: 5/10 
[50.0%]), hurdlers (110 or 400 mH: 1/9 [11.1%]), 
long jumpers (long jump or triple jump: 3/15 
[20.0%]), and decathletes (decathlon: 1/9 
[11.1%]) (p > 0.05). 
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(Buckthorpe et al., 
2019) 

 

Educational review 
from Southampton 
Football Club 

Muscle architecture 

Running kinematics 

Core stability 

Cardiovascular 
fitness 

HSR loads 

Rather than implement a single modal 
intervention, a holistic approach considering the 
complex interaction of multiple risk factors in HSI 
is encouraged, alongside a five-point strategy 
not wholly evidence based: (1) strengthen the 
hamstring muscles in the gym and sprinting, (2) 
optimise the training balance (ACWR) 
monitoring and ensuring optimal recovery, (3) 
implement a lumbopelvic hip stability program 
to control anterior pelvic tilt during terminal swing 
phase, (4) develop players’ cardiovascular 
fitness to cope with the movement demands 
without adverse fatigue and its associated 
negative consequences, (5) incorporate a focus 
on movement quality. 

(Hegyi et al., 2019) 13 healthy 
recreational football 
and Gaelic football 
players 

EMG activity and 
MTU lengths at slow 
(45% of Vmax), 
moderate (60%) and 
fast (75%) steady 
speed on treadmill 

Peak BFlh and ST EMG amplitudes were 
observed in late swing (from maximum hip 
flexion angle to ipsilateral foot strike) at fast 
speed (6.78±0.39 m·s-1) in all muscle regions 
(proximal, middle, distal): 115±13% and 121±18% 
MVIC.  

Speed–MTU length interactions were found in 
late stance (from maximum knee angle in stance 
to toe-off), maximum lengths only increased from 
slow to moderate speed, BFlh MTU was 
significantly longer than ST MTU across the entire 
stride at all speeds.  

Conclusions: large increases in hamstring EMG 
activity were accompanied by relatively small 
increases in maximum MTU lengths in the late 
swing and early stance phase, indicating higher 
hamstring stiffness at higher speeds. 

(Kenneally-
Dabrowski et al., 
2019) 

 

Review BFlh musculotendon 
mechanics and 
muscle excitation 
and how they relate 
to late swing/early 
stance HSR injuries 

In professional football, 57%‐72% of all hamstring 
injuries occurs during HSR, and in nearly all these 
injuries (up to 94%), the primary injury site is the 
BFlh musculotendon complex. The large 
eccentric contraction characterized by peak 
musculotendon strain and negative work during 
late swing phase is widely suggested to be 
potentially injurious. Direct evidence still lacks, 
but the majority of the literature suggests that the 
most likely timing of injury is the late swing phase. 

(McGrath et al., 
2020) 

33 elite rugby 
league players 

Retrospective 
cohort study with 
pre-season and in-
season testing 

Single-leg NHE 
peak force and 3D 
motion analysis 

BFlh fascicle length 

Dist >80% & >90% 
Vmax in the last 28 
& 56 days 

The most important contributor to variability in 
fascicle length is running volume (measured in 
meters) >80% PS (30%). The others contributors 
are: peak NHE force output (27%), elapsed time 
under load at long lengths (17%), peak running 
velocity (13%), previous injury (8%) and age 
(5%). Categories of contributors: velocity = 43%, 
strength-related variables = 44%, non-
modifiable risk factors = 13%. 

Weakly mean D>80% = 77m, D>90% = 14m. 

These findings give practitioners the option to 
monitor alternative variables (instead of fascicle 
length itself) and be able to approximate (around 
90%) of the impact it may have on fascicle 
adaptations in elite athletes. 
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(Whiteley et al., 
2020) 

15 highest level 
professional 
football codes 

22 injuries 

5 games HSR prior 
and subsequent to 
HSI 

On return to play, 7 of the 15 players showed a 
sustained absolute reduction in preinjury HSR 
distance, 7 showed no change, and 1 player 
showed an increase. Persisting deficits in match 
HSR may exist for many players after HSI. 

  



 
 

2.4 Discussion 

 

2.4.1 Defining “absolute” thresholds: high, very high and sprint running distance 

 

The primary finding of the systematic review regarding the definition of thresholds for high-

speed running is the lack of consensus within the football literature. Additionally, the 

terminology used to describe the concept of high-speed running is not uniform; terms such 

as high-intensity distance, high-speed distance, and very high-speed running distance are 

used interchangeably to convey the same meaning. Therefore, the general situation is not 

encouraging, but it only serves to stimulate the need to precisely define each intensity of 

running, both for male and female football players. The initial attempt to address this issue 

involved graphically representing the distribution of these thresholds. Accordingly,  

Figure 10 illustrates the range of velocity thresholds reported in studies on professional adult 

female and male football players included in this review. Specifically, the entry velocities for 

high-speed running are typically set between 12.2 km·h-1 and 15.6 km·h-1 for females, and 

between 14.4 km·h-1 and 21.1 km·h-1 for males. The most common high-speed running entry 

velocity seems to be 12.5 km·h-1 and 19.8 km·h-1 for female and male, respectively. 

Similarly, the entry velocity for sprint distance is typically set between 17.8 km·h⁻¹ and 22.5 

km·h⁻¹ for females, and between 19.8 km·h⁻¹ and 30 km·h⁻¹ for males. As with high-speed 

running, certain common entry velocities for sprint running can be identified, such as 22.5 

km·h⁻¹ for female players and 25.2 km·h⁻¹ for male players. This clearly demonstrates the 

significant variability in velocity thresholds for the same external load metrics commonly 

used among football scientists and practitioners. 

A review of the retrieved papers also revealed a few studies that employed three distinct 

thresholds to categorize different intensities of high-speed running in female football: high-

speed running, very high-speed running (VHSR), and sprint running velocity (Park, Scott 

and Lovell, 2019; Scott, Norris and Lovell, 2020). This approach highlights the nuanced 

differentiation in running intensities, which can provide more precise insights into the 

physical demands placed on female football players. Specifically, Park et al. developed an 

approach based on logical validity and analysis rigor by using a spectral clustering technique 

with application of a 𝛽 = 0.1 smoothing factor to compute the exact velocity thresholds for 

the analysis of external load data collected from international female football players. The 

authors were able to define velocity thresholds as follows: HSR ≥ 12.5 km·h-1, VHSR ≥ 19 

km·h-1, sprint ≥ 22.5 km·h-1 (Park, Scott and Lovell, 2019). 
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Figure 10: High-speed running (HSR), very high-speed running (VHSR) and sprint thresholds for elite adult female and 
male football players expressed in km·h-1. 
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Scott et al. reported the use of the same thresholds based upon the final outcomes of an 

intermittent test. They adopted the 30:15 intermittent fitness test (vIFT), that involves 

alternating 30-second shuttle runs with 15-second walking recovery periods. The test starts 

at 8 km∙h-1, increasing by 0.5 km∙h-1 every 30 seconds. Athletes run between two lines 40 

meters apart, guided by audio beeps that shorten intervals as the test progresses, increasing 

intensity. Based on the peak velocity achieved by players during the 30-15 IFT, which 

corresponds to the last completed stage, the velocity thresholds were defined as follows: 

high-speed running (HSR) at ≥ 12.5 km·h⁻¹ or 60% of vIFT (approximately 50% of peak 

velocity), very high-speed running (VHSR) at ≥ 19 km·h⁻¹ or 80% of vIFT (approximately 

65% of peak velocity), and sprinting at ≥ 22.5 km·h⁻¹ or roughly 80% of peak velocity (Scott, 

Norris and Lovell, 2020).  

The convergent findings from the studies by Park et al. and Scott et al. appear to support 

the robustness of the proposed velocity thresholds for adult female football players. 

However, it is important to note that a definitive conclusion cannot yet be drawn. Further 

research is needed to validate these thresholds comprehensively. 

Similar to the approach reported above, data mining modelling was proposed to define 

standard definitions and thresholds for male players by other authors (Dwyer and Gabbett, 

2012). The actual average distribution of velocities was calculated and series of Gaussian 

normal curves representing four velocity ranges was computed for best fit. The intersecting 

points for each Gaussian curve were used to determine the velocity range for each of the 

following locomotive activities: walking, jogging, running and sprinting. The entry velocity for 

sprinting was determined at 21.35 km·h-1. While the conceptual operationalization and the 

robustness of this approach appear rigorous, the threshold definition emerging from this 

study could be questioned due to the very low sample analysed (5 games of 5 players in a 

professional Australian A-League team), low sample frequency of the GPS units utilized 

(i.e., 1 Hz), and the lack of evidence suggesting that the velocities within each zone follow 

a Gaussian distribution (Dwyer and Gabbett, 2012). No other attempts to establish the 

rational for the use of “absolute” thresholds on male players were conducted using 

sufficiently rigorous methods.  

Therefore, based on the current literature, although these approaches sound promising, the 

definitions of the thresholds for high-speed and sprint running are still arbitrary (Abt and 

Lovell, 2009; Cummins, Orr and Connor, 2013) with no consensus in the football literature 

(see Figure 10). 



58 

 

In addition to the lack of agreement on absolute thresholds to be used, practitioners have to 

consider that the physical performance level of football players continuously improves. For 

these reasons, it seems desirable for sports scientists to have the capacity to adjust the 

velocity thresholds and to reprocess the collected data, especially when comparing or 

sharing data with clubs and federations adopting different numerical references. This 

approach seems a viable and practical solution at least until consensus on the definition of 

standard velocity thresholds is achieved. The establishment of an international standard, 

adopted by practitioners and manufacturers, could significantly enhance data exchange 

between clubs and national teams, thereby increasing the value of velocity monitoring in 

football. Technology providers should continue to allow practitioners to set their absolute 

thresholds, which is essential for comparisons with historical data owned by the club. 

However, they should also begin to offer default international standardized thresholds to 

facilitate data sharing with other clubs or national teams. A practical starting point would be 

the adoption of FIFA's preferred velocity thresholds: 19 km·h⁻¹ and 20 km·h⁻¹ for high-speed 

running (female and male entry velocities, respectively), and 23 km·h⁻¹ and 25 km·h⁻¹ for 

sprint running. 

Even if international standards are established, practitioners must remain aware of the 

limitations in accuracy and reliability between different tracking technologies, i.e. variations 

between EPTS brands. Therefore, caution is necessary when comparing data from different 

clubs that use different devices. This awareness is crucial to ensure the validity and reliability 

of the comparisons made (Thornton et al., 2019). 

 

2.4.2 Relative velocity thresholds 

 

The use of individualized thresholds quantifying internal load measures like heart rate and 

maximum oxygen consumption can facilitate training prescription and monitoring by setting 

relative work intensities corresponding to individual physiological targets (Castagna et al., 

2013). For example, coaches and sport scientists can tailor the training plans based on well-

defined physiological parameters such as VO2max, maximum heart rate and onset of blood 

lactate accumulation (OBLA) (Helgerud et al., 2001). Working with percentage values of 

maximal heart rate allows for more precise stimulus administration, as absolute values can 

vary significantly between individuals. For instance, a 25-year-old football player has a 

theoretical maximal heart rate of 195 bpm, calculated using the FOX’s equation (220 minus 

age) (Fox, Naughton and Haskell, 1971). However, in practice, the maximal heart rate rarely 
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matches this theoretical value and must be measured using an incremental running test. 

Once the actual maximal heart rate is determined, individual thresholds can be set, enabling 

precise monitoring of metabolic intensities regardless of absolute values. This approach 

ensures that high-intensity sessions achieve significant time spent above 90% of maximal 

heart rate for all players, regardless of whether they have high or low maximal heart rates. 

Conversely, using only absolute thresholds can lead to undertraining in players with higher-

than-theoretical maximal heart rates and overstimulation in those who do not reach the 

theoretical maximal heart rate. 

What has just been described above could also be used for the evaluation of individual 

external load parameters such as running velocity. The rationale of implementing relative 

thresholds for velocity parameters is justified by the assumption that absolute thresholds fail 

to account for the players’ individual physical capacities, and therefore, they could result in 

an inappropriate assessment of the players’ external load performed during training 

(Gualtieri et al., 2020) and matches (Abt and Lovell, 2009), especially for high-speed and 

sprint running. Practitioners should consider that players have specific physical 

characteristics that should be accounted for during the monitoring of training and matches, 

with peak velocity being one of those. Thus, the use of relative individual thresholds would 

allow for more precise programming of the training load, which could help to design the 

appropriate dose of high-speed running and sprinting distance, preventing the 

implementation of unattainable velocities that could potentially be injurious (Jastrzębski and 

Radzimiński, 2015), or not fast enough to elicit the desired adaptation (van den Tillaar, 

Solheim and Bencke, 2017; McGrath et al., 2020).  

Previous research has tried to individualize specific velocity thresholds based on 

physiological or performance parameters using some performance tests, which have been 

summarized in the following lines.  

Individual high-speed running velocity has been defined as: 

• the velocity corresponding to the maximal oxygen consumption (Maximal Aerobic 

Speed, MAS) both for women (Bradley and Vescovi, 2015) and men (Rago et al., 

2019), assessed through a gas analysis during an incremental ramp test or the final 

velocity reached during the Yo-Yo IRT1 (Krustrup et al., 2003; Castagna et al., 2006); 

• the velocity corresponding to the Heart Rate Deflection Point (HRDP) determined 

from an incremental field test, the VAM-EVAL (a modified version of the Montreal 

Track test), in women (Scott and Lovell, 2018) or from an incremental field test in 

men (Jastrzębski and Radzimiński, 2015). 
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Individual sprint running velocity has been defined as: 

• 80-85% of maximal velocity reached in a > 30 m sprint test by female players (Bradley 

and Vescovi, 2015); 

• 80% of maximal velocity reached in a 40 m sprint test by male players (Jastrzębski 

and Radzimiński, 2015); 

• >80%, >85% and >90% of the highest running speed measured during either top-

speed training sessions or matches (Buchheit et al., 2020). 

• the velocity corresponding to the MAS determined from the VAM-EVAL test in female 

players (Scott and Lovell, 2018); 

• ≥ 30% of the Anaerobic Speed Reserve (ASR), calculated as the maximal sprint 

speed (MSS) – MAS in male players (Rago et al., 2019).  

For further details about VAM-EVAL, maximal sprint speed and anaerobic speed reserve 

definition, please refer to the article of Buchheit and Laursen (Buchheit and Laursen, 2013) 

and Sandford et al. (Sandford, Laursen and Buchheit, 2021). 

Nevertheless, the validity criterions underpinning the determination of individual velocity 

thresholds using physiological parameters collected during continuous test protocols rather 

than external load proxies fail to consider the intermittent and repeated accelerative profile 

of football described in Chapter 1 (Schimpchen, Gopaladesikan and Meyer, 2021), and as 

such seems inappropriate or at least inaccurate. 

In contrast with the physiological approaches reported above, another common method to 

define relative thresholds from measures of external load is the percentage of the individual 

peak velocity, measured as the maximal velocity attainable during an all-out effort 

(Kyprianou et al., 2019). Following this rationale, the entry velocity for sprint running was 

established at 80-85% of the peak velocity achieved in a minimum 30-meter sprint test for 

female players (Bradley and Vescovi, 2015) and at 80% of peak velocity reached in a 40-

meter sprint test in male players (Jastrzębski and Radzimiński, 2015). In another study, 

sprint threshold was set either at >80%, >85% or >90% of the highest running velocity 

measured during either training sessions or matches (Buchheit et al., 2020). To date, the 

most reliable and simplest procedure to determine the peak velocity is through GNSS 

systems during a 40-meter sprint test (Bradley and Vescovi, 2015; Kyprianou et al., 2019; 

Beato, Drust and Iacono, 2021). Alternatively, when dedicated all-out tests are not feasible, 

peak velocity can be tracked and determined from official matches (Massard, Eggers and 

Lovell, 2018). However, this approach has limitations, as players may not always reach their 
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maximal velocities during matches due to contextual constraints and specific positional 

demands (Kyprianou et al., 2019; Beato, Drust and Iacono, 2021). Therefore, while useful, 

this method should be applied with caution, considering the peak speed recorded in at least 

three distinct matches and to supplement this data with other assessments whenever 

possible. In official matches some between-gender differences were observed for sprint 

velocities with 30.5 ± 1.8 km·h-1 (mean of 5 different roles) (Scott, Norris and Lovell, 2020) 

and 32.0 ± 1.0 km·h-1 (mean of 3 different roles) (Rampinini et al., 2007) for female and male 

players, respectively. In consideration of the accuracy and reliability of tracking devices 

(Beato et al., 2018) now easily affordable and widely available, it would be reasonable to 

conduct an all-out 40-meter sprint test at the beginning of a training session, following a 

standardized warm-up procedure. This approach is valid, ecologically sound, and time-

efficient for determining each player's peak velocity. Consequently, individual velocity 

thresholds can be accurately defined based on the results of this test. 

Although the number of studies supporting the concurrent validity of individualized 

thresholds is limited, there is still some evidence. Specifically, previous research has 

reported associations between internal load and high-speed running demands. Specifically, 

the perceptual responses collected using the RPE (Rating of Perceived Exertion) validated 

by Borg (widely described in Chapter 3) provided by football players in the Italian Serie B at 

the end of matches were found to be moderately correlated (r = 0.53 to 0.59) with the high-

speed running distance covered. This distance was expressed using absolute velocity 

thresholds ranging from 14.4 to 19.8 km·h⁻¹ and above 19.8 km·h⁻¹. This correlation 

underscores the relationship between perceived exertion and the physical demands 

quantified by these velocity thresholds (Rago et al., 2019). Notably, the strength of the 

correlations tended to increase, albeit not significantly, when individualized velocity 

thresholds were used (r = 0.58 to 0.67) (Rago et al., 2019). Moreover, the distance covered 

by sprinting was moderately correlated to RPE only when individualized thresholds were 

applied (r = 0.55) (Rago et al., 2019).  

In contrast, the use of individualized velocity thresholds were not able to better quantify the 

dose-response of female football players during a 21-day training camp (Scott and Lovell, 

2018). The study indicated that using players’ peak sprinting velocity to quantify external 

load showed a lower capacity to determine the dose-response of training. This method 

consistently exhibited weaker associations with heart rate and RPE compared to other 

metrics (Scott and Lovell, 2018). In another study, high-speed running and sprinting 

thresholds customized for individual female players athletic qualities did not improve the 
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dose-response relationship between external load and wellness ratings (Scott, Norris and 

Lovell, 2020). In summary, the individualization of velocity parameters based on players’ 

individual fitness level (i.e., MAS or peak velocity) only marginally improves (trivial or small 

magnitude of the change) relationships between external and internal training load 

parameters (Scott and Lovell, 2018; Rago et al., 2019; Scott, Norris and Lovell, 2020). 

Based on the evidence presented thus far, it is clear that internal and external training load 

parameters are distinct constructs, regardless of whether absolute or relative thresholds are 

used. Therefore, practitioners should monitor both types of parameters, as one cannot be 

inferred from the other. This comprehensive approach ensures a more accurate assessment 

of the training load and its impact on athletes. 

The current evidence does not permit definitive conclusions regarding the use of 

individualized velocity thresholds in football. From a practitioner's perspective, while 

individualized thresholds offer the advantage of more precise quantification of individual 

external load, they may hinder comparisons between players, training sessions, and 

matches, or over time when players' individual velocity thresholds change (Schober and 

Schwarte, 2018). This duality highlights the need for a balanced approach, considering both 

the benefits of individualized metrics and the practical challenges they present.  

Thus, based on the present systematic review, either absolute or relative velocity thresholds 

seem appropriate to monitor high-speed running and sprinting exposure in professional 

football players. While absolute values are suitable to make between-player comparisons, 

relative thresholds are preferable for the individualization of the high-velocity aspects of the 

external training load. However, more research is needed on this topic before 

recommending the use of one over the other. 

 

2.4.3 High-speed running and sprinting during official matches  

 

One of the limitations stemming from the absence of an international standard for defining 

high-speed running and sprinting velocity thresholds is the challenge of aggregating data 

from different populations. Nevertheless, an attempt has been made to provide an overview 

of high-speed running in football. Table 5 summarizes the high-speed running and sprinting 

distance outcomes, along with the associated velocity thresholds, during matches among 

professional adult female and male football players. This summary aims to provide a 

comprehensive perspective despite the variability in definitions and measurements across 

the studies included in this systematic review. The following lines report the average values, 



63 

 

aggregating only the data recorded using overlapping thresholds. This approach helps to 

present a clearer and easier picture of high-speed running and sprinting distances during 

matches among professional adult female and male football players. 

High-speed running (> 15.6 km·h-1) and sprint (> 20 km·h-1) demands in professional female 

football were around 1000 m (range: 911-1063 m, 10.1-11.8 m·min-1) and 270 m (range: 

223-307 m, 2.5-3.4 m·min-1), respectively. In professional male football players, the 

analogous outcomes for HSR (> 19.8 km·h-1) and sprint (> 25.1 km·h-1) demands were 

around 760 m (range: 618-1001 m, 6.9-11.1 m·min-1) and 200 m (range: 153-295 m, 1.7-3.3 

m·min-1). It is important to note the significantly different absolute values defining the two 

velocity thresholds. Specifically, the sprint thresholds for female players are comparable to 

the high-speed running thresholds for male players. 

 

Table 5: High-speed running (HSR) and sprint match demands for elite adult female and male football players.  
Data are grouped by HSR zone to facilitate between-studies comparison. Bold values were considered for mean match 

demand calculation reported in the text. 

Studies Subjects HSR Sprint 

      

Mara et al. 2017 
Women – Elite 
Australian 

12.2-19 km·h-1 2452 m >19 km·h-1 615 m 

Scott et al. 2020 Women – Elite USA ≥12.5 km·h-1 2401 m ≥22.5 km·h-1 122 m 

Ramos et al. 2019 Women – Adult 15.6-20 km·h-1 756 m >20 km·h-1 307 m 

Ramos et al. 2019 Women – U20 15.6-20 km·h-1 688 m >20 km·h-1 223 m 

  
    

Anderson et al. 2016 Men – Premier League 19.8-25.1 km·h-1 706 m >25.1 km·h-1 295 m 

Modric et al. 2019 Men – Elite Croatian 19.8-25.1 km·h-1 462 m >25.1 km·h-1 156 m 

Carling et al. 2016 Men – League 1 19.8-25.2 km·h-1 587 m >25.2 km·h-1 184 m 

Kelly et al. 2020 Men – Premier League 19.8-25.2 km·h-1 620 m - - 

Miñano-Espin et al. 2017 Men – La Liga 21.1-24.0 km·h-1 277 m >24 km·h-1 247 m 

Wehbe et al. 2014 Men – Elite Australian >19.7 km·h-1 645 m - - 

Baptista et al. 2018 Men – Elite Norwegian ≥19.8 km·h-1 744 m   

Rampinini et al. 2007 Men – League 1 >19.8 km·h-1 821 m - - 

Stevens et al. 2017 Men – Eredivisie >19.8 km·h-1 738 m   

Dalen et al. 2019 Men – Elite Norwegian >19.8 km·h-1 747 m >25.2 km·h-1 153 m 

Clemente et al. 2019 
Men – Dutch and 
Spanish 2nd Division 

>20 km·h-1 730 m   

Asian-Clemente et al. 

2020 
Men – U19 elite Spanish >21 km·h-1 414 m - - 

Altmann et al. 2021 Men – Bundesliga 
17.0-23.99 km·h-

1 1340 m ≥24 km·h-1 495 m 

            

 

Shifting the focus from "how much?" to "how" high-speed running is performed, it is observed 

that female football players execute a significant proportion of high-speed runs (12.24 - 19.0 
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km·h⁻¹) and sprints (>19.0 km·h⁻¹) over distances shorter than 10 meters. Specifically, 81 

to 84% of high-speed runs and 71 to 78% of sprints fall within this distance range. The 

average recovery time between high-speed runs is 14 seconds, while the recovery time 

between sprints is 87 seconds, corresponding to work-to-rest ratios of 1:7 and 1:43, 

respectively (Mara et al., 2017). Similarly, for professional male players, the most common 

distance covered in high-speed running (≥19.8 km·h⁻¹) is between 1 and 5 meters. An 

exception to this are full backs, who typically cover high-speed running distances averaging 

between 6 and 10 meters. This distinction highlights the positional differences in high-speed 

running demands within male football players (Baptista et al., 2018).  

Practitioners need to consider that the between-match variability for high-speed running 

(19.8-25.2 km·h-1) and sprint (>25.2 km·h-1) distance is notably high and is mainly affected 

by the positional playing role (Carling et al., 2016; Altmann et al., 2021). Higher variability 

has been reported for central players (midfielders and defenders) while lower variability for 

wide midfielders and attackers (Gregson et al., 2010; Carling et al., 2016; Trewin et al., 

2018). For example, the CV for female players ranged between 28% and 41% for high-

speed running (>16.3 km·h-1) and between 35% and 65% for sprint (>20.0 km·h-1) distance 

(Trewin et al., 2018). In male professional players, the CV for high-speed running and sprint 

distance ranges between 16% and 18% and between 31% and 37% respectively (Gregson 

et al., 2010; Carling et al., 2016). Moreover, the characteristics of high-speed running and 

sprints differ between positional roles and period of the match (Mara et al., 2017). In the 

2010 World Cup, the largest amount of high-speed running (19.9-25.2 km·h-1) and sprint 

(>25.2 km·h-1) distance was observed in midfielders (Soroka, 2018), which did not 

completely reflect the outcomes of previous studies conducted in the English Premier 

League and Spanish Primera Division in 2006-2007, where strikers were found to cover the 

largest sprint distances (Carling et al., 2008). In addition, practitioners should consider that 

the main tactical purpose of each playing position influence how the player has to perform 

maximal intensity sprints: interceptions for central defenders, recovery runs, closing down 

and pressing for midfielders, running in the channel to receive or exploit space, break into 

the box, or run-in-behind for wide-midfielders and forwards (Oliva-Lozano, Fortes, et al., 

2022).  

Another influential factor is the quality of the opponents. In fact, contextual analysis of the 

physical demands during matches indicates that high-speed running and sprinting are 

affected by the quality of the opposition, with higher values of high-speed running and 

sprinting reported during matches played against stronger opponents compared to weaker 
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ones (Rampinini et al., 2007). This suggests that players tend to exert more effort and cover 

greater distances at higher intensities when facing more challenging competitions. 

To further contextualize these findings, it is essential to interpret them in relation to the 

game's outcome. Notably, regardless of the opponents' skill level, football players appear to 

engage in significantly less high-intensity activity (21.1-24.0 km/h) when they are winning, 

compared to when they are losing or when the score is balanced (Miñano-Espin et al., 2017). 

This phenomenon may primarily explain why no significant differences were observed in the 

distances covered by players of an elite team such as Real Madrid (which won 

approximately 70% of the total matches played during the examined period), regardless of 

the strength of the opposing team (Miñano-Espin et al., 2017).  

Another common scenario in professional football and worthy of consideration pertains to 

fixture congestion. This very common condition among élite teams is more deeply described 

in Chapter 1 and will be analysed in Chapter 4 and Chapter 5. From preliminary results, it 

seems that playing many consecutive games does not affect the amount of high-speed 

running (19.9-25.2 km·h-1) covered during the consecutive matches (Jones et al., 2019), 

although the flawed methodological approach to quantify high-speed running exposure 

across studies investigating this area precludes to make definitive conclusions (Julian, Page 

and Harper, 2021). 

Relying solely on average match demands as a reference could lead to misguided strategies 

for physically preparing players during training. The concept of the most intense period of 

the match, introduced in Chapter 1, will be thoroughly examined in Chapter 6. For instance, 

during the 2014 World Cup, the mean high-speed running distance (19.9-25.2 km·h-1) 

covered across all positions was 8.8 ± 2.1% of the total distance, with midfielders reaching 

the highest value of approximately 17% (Chmura et al., 2017). Interestingly, focusing on the 

most intense periods of the game can provide valuable insights for training prescription. For 

instance, in Australian-league football, the mean high-speed running distance (defined as 

distance run at a velocity >14.3 km·h-1) was 24.6 m·min-1, while the peak high-speed running 

distance over 5-minute epochs was 47.4 m/min (Wehbe, Hartwig and Duncan, 2014). This 

indicates that the high-speed running distance was twice as much during the 5-minute 

epochs compared to the average value for the entire match. In discussing other findings, 

Norwegian players exhibited high-speed running (>19.8 km·h-1) and sprinting (>25.2 km·h-

1) distances of 19 ± 3.5 m·min-1and 8.8 ± 4 m·min-1, respectively, during the most demanding 

5-minute epochs. In contrast, the match mean values reported in the same study were 8.3 

± 2.1 m·min-1 for high-speed running and 1.7 ± 0.7 m·min-1 for sprinting (Dalen et al., 2019). 
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In the Spanish La Liga, analysing high-metabolic demands by using 1-min epochs revealed 

49.9 ± 19.8 and 16.6 ± 17.4 m·min-1 for high-speed running (>19.8 km·h-1) and sprinting 

(>25.2 km·h-1), respectively (Martín-García, Casamichana, et al., 2018). In view of these 

reference values, it sems reasonable to consider higher benchmark values to not 

underestimate the real exercise intensity during matches or when planning the prescription 

of training drills aiming at exposing football players to high-speed running and sprint 

distances. However, practitioners should consider that the “most intense period” is a 

complex and composite construct reflecting an extreme internal response elicited via various 

combinations of physical and contextual factors. To note, this demands do not occur 

concurrently during the game and similarly for all metrics and players (Novak et al., 2021), 

thus a more accurate analysis of “maximal intensity period” requires a case-by-case 

approach. 

 

2.4.4 High-speed running and sprinting during training  

 

High-speed running and sprinting distances exhibit the greatest variability across days 

during the weekly training microcycle, ranging between 60 and 120%. The variability is 

notably higher compared to that observed in official matches, which ranges between 20 and 

30% (Martín-García, Gómez Díaz, et al., 2018). This variability is likely a consequence of 

weekly planning that requires day-by-day load modulation, which can differ significantly 

between coaching staffs and is influenced by national football culture. Additionally, the 

inherently fluctuating and unpredictable nature of game-based drills, such as small- and 

large-sided games or ball possession exercises, which are prevalent in modern football, 

further contributes to this variability. Small- and large-sided games are actual matches 

played with goalkeepers, where the primary objective is to score goals. Conversely, ball 

possession games focus on maintaining control of the ball, with points typically awarded for 

completing a minimum number of passes without interruption by the opponent. Training 

variability may partially arise from the specific and differing positional demands that are 

intensified during game-based training drills. Therefore, it is advisable to implement game-

based drills in conjunction with other training forms to mitigate the substantial variability in 

high-speed running and sprinting. Additionally, monitoring individual high-speed running and 

sprinting cumulative distances and frequencies is essential to ensure effective load 

management strategies, particularly to prevent detraining in players who are less or not 

physically taxed during games. 
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Knowledge of the match physical demand allows for the development of appropriate 

prescription of the training load as to adequately prepare individual players. Summaries from 

studies involving elite (Stevens et al., 2017; Baptista et al., 2019; Clemente, Rabbani, et al., 

2019; Oliveira et al., 2019) and sub-elite professional players (Martín-García, Gómez Díaz, 

et al., 2018; Clemente, Owen, et al., 2019) revealed that the training-to-match ratios for total 

distance and accelerations tend to vary from approximately 1 to 4 arbitrary units (AU). This 

indicates that, within one week of training, players were exposed to 1 to 4 times the match 

load. However, the ratios for high-speed running and sprinting distance were relatively lower 

and clearly under-attained during the training week compared to other measures such as 

total distance and accelerations (see Table 6 and Table 7). For high-speed running the 

training to match ratio was reported to vary between 0.2 AU and 2.3 AU, while for sprinting 

the values ranged from 0.03 AU (i.e., none or trivial sprinting exposure during training) to 

1.3 AU. Notably, these ratios represent average team values and exhibit considerable 

variability, at least among teams competing in Europe, while comparable data from non-

European teams are still lacking. Given the substantial inter-individual variability observed 

for the same external load metrics, these ratios should be interpreted with caution and 

should not be regarded as definitive benchmarks. 

 

Table 6: Training/Match ratio (T/M ratio) for high-speed running (HSR) in adult male football players. 
Only data referred to weeks within 4 or 5 training days + 1 match day are reported. Data are grouped by HSR zone to 

facilitate between-studies comparison. 

Reference Subjects HSR weekly load 

    Thresholds Training Match 
T/M 
ratio 

  
    

Anderson et al. 2016 Men - Premier League 19.8-25.1 km·h-1 156 706 0.2 
Kelly et al. 2020 Men - Premier League 19.8-25.2 km·h-1 987 620 1.6 
Clemente, Rabbani et al. 
2019 

Men - Elite Portuguese 20-24.9 km·h-1 - - 2.3 

Stevens et al. 2017 Men - Eredivisie >19.8 km·h-1 811 738 1.1 
Martin Garcia et al. 2018 Men - La Liga - Reserve >19.8 km·h-1 726 440 1.7 
Baptista et al. 2018 Men - Elite Norwegian ≥19.8 km·h-1 460 744 0.6 

Clemente, Owen et al. 2019 
Men - Dutch and Spanish 2nd 
Division 

>20 km·h-1 1342 730 1.8 
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Table 7:Training/Match ratio (T/M ratio) for sprint in adult male football players.  
Only data referred to weeks within 4 or 5 training days + 1 match day are reported. Data are grouped by HSR zone to 
facilitate between-studies comparison. 

Reference Subjects Sprint weekly load 

    Thresholds Training Match T/M ratio 

  
    

Anderson et al. 2016 Men - Premier League >25.1 km·h-1 8 295 0.03 
Kelly et al. 2020 Men - Premier League     

Clemente, Rabbani et al. 2019 Men - Elite Portuguese     

Stevens et al. 2017 Men - Eredivisie     

Martin Garcia et al. 2018 Men - La Liga - Reserve >25.2 km·h-1 131 100 1.3 
Baptista et al. 2018 Men - Elite Norwegian ≥25.2 km·h-1 69 144 0.5 

Clemente, Owen et al. 2019 
Men - Dutch and Spanish 2nd 
Division 

    

            

 

In light of current evidence, particular attention should be directed towards non-starting 

players. Recent studies conducted in the Italian Serie A and the English Premier League 

have revealed that non-starting players are exposed to significantly lower high-speed 

running and sprinting distances compared to starting players (Anderson, Orme, Di Michele, 

Close, Milsom, et al., 2016; Gualtieri et al., 2020). Accordingly, it seems reasonable that 

dedicated compensatory drills targeting high-speed running and sprinting should be 

implemented during training to compensate for the lack of match-related high-speed running 

and sprint running exposure and to avoid detraining. To design specific sprint training drills, 

it is crucial to consider playing positions and contextual variables. For instance, as reported 

in the previous paragraph, defenders typically sprint to intercept the ball, midfielders run to 

close down and press opponents, and attackers sprint through channels to exploit space 

and break into the box (Oliva-Lozano, Fortes, et al., 2022). 

When football players train on smaller relative areas compared to those used in official 

matches, the number of accelerations and decelerations increases, but achieving adequate 

volumes of high-speed running becomes challenging (Dello Iacono et al., 2022). For 

example, official matches are played on a 105 x 68 m pitch (i.e., 324 m² per player), allowing 

for a high-speed running distance of 8.4 m·min-1 and a sprinting distance of 2.2 m·min-1. In 

contrast, during a 4v4 small-sided game on a 39 x 39 m pitch (i.e., 190 m² per player), the 

high-speed running distance is 2.7 ± 0.9 m·min-1 and the sprinting distance is 0.1 ± 0.1 

m·min-1. Similarly, during medium-sided games (6v6) on a 47 x 43 m pitch (i.e., 168 m² per 

player), the high-speed running distance is 3.7 ± 2.1 m·min-1 and the sprinting distance is 

0.2 ± 0.5 m·min-1 (Dalen et al., 2019). Instead, sided-games designed as large formats and 
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with relative areas per player greater than 225 m2 and 300 m2 seem adequate to induce 

high-speed running and sprint distances, respectively, comparable to the analogous match 

external load outcomes (Riboli et al., 2020). However, it is worth noting that the uncontrolled 

and unpredictable nature of game-based approaches may still cause large variability across 

players with the risk of overexposure to some and underexposing to others. 

An alternative or complementary training method to sided-games to induce high-speed 

running and sprinting exposure are running-based drills with linear and non-linear sprints. 

Again, starting from the performance model defined by the game, strength and conditioning 

coaches should consider that the mean sprint (>30 km·h-1) duration recorded in LaLiga 

players ranged from 5 to 9 seconds, with a mean distance covered ranging from 30 to 55 m 

(Oliva-Lozano, Fortes, et al., 2022). Mixing linear sprints and sided-games, Ade and 

colleagues implemented repeated runs lasting 15 s and performed by young under 19 

football players immediately before and after a sided-games bouts to ensure adequate 

coverage of distances above 19.8 km·h-1 (Ade, Harley and Bradley, 2014; Köklü et al., 2020). 

In another study conducted on under 19 elite male players, asking players to change zone 

of the pitch quickly during small sided-games promoted higher high-speed running covered 

per minute. These authors compared a ball possession drill played in a single pitch (35 x 35 

m pitch) to a drill with two contiguous pitches (28.5 x 28.5 m each), and they found that high-

speed running was 2.5 ± 1.8 m·min-1 in the single pitch (i.e., 72 m2 per player) and 12.8 ± 

6.3 m·min-1 using two contiguous pitches, while during official matches was 4.6 ± 2.3 m·min-

1 (Asian-Clemente et al., 2020).  

Another option to perform high-speed running and sprinting distance is to use isolated 

running-based drills or adding running phases during sided-games. In this case, high-speed 

running and sprint running exposure can be accurately prescribed and controlled with a 

lower degree of uncertainty given that the running intensity is predetermined, fixed, and 

easily monitored.  

More recently, a game profile-based training (GPBT) approach has been proposed to induce 

relative high-speed running and sprint running distances comparable or greater than 

matches outcomes in under 19 elite male football players (Dello Iacono, Beato and 

Unnithan, 2021). A GPBT could be defined as one or more bouts of physical and technical 

activities (e.g., high-intensity intermittent running, changes of direction, and passes), which 

replicate the type of movements and physical demands (e.g., internal and external loads) of 

match-play (Dello Iacono et al., 2021). It was reported that a GPBT was more demanding in 

terms of distance run above 19 and 25.2 km·h-1 compared with a 5v5 small sided-game in a 
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42 x 30 m pitch (i.e., 126 m2 per player), specifically, 10.2 m·min-1 during GPBT vs 4.6 m·min-

1 during small sided-game for high-speed running and 4.2 vs 2.0 m·min-1 for sprinting (Dello 

Iacono, Beato and Unnithan, 2021). Moreover, beneficial chronic effects on linear sprinting 

capabilities over 10 m and 20 m were found following a 8-week training period including 

GPBT, with greater improvements compared to sided-games training in the form of 5-a-side 

formats. While generalizing such findings to other cohorts warrants caution, the nature of 

the GPBT drills as fixed running circuits entailing intermittent phases of walking, jogging, 

running and sprinting may presume that similar outputs can be expected among adult female 

or male football players as well.  

Another aspect to be considered when preparing players for high-speed running and sprint 

running game demand is sprinting in fatigue condition, since maximal intensity sprints were 

reported to be more frequent in the first, but also in the last, 15 minutes of the match, 

regardless of the playing position (Oliva-Lozano, Fortes, et al., 2022). Training high-speed 

running and sprint running at the end of the training session should therefore be taken into 

consideration even if a higher risk of musculoskeletal injury is conceivable. 

In summary, practitioners are recommended to use a combination of adapted sided-games, 

GPBT, and running-based drills to ensure adequate high-speed running and sprint running 

exposure to their players during training. High-speed running and sprinting exposition are 

particularly important for non-starting players that need to compensate for missing the speed 

load exposition of the match, which often demands near-to-maximal velocity efforts 

(Anderson, Orme, Di Michele, Close, Milsom, et al., 2016; Gualtieri et al., 2020). 
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2.4.5 High-speed running and injuries 

 

High-speed running is usually incorporated into training sessions to acclimate players to the 

demands of such exertion during matches. This practice not only facilitates achieving victory 

by overcoming opponents but also mitigates the risk of injury associated with a lack of 

habituation to high-speed running and repeated sprints during the game. In professional 

football, in fact, 57% and 72% of all hamstring injuries occurs respectively during running 

(Woods et al., 2004) and sprinting (Askling, Tengvar and Thorstensson, 2013). The volume 

of match sprinting activity is considered a risk factor of muscle injury occurrence especially 

in the minute preceding the injury (Gregson et al., 2020). Nearly all these injuries (up to 

94%) interest as the primary injury site the posterior muscles of the thigh, more precisely the 

biceps femoris long head musculotendon complex (Mueller-Wohlfahrt et al., 2013).  

To elucidate why the musculotendinous complex is particularly susceptible to this type of 

injury, it is essential to introduce the gait cycle and its phases. Without delving too deeply 

into the subject, the sprinting gait cycle can be divided into four main phases: early stance, 

late stance, early swing, and late swing. During the early stance phase, the foot maintains 

contact with the ground and begins to pull back until the late stance phase, when the foot 

completes its pushing action. Once the foot loses contact with the ground, the flight phase 

commences, encompassing the early swing phase to the late swing phase, which is the final 

moment before the foot reestablishes contact with the ground, marking the beginning of the 

early stance phase once again. The hamstrings are biarticular muscles that lengthen over 

two joints simultaneously during the latter part of the swing phase of the gait cycle (Stolen 

et al., 2005).  Strains are most likely to occur at this point as the muscles work eccentrically 

to decelerate the limb and control knee extension (Woods et al., 2004; Kenneally-Dabrowski 

et al., 2019). Alternatively, injuries may occur during the latter part of the stance phase when 

the muscle shortens forcefully to extend the hip during take-off, potentially leading to a 

concentric contraction injury (Small et al., 2009). 

Also, the acute fatigue seems to play a role in the hamstring injury occurrence. Exercise 

simulating the physiological and mechanical demands of football match play produced a 

time dependent alteration in sprinting kinematics and technique that may have implications 

for the increased predisposition to hamstring strain injury during the latter stages of football 

match-play (Small et al., 2009), especially during the last 15 minutes (Gregson et al., 2020). 

For these reasons, as previously suggested, it may be beneficial to implement training 

strategies aimed at enhancing fatigue tolerance. This approach could mitigate the effects of 
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two potential key contributors to hamstring strain injuries: overstriding and abnormal pelvic 

motion. Consequently, this would provide an indirect benefit in injury prevention (Freeman 

et al., 2021; Wolski et al., 2021). 

The third factor contributing to hamstring strain injuries, in addition to the aforementioned 

biomechanical reasons and the effects of fatigue, is the overall load produced by the player. 

In elite Portuguese players (1 season with 37 subjects’ study), when high-speed running 

and sprinting distances were considered independently of aerobic fitness and previous 

training load history, a U-shaped association was reported for distance completed at these 

speeds and subsequent injury risk (Malone et al., 2018). In that study, players with higher 

aerobic fitness were able to complete increased weekly high-speed running and sprinting 

distances, which in turn offered a protective effect against injury:  1-week (match included) 

safer zone was reported both for high-speed running (700-750m) and sprint running distance 

(200-350m) (Malone et al., 2018). Particular attention should be paid to the interpretation of 

these data since there is large variability between Clubs: each team and each player should 

look for its “sweet spot”. 

Similarly, Jaspers et al. (Jaspers et al., 2018) observed in 35 professional players over 2 

seasons likely harmful effects for a medium 1-weekly high-speed running (634-1028 m, OR: 

1.56, 90% CI: 0.99–2.46) and for elevated high-speed running variations. The variations can 

be calculated using the acute-chronic workload ratio (ACWR), which is simply the ratio 

between the workload of the most recent week and the weekly mean of the previous weeks 

(Hulin et al., 2014). The harmful variation identified by Jaspers in 2018 was a 18% increase 

of high-speed running, that using a 1:4 (weeks) ACWR means a value higher than 1.18 (OR: 

1.71, 90% CI: 0.90–3.26). These data support the theory that large and too fast increase of 

high-speed running should be avoided, considering safer an absolute weekly change < 

100m for high-speed running, and < 50m for sprinting or a 3:21 (days) ACWR < 0.85 and 

between 0.71-0.85 for high-speed running and sprinting respectively (Malone et al., 2018). 

Also for English Premier League football players (33 players in 3 seasons) an 1:4 ACWR > 

2 was associated with 5-7 times the risk of a soft tissue injury than players whose ACWR 

was lower (Bowen et al., 2019). On the other hand, a 10 weeks study on 15 professional 

football players reported that spikes in the 1:4 ACWR were not related to a subsequent injury 

occurrence (Suarez-Arrones et al., 2020). These controversial data remember that care 

should be taken when applying the findings beyond the studied population and more studies 

are needed. Moreover, the ACWR construct and most useful ratio are been discussing 

worldwide and no definitive agreement has been published (Kalkhoven et al., 2021): to date, 
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the most advisable approach in defining the ratio is adopting an acute and chronic duration 

reflecting the club typical micro- and meso-cycle, respectively. 

 

2.5 Conclusions on the available literature 

 

The main findings of this systematic literature review are reported below.  

1. Non-standard and a wide range of thresholds are employed to monitor high-speed 

running and sprinting demands among professional football players. 

2. Absolute and relative thresholds could be used to analyse or compare performances 

across players and to monitor training at the individual near-to-maximum velocities, 

respectively. 

3. High-speed running and sprint distances are position-dependent as well as highly 

variable across the phases of the game. 

4. The combination of contextualized game-based and running-based drills should be 

used to ensure adequate high-speed running and sprinting exposure during training. 

5. High-speed running and sprinting distances can be a concurrent cause of muscle 

injuries (e.g., hamstrings), but if correctly implemented in training such exposition to 

high-speed can play a protective role, however, further research is needed to clarify 

the right training dose to implement. 

Since there is no consensus on a specific absolute threshold defining high-speed running 

and sprint in adult female and male football players, and currently an international standard 

for such velocity thresholds does not exist, practitioners could set as entry velocity for high-

speed running and sprinting values included in the range suggested from this review. A 

second option for practitioners is to use the velocity thresholds adopted by FIFA and UEFA 

such as 19 km·h-1 and 23 km·h-1 for female and 20 km·h-1 and 25 km·h-1 for male.  

Beyond absolute velocity thresholds, relative thresholds should be considered for specific 

training sessions where the goal is to reach near to maximal velocity exposure accounting 

for players’ individual physical velocity capacity.  

When analysing match demand, practitioners should consider that high-speed running and 

sprint distances are position dependent as well as highly variable across the phases of the 

game and between the games: using high-speed running and sprint distance as 

performance indicators could introduce bias if not contextualized. In any case, players have 

to be ready for high-speed running and sprinting. To train the high-speed running and 
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sprinting game demand, practitioners could use a combination of adapted sided-games, 

game profile-based training, and running-based drills to ensure adequate high-speed 

running and sprint running exposure to their players during training. Finally, monitoring high-

speed running and sprint distances during every single session can allow the practitioner to 

verify the validity of the training process and optimize physical development, which is 

necessary to carry out the most demanding phases of the game requiring velocities close to 

the maximum (e.g., during high-speed counterattack), and, on the other hand, to minimize 

the injury risk. 

Considering the available literature, one limiting factor, especially for research and data 

sharing between different Clubs and national teams, is the currently lack of a standard 

defining high-speed and sprint running thresholds in football: that would facilitate multicentric 

studies involving same level Clubs useful to reach more spreadable and robust conclusions. 

Lastly, considering that the training information (related to high-speed running and sprint 

demands) available comes from studies that have mainly enrolled youth players instead of 

senior players (i.e., first-team players), it is not possible to fully generalize the main findings 

to adult professional cohorts.  

To address these limitations, I designed three original studies focusing on the monitoring of 

high-speed running and sprint demands during training and matches among adult male 

professional players. In the following chapters, I aim to fill some of the gaps identified above. 

In Chapter 4, I analyse the different workloads that starting and non-starting players are 

exposed to during congested fixture periods. These results inform the approach of Chapter 

5, where I describe the shortest microcycles encountered by a top-level football team 

throughout the majority of the season, considering day-to-day variations. Finally, in Chapter 

6, I compare the mean values described in Chapter 5 to the most demanding passages of 

a match, providing practitioners with an additional benchmark for training sessions or 

exercises. Each chapter is directly linked to the others, creating a zoom-in process that starts 

from mesocycle loads and narrows down to a few seconds of a match. This structured 

approach ensures a comprehensive understanding of the training and match demands in 

terms of high-speed running. To summarize: 

- Chapter 4 aims to assess the internal and external workload of professional Serie A 

starting and non-starting players during in-season congested fixture periods. 

- Chapter 5 aims, firstly, to quantify training and match day (MD) load during three-, 

four- and five-day microcycles in Italian professional adult football. Secondly, it seeks 

to compare the effect of microcycle length on the training load during the days before 
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(MD-1) and after (MD+1) the match, as well as the MD load in the different 

microcycles.  

- Chapter 6 aims, firstly, to quantify and model the game-speed demands of elite 

football players competing in the Italian Serie A using time windows from 5 seconds 

to 10 minutes. Secondly, it aims to compare the effect of match location on game-

speed outputs, and lastly to examine the effect of playing position on game-speed 

outputs. 
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Chapter 3: General methods 

 

3.1 Perceived exertion: the session RPE method 

 

In Chapter 4 and Chapter 5, the perceived exertion of élite adult football players during 

congested fixture periods have been analysed and reported. At the end of every single 

training session and match I personally collected their perception using the scale described 

here below. All the data were manually inserted into a custom-made athlete management 

system developed by the Club and integrated with the training or match exposure as 

described below. For the analysis of the data reported in Chapter 4 and 5 the data were 

exported from the custom-made software and loaded in a dedicated Microsoft Excel-based 

database. 

 

3.1.1 Psychometric scales to monitor perceived exertion 

 

The Rating of Perceived Exertion (RPE) scale, developed by Gunnar Borg in the 1960s 

(Borg and Dahlstrom, 1962), is a seminal tool in exercise physiology and monitoring. This 

scale employs numerical values and verbal descriptors to quantify exercise intensity linearly, 

correlating with the primary internal load markers of exercise, namely oxygen consumption 

and heart rate (Borg, 1982). The original scale ranges from 6 (no effort) to 20 (maximal 

effort), which corresponds to a heart rate range of 60 to 200 beats per minute in a healthy 

30-year-old individual. This categorical scale facilitates the comparison of perceived exertion 

across different individuals. However, it is limited by a "ceiling" effect, as it cannot exceed 

the maximum value of 20. 

 

3.1.2 CR-10 scale 

 

To overcome the limit of the ceiling effect, the Category Ratio Scale (CR10®) was designed, 

providing a ratio scale with intensity levels anchored to specific verbal expressions (Borg 

and Borg, 2001). As displayed in Figure 11 and Figure 12, this scale ranges from 0 (no 

effort) to 10 (very very hard effort, maximum), with 10 representing the highest level of 

perceived exertion ever experienced by an individual, while allowing for values beyond 10 

when the effort perceived exceeds the maximal effort ever experienced.  
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In other words, players accustomed to playing 70-minute matches, the duration of official 

games for under-15 teams, may perceive the effort required during their first 90-minute 

games in a higher category as greater than any effort they have previously experienced. In 

this scenario, the players might report an effort exceeding 10, using values such as 10.5 

(slightly higher than the previous maximum effort) or 12 (significantly higher than the 

previous maximum effort). From that day forward, the match rated with a 12 RPE becomes 

the new maximum effort benchmark, which is then ranked as 10 on the scale. The CR10® 

integrates the benefits of both categorical and ratio scales, offering enhanced precision and 

inter-individual comparability. For these reasons, it is extensively utilized to measure the 

intensity of exertion in both endurance and team sports. To properly use this scale is 

important to follow some instructions: 

▪ The perception of effort for the entire training session should be given at the end of 

the session. 

▪ Before using the scale, one should consider the two extreme situations associated 

with 0 and 10, respectively. The value 0 corresponds to rest, while 10 corresponds to 

the highest effort ever experienced.  

▪ The numerical value of effort should be assigned after selecting the adjective. For 

example, if the effort is 'Moderate,' the value assigned is 3. Intermediate values can 

be attributed, such as 6.5.  

▪ The highest value on the scale is 10. However, it is possible to assign higher values 

(11) or even greater. 

▪ It is important that the athletes report the sensation they are actually experiencing 

and not the expected sensation by either the athlete or the coach. The athlete must 

be as honest as possible and not overestimate or underestimate the sensation of 

effort. 
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Figure 11: CR10® RPE scales: Italian version 
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Figure 12: CR10® RPE scales: English version 
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3.1.3 Session-RPE method 

 

In 1995 Carl Foster introduced the session-RPE (sRPE) method to calculate the overall 

training load of endurance athletes by multiplying the duration of the training session by the 

perceived intensity (Foster et al., 1995). Subsequently, it was also suggested for team sports 

such as basketball (Foster et al., 2001) and football (Impellizzeri et al., 2004; Coutts et al., 

2009). This approach enables practitioners to obtain a synthetic index that considers both 

the volume and intensity of the session. However, like any other index, it has the limitation 

that the same value can be achieved with completely different values of the two factors. 

Therefore, it is recommended to report the sRPE training load along with at least the session 

duration, to facilitate easier contextualization and interpretation of the data. 

 

3.1.4 Validity of the method 

 

The construct validity in football has been examined in previous studies comparing the 

session-RPE method with different heart rate-derived methods previously validated to 

quantify training load. In fact, heart rate is considered a valid indicator of exercise intensity, 

also in football (Esposito et al., 2004). Specifically, the correlation between the method 

known as session-RPE and the workload measured using an heart rate-derived method 

[Training Impulse by Banister (Banister, Carter and Zarkadas, 1999)] was assessed 

(Impellizzeri et al., 2004). A significant and substantial relationship between the two methods 

was found, with all individual correlations ranging from r = 0.50 to r = 0.85 (p < 0.01). In a 

subsequent study, a correlation was also found with the lactate accumulated during training 

sessions including small sided football games (Coutts et al., 2009). More recently, a very 

large correlation was found between sRPE and training impulse – TRIMP – (r = 0.78; 95% 

confidence interval: [0.74-0.82]) also in female football players (Costa et al., 2022). 

Adherence to the original instructions provided by the developers is crucial to maintain the 

validity of these scales. Common errors include modifying the scales, incorporating 

additional figures or symbols, and using unvalidated translations. The original English and 

Italian versions of the scales were used for the original studies reported in Chapter 4 and 

Chapter 5. Both versions are reported in Figure 11 and Figure 12. All the players were 

informed on the importance of providing accurate data to prevent issues related to 

overtraining or undertraining and a refresh on how to use the scale properly was set up 

every 6 months. 
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3.1.5 Application in the original studies 

 

Once the data were collected from the players, all the information were organized into an 

Excel-based database designed for our studies, replicating the aforementioned calculations. 

As illustrated in Figure 13, the minutes of training or game time and the perceived exertion 

for each player were recorded. Additionally, the team average for each session was 

calculated. When starting and non-starting players followed different training programs, two 

separate lines to represent the team averages were utilized. 

 

Name Date Exposure (min) RPE (AU) sRPE-TL (AU) 

Player 1 01/01/2020 57 3 171 

Player 2 01/01/2020 40 3.5 140 

Player 3 01/01/2020 40 4 160 

Player 4 01/01/2020 40 2.5 100 

… … … … … 

Team average 01/01/2020 53.9 3.3 175 

Figure 13: Part of the database organized to record the sRPE-TL data. 

 

3.2 EPTS: Electronic Performance Tracking Technologies 

 

In Chapters 4, 5, and 6, the external load experienced by elite adult football players during 

congested fixture periods was analysed and reported. Both Global Navigation Satellite 

Systems (GNSS) and video tracking systems were employed to monitor training sessions 

and matches, respectively. 

 

3.2.1 Technology evolution 

 

The advances in wearable micro-technologies – such as Global Navigation Satellite 

Systems (GNSS) and accelerometers – and video tracking systems has enabled an ever 

more precise quantification of football training and match loads, in particular those high 

intensity activities like high-speed running that require highly accurate and precise 

instruments not available ten years ago.  
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In the past, low velocity thresholds (i.e., 14.4 km·h-1 – 15 km·h-1) were selected to define 

high-speed running and sprinting. That was due to the low reliability of wearable micro-

technologies such as GNSS and video tracking systems devices available at those times, 

usually sampling at frequencies lower than 5 Hz, (Johnston et al., 2012, 2014; Scott, Scott 

and Kelly, 2016), that means recording velocity 5 times in a second, in other words every 

0.2 seconds. The advances in these tracking systems have enabled a more accurate 

quantification of football matches and training loads for activities performed at higher velocity 

(Beato and Jamil, 2018; Beato et al., 2018). At present, the available GNSS technology is 

deemed valid for measuring distances covered at high-speed running and peak velocity in 

sports (Beato, Devereux and Stiff, 2018) as well as reliable with excellent inter-unit reliability 

reported for linear sprint distances (coefficient of variation [CV] = from 1.64% to 2.91%) 

(Beato and de Keijzer, 2019) and sport specific circuits (Beato et al., 2018). Consequently, 

tracking technologies are now more commonly used for monitoring high-speed running and 

sprinting distances during training and competitions in football (Beato, Drust and Iacono, 

2021).  

 

3.2.2 Validity of tracking technologies 

 

Nowadays GNNS have excellent validity. Both accuracy and reliability have been tested by 

FIFA during their electronic performance tracking systems (EPTS) analysis program, with 

good results at any speed band, high-speed running and sprinting included (Figure 14). 

Mean speed root mean square difference (RMSD) is nowadays between 0.2 and 0.5 m∙s-1. 

Similarly, video tracking system demonstrated high accuracy, with mean speed RMSD 

between 0.2 and 0.4 m∙s-1 (Figure 15). 
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Figure 14: Changes in GNSS speed accuracy since 2018. 
Mean performance is denoted by the black triangle, with 95% confidence interval shown as a red line. RMSD is root 

mean square difference, expressed in metres per second (https://digitalhub.fifa.com/m/189cf989cd172936/original/A-

Decade-of-Assessing-EPTS-in-Football-2024.pdf).  

 

 

Figure 15: Changes in video tracking speed accuracy since 2018.  
Mean performance is denoted by the black triangle, with 95% confidence interval shown as a red line. RMSD is root 
mean square difference, expressed in metres per second (https://digitalhub.fifa.com/m/189cf989cd172936/original/A-
Decade-of-Assessing-EPTS-in-Football-2024.pdf).  

 

https://digitalhub.fifa.com/m/189cf989cd172936/original/A-Decade-of-Assessing-EPTS-in-Football-2024.pdf
https://digitalhub.fifa.com/m/189cf989cd172936/original/A-Decade-of-Assessing-EPTS-in-Football-2024.pdf
https://digitalhub.fifa.com/m/189cf989cd172936/original/A-Decade-of-Assessing-EPTS-in-Football-2024.pdf
https://digitalhub.fifa.com/m/189cf989cd172936/original/A-Decade-of-Assessing-EPTS-in-Football-2024.pdf
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During training, external workload metrics were evaluated by the GNSS system. Previous 

research reported that Apex units have excellent interunit reliability and a coefficient of 

variation ranging from 1.64 to 2.91% for the analysis of peak speed during short sprints 

(between 5 and 30 m) (Beato, Devereux and Stiff, 2018; Beato and de Keijzer, 2019). During 

intermittent shuttle running all the main metrics generally adopted by practitioners present a 

low interunit bias and high reliability (ICC) (Beato, Wren and de Keijzer, 2023). Anyway, to 

avoid any intra-individual variation due to inter-unit bias every player was assigned a single 

GNSS unit that was never changed during the season. 

During matches, external workload metrics were evaluated by the video tracking system. 

The validity of this type of apparatus and its interchangeability with GNSS for measures of 

positional tracking metrics to monitoring of training and competitions were previously 

reported (Taberner et al., 2019). 

 

3.2.3 Application in the original studies 

 

In the original studies reported in Chapter 4, Chapter 5 and Chapter 6 we utilized GNSS 

Statsports Apex units (STATSports, Northern Ireland) and STATS video tracking system 

(STATS, USA). Figures of these apparatus are available in Chapter 1 (Figure 2 and Figure 

3). During the data acquisition sessions, the Apex units were turned on 15 minutes before 

the beginning of the data recording to guarantee synchronisation between the Apex units 

and GNSS (Beato and de Keijzer, 2019). After every single session, GNSS data recorded 

by the units were downloaded and further analysed with Statsports Software (Apex version 

3.0.02011): an example of the software is reported in Figure 16. In this software, data from 

the GNSS antenna and heart rate sensor are integrated and synchronized, enabling the 

sport scientist to identify spikes or data leaks. Additionally, specific splits were created to 

differentiate each drill conducted on the pitch. Finally, a comprehensive drill encompassing 

the entire session from start to finish was used to determine the total load for the day. 
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Figure 16: Software for the analysis of GNSS data. 

 

Once the splitting was completed, the data were exported in a *.CSV format and then 

imported in an Excel-based database designed for the original studies. In Figure 17 some 

of the columns available were reported to illustrate. Additionally, the team average for each 

session was calculated. When starting and non-starting players followed different training 

programs, two separate rows to represent the team averages were calculated.  

During matches, external workload metrics were evaluated with the video tracking system. 

All the process of data collection and elaboration was performed by a company (STATS, 

USA) that provided a comma separated value (*.CSV) file that was imported in the Excel-

based database designed for the original studies and partially reported in Figure 17 to 

illustrate. 

 

Name Date 
Total 

Distance 

Distance 
Zone 4 
(15-20) 

Distance 
Zone 5 
(20-25) 

Distance 
Zone 6 
(25-40) 

Peak 
Speed 

Number of 
Accelerations 

Number of 
Decelerations 

Player 1 01/01/2020 1504 95 8 0 23.7 26 18 

Player 2 01/01/2020 1874 207 39 0 23.4 27 24 

Player 3 01/01/2020 1838 89 13 1 25.7 19 12 

Player 4 01/01/2020 1826 152 30 0 23.9 41 27 

… 01/01/2020 2079 125 25 1 25.3 36 23 

Team 
average 

01/01/2020 1781 147 33 0 24.4 31 22 

Figure 17: Part of the database organised to record the GNSS and video tracking data. 
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3.3 MIP: Most intense periods analysis 

 

In Chapter 6, I calculated, analysed, and reported the most intense passages of the match 

using the rolling average approach described in the following lines. This method allowed for 

the precise identification of the load corresponding to the most intense periods of the match, 

which is essential for designing training exercises aimed at stimulating this specific scenario. 

 

3.3.1 Terminology and mathematical approaches 

 

Peak locomotor periods that occur during a match have been reported for many sports. 

Different terms were used such as most intense periods (Martín-García, Casamichana, et 

al., 2018), peak match or physical demand (Whitehead et al., 2018), duration-specific 

running demands (Duthie et al., 2018), worst case scenario (Novak et al., 2021) or other 

similar lexical alternatives. In the original study reported in Chapter 6, I decided to use Most 

Intense Periods terminology as suggested in the paper published by Novak et al. (Novak et 

al., 2021).  

When looking for the most intense periods, the first thing to do is to define the time window 

to be indagated. Usually time windows between 1 and 10 minutes are analysed, since larger 

periods are similar to the average values of the match. Then, two approaches area available. 

The first one is based on fixed time windows and divides the whole duration in sub-units that 

never overlap. To illustrate, if looking for the most intense minute of a 90 minute match, with 

this approach the max values has to be selected from one of the 90 split created. The first 

split would consider data from the start to minute 1, the second split from minute 1 and 

minute 2, and so on. 

The second approach uses a moving average technique. For example, a 1-minute moving 

average is calculated over 600 data points (1 minute × 60 seconds × 10 Hz) and moved 

over the duration of the game activity, i.e. 0–600, 1–601, 2–602, 3–603, etc., and the peak 

1-min identified from this (Whitehead et al., 2018). 

Previous research showed that mathematical models adopting moving average to assess 

the relationship between running intensity and duration have shown to be a valid way to 

quantify football match intensity and account for true periods of maximal player output 

(Delaney et al., 2018), while using fixed durations lacks sensitivity and might underestimate 

true running demands up to ∼ 25% (Varley, Elias and Aughey, 2012; Fereday et al., 2020). 

For these reasons in Chapter the second approach described here above was used. 
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3.3.2 Application in the original study 

 

At the end of each match, a raw speed trace for each player was exported and analysed 

using customized software (Anaconda Inc, Python, version 3.10.12). Total distance covered, 

high-speed running distance (>20 km.h-1) and sprint distance (>25 km.h-1) were calculated. 

The moving average analysis technique (Varley, Elias and Aughey, 2012) previously 

described was then applied to each of the output variables, using 15 different durations: 5-

10-15-30-60-90 seconds and 2-3-4-5-6-7-8-9-10 minutes. These durations were defined 

considering the inflection point and the decrease rate of the relationship between movement 

velocity and duration during football matches previously described (Roecker et al., 2017). 

To calculate the most intense periods for high-speed running and sprinting distance, the 

distance covered was calculated considering only the frames where the speed exceeded 20 

and 25 km.h-1, respectively.  

 

  



88 

 

Chapter 4: Starting and non-starting players high-speed during 

congested fixture periods (original study) 
 

This chapter has been published in the following paper: Gualtieri A, Rampinini E, Sassi R, Beato M. Workload 

Monitoring in Top-level Soccer Players During Congested Fixture Periods. Int J Sports Med. 2020 

Sep;41(10):677-681. doi: 10.1055/a-1171-1865. 

 

4.1 Introduction and aims 

 

The first aspect I want to describe is the distribution of high-speed running and sprinting 

during congested fixture periods in an elite adult football team. The systematic review 

presented in Chapter 2 clearly highlights a lack of data on this scenario. Additionally, it is 

important to explore the application of different velocity thresholds, both absolute and 

relative, to determine if any differences or added value exist among them. The optimal 

approach to investigate this is to identify whether certain thresholds can distinguish between 

starting and non-starting players more effectively than others. Indeed, starting and non-

starting players represent distinctly different populations, engaging in significantly different 

activities. As reported in Chapter 1 and Chapter 2, during a football game, players who start 

games (starters) typically cover distances between 10–13 km, performing a variety of 

intense activities such as sprints, accelerations, decelerations, and changes of direction 

(Anderson, Orme, Di Michele, Close, Milsom, et al., 2016). Players who do not start games 

(non-starters) need to compensate for this lack of workload with additional training that can 

be planned at the end of a game or during the next training session to maintain an adequate 

fitness level throughout the season. The individual quantification of total workload, which is 

the combination of training and match load, has critical importance for professional football 

coaches and sports scientists aiming to obtain physical adaptations and reduce the risk of 

injury (Thorpe et al., 2015). The most common technology utilized to quantify external 

workload parameters are global navigation satellite systems described in Chapter 3. 

Additionally, external workload can be integrated with internal load markers such as rating 

of perceived exertion (RPE) described in Chapter 3, that might guarantee a better 

comprehension of the players’ workload in football (Thorpe et al., 2015; Beato et al., 2018; 

Beato and de Keijzer, 2019). 

Recent research, conducted over an entire season on English Premier League players, 

reported that non-starting players have a similar total exposure time and total distance 

(considering both match and training time), but lower high-speed running and very high-



89 

 

speed running than starting players (Anderson, Orme, Di Michele, Close, Milsom, et al., 

2016). Therefore, in order to compensate for different workload between starting and non-

starting players, practitioners should implement additional load during training, in particular 

with a focus on high-speed activities. However, proposing higher workload, in particular 

high-speed running and sprint running, may be complicated during congested fixture periods 

due to uncertainty regarding player selection and availability. In fact, coaches have to 

manage the workload with the dual purpose of training and ensuring players are available 

for selection. When only a few days are available, non-starting players cannot engage in 

heavy training if they aim to be as fresh as possible for selection in the subsequent match. 

This situation prevents coaches from planning high-load sessions, and if this pattern is 

repeated over many weeks, it results in players never experiencing high-load sessions. The 

rationale for this approach is supported by the fact that long-term inadequate or excessive 

workloads can undermine players’ sport-specific physical capacities and increase the 

likelihood of injury (Thorpe et al., 2017).  

To date, information related to in-season internal and external workload in professional top-

level football players during congested fixture periods is very limited and none of the 

previous studies reported data about the near-to-maximal speed intensity. For élite level 

teams playing twice a week, high-speed and sprint running distance appear to be polarized 

during match days, inducing to find solutions to expose to this kind of stimulus all the players 

of the roaster independently by their playing time. Therefore, in this original study workload 

differences between starting and non-starting players is calculated using different velocity 

thresholds, in particular at near-to-maximal velocity using relative velocity thresholds. The 

aim of this original study is to assess the internal and external workload of professional Serie 

A starting and non-starting players during in-season congested fixture periods. The 

hypothesis is that during congested fixture periods starting players may have higher internal 

and external workload compared to non-starting players. 

 

4.2 Materials and Methods 

 

4.2.1 Participants  

 

Twenty professional Serie A football players were monitored in this study. The average age 

at the time of the data collection was 28.4 ± 4.3 years; average body mass was 81.8  ±  6.5 

kg; average height was 184.2 ± 5.5 cm; average peak speed was 34.1 ± 1.2 km.h-1, with 
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80% of peak speed being 27.3 ± 0.9 km.h-1. Inclusive criteria were the absence during the 

whole monitoring period of any medical contraindication, injury or illness, and regular 

participation in all the team’s training sessions. All the players involved in the study received 

an informed consent and it was accepted. The study was conducted in accordance with the 

Declaration of Helsinki and the Institutional Ethics Board of the University of Suffolk 

approved the study. 

 

4.2.2 Experimental Design 

 

External and internal workload data were recorded as part of the daily monitoring routine as 

reported in Chapter 3. Two congested fixture mesocycles of 21 days (MC1 and MC2), each 

with 6 matches, were analysed in this chapter. The structure of each of the six microcycles 

is further described in Chapter 5. The two mesocycles were divided by 2 weeks of the 

international break, during which players were involved with their national teams: during the 

last days of the second week, once players returned to the club after the international break, 

workload was partially individualized. In both mesocycles the training, match, and total 

workload (sum of training and match load) were calculated.  

Starting and non-starting players were categorized based on the match time played with the 

club during each mesocycle, utilizing a median-split approach as illustrated in Chapter 3. 

Players were ranked according to their playing time, from those who played the most 

minutes to those who played the least or no minutes. The first half of the ranked players 

constituted the starting players group, while the second half defined the non-starting players 

group. 

 

4.2.3 Procedures 

 

During all the training sessions, Apex 10 Hz GNSS (STATSports, Northern Ireland) units 

were used to collect data as described in Chapter 3. During matches, external workload 

metrics were evaluated by a video tracking system (STATS, USA). Reliability of this type of 

apparatuses is reported in Chapter 3. GNSS and video tracking interchangeability for 

measures of positional tracking metrics to monitoring of training and competitions were 

reported in previously published studies (Taberner et al., 2019).  
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The following external load variables were reported and analysed in this study: exposure 

time in minutes, total distance measured in metres, relative total distance calculated as the 

ratio between total distance and the total time of the session, high-speed running and sprint 

distance. Accordingly to Chapter 2 and Chapter 3, FIFA's preferred velocity thresholds were 

utilized, specifically distances covered above 20 km∙h⁻¹ for high-speed running and 

distances covered above 25 km∙h⁻¹ for sprinting. Additionally, individual very high-speed 

distances were reported using a threshold of 80% of each player's maximum peak speed, 

previously recorded by the club using the same GNSS technology and video tracking system 

for training sessions and matches respectively. Players’ internal load was quantified in 

arbitrary units (AU) using the Borg’s CR10-scale for rating of perceived exertion (RPE), 

whose construct validity in football was illustrated in Chapter 3 and previously reported by 

other authors (Impellizzeri et al., 2004). Session training load (sRPE-TL) was assessed by 

multiplying the RPE value by the duration of the training or match, as described in Chapter 

3.  

 

4.2.4 Statistical analysis 

 

In the next paragraph, data are presented as mean ± standard deviation (SD). Shapiro-Wilk 

test was used for checking the normality of the data distribution. Independent t-test 

comparing starting and non-starting players was used to detect between-groups differences. 

Statistical significance was set at p < 0.05. Estimates of 95% confidence interval (CI) were 

also calculated. Threshold values for meaningful benefit effects were evaluated based on 

the smallest worthwhile change (SWC), calculated as 0.2 multiplied by the between-subjects 

standard deviation. This approach was preferred over the one more suitable for individual 

subjects' SWC, which requires the individual SD to be multiplied by 0.3. The effect size, 

calculated as Hedges' g, was interpreted as follows: trivial < 0.2, small 0.2-0.6, moderate 

0.6-1.2, large 1.2-2.0, and very large > 2.0 (Hopkins et al., 2009). Hedges' g was deemed 

more appropriate than the more common Cohen's d, considering the analysed group 

comprised fewer than 30 subjects. All the aforementioned statistical analyses were 

performed using JASP software version 0.10.2 (Amsterdam, Netherlands) for MAC. 
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4.3 Results 

 

The total workload (sum of training and match load) recorded during the first (MC1) and 

second (MC2) mesocycle for starting and non-starting are reported in Table 8. In addition, 

Figure 18 reports the workload subdivision between training sessions and matches for both 

starting and non-starting players. 

Considering training sessions alone, workload values were higher for non-starting players, 

but during the first mesocycle the differences were not meaningful for sRPE (3.3 vs 3.0 AU, 

p = 0.08), high-speed running (2697 vs 1788 m, p = 0.08), sprint distance (498 vs 213 m, p 

= 0.12) and distance run above 80% of individual peak velocity (151 vs 59 m, p = 0.17). 

Contrarywise, in the second mesocycle analysed all the differences were significant apart 

for the relative distance (72 vs 69 m∙min-1, p = 0.27). 

On the other hand, considering only workload performed during matches, significantly higher 

load was found for starting players except for relative distance (MC1: 118 vs 121 m∙min-1, p 

= 0.52; MC2: 114 vs 115 m∙min-1, p = 0.81) and sRPE in MC2 (7.7 vs 6.8 AU, p = 0.109). 
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Table 8: Summary of Starters and Non-Starters workload during two 21 days-congested fixture mesocycles. 
Data are presented in mean ± standard deviation (SD). RPE = Rate of Perceived Exertion; AU = Arbitrary Units; sRPE-TL 
= session Rate of Perceived Exertion Training Load; TD = Total Distance; m = meters; RD = Relative Distance; m.min-1 = 
meters per minute; D>20 = Total distance above 20 km.h-1; D>25 = Total distance above 25 km.h-1; D>80% Vmax = Total 
distance above 80% of individual maximum speed; n = number; SWC = smallest worthwhile change calculated as SD*0.2. 

 

 

Performance 
metric 

Starters 
Mean ± SD 

Non-
starters 

Mean ± SD 

Delta difference 
(95% CI) 

P-level Hedges’g 
Qualitative 

assessment 
SWC 

1st MESOCYCLE        

Playing time (min) 480 ± 76 151 ± 99 -329 (-424, -234) < .001 -3.52 very large - 

Total exposure (min) 1326 ± 62 1155 ± 76 -171 (-245, -97) < .001 -2.33 very large 14 

RPE (AU) 4.9 ± 0.3 3.9 ± 0.5 -1.1 (-1.5, -0.7) < .001 -2.54 very large 0.1 

sRPE-TL (AU) 6566 ± 711 4437 ± 403 -2130 (-2749, -1510) < .001 -3.49 very large 111 

TD (m) 
93686 ± 

7929 
73492 ± 

4346 
-20194 (-27050, -

13338) 
< .001 -2.99 very large 1227 

RD (m.min-1) 79 ± 5 75 ± 5 -3.8 (-8.9, 1.4) 0.138 -0.74 moderate 1.0 

D>20 (m) 6363 ± 1397 
4527 ± 
1781 

-1836 (-3552, -119) 0.038 -1.09 moderate 318 

D>25 (m) 1406 ± 538 1032 ± 556 -374 (-960, 213) 0.194 -0.65 moderate 109 

D>80% Vmax (m) 1035 ± 359 658 ± 392 -376 (-779, 26) 0.065 -0.95 moderate 75 

Efforts >80% Vmax (n) 95 ± 29 45 ± 27 -50 (-80, -20) 0.003 -1.69 large 6 

2nd MESOCYCLE        

Playing time (min) 434 ± 74 146 ± 88 -288 (-365, -212) < .001 -3.41 very large - 

Total exposure (min) 1296 ± 110 1096 ± 119 -199 (-307, -92) 0.001 -1.67 large 23 

RPE (AU) 4.8 ± 0.4 4.0 ± 0.5 -0.9 (-1.3, -0.5) < .001 -1.98 large 0.1 

sRPE-TL (AU) 6283 ± 865 4347 ± 719 -1937 (-2684, -1190) < .001 -2.33 very large 158 

TD (m) 
85712 ± 
11035 

71679 ± 
5541 

-14033 (-22237, -
5830) 

0.002 -1.54 large 1658 

RD (m.min-1) 84 ± 5 79 ± 8 -4.7 (-11.2, 1.8) 0.147 -0.65 moderate 1.0 

D>20 (m) 5285 ± 1123 
4943 ± 
1200 

-342 (-1434, 750) 0.519 -0.28 small 232 

D>25 (m) 1175 ± 403 910 ± 302 -265 (-599, 70) 0.114 -0.71 moderate 71 

D>80% Vmax (m) 843 ± 331 448 ± 274 -395 (-681, -109) 0.009 -1.24 large 61 

Efforts >80% Vmax (n) 78 ± 23 37 ± 20 -41 (-61, -21) < .001 -1.83 large 4 
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Figure 18: Summary of training and match workload for Starting and Non-Starting players during two 21 days-congested 
fixture mesocycles. 
Data are presented in mean ± standard deviation (SD).S_MC1 and S_MC2 = Starting players during 1st and 2nd 
mesocycle respectively; NS_MC1 and NS_MC2 = Non-starting players during 1st and 2nd mesocycle respectively; sRPE-
TL = session Rate of Perceived Exertion Training Load; AU = Arbitrary Units; m = meters; Distance >80% Vmax = Total 
distance above 80% of individual maximum speed; * training load significantly higher than Starting players (p<.05); # match 
load significantly lower than Starting players (p<.05); † total workload lower than Starting players. 
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4.4 Discussion 

 

This study supports the hypothesis presented in the introduction of the present Chapter and 

addresses the research question posed in Chapter 1. Starting players produce higher 

internal and external workload compared to non-starters during congested fixture periods 

when both training and match load are included.  

Contrary to previously published data about a seasonal-long analysis (Anderson, Orme, Di 

Michele, Close, Milsom, et al., 2016), starters accumulated higher total exposure and total 

distance, but non-significant between groups differences were found for high-speed running 

in one of the two mesocycles (MC2) and sprint distance in both mesocycles. A definitive 

explanation for these findings is not possible, however, the training strategies implemented 

by the club may have partially compensated the differences in workload between starting 

and non-starting players. Furthermore, these conflicting results may suggest the existence 

of data variability from team to team, which should not be generalized as Serie A vs. Premier 

League (Anderson, Orme, Di Michele, Close, Milsom, et al., 2016). Future studies involving 

multiple teams, all of whom adopt standardized velocity thresholds as discussed in Chapter 

2, could further investigate the existing differences between football leagues. However, 

when distance >80% individual peak velocity was analysed, the differences between the two 

groups were moderate to large in both mesocycles. This finding underlines the importance 

of individualising high-speed running thresholds to optimise football workload analysis. 

These findings have high relevance in football because of the growing evidence on the 

importance of high-speed running for performance and injuries prevention purposes 

(Anderson, Orme, Di Michele, Close, Milsom, et al., 2016; Buckthorpe et al., 2019). 

Therefore, further attention should be paid, in congested fixture periods, to this training 

metric for starting and non-starting players.  

This study confirms that football matches are a critical training component of the week, 

where players can perform more high-speed running and football-specific activities, which 

can be difficulty recreated during a congested fixture micro-cycle (Anderson, Orme, Di 

Michele, Close, Milsom, et al., 2016; Morgans, Di Michele and Drust, 2018). During the 

training sessions, coaches may find difficult to replicate the equivalent match running 

intensity demands, as well as to compensate for the missing match-load for non-starting 

players. This is particularly true during congested fixture periods since the available training 

time may be limited at the end of the game or the day after the game. Moreover, the current 

research has added evidence of a higher sRPE-TL for starting players, which is not only 
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explained by the higher exposure time, but also by the impact of the high RPE values 

recorded during matches that are hardly replicable during training sessions.  

The non-significant difference in relative distance is explained by the fact that non-starting 

players usually perform additional shorter duration high-intensity aerobic training with no 

high-speed running at the end of the game or during the first available training session, 

raising average values of relative distance for non-starters in comparison to starters. 

Moreover, two days after the match, training prescription was differentiated for starters and 

non-starters, with the objective of reducing high intensity training for starters and properly 

conditioning non-starters, in line with team objectives and literature recommendations 

(Morgans, Di Michele and Drust, 2018). In the described mesocycles, the most common 

strategy utilized to reduce the gap between starters and non-starters occurred between the 

end of the game and the second day after the match. After the game, low-volume high-

intensity aerobic training with no high-speed running was proposed for non-starting players, 

while the day after the game these players performed a combination of small-sided games 

and power training in the gym. Two days after the game, following a first part of the session 

in which low-intensity tactical drills were performed for all the team players, non-starters 

continued their additional training with technical-tactical high-volume low-intensity drills. 

Practitioners should take advantage of all the windows of opportunity to train non-starters in 

the 48 hours following a game. This is particularly important during congested fixture periods 

to avoid the presence of long de-training periods for non-starters.  

A limitation of this study is the sample used, which is relatively small and restricted to a 

single Italian team. Ideally, sample size determination should rely on an a priori estimation; 

however, this was not feasible due to the limited availability of top-level football players, an 

ecological constraint typical of team sports such as football. As previously highlighted, 

studies involving highly specific populations, such as in this investigation, can still have a 

substantial impact on real-world practice, even with small sample sizes (Harriss, MacSween 

and Atkinson, 2019). Nevertheless, the specific cultural context in which the players trained 

must be considered when interpreting the generalizability of these findings to other clubs or 

countries. 

In conclusion, this original study has reported that starting and non-starting players were 

exposed to significantly different volumes of internal and external load during mesocycles 

characterized by congested fixture periods. This difference was mainly ascribable to the 

different total exposure time of the two groups and to the unique workload demands of the 

match. Players’ individualised thresholds for high-speed running distance (i.e. distance 
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>80% Vmax) may help to identify the workload needs of non-starting players during 

congested fixture periods. This external load metric might be necessary for sport scientists 

and coaches to optimally prepare players for the most demanding phases of the match that 

will be deeply analysed in Chapter 6 and to avoid de-training for non-starting players. For all 

the reasons reported, the monitoring of external and internal workload metrics should be 

utilized to manage the training sessions and to plan compensation drills between starting 

and non-starting players.  

In the next chapter, Chapter 5, the daily workload of the most common congested fixture 

microcycle is analysed, describing workload alternation in three-, four-, and five-day 

microcycles, which account for 75% of the total number of microcycles encountered during 

a season for a top-level team. Specifically, the workload experienced by non-starting players 

on the day following a match (MD+1) is described and analysed to determine whether the 

larger window of opportunity to train non-starting players is influenced by the length of the 

microcycle and how significantly it impacts the overall microcycle workload. Additionally, 

particular focus is dedicated to high-speed running, considering both absolute and relative 

thresholds. The latter, as discussed in this chapter, proved useful in identifying workload 

deficiencies in non-starting players when describing intensities higher than 80% of the 

maximum velocity.  
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Chapter 5: High-speed during three-, four- and five-day 

microcycles (original study) 
 

This chapter has been published in the following paper: Gualtieri A, Vicens-Bordas J, Rampinini E, Ferrari 

Bravo D, Beato M. Three-, Four-, and Five-Day Microcycles: The Normality in Professional Football. Int J 

Sports Physiol Perform. 2024 Jul 27;19(10):987-995. doi: 10.1123/ijspp.2024-0144. 

 

5.1 Introduction and aims 

 

In nowadays football, the best teams from each championship (e.g., Serie A, Premier 

League) play frequently during the season to take part in international competitions or 

national cups. For instance, they do not play only during the weekend (1 match a week), but 

also during the week (e.g., 2-3 times in 7-8 days) (Julian, Page and Harper, 2021). In these 

circumstances, the weekly number of training sessions is reduced to facilitate physical 

recovery, particularly in the days immediately following a game, thereby promoting optimal 

performance (Querido et al., 2022). Training load is affected by this strategy to the point that 

the weekly load, especially the distance run at high-speed, is mainly completed during the 

match itself as reported in Chapter 4 and other studies (Anderson, Orme, Di Michele, Close, 

Morgans, et al., 2016). This type of “congested fixture season” does not allow practitioners 

to plan training as they would during a standard weekly-based microcycle, which typically 

includes six training sessions per week with one match. Practice and previous studies have 

demonstrated that individual players may experience approximately 10 consecutive weeks 

of a congested calendar, including both domestic and international matches (Silva et al., 

2023). In this context, teams’ weekly schedules change during the season, so a standard 

nomenclature independent by the day of the week is adopted. More precisely, to summarize 

the detailed discussion in Chapter 3, the training days and their specific aims, such as 

recovery, development, or tapering, are defined based on their proximity to the previous or 

next match day (MD). In a traditional microcycle, it is common practice to define the days 

after the latest game as follow: match day plus 1 (MD+1) and MD+2, where usually the main 

aim is to promote physical and mental recovery, while MD-4, MD-3, MD-2 and MD-1 for the 

remaining days before the MD (Malone et al., 2015). However, during congested fixture 

periods, as described in Chapter 3, the number of days between matches is reduced, 

resulting in a shorter training week. For example, for a four-day microcycle: MD+1, MD-2, 

MD-1 and MD.  



99 

 

The periodization of loading across the weekly microcycle is commonly observed in adult 

players. Previous research reported that training volume gradually decreased during the 

week as match day approached (Stevens et al., 2017; Martín-García, Gómez Díaz, et al., 

2018; Clemente, Owen, et al., 2019; Szigeti et al., 2021). Specifically, in an eight-day 

microcycle greatest distances and intensities were performed at MD-5 and MD-3, followed 

by a significant tapering phase at MD-2 and MD-1 in an attempt to reduce the residual fatigue 

accumulation during the previous days and to optimize MD performance (Clemente, Owen, 

et al., 2019). A similar trend has been reported by Lopategui et al. 2021 in a seven-day 

microcycle, where a short tapering on MD-2 and MD-1 was planned before the game to 

recover from the previous loading days, essentials for maintaining or optimizing players’ 

physical performance during the season (Lopategui, Paulis and Escudero, 2021). 

Furthermore, Fleming et al. 2023 reported a similar organization of the training stimulus in 

six-day microcycles, where MD-4 was the most demanding training session of the week, 

MD-3 was a day-off and during MD-2 and MD-1 coaches decreased players’ load to favour 

players’ readiness (Fleming et al., 2023). 

However, this weekly plan cannot be used during congested fixture periods. For example, 

in a four-day microcycle, the first session after the match (MD+1) is the only available 

training day where non-starting players who did not play or played only fraction of the 

previous match can actually perform physical development (72 h before the next match). On 

MD+2, which is at less than 48 h from the previous MD and 48 h from the next MD, starting 

players are still recovering from the workload of the previous MD and they cannot actually 

fully train, while non-starting players needs to start tapering for the next MD and recover 

from the training session of the previous day. Finally, MD-1 (less than 72 h from the previous 

MD, and 24h from the next MD) is a tapering session for both starting and non-starting 

players.  

A three-day microcycle composed by MD+1, MD-1, and MD is also possible, and it is not 

uncommon, as it represents at least 30% of the microcycles for a team as the one described 

in Chapter 4 competing simultaneously in the national championship, cup, and international 

competitions (FIFPRO, 2022). In these conditions, MD+1 is the only available day for the 

coaching staff to train non-starting players, but only contained load can be provided since 

about 48 h from the next MD are available. On the other hand, MD-1, which is less than 48 

hours from the previous MD and approximately 24 hours from the next MD, could be the 

only day to prepare starting players and assess their readiness before the following match. 
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Therefore, it is crucial to find the right balance between recovery from the previous game 

and preparation for the next. 

The majority of the studies published in football described the load distribution during regular 

seven-day microcycles (Martín-García, Gómez Díaz, et al., 2018; Clemente, Rabbani, et al., 

2019; Oliveira et al., 2019; de Dios-Álvarez et al., 2021; Guerrero-Calderón et al., 2023; 

Vardakis et al., 2023), while some papers reported shorter microcycles with six to five days 

(Akenhead, Harley and Tweddle, 2016; Clemente, Rabbani, et al., 2019; Oliva-Lozano, 

Gómez-Carmona, et al., 2022; Fleming et al., 2023; Vardakis et al., 2023).  However, limited 

information is currently available about shorter four-day microcycles, particularly for players 

competing in top-level teams in the Italian Serie A (Djaoui et al., 2022; Oliva Lozano et al., 

2023). Furthermore, no studies have reported training load data specifically for scenarios of 

three-day microcycles (MD+1, MD-1 and MD).  

For these reasons, Chapter 5 aimed, firstly, to quantify training and match day load during 

three-, four-, and five-day microcycles in Italian Serie A professional adult football. Secondly, 

it aimed to analyse the effect of microcycle length on training load during MD+1 for non-

starting players, as well as MD-1 and MD load for the entire team. The hypothesis is that 

the length of the microcycle do not affect the physical demand of the game, but it influences 

the training load during MD+1 and MD-1. 

 

5.2 Methods 

 

5.2.1 Subjects 

 

Twenty male professional Serie A football players were monitored in this study for a whole 

season. The main characteristics were age 28.1 ± 4.7 years; body mass 80.6 ± 5.9 kg; height 

183.4 ± 5.1 cm; maximum speed 33.7 ± 1.5 km.h-1; 80% of peak speed 27.1 ± 0.8 km.h-1. 

The inclusion criteria comprised participation in the official competition. Goalkeepers were 

excluded from this study, therefore, only outfield players’ match data were evaluated. The 

sample size estimation was calculated using G*power (Düsseldorf, Germany) for a one-way 

ANOVA fixed effect that indicated a total of 111 individual data points (single days) would 

be required to detect a medium effect (f = 0.3), three conditions (3 microcycles) with 80% 

power and an alpha of 5%. The actual sample size of this study was 1919 individual data 
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points, with a real power higher than 95%, which reduced the likelihood of type 2 errors 

(false negative) (Beato, 2022).  

As with the other chapters, this study was approved by the Ethics Committee of the 

University of Suffolk (Ipswich, UK) (project code: RETH19/020). Informed consent to take 

part in this research was signed by the club. All procedures were conducted according to 

the Declaration of Helsinki for human studies.  

 

5.2.2 Experimental design 

 

The external training load data was recorded as part of the regular monitoring routine of the 

club and was only analysed a posteriori using a dedicated database as described in Chapter 

3. All the data analysed were collected during a single competitive season starting in August 

and ending in May.  

The microcycle length was defined by the number of days available between two 

subsequent matches, inclusive of the match day itself. A day-off was included as well in the 

count of the days available. Figure 19 presents the three analysed microcycles and their 

respective percentages of the total number of microcycles that occurred during the season.  

 

 

Figure 19: Competitive microcycles analysed and their prevalence during the season. 
MD, Match Day. For each training day (circles) the distance in terms of days from both the preceding and succeeding 
match days has been reported using respectively positive (+) and negative (-) count. 

 

On the day following a match (MD+1), the training load data are exclusively related to the 

non-starting players to identify any effect of microcycle length on the training outcome, 

particularly on high-speed running. On MD+1, all the starting players did not train on the 
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pitch; instead, they performed indoor recovery activities such as cycling, swimming, and 

stretching. The physical demand of the game reported on MD is the average load produced 

by all the players involved in the game, regardless of their playing time. Therefore, players 

were not excluded from the analysis based on their playing time. This decision was made in 

accordance with the five substitutions rule introduced in 2020, which permits the 

replacement of up to five players during a match. Prior to the SARS-CoV-2 pandemic and 

the consequent COVID-19 era, only three substitutions were available for coaches during a 

match. However, when a congested fixture calendar was required in June and July 2020 to 

recover the matches missed during the March to May 2020 lockdown period, two additional 

substitutions were introduced. Since then, the five-substitution rule has become stable and 

has been adopted by all national federations. From a practical perspective, this rule provides 

a valuable opportunity to implement partial turnovers for more players during a season. 

Conversely, from a statistical perspective, this rule increases the variability of team average 

match load attributable to positional effects. For instance, when only three players are 

substitutable, the average value of the team is based on the physical demand of seven 

outfield players, whereas with five substitutions, only five outfield players contribute to the 

mean. In this scenario, the playing position affects the team average more than before, 

generating variability that reflects the playing role demand rather than the match demand. 

To avoid this issue, the total sum of the physical demand sustained by all fifteen outfield 

players is usually adopted. However, in this study, it would not have been pertinent to the 

microcycle description due to the different number of players involved during each session 

or microcycle. 

 

5.2.3 Methodology 

 

As described in Chapter 3, during all the training sessions Apex 10 Hz GNSS (STATSports, 

Northern Ireland) units were used to collect data. During matches, external workload metrics 

were evaluated by a video tracking system (STATS, USA). Reliability of this type of 

apparatuses was reported in Chapter 3. GNSS and video tracking interchangeability for 

measures of positional tracking metrics to monitoring of training and competitions were 

previously reported (Taberner et al., 2019).  
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External load metrics 

The total football exposure (EXP) of each training session was quantified and expressed in 

minutes (mins). GNSS recorded metrics were total distance covered (TD), absolute high-

speed running distance (HSR, in this chapter to be considered between 20 and 25 km.h-1) 

and absolute sprint distance (SD, >25 km.h-1). Additionally, individual sprint distance 

(D>80% of the individual peak speed) was recorded, as it proved useful in Chapter 4 for 

identifying deficiencies in training load stimuli for non-starting players Individual sprint 

distance was calculated as 80% of the maximum peak velocity of each player previously 

recorded by the club using the same GNSS technology and video tracking system for 

training sessions and matches respectively. The number of high-intensity accelerations 

(ACC, >3 m.s-2), and decelerations (DEC, <-3 m.s-2) were quantified using GNSS technology 

(Silva et al., 2022).  

 

Internal load metrics 

Players’ internal load was quantified in arbitrary units (AU) using the rating of perceived 

exertion (RPE, Borg’s CR10-scale), which construct validity has been reported in Chapter 

3. Session training load (sRPE-TL, AU) was assessed multiplying the RPE value by training 

or match exposure as further explained in Chapter 3. 

 

5.2.4 Statistical Analyses 

 

Data are presented as estimated marginal means (95% confidence intervals) for each 

dependent variable and were analysed using linear mixed models to account for missing 

data and repeated measures. Normality of residuals was found for the linear mixed models 

(LMM). The primary analysis was a LMM, which used the Satterthwaite method to assess if 

significant differences exist between training days in the different microcycles (three-days, 

four-days or five-days microcycle as fixed effects) across the dependent variables describing 

external and internal load (Maullin-Sapey and Nichols, 2021). The degrees of freedom 

estimation was based on analytical results. 

During the secondary analysis, LMM were performed including as fixed effects the day of 

the week (MD+1, MD-1 and MD) and the type of microcycle (three-days, four-days or five-

days), to test for differences and interaction effects. Players were considered as random 

effect grouping factors in all the analyses. When significant differences were found in the 

LMM, post-hoc tests were performed using Bonferroni corrections for multiple comparisons. 
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Estimates of 95% confidence intervals (CIs) were calculated and reported in the figures. 

Effect sizes were calculated from the t and df of the contrast and interpreted using Cohen’s 

d principle as follows: trivial < 0.2, small 0.2 - 0.6, moderate 0.6 - 1.2, large 1.2 - 2.0, very 

large > 2.0 (Hopkins et al., 2009). Unless otherwise stated significance was set at p < 0.05 

for all tests. Statistical analyses were performed in JAMOVI (The Jamovi project [2023], 

version 2.3, retrieved from https://www.jamovi.org).  

 

5.3 Results 

 

5.3.1 Microcycle type 

 

A total number of 18, 12 and 10 of three-, four- and five-day microcycles respectively were 

analysed, corresponding to 34%, 23% and 19%, respectively, of the total number of 

microcycles of the competitive season. 

The daily mean value was analysed (Table 9, Figure 20 and Figure 21). Three-, four- or five-

day microcycles affected most of the variables of interest: high-speed running (F = 9.04, p 

= 0.00012), sprint (F = 13.90, p < 0.00001), individualized sprint >80% (F = 20.25, p < 

0.0001), accelerations (F = 10.12, p < 0.0001) and decelerations (F = 6.01, p = 0.0025). 

Exposure was found significant (F = 3.60, p = 0.02748), but the difference between 

microcycles (post-hoc) was trivial. Instead, total distance (F = 0.691, p = 0.501) and sRPE-

TL (F = 1.03, p = 0.358) were not affected by microcycle type. 

Contrasts showed that three- and four-day microcycles had greater daily average high-

speed running demands than the five-day microcycle (p < 0.05).  

Three-day microcycle showed greater sprint and individualized sprint daily demands (p < 

0.001), but lower accelerations and decelerations (p < 0.01), than the four- and five-day 

microcycles.  
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Table 9: Differences of daily mean values in different microcycle type. 

High-speed running distance (20-25 km∙h-1) 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 32.358 12.157 2.662 1896.696 0.02352 0.12 trivial 

Three vs Five 49.093 11.666 4.208 1909.003 0.00008 0.19 trivial 

Three vs Four 16.735 11.796 1.419 1907.728 0.46841 0.06 trivial 

 

Sprint distance (>25 km∙h-1) 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 11.742 5.783 2.03 1895.936 0.12737 0.09 trivial 

Three vs Five 28.968 5.552 5.218 1907.055 < .00001 0.24 small 

Three vs Four 17.225 5.613 3.069 1905.786 0.00654 0.14 trivial 

 

Individual sprint distance (>80% individual maximum peak velocity) 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 5.583 2.245 2.487 1895.925 0.0389 0.11 trivial 

Three vs Five 13.584 2.155 6.304 1907.023 < .00001 0.29 small 

Three vs Four 8.001 2.179 3.673 1905.754 0.00074 0.17 trivial 

 

Accelerations >3 m∙s-2 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 0.422 1.107 0.381 1895.269 1 0.02 trivial 

Three vs Five -3.89 1.063 -3.66 1905.111 0.00078 -0.17 trivial 

Three vs Four -4.312 1.074 -4.013 1903.895 0.00019 -0.18 trivial 

 

Decelerations <-3 m∙s-2 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 3.93 1.337 2.939 1898.13 0.00999 0.13 trivial 

Three vs Five -0.099 1.282 -0.077 1911.955 1 0.00 trivial 

Three vs Four -4.028 1.297 -3.107 1910.798 0.00575 -0.14 trivial 

 

Exposure time (minutes) 

Microcycle Difference SE t df pbonferroni Cohen's d  

Four vs Five 2.979 1.309 2.275 1899.987 0.06902 0.10 trivial 

Three vs Five 2.991 1.254 2.384 1914.508 0.05163 0.11 trivial 

Three vs Four 0.012 1.269 0.01 1913.676 1 0.00 trivial 
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Figure 20: Microcycle type and total distance (a), high-speed running distance (b), sprint distance (c) and individualised 
sprint distance, i.e. >80% of the individual maximum speed (d). 
Statistically significant differences (p < 0.05) across microcycles length are reported as follows: § significantly higher than 
three-day microcycles; * significantly higher than four-day microcycles; # significantly higher than five-day microcycles. 

 

 

Figure 21: Microcycle type and accelerations (a), decelerations (b), sRPE, session Rating of Perceived Exertion (c) and 
exposure (d). 
Statistically significant differences (p < 0.05) across microcycles length are reported as follows: § significantly higher than 
three-day microcycles; * significantly higher than four-day microcycles; # significantly higher than five-day microcycles.  
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5.3.2 Training day and microcycle type 

 

The training days (MD+1, MD-1) and match day presented differences for all the variables 

of interest (p < 0.0001, Table 10, Figure 22 and Figure 23). There was an interaction effect 

between training day and microcycle type for sprint (F = 5.46, p = 0.00023), individualized 

sprint (F = 4.51, p = 0.00128), accelerations (F = 2.24, p = 0.06318) and decelerations (F = 

3.91, p = 0.00369, Table 11).  

Contrasts showed, for individualized sprint distance, trivial differences (29 m, p = 0.018, d = 

0.18) at MD+1 in favour to the three-day microcycle compared to the five-day microcycle. 

Four-day microcycle presented the greater number of accelerations at MD-1, compared to 

three-day microcycle (-8.5, p < 0.00001, d = -0.29); and at MD compared to three- (-11.6, p 

< 0.00001, d = -0.36) and five-day microcycles (-9.3, p = 0.00009, d = 0.25). Four-day 

microcycle presented the greater number of decelerations at MD-1, compared to three-day 

microcycle (-7.9, p = 0.00039, d = -0.23); and at MD compared to three- (-16.4, p < 0.00001, 

d = -0.43) and five-day microcycles (14.2, p < 0.00001, d = 0.33). 

 

Table 10: Training days comparison independently by the microcycle. 

Total distance 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -3681.016 133.125 -27.651 1433.59 < .00001 -1.46 large 

MD+1 vs MD -1589.718 233.989 -6.794 1441.422 < .00001 -0.36 small 

MD+1 vs MD-1 2091.298 228.159 9.166 1435.212 < .00001 0.48 small 

 

High-speed running distance (20-25 km∙h-1) 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -362.846 9.136 -39.717 1429.858 < .00001 -2.10 very large 

MD+1 vs MD -232.438 16.07 -14.464 1434.773 < .00001 -0.76 medium 

MD+1 vs MD-1 130.408 15.659 8.328 1430.661 < .00001 0.44 small 

 

Sprint distance (>25 km∙h-1) 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -161.815 4.679 -34.581 1428.934 < .00001 -1.83 large 

MD+1 vs MD -109.224 8.233 -13.267 1432.985 < .00001 -0.70 medium 

MD+1 vs MD-1 52.591 8.021 6.557 1429.557 < .00001 0.35 small 

 

Individual sprint distance (>80% individual maximum peak velocity) 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -52.429 2.067 -25.368 1429.289 < .00001 -1.34 large 

MD+1 vs MD -33.959 3.636 -9.34 1433.678 < .00001 -0.49 small 

MD+1 vs MD-1 18.469 3.543 5.214 1429.981 < .00001 0.28 small 
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Accelerations >3 m∙s-2 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -7.737 1.005 -7.695 1429.426 < .00001 -0.41 small 

MD+1 vs MD 21.766 1.769 12.305 1433.943 < .00001 0.65 medium 

MD+1 vs MD-1 29.503 1.723 17.118 1430.144 < .00001 0.91 medium 

 

Decelerations <-3 m∙s-2 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -29.67 1.182 -25.103 1431.913 < .00001 -1.33 large 

MD+1 vs MD -7.888 2.078 -3.796 1438.568 0.00046 -0.20 small 

MD+1 vs MD-1 21.781 2.026 10.752 1433.153 < .00001 0.57 small 

 

Session Rating of Perceived Exertion (sRPE-TL) 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -447.821 13 -34.449 1435.596 < .00001 -1.82 large 

MD+1 vs MD -280.284 22.838 -12.273 1444.449 < .00001 -0.65 medium 

MD+1 vs MD-1 167.538 22.278 7.52 1437.692 < .00001 0.40 small 

 

Exposure time (minutes) 

Split Difference SE t df pbonferroni Cohen's d 

MD-1 vs MD -26.487 1.21 -21.895 1433.519 < .00001 -1.16 large 

MD+1 vs MD -24.294 2.126 -11.425 1441.308 < .00001 -0.60 medium 

MD+1 vs MD-1 2.193 2.073 1.058 1435.125 0.87112 0.06 small 
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Figure 22: Microcycle type and training day type: total distance (a), high-speed running distance (b), sprint distance (c) and 
individualised sprint distance, i.e. >80% of the individual maximum speed (d).  
The load at MD+1 has been produced by non-starting players. Statistically significant differences (p < 0.05) across 
microcycles length are reported as follows: § significantly higher than three-day microcycles; * significantly higher than 
four-day microcycles; # significantly higher than five-day microcycles. Three-day microcycles data are represented in blue, 
four-day in grey and five-day in yellow. 

 

Figure 23: Microcycle type and training day type: accelerations (a), decelerations (b), sRPE, session Rating of Perceived 
Exertion (c) and exposure (d).  
The load at MD+1 has been produced by non-starting players. Statistically significant differences (p < 0.05) across 
microcycles length are reported as follows: § significantly higher than three-day microcycles; * significantly higher than 
four-day microcycles; # significantly higher than five-day microcycles. Three-day microcycles data are represented in blue, 
four-day in grey and five-day in yellow. 
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Table 11: Training days comparison in different microcycle types. 

Sprint distance (>25 km∙h-1) 

Split Microcycle Difference SE t df pbonferroni Cohen's d 

MD +1 

Three vs Four 41.399 13.111 3.158 1426.857 0.05848 0.17 trivial 

Three vs Five 57.731 18.844 3.064 1428.799 0.0802 0.16 trivial 

Four vs Five 16.332 20.955 0.779 1426.711 1 0.04 trivial 

MD -1 

Three vs Four -5.851 7.117 -0.822 1429.072 1 -0.04 trivial 

Three vs Five -1.732 7.538 -0.23 1428.874 1 -0.01 trivial 

Four vs Five 4.119 8.264 0.498 1425.814 1 0.03 trivial 

MD 

Three vs Four -15.705 7.95 -1.975 1430.302 1 -0.10 trivial 

Three vs Five -13.614 8.353 -1.63 1429.997 1 -0.09 trivial 

Four vs Five 2.091 9.119 0.229 1426.369 1 0.01 trivial 

 

Individual sprint distance (>80% individual maximum peak velocity) 

Split Microcycle Difference SE t df pbonferroni Cohen's d 

MD +1 

Three vs Four 17.47 5.791 3.017 1427.023 0.09359 0.16 trivial 

Three vs Five 28.977 8.323 3.482 1429.122 0.01848 0.18 trivial 

Four vs Five 11.507 9.255 1.243 1426.869 1 0.07 trivial 

MD -1 

Three vs Four -1.138 3.143 -0.362 1429.422 1 -0.02 trivial 

Three vs Five -0.96 3.329 -0.288 1429.202 1 -0.02 trivial 

Four vs Five 0.178 3.65 0.049 1425.897 1 0.00 trivial 

MD 

Three vs Four -2.247 3.511 -0.64 1430.744 1 -0.03 trivial 

Three vs Five 4.634 3.689 1.256 1430.404 1 0.07 trivial 

Four vs Five 6.881 4.028 1.709 1426.503 1 0.09 trivial 

 

Accelerations >3 m∙s-2 

Split Microcycle Difference SE t df pbonferroni Cohen's d 

MD +1 

Three vs Four -5.23 2.817 -1.856 1427.087 1 -0.10 trivial 

Three vs Five -9.748 4.049 -2.407 1429.245 0.58281 -0.13 trivial 

Four vs Five -4.518 4.503 -1.003 1426.93 1 -0.05 trivial 

MD -1 

Three vs Four -8.495 1.529 -5.555 1429.555 < .00001 -0.29 small 

Three vs Five -2.977 1.62 -1.838 1429.328 1 -0.10 trivial 

Four vs Five 5.519 1.776 3.107 1425.929 0.06927 0.16 trivial 

MD 

Three vs Four -11.574 1.708 -6.775 1430.913 < .00001 -0.36 small 

Three vs Five -2.293 1.795 -1.278 1430.559 1 -0.07 trivial 

Four vs Five 9.281 1.96 4.737 1426.555 0.00009 0.25 small 
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Table 11 – continues  

Decelerations <-3 m∙s-2 

Split Microcycle Difference SE t df pbonferroni Cohen's d 

MD +1 

Three vs Four -4.486 3.313 -1.354 1428.254 1 -0.07 trivial 

Three vs Five -2.996 4.76 -0.63 1431.411 1 -0.03 trivial 

Four vs Five 1.489 5.294 0.281 1428.053 1 0.01 trivial 

MD -1 

Three vs Four -7.942 1.798 -4.418 1431.908 0.00039 -0.23 small 

Three vs Five -1.837 1.904 -0.965 1431.517 1 -0.05 trivial 

Four vs Five 6.105 2.088 2.923 1426.554 0.12664 0.15 trivial 

MD 

Three vs Four -16.378 2.008 -8.158 1433.828 < .00001 -0.43 small 

Three vs Five -2.167 2.109 -1.027 1433.207 1 -0.05 trivial 

Four vs Five 14.212 2.304 6.168 1427.549 < .00001 0.33 small 

 

 

5.4 Discussion  

 

This original study aimed, firstly, to quantify training and match day load during three-, four- 

and five-day microcycles in Italian Serie A professional adult football and secondly to 

compare the microcycle length on the training load during MD+1 and MD-1 and MD load. 

The microcycle length seems to affect the average daily values of most of the variables of 

interest like high-speed running, sprint and individualized sprint distances, as such the 

number of accelerations and decelerations. Moreover, the microcycle type affected 

individualized sprint distance sustained by non-starting players at MD+1, as well 

accelerations and decelerations at MD-1 and MD for all the players. 

The management of recovery and training in a specific congested fixture microcycles plays 

a key role for the long-term players health, physical development and fitness maintenance 

(Querido et al., 2022). From the point of view of a starting player, the workload performed 

during the game becomes critical since there is not much time for training as highlighted in 

Chapter 4 and other similar studies (Anderson, Orme, Di Michele, Close, Milsom, et al., 

2016). On the other hand, from a non-starting player perspective the physical training 

compensation during the first two sessions of the microcycle is critical. The compensative 

load is easily achievable during a seven-day microcycle (Oliveira et al., 2023), but almost 

impossible in the four- or three-day microcycle scenario described above. In a previous 

study, non-starting players typically had a lower total load than starters during weeks with 

two matches, with less time spent above 90% of maximum heart rate and covering a shorter 

high-speed running distance throughout the week, which fell short of the workload equivalent 

to a full match (Stevens et al., 2017). For these reasons, as previously reported in Chapter 
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4, managing the load for both starting and non-starting players during a congested fixture 

mesocycle, which for top clubs can last some months or a whole season, becomes an 

arduous challenge for practitioners, especially for the most impacting aspects of the physical 

dimension of training such as high-speed and sprint running. In fact, Chapter 4 clearly 

demonstrated that such high velocities tend to be polarized during games, making it difficult 

for non-starting players to bridge the gap during training sessions. 

 

5.4.1 Microcycle type 

 

Microcycle type did not affect significantly the mean volume of the training intended as total 

distance, exposure time and sRPE training load, but different performance indicators of the 

intensity were affected by it (Figure 20 and Figure 21). The average high-speed running and 

sprinting distance was reduced by longer microcycles, in particular by five-day microcycles 

which caused a reduction of 14-19% and 16-32% respectively. This can be explained by the 

impact of the non-starting players load at MD+1, the main session for non-starting players 

to produce high-speed running and sprinting distances in all the microcycles analysed, with 

very low demands for the other days. The number of accelerations were lower in three-day 

microcycles when only two days were available to prepare the following match. This can be 

explained by the coaching staff's more conservative approach during three-day microcycles, 

particularly with non-starting players on MD+1 and with the entire team on MD-1. In that 

scenario, the training drills were more focused on organizing team tactics for the upcoming 

match rather than physical conditioning. This difference in training goals is pivotal, as 

conditioning a small number of players and preparing the team strategy for a match require 

completely different training setups. In the first case, small pitches are used, whereas 

organizing team strategy necessitates a full pitch, and using larger pitches always reduces 

acceleration demands. (Beato et al., 2023). These data exacerbate the problem of the 

under-training for non-starting players during congested fixture periods with only two days 

between games as previously reported in Chapter 4.  

The different trend between the microcycles in terms of accelerations and decelerations 

could be explained by the different type of drills proposed. In fact, match and game-based 

exercises tend to keep an acceleration-deceleration ratio around 1, while more analytical 

drills tend to reduce the decelerative demand (Barrett et al., 2020). An example of an 

analytical drill is represented by the extensive category of technical development exercises. 

These exercises typically involve the player starting from a stationary position, performing 



113 

 

specific movements such as dribbling the ball to pass or kick it, and then returning to the 

starting position during the recovery period. As observed, the player remains in possession 

of the ball throughout the exercise, with no objectives related to being out of possession. 

The absence of a transition from possession to out of possession, which is characteristic of 

game-based exercises, allows the player to minimize the number of decelerations, thereby 

increasing the acceleration-deceleration ratio. In the analysed context, during five-day 

microcycles, a portion of the sessions was devoted to the technical development of the 

players. This approach maintained a high accelerative load while imposing a low 

decelerative demand, as previously explained. 

 

5.4.2 Training day and microcycle type 

 

As reported in other studies, also in this case the daily load decreased when MD 

approached, with the lower load at MD-1 (Anderson, Orme, Di Michele, Close, Morgans, et 

al., 2016; Stevens et al., 2017). The length of the microcycle did not significantly affect the 

load at MD-1, except for accelerations and decelerations, which were lower in a three-day 

microcycle compared to a four-day microcycle.  

On the other side, in all the microcycles MD+1 was the session with the highest training 

load, which is a desirable outcome as it was generated by non-starting players. In terms of 

accelerations, the MD+1 training session was more demanding than the match itself. This 

can be attributed to the low number of players involved during training, as starting players 

focused on recovery while non-starters engaged in a compensatory session. Consequently, 

the characteristics of the drills, which preferentially utilized reduced pitch dimensions as 

detailed in the Methods section of the present chapter, contributed to this increased 

accelerations demand (Beato et al., 2023; Beato, de Keijzer and Costin, 2023). At MD+1 

deceleration demand was lower compared to acceleration demand, which is a different 

stimulus considering the greater deceleration number compared to acceleration recorded 

during games (Silva et al., 2022).  

Instead, the distance completed at high-speed running and sprinting was largely completed 

in the game itself, similarly to what previously reported in English Premier League players 

(Anderson, Orme, Di Michele, Close, Morgans, et al., 2016) and in Chapter 4. In particular, 

the distance covered at speeds greater than 80% of the individual maximum velocity was 

notably low on all training days of a five-day microcycle compared to the shorter microcycles. 

This counterintuitive result can be explained considering the whole season during which 
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longer microcycles could have been used to favour recovery of starting players. In fact, the 

fatigue accumulated during chains of three- and four-day microcycles could have been 

mitigated avoiding single high-load training sessions during five-day microcycles. However, 

looking at the total volume of high-speed running and sprinting accumulated during the 

microcycles it becomes clear that the daily average was affected by the number of training 

days and that a higher absolute high-speed running and sprinting volume was produced 

when more days were available. 

Four-day microcycles were the most demanding scenario in terms of accelerations and 

decelerations both at MD-1 and MD. These results recorded in Serie A football players are 

not in line with previous studies showing a higher performance at MD when reducing load 

at MD-1 (Douchet, Paizis and Babault, 2022). The demand of MD-2 between a four- and 

five-day microcycle was not compared, which might suggest that a five-day microcycle was 

more demanding at MD-2 than a four-day microcycle in terms of accelerations. Such 

fatiguing demands may have influenced the reduced number of accelerations and 

decelerations during the game at the end of a five-day microcycle compared to a four-day 

microcycle (Douchet, Paizis and Babault, 2022).  

Apart for the number of accelerations and decelerations, the game physical demand was 

not affected by the microcycle length, but it is important to highlight that only different types 

of congested periods were compared. In fact, comparing congested and non-congested 

periods, lower accelerative and decelerative load was reported at MD when more matches 

were played and less training sessions were available (Djaoui et al., 2022). 

This study is not without limitations. As reported in Chapter 4, the sample was limited to a 

single Italian team observed over one season and therefore influenced by the national 

context and the specific training philosophy of the coaching staff. Ideally, sample size 

determination should be based on an a priori estimation; however, this was not feasible due 

to the specificity of the top-level football players monitored in this study. Consequently, a 

convenient yet representative sampling method was adopted, as previously recommended 

by other authors. Observations were conducted throughout an entire season, allowing for 

the collection of a substantial dataset (Hecksteden, Kellner and Donath, 2022). On the other 

hand, a key strength of this study is its high ecological validity. Data obtained from a highly 

specific, elite population can have a strong impact on real-world practice, even when derived 

from a small sample size (Harriss, MacSween and Atkinson, 2019), particularly for teams 

competing concurrently in the Italian Serie A and UEFA competitions. A second limitation 

that should be acknowledged pertains to the use of GNSS for monitoring training sessions 
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and a video tracking system for monitoring matches. Consequently, some variability 

between training and games could be attributed to the different monitoring systems 

employed even if this was not one of the aims of the present original study. A third limitation 

of this study is the lack of training load quantification for the post-match activities performed 

by non-starting players immediately at the end of the match when running based training 

was completed. A dedicated analysis of the training load of starting and non-starting players 

during various types of congested fixture periods could reveal valuable insights for 

practitioners. This is particularly relevant for MD+2, a critical training day when starting 

players need to complete their recovery, while non-starters are ready to train. Further studies 

could also investigate the impact of positions on training load distribution during different 

microcycles. 

In conclusion, coaches seem to be influenced by shorter microcycles in their training 

proposal, preferring sessions with a reduced muscle impact when less days are available. 

This adaptation is managed by reducing the number of drills not focusing on the tactical 

preparation of the following match such as small-sided games and technical development 

drills, but not reducing the total exposure of every single session. Regardless of the length 

of the congested fixture microcycle, the daily load appears to decrease as MD approaches, 

with the lowest load occurring at MD-1, thereby increasing readiness for the following match 

day. A five-day microcycle appears to be the shortest period that allows for the alternation 

of training and recovery days. This alternation is a necessary condition for maintaining 

players' health and enhancing their performance, which, in turn, contributes to a safe and 

high-quality sports spectacle.  

Practitioners can use present findings to re-think on their training plan during three-, four- 

and five-day microcycles and to look for any feasible improvement, in particular managing 

the technical and tactical drills selection. A lower number of accelerations and decelerations 

can be useful when few days are available to let starting players recover from the previous 

match and to be as ready as possible for the following one. Similarly, a “longer” five-day 

microcycle during a congested fixture period can be seen as a recovery opportunity for 

starting players rather than a “week” to train. On the other side, for non-starting players 

MD+1 can be a window of opportunity to reach high velocities since they may not have this 

stimulus the other training days of the week, especially if not exposed to this immediately 

after the game ends as some form of compensatory training. In Chapter 4 the gap between 

starting and non-starting players during a congested fixture mesocycle with 6 games in 21 
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days was reported and, in this Chapter, more detail was researched about the compensatory 

session for non-starting players in the day after the match.  

These results, particularly the data recorded during the three-day microcycles, are being 

reported for the first time, thereby fulfilling one of the aims outlined in Chapter 1. Analysing 

this data, football governing bodies should consider increasing the minimum number of days 

allowed between two official games to allow players more time for recovery. This, in turn, 

would contribute to higher-quality football events and, hopefully to a lower number of muscle 

injuries. In this regard, the quality of a football match can be assessed in various ways. 

When focusing on physical quality, one of the primary indicators of quality is high-speed 

running, particularly during the most intense phases of the match. These phases were 

introduced in Chapter 3 and will be analysed in greater detail in Chapter 6.  
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Chapter 6: The most intense periods during elite football 

matches (original study) 

 

Aspects of this chapter have been published in the following paper: Gualtieri A, Angonese M, Maddiotto M, 

Rampinini E, Ferrari Bravo D, Beato M. Analysis of the most intense periods during elite soccer matches: effect 

of game location and playing position. Int J Sports Physiol Perform. Ahead of print. 

 

6.1 Introduction and aims 

 

To summarize the main findings from the previous chapters, Chapter 2 highlighted the utility 

of individual velocity thresholds, which were further described in Chapters 4 and Chapter 5. 

In Chapter 4, a workload gap between starting and non-starting players during congested 

fixture mesocycles was identified, especially at very high-speed running intensity. This gap 

was further and indirectly elaborated in Chapter 5, with particular attention to the training 

session on the day after the match, which represents a crucial window of opportunity during 

congested fixture periods. In this chapter, a more detailed analysis is conducted to define 

the most intense phases of the match. This is a critical scenario, the most extreme, that non-

starting players may not experience for extended periods if not adequately stimulated. 

Understanding and quantifying such intensity is the first step for practitioners to effectively 

train it. 

As described in previous chapters, football is a physically demanding sport with games 

lasting at least 90 minutes. Several studies described the total physical demand of a match 

or its relative demand (i.e., the average demand per minute) to define training targets and 

design training sessions (Impellizzeri, Marcora and Coutts, 2019; Chaize, Allen and Beato, 

2024). However, it was suggested that the average match activities do not fully explain the 

demands of the game and they cannot be the only reference point for players’ preparation. 

Specifically, average values towards training may not expose players to the most intense 

periods which occur intermittently throughout matches (Delaney et al., 2015).  

As extensively reported in Chapter 3, previous research showed that mathematical models 

adopting moving average to assess the relationship between running intensity and duration 

have shown to be a valid way to quantify football match intensity and account for true periods 

of maximal player output (Delaney et al., 2018), while using fixed durations lacks sensitivity 

and might underestimate true running demands up to 25% (Varley, Elias and Aughey, 2012; 

Fereday et al., 2020). The peak locomotor periods that occur during a game have been 

reported using different terms such as most intense periods (MIP) (Martín-García, 
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Casamichana, et al., 2018), peak match or physical demand (Whitehead et al., 2018), 

duration-specific running demands (Duthie et al., 2018), worst case scenario (Novak et al., 

2021) or other similar lexical alternatives. In this chapter, I decided to call this analysis “most 

intense periods” following the paper published by Novak et al. (Novak et al., 2021). In that 

paper, the authors emphasize the importance of defining the most intense period for each 

individual performance marker, as it is nearly impossible for all markers to peak 

simultaneously. To illustrate, when the high-speed peak demand occurs, the deceleration 

demand would be zero. Consequently, the authors recommend avoiding the commonly used 

term "worst case scenario", as it implies the simultaneous peak of all performance markers. 

From a recent Delphi survey, the most intense period in professional football are used by 

practitioners as benchmarks for exercise replication, especially when the single repetition 

has a short duration to keep as high as possible the training physical demand (McCall et al., 

2020). This approach can be useful to prepare players for all the technical and tactical 

situations where they have to reach very high intensities to cover high distances in the 

shortest possible time, really different from the average game demand (Abbott, Brickley and 

Smeeton, 2018; Riboli, Esposito and Coratella, 2022). An example of this concept is the 

negative and positive transitions, which are the phases during which a team loses ball 

possession (negative transition) and the opposing team gains it (positive transition), 

respectively (Bortnik, Burger and Rhodes, 2022).  

Extending the duration of this phase, a 5-min peak match demand was reported to be more 

than twofold for high-speed running distance and three-to sixfold for sprint distance, 

depending on the playing position, compared with the match average both in elite female 

(Ramos et al., 2017) and male (Riboli et al., 2021) players. Raising the bar, previous 

research has reported that relative distance can be over 200 m∙min-1 when analysed using 

short time windows (i.e., 1 min) in USA Major League of Soccer (Calder and Gabbett, 2022), 

and this game-speed intensity is much higher than the average relative distance (i.e., around 

110 m∙min-1) reported considering the whole game in English professional football (Beato, 

Youngs and Costin, 2024; Chaize, Allen and Beato, 2024). Similarly, in other studies, the 

average locomotor demand was significantly lower than 1-minute peak demand. 

Specifically, it accounted for approximately 53-59% of the total distance, around 16-19% of 

the high-speed running distance, and roughly 6-9% of the sprinting distance (Riboli, Esposito 

and Coratella, 2022; Oliva-Lozano et al., 2023). This very high game demand was not 

achieved with small, medium or large-sided games, for this reason other specific training 
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options must be explored (Abbott, Brickley and Smeeton, 2018; Lacome et al., 2018; Riboli, 

Esposito and Coratella, 2023). 

Differences across various playing positions during the 1 to 10-minute periods of highest 

physical demand in professional male football have also been documented (Abbott, Brickley 

and Smeeton, 2018; Martín-García, Casamichana, et al., 2018; Connor, Mernagh and 

Beato, 2022; Thoseby et al., 2023). Therefore, playing positions should always be 

considered when applying the MIP concept. Specifically, central midfielders (CM) reported 

higher relative distance compared to wide midfielders (WM) (Connor, Mernagh and Beato, 

2022) and both CM and WM covered greater total distance and fewer meters sprinting 

compared to the other playing roles (Martín-García, Casamichana, et al., 2018). Considering 

the specific tactical behaviour, attacking midfielders covered greater peak total distance than 

all the other players (Thoseby et al., 2023). In the case of high-speed running, full-backs 

covered the greatest distance, reaching values of 47.2 ± 24.0 m·min-1 when considering the 

most intense minute of the match (Martín-García, Casamichana, et al., 2018). Similarly, 

peak high-speed distances were greater for wingers (Thoseby et al., 2023) or WM and 

forwards (Riboli et al., 2021) than all other positions. 

To date, information related to match demand and mathematical models used to evaluate 

game speed in professional football players is growing since such information may help 

sports scientists and coaches to adequately prepare football players. Research has mainly 

studied time epochs of durations from 1 to 10 min (Rico-González et al., 2022; Weaving et 

al., 2022), but peak durations of crucial attacking and defending activities in elite football last 

between 20 and 30 sec (Bortnik, Burger and Rhodes, 2022). To date, no shorter than 1 

minute duration epochs were analysed for elite football players, causing the lack of more 

football-specific ways to expose players to maximum physical outputs they achieve in 

competition. Therefore, the aims of this original study were, firstly, to quantify and model the 

game-speed demands of elite football players competing in the Italian Serie A using time 

windows from 5 seconds to 10 minutes, secondly to compare the effect of match location on 

game-speed outputs, and lastly to examine the effect of playing position on game-speed 

outputs. The hypothesis was that game speed is affected by the time window being 

analysed, by the location of the match (home vs. away), and by the players’ positional group. 
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6.2 Methods 

 

6.2.1 Experimental design 

 

A whole season observational longitudinal research design was adopted to establish the 

relationship between peak running intensity and duration during elite adult football 

competition. A two-level analysis was conducted to identify peak intensities from a range of 

locations (home VS away) and positions (center-back [CB], full-back [FB], central midfielder 

[CM], wide midfielder [WM] and forward [F]). 

 

6.2.2 Subjects 

 

Twenty-four male professional Serie A football players were monitored in this study (age 

27.5 ± 4.1 years; body mass 79.3 ± 6.1 kg; height 183.8 ± 3.9 cm; maximum speed 31.0 ± 

2.3 km.h-1). The inclusion criteria imposed their participation in at least one 60-minutes 

official match. Goalkeepers were excluded from this study, therefore, only outfield players’ 

match data were evaluated. Like in the other chapters, the sample size was not estimated 

a priori but convenience sampling was used in this study, which is a non-probability sampling 

method where subjects are selected for inclusion in the sample because of factors related 

to the researcher’s access to these subjects, i.e., the players within a specific professional 

club that represent a unique sample. The actual sample size of this study was 340 single 

observations. The Ethics Committee of the University of Suffolk (Ipswich, UK) approved this 

study (project code: RETH19/020). Informed consent to take part in this research was signed 

by the club. All procedures were conducted according to the Declaration of Helsinki for 

human studies.  

 

6.2.3 Methodology 

 

During matches, external load metrics were evaluated by a semi-automatic video tracking 

system (Stats Perform, Chicago, Illinois, USA) as described in Chapter 3. Validity and 

reliability of this type of apparatus to monitor competitions were previously reported 

(Buchheit et al., 2014; Taberner et al., 2019) and described in Chapter 3. At the end of each 

match, a raw speed trace for each player was exported and further analysed using 

customized software (Anaconda Inc, Python, version 3.10.12). Total distance covered (TD), 
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high-speed running distance (HSR, >20 km.h-1) and sprint distance (SD, >25 km.h-1) were 

calculated. A moving average analysis technique (Varley, Elias and Aughey, 2012) was then 

applied to each of the output variables, using 15 different durations: 5-10-15-30-60-90 

seconds and from 2 to 10 minutes. These durations were defined considering the inflection 

point and the decrease rate of the relationship between movement velocity and duration 

during football matches previously described (Roecker et al., 2017). The peak value 

achieved throughout each match was recorded for each variable for each player as 

described in Chapter 3. The maximal value across each of the moving average window 

durations has been then extracted and converted to units of metres per minute (m.min-1) for 

further statistical analysis. To calculate the most intense periods for high-speed running and 

sprint distance, the distance covered was calculated considering only the frames where the 

speed exceeded 20 and 25 km.h-1, respectively. To quantify the relationship between moving 

average duration and running intensity, each of the 3 peak output measures was evaluated 

relative to the moving average duration, as a power law y = cxn relationship (Delaney et al., 

2018). This resulted in an intercept (c) and slope (n) for each metric (i.e., TD, HSR and SD) 

for every individual match observation. In addition, team peak values (i.e. the average of all 

the single player values) for each match were recorded as well as the location to compare 

home (team0) and away (team1) games. 

 

6.2.4 Statistical Analyses 

 

Before statistical analyses, the slope and intercept of the speed values were log 

transformed. All statistical analyses were performed using customized software (R Core 

Team. R, version l4.3.2). Linear mixed models (lme4 package in R; V 1.1-35.1 and lsmeans 

package in R; V 2.30.0) were used to determine the magnitude of differences between game 

location (home VS. away; fixed effects) and players playing roles (CB, FB, CM, WM, and F; 

fixed effects). The random effects in the models’ design were player identification codes, 

representing mean differences between athletes. The least-squares mean test provided 

pairwise comparisons of running intensity measures for each game location and playing 

role, which were further assessed using estimates of 95% confidence intervals (CIs). Unless 

otherwise stated, significance was set at p< 0.05 for all tests. 
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6.3 Results 

 

All the results for all the durations analysed are reported and expressed in m∙min-1 in Table 

12. Total distance varied from 456 m∙min-1 of the most intense 5 seconds (i.e. 38 m in 5 

seconds) to 206 m∙min-1 of the most intense minute to 136 m∙min-1 of the most intense 10-

minute match fraction. The Power-Law curves are reported in Figure 24. All models 

demonstrated near perfect fits (R2 > 0.97). 

 

Table 12: Team average ± standard deviation for total distance, high-speed running distance (>20 km∙h-1) and sprint 
distance (> 25 km∙h-1) of the most intense periods of the game using 5 seconds to 10 minutes moving average time 
windows and expressed in m∙min-1. 

MIP 
Total distance 

(m.min-1) 
High-speed running 

(m.min-1) 
Sprint running 

(m.min-1) 

5” 456.0 ± 34.9 456.0 ± 40.0 432.0 ± 115.2 

10” 390.0 ± 39.3 348.0 ± 70.2 234.0 ± 102.4 

15” 332.0 ± 32.8 240.0 ± 58.5 160.0 ± 70.1 

30” 260.0 ± 25.9 130.0 ± 35.6 80.0 ± 35.8 

1’ 206.0 ± 18.3 74.0 ± 19.5 41.0 ± 18.8 

90” 185.0 ± 14.2 54.7 ± 14.3 28.4 ± 12.9 

2’ 173.5 ± 13.7 45.0 ± 12.5 21.5 ± 10.4 

3’ 159.2 ± 12.2 36.2 ± 9.8 15.2 ± 7.4 

4’ 152.5 ± 11.7 29.8 ± 8.2 12.2 ± 5.9 

5’ 148.0 ± 11.4 26.6 ± 7.4 10.6 ± 5.1 

6’ 144.6 ± 11.4 24.3 ± 7.0 9.0 ± 4.6 

7’ 142.2 ± 11.4 22.3 ± 6.5 8.0 ± 4.1 

8’ 139.3 ± 11.1 21.0 ± 6.1 7.4 ± 3.8 

9’ 137.3 ± 10.8 20.0 ± 5.9 6.7 ± 3.4 

10’ 136.2 ± 10.9 19.0 ± 5.6 6.2 ± 3.3 

 

6.3.1 Home vs away games 

 

For all the time windows analysed there were no significant differences observed between 

home and away matches in terms of total distance covered and high-speed running. 

However, trivial differences were noted in sprint distance performed by the team, which are 

slightly higher during home games. Estimate values were -2.54 (p = 0.1003), 1.1 (p = 0.5067) 

and 3.98 (p = 0.0192) for total distance, high-speed running and sprint distance, 

respectively. 
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Figure 24: Power law models for home and away matches for (A) total distance, (B) high-speed running distance (>20 
km∙h-1) and (C) sprint distance (>25 km∙h-1). 
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6.3.2 Playing roles comparison 

 

The power law curves with the relative slopes and intercepts are reported in Figure 25. Since 

the differences between roles observed across all time windows from 5 seconds to 10 

minutes were consistent, only the differences for the most intense minute are reported 

(Table 13). In fact, it was previously suggested that short-duration passages (i.e., 1 min) are 

a more precise approach to establish the MIP of the match, as additional issues (e.g., match 

stoppages, contextual factors and players fatigue) might influence the MIP over longer time 

windows (Jiménez et al., 2023). 

 

 

Figure 25: Power law models for (A) total distance, (B) high-speed running distance (>20 km∙h-1) and (C) sprint distance 
(>25 km∙h-1) run by full-back (FB), centre-back (CB), central midfielder (CM), wide midfielder (WM) and forward (F). 
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Figure 25 (continues): (C) sprint distance (>25 km∙h-1) run by full-back (FB), centre-back (CB), central midfielder (CM), 
wide midfielder (WM) and forward (F). 

 

Independently by the time window, the highest values for total distance were recorded by 

CM and WM, significantly different from CB (+19 m, p = 0.0001 and +20 m, p < 0.0001, 

respectively), F (+12 m, p = 0.0082 and +12 m, p = 0.0019) and FB (+13 m, p = 0.0035 and 

+ 14 m, p = 0.0004). CB performed less high-speed running compared to FB (-12 m, p = 

0.0011) and WM (-13 m, p = 0.0079), while CM values were lower compared to WM (-10 m, 

p = 0.0052). In terms of sprint distance, no significant differences were found between roles, 

but only a tendency between CB and FB (-63 m, p = 0.0839). 

 

Table 13: Most intense minute (60 seconds) between playing roles comparison for full-back (FB), centre-back (CB), 
central midfielder (CM), wide midfielder (WM) and forward (F). Confidence level used: 0.95. 

Total distance (m∙min-1) 

Contrast Difference SE Lower CL Upper CL P value 

CB-CM -19.366 4.75 -28.84 -9.897 <0.001 

CB-F -7.664 4.94 -17.54 2.212 0.126 

CB-FB -5.964 3.26 -12.37 0.447 0.068 

CB-WM -19.703 4.16 -27.99 -11.417 <0.001 

CM-F 11.702 4.35 3.08 20.324 0.008 

CM-FB 13.403 4.47 4.51 22.291 0.004 

CM-WM -0.337 3.18 -6.6 5.928 0.916 

F-FB 1.701 4.69 -7.66 11.060 0.718 

F-WM -12.039 3.79 -19.55 -4.533 0.002 

FB-WM -13.740 3.77 -21.21 -6.267 <0.001 
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High-speed running >20 km∙h-1 (m∙min-1) 

Contrast Difference SE Lower CL Upper CL P value 

CB-CM -2.86 5.31 -13.4 7.7 0.592 

CB-F -8.41 5.54 -19.5 2.65 0.134 

CB-FB -11.58 3.53 -18.5 -4.64 0.001 

CB-WM -12.6 4.64 -21.8 -3.38 0.008 

CM-F -5.56 4.81 -15.1 3.94 0.249 

CM-FB -8.72 4.97 -18.6 1.14 0.082 

CM-WM -9.75 3.46 -16.6 -2.93 0.005 

F-FB -3.16 5.25 -13.6 7.29 0.549 

F-WM -4.19 4.18 -12.5 4.09 0.319 

FB-WM -1.02 4.18 -9.3 7.25 0.807 

 
 

Sprint distance >25 km∙h-1 (m∙min-1) 

Contrast Difference SE Lower CL Upper CL P value 

CB-CM -25.613 5.38 -13.26 8.141 0.635 

CB-F -47.031 5.6 -15.9 6.491 0.404 

CB-FB -62.858 3.63 -13.42 0.848 0.084 

CB-WM -62.127 4.71 -15.57 3.145 0.190 

CM-F -21.418 4.9 -11.83 7.546 0.666 

CM-FB -37.245 5.05 -13.75 6.297 0.463 

CM-WM -36.514 3.55 -10.64 3.336 0.305 

F-FB -15.827 5.31 -12.17 9.006 0.767 

F-WM -15.096 4.26 -9.94 6.924 0.724 

FB-WM 0.0731 4.25 -8.34 8.489 0.986 

 

6.4 Discussion  

 

The aims of this original study were to quantify the most intense periods of game-speed 

demand for elite football players competing in the Italian Serie A using time windows from 5 

seconds to 10 minutes. In addition, it was compared the effect of match location on most 

intense periods game-speed outputs, and it was examined the effect of playing position.  

During the most intense minute of the match, slightly higher sprint distance was performed 

during home games. Comparing the most intense minute between the playing positions, 

central midfielders and wide midfielders run the highest values for total distance, centre-

back produced the lowest high-speed running distance value and no significant differences 

between roles were found in terms of sprint distance. 

Comparing the running intensities analysed in the different time windows (Table 12: Team 

average ± standard deviation for total distance, high-speed running distance (>20 km∙h-1) 
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and sprint distance (> 25 km∙h-1) of the most intense periods of the game using 5 seconds 

to 10 minutes moving average time windows and expressed in m∙min-1.Table 12) it appears 

that the most intense 5 seconds are run at a speed above 20 km∙h-1 since total distance and 

high-speed running values are superimposable. Stretching the time window, total distance 

values decrease slower than high-speed running and sprinting values, confirming that high-

speed can be maintained or is requested for reduced time periods during a match. In fact, 

peak durations of crucial attacking and defending activities in elite football were reported to 

last between 20 and 30 seconds (Bortnik, Burger and Rhodes, 2022). The different decrease 

ratio of the curves supports the need of different set durations for exercises targeting the 

total distance or high-speed running and sprinting distance of the most intense periods. For 

total distance seems that no differences exist between time windows longer than 5 minutes, 

while for high-speed running and sprinting distance seems that this breaking point occurs 

earlier around 2 minutes. Anyway, as previously reported (Roecker et al., 2017), for all the 

three metrics selected for this study the main differences were detected for time windows 

lower than 1 minute with values decreasing quickly from 5 to 60 seconds. 

Similar to what previously reported for high-speed running in elite women and male  football 

(González-García et al., 2023; Chaize, Allen and Beato, 2024) and total distance in elite 

male football (Chaize, Allen and Beato, 2024), playing at home seemed to be more 

demanding in terms of sprint distance in the most intense passages of the game, potentially 

because of the in favour-crowd effect previously described (Dellagrana, Nunes and Silva, 

2023). This information, for instance, can be useful when returning to play after an injury 

and when planning the first match for a player that sustained a hamstring strain injury. In 

fact, the lower sprint running capability of injury returning players has been previously 

reported (Whiteley et al., 2020). For this reason, planning away the first official match after 

that kind of muscle injury can be advisable when feasible. However, other previous studies 

have identified no effect between game location and most intense periods (Connor, Mernagh 

and Beato, 2022) and a previous study reported the most intense period to be more 

demanding in all the external load variable when playing away matches (Oliva-Lozano et 

al., 2020). Since the conflictual results, future studies are necessary to examine additional 

contextual variables (e.g., level of the opponent, total number of fans at the match) which 

may explain this effect on game most intense periods. 

Differences across various playing roles during the most intense periods of the game were 

found even if differences are minimized in peak-intensity periods compared to match 

average values (Panduro et al., 2022). Similarly to what previously reported, in the 1 min 



128 

 

MIP the highest values for total distance were recorded by midfielders (Martín-García, 

Casamichana, et al., 2018), independently if they were central or wide midfielders (Oliva-

Lozano et al., 2020). Differently from previous studies (Novak et al., 2021; Connor, Mernagh 

and Beato, 2022), no significant differences between central and wide midfielders were 

found, probably because of the different tactical organization (Calder and Gabbett, 2022). 

For high-speed running can be confirmed that fullbacks and wide midfielders were the most 

taxed players (Martín-García, Casamichana, et al., 2018; Riboli et al., 2021; Thoseby et al., 

2023), especially compared to centre-backs, which performed the lowest high-speed 

running distance.  

In terms of sprint distance, no significant differences were found between roles, but only a 

tendency between CB and FB. This result let suppose a team behaviour when speed above 

25 km∙h-1 are needed during the game, typically during offensive and defensive transition 

phases that require all the players to produce sprint distance to move quickly in the opposite 

midfield (Bortnik, Burger and Rhodes, 2022), independently by the goal differential and time 

of game (Schimpchen, Gopaladesikan and Meyer, 2021). As previously supposed, the 

rationale for this may be the nature of the most intense periods, that lead all players to act 

suddenly to try to recover a steady state and avoid the opponent’s progression towards a 

goal scoring opportunity (Oliva-Lozano et al., 2020). 

Although adding relevant information regarding elite adult football players MIP, this original 

study is not without limitations. Firstly, the sample utilized is limited to just one team, 

however, this was due to the specificity of the top-level football players monitored in this 

study (Serie A players), therefore a convenience sampling was used and the observations 

were repeated during a whole season gathering a large dataset (Hecksteden, Kellner and 

Donath, 2022). Contrariwise, a strength of this study is its high ecological validity; data 

coming from a very specific population have a very high impact on real-world practice, even 

with a small sample size (Harriss, MacSween and Atkinson, 2019), but caution is needed 

when extending conclusions to other competitions such us international competitions or 

other Championships. A second limitation that should be acknowledged is the univariate 

approach adopted to describe the most intense periods: the analysis was based on velocity 

without considering all the other high-taxing actions like jumping, dribbling, accelerating, 

decelerating or fighting that need a dedicated analysis to detect the relative peak demand 

during games. Contrariwise, the running demand represent the key performance index of 

most interest to practitioners to target in training (Novak et al., 2021), especially when using 

football-specific drills (Weaving et al., 2022). Furthermore, considering in the analysis other 
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contextual factors beyond the fans support like the tactical situations would provide a more 

holistic and reliable approach driving to better training proposals. 

In conclusion, the quantification of the peak match demands is important to appropriately 

prepare players for the most intense periods of the game using football-specific drills. During 

the most intense minute of the match in terms of running demand, slightly higher sprint 

distance was performed when playing a home match probably because of the crowd 

support. This should be considered when planning the first match for a player that sustained 

a hamstring strain injury and for this reason with a lower sprint running capability. Midfielders 

run the highest values for total distance, centre-back produced the lowest high-speed 

running distance value and no significant differences between roles were found in terms of 

sprint distance, probably because of a team behaviour during the most intense phases of 

the game such as offensive and defensive transition phases. When planning a specific 

exercise targeting the most intense minute of the match in terms of total distance, a 

univariate approach based on velocity can help to develop representative training proposal 

accounting for positional differences. At the same time, when the target is the sprint 

distance, role differences can be disregarded when using the most intense minute of the 

game as benchmark. Finally, practitioners need to keep in mind that most intense periods 

benchmark should be considered exclusively to monitor the physical demand of 

representative football-specific drills and not for running-based drills. 

To connect all the results emerged from the three original studies reported in Chapter 4, 

Chapter 5 and Chapter 6 a general discussion is reported in the next Chapter. 
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Chapter 7: General discussion and future directions 

 

7.1 Overview 

 

The preceding Chapter 4, Chapter 5 and Chapter 6 presented the single original studies 

undertaken with some interconnections related to common approaches adopted. Instead, 

this chapter aims to synthesize the findings of the studies presented and demonstrate the 

value of the new results within the broader research landscape. It also seeks to highlight 

practical recommendations that coaches and sport scientists can implement to enhance 

player performance and safeguard athlete health, particularly in comparable contexts, such 

as Italian teams competing in the UEFA Champions League, Europa League, and 

Conference League. This chapter will examine the intersections between the new findings 

emerged from the three original studies, and the broader evidence on the topic. Reflections 

on the importance of this work and the strengths of the studies will be given, and the 

limitations of the work considered. Recommendations for the application of this research will 

be described in light of the examined novelty, strengths, and limitations. 

 

Given the growing and sustained interest in the subject of high-speed running in football, 

the purpose of this thesis was to provide a comprehensive description of its dynamics within 

an Italian élite adult football team and to elucidate the specific patterns, demands, and 

implications of high-speed running in this context, offering valuable insights into how elite 

football players manage and optimize their performance through targeted training and 

recovery strategies.  

In order to reach the goal, the main hypothesis were that (1) non starting players are less 

taxed compared to starting players, especially at very high running velocity, (2) very short 

congested fixture microcycles exacerbate this gap and, (3) most intense periods need to be 

trained specifically since significantly different from average match values. 

 

To verify these hypotheses, Chapter 4, Chapter 5 and Chapter 6 necessitated a preliminary 

review of the existing literature to investigate the high-speed running thresholds employed 

to characterize the training and performance of football players. The systematic review 

presented in Chapter 2 was crucial in establishing the velocity thresholds for data collection 

in Chapter 4, Chapter 5, and Chapter 6. More importantly, it highlighted the lack of a 

universally accepted international standard for velocity thresholds among football 
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practitioners. Additionally, Chapter 2 was instrumental in defining the match and training 

load that a football player must achieve to perform at the highest level, allowing for 

comparisons with the results reported in Chapter 4 and Chapter 5. Simultaneously, the most 

recent evidence regarding the relationship between high-speed running and muscle injuries 

was compiled, providing practitioners with a robust foundation for constructing their 

prevention strategies.  

 

Once the most robust markers of high-speed running for football players were defined in 

Chapter 2, the aims of Chapter 4 were to examine the differences in high-speed running 

load between starting and non-starting players during congested fixture periods. High-speed 

running was mainly influenced by the total exposure to training: when non-starting players 

were not adequately trained during the days when starting players aimed to recover from 

the previous match, the existing gap between the two groups was not bridged. Comparing 

different sprint thresholds, it was evident that higher thresholds, in addition to the commonly 

used one (i.e., distance above 25 km∙h-1), are needed to identify the stimulus non-starting 

players require in terms of sprint training. 

 

The workload data collected for the original study presented in Chapter 4 was further 

analysed in Chapter 5. In Chapter 4, the 21-day mesocycle load was reported 

comprehensively, only separating training and match load. In Chapter 5, the workload for 

each individual day was analysed, comparing strategies adopted in microcycles with 

different numbers of days. In this case, the higher velocity threshold set at 80% of the 

individual maximum speed was useful in distinguishing different strategies, especially during 

the three-day microcycle, the shortest one analysed. Most importantly, longer microcycles 

resulted in lower mean daily load, allowing the load to be distributed over more days. The 

day after the match, the most important training session for non-starting players, were 

confirmed to have the highest load of every microcycle during congested fixture periods, but 

they did not reach the volume of the match demand. 

 

To effectively prepare players, particularly those with limited match exposure, the total or 

mean value of the match may not be sufficient. The intermittent nature of football games can 

concentrate physical demands into very short periods. Therefore, in Chapter 6, the most 

demanding passages of the games were described to provide an additional benchmark to 

those analysed in Chapter 5. The most intense periods require dedicated analysis during 
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training sessions to ensure that non-starting players experience these high-intensity 

scenarios, regardless of their exposure to official matches. 

 

7.2 Velocity thresholds for high-speed running 

 

The comprehensive review of the literature presented in Chapter 2 underscores the absence 

of a consensus regarding specific thresholds that define high-speed running and sprinting 

in professional football, encompassing both male and female athletes. The most common 

absolute high-speed running entry velocities appear to be 12.5 km·h-1 for female players 

and 19.8 km·h-1 for male players. Similarly, common absolute entry velocities for sprint 

running can be identified, such as 22.5 km·h-1 for female players and 25.2 km·h-1 for male 

players. These “most common threshold among practitioners” align to some extent with the 

FIFA suggested absolute velocity thresholds, which are 19 km·h-1 and 20 km·h-1 for female 

and male high-speed running entry speeds, respectively, and 23 km·h-1 and 25 km·h-1 for 

female and male sprint running entry speeds, respectively. 

It is suggested that both absolute and relative thresholds can be useful for coaches. 

Absolute thresholds, such as those reported in the previous lines, can be employed to 

analyse and compare performances across different players, when the absolute value 

makes a difference in terms of performance. In other words, a player capable of performing 

more sprint distance during a match may be preferable to a player who is not ready to cope 

with high match physical demands. On the other hand, relative thresholds can help monitor 

training at velocities approaching individual maximums, aiming to bring each player as close 

as possible to their maximum velocity to achieve the consequent physical response, 

regardless of individual maximal capacity. Indeed, training players to run at or just below 

their maximal velocity has been shown to have a protective effect, particularly in preventing 

hamstring injuries. This approach helps condition the muscles to handle high-intensity 

efforts, reducing the risk of injury during matches and training sessions. By incorporating 

such training strategies, coaches can enhance player performance while also prioritizing 

their long-term health and fitness. Additionally, relative thresholds proved to be more 

sensitive in both Chapter 4 and Chapter 5 to highlight differences between starting and non-

starting players. This was mainly due to the higher speed absolute value described by the 

selected relative threshold. The selected percentage of the individual maximum velocity, set 

at 80%, was higher than the entry speed for the sprint threshold set at 25 km·h-1. Therefore, 

for adult professional players with peak velocities above 31.5 km·h-1, where 80% is 25.2 
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km·h-1, it could be particularly important to add one or more relative speed thresholds to 

raise the bar of the velocity monitoring. 

 

7.3 Starting and non-starting players workload during congested fixture 

periods 

 

The playing time in the match day discriminate between starting and non-starting players. 

This differentiation is needed since the match is the highest single day load a football player 

experience during his week. During matches, the distances covered in high-speed running 

and sprinting are contingent upon the player's position and exhibit significant variability 

across different phases of the game, especially during the most intense passages of the 

match describe in Chapter 6. To ensure adequate exposure to high-speed running and 

sprinting during training sessions, especially for non-starting players, it is recommended to 

utilize a combination of contextualized game-based drills and running-based exercises. 

Although high-speed running and sprint distances have the potential to cause muscle 

injuries, when correctly integrated into training regimens, they may serve a protective 

function.  

During periods of congested fixtures, when two matches per week must be played, the 

disparity in the volumes of internal and external load experienced by starting and non-

starting players is exacerbated. In Chapter 4, it was found that this workload gap is primarily 

attributable to the differing total exposure times and the unique workload demands of 

matches, particularly in terms of high-speed running and sprinting distance. Importantly, to 

underline the significance of adopting both absolute and relative velocity thresholds, 

individualized thresholds for very high-speed running distances, as described in Chapter 2, 

can assist in identifying the workload deficits of non-starting players reported in Chapter 4. 

The monitoring of external and internal loads should be employed to manage training 

sessions and to plan compensatory drills for both starting and non-starting players. For 

starting players, the need for additional training during congested fixture periods is rare, as 

the days between consecutive games are typically just enough to recover from the match 

load before playing again. Conversely, to fill the exposure gap with starting players, non-

starters must take advantage of any available window of opportunity. Nowadays, 

professional football is definitely characterized by congested fixture seasons, but 

international football governing bodies should consider the time necessary for players to 

physiologically recover from the physical demands of matches. Additionally, they should 
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recognize that less frequently used squad players may be exposed to lower loads, resulting 

in fewer opportunities to support the team and a higher risk of injury due to the inevitable 

load spike from playing a match after several weeks on the bench. In particular, as reported 

in Chapter 4, the distance above 80% of the individual peak speed for non-starting players 

was 63% and 53% of the distance run by starting players during a 21-day congested fixture 

mesocycle. To determine the timing for compensating this gap, Chapter 5 analysed the 

microcycle distribution of the main markers used to monitor training. This analysis provided 

insights into how training loads should be distributed throughout the microcycle to effectively 

address the disparities in high-speed running distances between starting and non-starting 

players. By understanding these patterns, coaches can better plan training sessions to 

ensure all players are adequately prepared and conditioned. 

 

7.4 High-speed running distribution during congested fixture 

microcycles 

 

The gap of distance above 80% of individual maximum velocity indicated in Chapter 4 is 

extremely large and would have been even larger if no compensation strategy had been 

adopted on the day after the match. In fact, as highlighted in Chapter 5, on the day after the 

match non-starting players produced from 15% to 60% of the distance at velocities above 

80% of their individual peak speed run during a match. The day after the match, during 

three-, four-, or five-day microcycles, is the only window of opportunity to condition non-

starting players with a compensatory session, especially when aiming to reach high-speed 

running intensities. In fact, to perform sprints safely, a player must be properly warmed up 

for an adequate duration, a condition that is difficult to achieve at the end of the game. 

Additionally, a player on the bench is constrained to remain seated for 90 minutes, which 

affects joint mobility and muscle temperature, especially during night matches, which are 

quite common for top-level teams. Another aggravating factor is the tension, both mental 

and physical, that a match can provoke, which increases muscle stiffness. For these 

reasons, a compensatory session at the end of the match for non-starting players can be 

safe if low-speed activities are proposed, such as continuous or intermittent running or any 

activity aimed at stimulating the aerobic system with minimal muscular involvement. 

In Chapter 5 the daily workload for three-, four-, and five-day microcycles is reported. 

Regardless of the microcycle length, the training duration and session Rating of Perceived 

Exertion-Training Load of individual sessions are generally not affected. On the other hand, 
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when considering accelerations and decelerations, coaches seem to be influenced by 

shorter microcycles, favouring training sessions with generally reduced muscular impact 

when fewer days are available between matches. This training load adaptation is managed 

by decreasing the number of drills not directly focused on the tactical preparation for the 

subsequent match, without reducing the overall exposure of each session.  

Analysing training load trends, the daily load decreased when MD approached and only the 

five-day microcycle allowed for the alternation of higher and lower training load days, which 

is essential for the health and performance enhancement of players. Proposing a high load 

for non-starting players on MD+1 can permit coaches to let non-starting players rest on 

MD+2. This is crucial, as a MD+2 session with a low load can be beneficial for both starting 

and non-starting players. The former have not yet fully recovered from the physical demands 

of the match, while the latter need to recover from a high-load compensation session 

conducted on MD+1. Additionally, training non-starting players on MD+1 allows coaches to 

decide on a day off on MD+2, which is indispensable for being ready to perform on MD+3, 

with minimal differences between starting and non-starting players in terms of accumulated 

load and recovery stage. 

On the other hand, reducing the length of the microcycle establishes a detrimental cycle, 

with average lower loads that can lead to undertraining for non-starting players. 

Simultaneously, these loads may be higher than what starting players can manage 

effectively. This imbalance can negatively impact both sub-groups of a team, highlighting 

the importance of carefully planning microcycle lengths primarily by football governing 

bodies to ensure optimal training and recovery for all players, respecting their health, and in 

turn to provide a high-quality sport product. 

Focusing on the day before the match, four-day microcycle presented the greater number 

of accelerations and deceleration at MD-1, compared to three-day microcycle, but no 

differences were found compared to five-day microcycle. This result appears to be weak 

and more analysis on larger dataset are needed to get a definitive conclusion on the training 

load strategies adopted in the last day before the match during congested fixture periods. 

Focusing on match day, four-day microcycle presented the greater number of accelerations 

and deceleration compared to three- and five-day microcycles. Apart for the number of 

accelerations and decelerations, the game physical demand was not affected by the 

microcycle length, but it is important to highlight that only different types of congested 

periods were compared. In fact, comparing congested and non-congested periods, lower 
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accelerative and decelerative load was reported at match day when more matches were 

played and less training sessions were available. 

 

7.5 The most intense periods during matches 

 

The average match demand described in the previous paragraph is one of the most 

commonly used benchmarks among coaches. Reporting training session demand as a 

percentage of a 90-minute match is very common and represents the volume produced at 

different velocities or acceleration intensities. However, the average match demand per 

minute, often used as an average intensity index, can significantly underestimate the 

demands of the most intense passages of the game.  

For this reason, the quantification of peak match demands reported in Chapter 6 is crucial 

for adequately preparing players for the most intense periods of the game through the use 

of football-specific drills. Specifying "through the use of football-specific drills" is pivotal, as 

such specific markers of intensity can only be compared to very specific football training 

exercises. Producing the same load using different forms of training, such as running drills, 

can appear easy. It is easy because players are asked to run the same distance they would 

during a football match, but without performing all the other high-intensity activities described 

in Chapter 1, such as kicking, dribbling the ball, and fighting with opponents. In other words, 

it means using the same benchmark for two different contexts. To illustrate, the most intense 

1 minute of the match accounts for 206 meters per minute, a distance completed while 

playing football, including accelerations, decelerations, and all other high-intensity activities. 

Converting this average speed from meters per minute to kilometres per hour, it corresponds 

to 12.4 km.h-1. This means that running at a constant speed around the pitch, with no 

opponents or teammates, at 12.4 km.h-1 would theoretically prepare players for the most 

intense periods of the match. However, this is obviously not the case, as it does not replicate 

the complex and varied demands of actual match play. 

In Chapter 6, the results and innovations presented are noteworthy. For the first time, 

periods of intense activity during official matches lasting less than one minute were identified 

and described, underscoring the remarkable intensity that professional football players must 

exhibit during top-level matches in the Italian championship. By identifying the five most 

intense seconds of a match, it was revealed that players may need to cover 38 meters in 

five seconds, with 36 of these 38 meters being covered at sprinting velocity exceeding 25 

km.h-1. This finding can guide coaches in structuring training drills, particularly the day after 
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a match, when non-starting players need to compensate for the match load of starting 

players through football-specific exercises to reduce the gap highlighted in Chapter 4, in 

particular for sprint running distances. 

When examining a one-minute time window, it was observed that during the most intense 

minute of a match in terms of running demand slightly higher sprint distances occurred in 

home matches. This is likely due to the support of the home crowd. This factor should be 

considered when planning mesocycles, particularly when defining the first match for a player 

recovering from a hamstring injury, as this muscular group is significantly taxed by high 

velocities. By doing so, the match demand is appropriately considered as part of the training 

stimulus imposed on the player, which is a more coherent and appropriate approach 

compared to the traditional method of considering match demand as a performance 

indicator.  

Although the most advisable approach to defining the most intense periods remains 

individualized, with specific benchmarks for each player, a more general diversification 

based on playing roles is acceptable, particularly when a limited amount of data points per 

player is available. Midfielders were found to cover the greatest total distances during the 

most intense minute, while centre-backs recorded the lowest high-speed running distances. 

No significant differences were observed between roles in terms of sprint distance. This 

suggests a team behaviour when speeds above 25 km.h-1 are required during the game, 

typically during offensive and defensive transition phases that necessitate all players to 

sprint quickly into the opposite midfield to attack or defend, respectively. As previously 

hypothesized, the rationale for this may be the nature of the most intense periods, which 

compel all players to act suddenly to either score a goal or prevent the opponent's 

progression towards a goal-scoring opportunity. 

 

7.6 Areas for future research 

 

A notable limitation of the results presented in Chapters 4, 5, and 6 is the relatively small 

sample size, limited to a single Italian team. Ideally, sample size should be determined 

based on an a priori estimation; however, this was not feasible due to the restricted 

availability of top-level football players, an inherent constraint in team sports such as football. 

Nonetheless, studies involving highly specific populations can still have a significant impact 

on real-world practice, particularly in comparable contexts. However, caution is required 
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when generalizing these findings to other leagues, where differences in match schedules 

and culturally driven training habits may lead to divergent planning strategies.  

For instance, in the English Premier League, it is common to observe a designated day off 

during the week, typically on MD-3 or MD-2, depending on the length of the microcycle. 

Such cultural habits may influence the training strategies for both starting and non-starting 

players, potentially diverging significantly from those described in the previous chapters. 

Another example is the head coach’s philosophy and experience: some coaches prefer 

granting a day off on MD+1 to allow for psychological recovery following match-related 

stress, which in turn alters the entire compensation strategy for non-starting players. 

Another limitation is the use of GNSS and video tracking systems for monitoring training 

sessions and matches respectively, which may introduce variability in the data. Furthermore, 

the univariate approach used in our Chapter 5 to describe the most intense periods, focusing 

solely on velocity, does not account for other high-intensity actions such as jumping, 

dribbling, accelerating, decelerating, or physical contests, which require dedicated analysis 

to determine peak demands during games. However, running demand remains the key 

performance indicator of most interest to practitioners for training purposes, especially when 

using football-specific drills. Incorporating other contextual factors, such as tactical 

situations, in the analysis would provide a more holistic and reliable approach, leading to 

improved training proposals. Despite these limitations, the high ecological validity of Chapter 

4, Chapter 5 and Chapter 6 is a strength, as data from a specific population can significantly 

impact real-world practice.  

Apart from the definition of thresholds, the performance aspects investigated in Chapters 3, 

4, and 5 could also be of significant interest in the context of elite female football. Currently, 

there is a paucity of data regarding top-level female players during congested fixture periods, 

encompassing both starting and non-starting players. Recently, preliminary reference data 

on the maximum intensity periods in female football have been published (Riboli et al., 

2024). These data appear to differ significantly from those reported in Chapter 6 and more 

generally in male football, suggesting that it would be valuable to examine these demands 

in other top-level female teams. Another aspect to be strengthened is the association 

between high-speed running and injuries, in particular hamstring injuries. Very few studies, 

reported in Chapter 2, have been published, all of them with a reduced number of amatorial 

level athletes.  
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7.7 Practical applications 
 

Given the lack of consensus on specific absolute thresholds for defining high-speed running 

and sprinting in adult female and male football players, practitioners may adopt the velocity 

thresholds endorsed by FIFA and UEFA, which are 19 km·h-1 and 23 km·h-1 for females, 

and 20 km·h-1 and 25 km·h-1 for males, respectively. Additionally, relative thresholds should 

be considered for specific training sessions aimed at achieving near-maximal velocity 

exposure, taking into account the individual physical velocity capacities of players. 

In addition, individualized thresholds for very high-speed running distance as distance above 

80% of the individual maximum velocity are instrumental in identifying the workload 

requirements of non-starting players during congested fixture periods. This external load 

metric is essential for sport scientists and coaches to optimally prepare players for the most 

demanding phases of matches and to prevent de-training in non-starting players. 

Consequently, the systematic monitoring of both external and internal workload metrics is 

imperative for effectively managing training sessions and planning compensatory drills for 

both starting and non-starting players. 

Practitioners working in contexts similar to the one described (i.e. top 6 Italian Serie A teams) 

can utilize findings of Chapter 5 to refine training plans across three-, four-, and five-day 

microcycles. In particular, reducing the frequency of accelerations and decelerations within 

a session of the same duration facilitates recovery for starting players between matches. A 

five-day microcycle during congested fixture mesocycles can function as a recovery 

opportunity for starting players that play the majority of the season in a congested fixture 

scenario. For non-starting players, the day after the match represents an opportunity to 

achieve high velocities, compensating for reduced stimulus during the other days of the 

microcycle. It is recommended that football governing bodies consider extending the 

minimum interval between official games to enhance player recovery, protect player (worker) 

health and subsequently maintain or improve the quality of matches. 

Focusing on the most intense phases of the match, no significant differences in sprint 

distance were observed between roles during matches, likely attributable to team dynamics 

during those intense phases of the game. For this reason, when training aims to reproduce 

the sprint distance demand during the most intense minute, positional differences can be 

disregarded. Importantly, practitioners should utilize the most intense periods benchmark 

exclusively to monitor the physical demand of football-specific drills, rather than running-

based drills. 
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7.8 Concluding summary 
 

To answer Chapter 1 research questions, it is possible to conclude that there is no 

consensus on a specific absolute threshold defining high-speed running and sprinting in 

adult female and male football players. For this reason, practitioners could adopt the 

thresholds proposed by FIFA such as 19 km·h-1 and 23 km·h-1 for females and 20 km·h-1 

and 25 km·h-1 for males.  Relative thresholds should be considered for specific training 

sessions to reach near to maximal velocity exposure accounting for players’ maximum 

velocity capacity. Additionally, players’ individualized thresholds for sprinting distance may 

help identify the needs of non-starters: in fact, they can reach velocity above 25 km·h-1 in a 

relatively easy way, but they can lack higher speeds above 80% of the individual maximum 

velocity if not specifically trained. This is more common during congested periods, i.e. when 

a few days are available between two consecutive games. In these scenarios, coaches 

seem to be influenced by shorter microcycles in their training proposal, preferring sessions 

with a reduced muscle impact when fewer days are available. For non-starting players only, 

the day after the match represented the only opportunity to train, with the highest training 

load independently by the microcycle length. Finally, the quantification of the peak match 

demands is important to appropriately prepare players for the most intense periods of the 

game using football-specific drills. In fact, midfielders run the highest values for total 

distance, centre-back produce the lowest high-speed running distance value and no 

significant differences between roles were found in terms of sprint distance, probably 

because of team behaviour during the most intense phases of the game such as offensive 

and defensive transition phases. 

In summary, the novel results reported in Chapter 4, Chapter 5, and Chapter 6 can assist 

coaching staff working in similar contexts in training players who are less taxed due to 

reduced playing time and in preparing the entire team to endure the most demanding phases 

of a football match.  
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Appendix 2 – Presentation at World Conference on Science and Soccer, 

Coimbra (Portugal), June 15th-17th 2022 

 

HIGH-SPEED RUNNING AND SPRINTING IN PROFESSIONAL ADULT SOCCER PLAYERS: 

METHODOLOGICAL DEFINITIONS, MATCH DEMANDS AND TRAINING RECOMMENDATIONS. A 

SYSTEMATIC REVIEW 

 

Antonio Gualtieri 1,2, Ermanno Rampinini 3, Antonio Dello Iacono 4, Duccio Ferrari Bravo 1, Marco 

Beato 2 

1 Sport Science and R&D Department, Juventus Football Club, Torino, Italy; 2 School of Health and Sports 

Sciences, University of Suffolk, Ipswich, United Kingdom; 3 Human Performance Laboratory, Sport Service 

Mapei Srl, Olgiate Olona, Italy; 4 Division of Sport and Exercise, School of Health and Life Sciences, 

University of the West of Scotland, Hamilton, United Kingdom. 

 

High-speed and sprint running match demands have progressively increased in the last years, thus 

becoming one of the hallmarks of modern professional soccer.  

The aims of this review were to: summarize the evidence on absolute and relative velocity thresholds 

used to classify high-speed running and sprinting in adult soccer players, describe high-speed and 

sprint running distance match demands, and provide practical applications for training high-speed 

and sprint running in professional adult soccer players.  

To date, there is no consensus on the absolute thresholds defining high-speed and sprint running in 

adult soccer players. Until international standards are defined, it is reasonable to set absolute 

thresholds considering the range of values found in the literature collected in this review. On the 

other hand, relative velocity thresholds could be considered for specific training sessions whose goal 

is to reach near to maximal velocity exposure and verify individual players training loads. 

During official matches, high-speed and sprint running distances ranged from 911 to 1063 m and 

223 to 307 m, respectively, in professional female soccer players, while ranges from 618 to 1001 m 

and 153 to 295 m, respectively, in professional male soccer players (note that lower absolute 

thresholds were used for female players compared to male players). Moreover, maximal intensity 

periods recorded during matches should also be considered: indeed, the most intense phases can 

be 2 and 4 times more demanding than the mean values for high-speed running and sprinting, 

respectively. In addition, high between-player, between-game and between-role variability for these 

external load demands were reported during official matches.  

During training, sided-games designed in formats using relative areas per player greater than 225 

m2 appear to be adequate for achieving high-speed running and sprinting exposure, although large 

between-subject variability may be expected. The combination of sided-games, running exercises 

and soccer circuit-based drills is advisable to ensure adequate high-speed and sprint running 

exposure both at a team and individual level. Monitoring high-speed running and sprint distances 

during every single session can allow practitioners to assess the efficacy of the training process and 

best prepare players for the most demanding phases of the match. 
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Appendix 3 – Presentation at 29th Annual ECSS Congress in Glasgow, 

July 2nd-5th 2024 

 

THREE-, FOUR- AND FIVE-DAY MICROCYCLES: THE NORMALITY IN PROFESSIONAL FOOTBALL 

 

Gualtieri, A. 1,2, Vicens-Bordas, J. 3,4, Rampinini, E. 5,6, Ferrari Bravo, D. 1, Beato, M. 2 

 

1 Sport Science and R&D Department, Juventus FC, Turin, Italy; 2 School of Health and Sports Science, 

University of Suffolk, Ipswich, UK; 3 Sport Performance Analysis Research Group (SPARG), University of Vic-

Central University of Catalonia, Vic, Barcelona, Spain; 4 UVic-UCC Sport and Physical Activity Studies Centre 

(CEEAF), University of Vic-Central University of Catalonia, Vic, Barcelona, Spain; 5 Human Performance 

Laboratory, MAPEI Sport Research Centre, Olgiate Olona, Varese, Italy; 6 Sport and Exercise Discipline 

Group, Human Performance Research Centre, Faculty of Health, University of Technology Sydney, Moore 

Park, New South Wales, Australia 

 

INTRODUCTION 

In modern football, elite level teams frequently face periods with congested fixtures. This scenario 

requires teams to play more than once a week in national and international competitions [1]. Previous 

research reported a gradual reduction in training volume as match day approached [2], but limited 

information is currently available about shorter microcycles’ training load distribution. Therefore, this 

study aimed to quantify training and match day (MD) load during three- (3dMC), four- (4dMC) and 

five-day microcycles (5dMC) in elite adult football and analyse the effect of microcycle length on the 

training load sustained the day before (MD-1) and after a match (MD+1). 

METHODS 

This study involved 20 male elite football players whose external load was monitored for a whole 

competitive season, assessing periods with congested fixtures (i.e., three-, four- and five-day 

microcycles). Training exposure (EXP), total distance covered (TD), high-speed running distance 

(HSR), sprint distance (SD), individual sprint distance (D>80%), number of accelerations (ACC) and 

decelerations (DEC) were quantified. The load recorded on MD+1 (sustained by non-starting 

players), MD-1 and MD was compared between the three congested microcycles. 

RESULTS 

Microcycles length affected most of the variables of interest: HSR (F = 9.04, p < 0.01), SD (F = 13.90, 

p < 0.01), D>80% (F = 20.25, p < 0.01), accelerations (F = 10.12, p < 0.01) and decelerations (F = 

6.01, p < 0.01). Comparisons highlighted that 3dMC and 4dMC had greater daily average HSR and 

D>80% demands than the 5dMC, while 4dMC and 5dMC produced more ACC than 3dMC (p < 0.05). 

There was an interaction effect between training day and microcycle type for SD (F = 5.46, p < 0.01), 

D>80% (F = 4.51, p < 0.01), ACC (F = 2.24, p = 0.06) and DEC (F = 3.91, p < 0.01). In particular, 

the microcycle type affected D>80% on MD+1 (higher in 3dMC), and ACC and DEC on MD-1 and 

MD. 4dMC presented a greater number of ACC on MD-1, compared to 3dMC (-8.5, p < 0.01, d = -

0.29) and on MD compared to 3dMC (-11.6, p < 0.01, d = -0.36) and 5dMC (-9.3, p < 0.01, d = 0.25). 

4dMC presented the greater number of DEC on MD-1, compared to 3dMC (-7.9, p < 0.01, d = -0.23) 

and on MD compared to 3dMC (-16.4, p < 0.01, d = -0.43) and 5dMC (14.2, p < 0.01, d = 0.33).  

 



144 

 

CONCLUSIONS 

During congested fixtures players external training load is influenced by microcycles length, where 

coaches seem to prefer technical and tactical drills with a reduced muscular impact during shorter 

microcycles allowing starting players to recover from the previous match. On the other side, non-

starting players can be exposed to high-speed running on MD+1 since they may not have this 

stimulus on the other training days of the week. Independently of the length of the congested fixture 

microcycle, daily load does appear to decrease when MD approaches. 
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Appendix 4 – Article published including aspects from Chapter 2 

Direct link: https://www.frontiersin.org/journals/sports-and-active-living/articles/10.3389/fspor.2023.1116293/full  

 

  

https://www.frontiersin.org/journals/sports-and-active-living/articles/10.3389/fspor.2023.1116293/full
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Appendix 5 – Article published from Chapter 4 

Direct link: https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1171-1865  

 

  

https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1171-1865
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Appendix 6 – Article published from Chapter 5 

Direct link: https://journals.humankinetics.com/view/journals/ijspp/19/10/article-p987.xml  

 

  

https://journals.humankinetics.com/view/journals/ijspp/19/10/article-p987.xml
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Appendix 7 – Article published including aspects from Chapter 6 

Direct link: https://journals.humankinetics.com/view/journals/ijspp/20/7/article-p986.xml  

 

https://journals.humankinetics.com/view/journals/ijspp/20/7/article-p986.xml
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