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ABSTRACT

International Journal of Exercise Science 16(6): 688-699, 2023. Professional soccer is a physically
demanding sport that requires players to be highly trained. Advances using GPS allow the tracking of external
workloads for individual players in practice and competition, however, there is a lack of evidence on how these
measures impact match results. Therefore, we analyzed external workloads by player position and determined if
they vary depending on the result of competitive matches. External workloads were analyzed in professional soccer
players (1 = 25) across 28 competitive games. One-way ANOVA determined if workloads varied by position (striker
- ST, wide midfielder - WM, central midfielder - CM, wide defender - WD, central defender - CD) or across games
won (n = 8), lost (n = 13) or tied (n = 7). Repeated-measures ANOVA assessed differences in workloads specific to
each position in each of the result categories. Statistical significance was set at p < 0.05. Across all games, more high-
speed and very-high speed running was done by ST and WD compared to CD (p < 0.001) and CM (p < 0.001 - 0.02).
Whole-team data showed no differences in any external workload variable with respect to match result (p > 0.05),
however, in games won ST did more very high-speed running than in losing games (p = 0.03) and defending players
did more high and very high-speed running in games tied vs. those won or lost (p < 0.05). Whole-team external
workloads do not vary depending on the match result; however, high speed running may be a differentiating factor
at the positional level. Coaches should consider position-specific analysis when examining player workloads.

KEY WORDS: GPS, accelerometry, football
INTRODUCTION

Professional soccer is a physically demanding sport that challenges players to be trained in
aerobic endurance, speed, strength, and power (5). Over the past several decades, significant
effort has been made to quantify the physiological challenges of gameplay (6, 10, 25, 33), and
how to prepare players for those demands (22, 34, 42). Undoubtedly, a central challenge as it
relates to this understanding is the highly intermittent nature of the sport. Periods of low and
moderate work are interspersed with much higher intensity efforts, providing unique
physiological and biomechanical challenges (34, 40). This is further complicated by the differing
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requirements of player position and the variability of workloads associated with each (1, 8, 10,
11). As a result, greater efforts have been made to develop tools that more accurately quantify,
monitor, and manage the “load” placed on soccer players in both practice and competition (2).
Classically, loads have been described as either internal or external, and both are increasingly
used as a means of understanding the short and long-term demands of elite-level play (24).
Traditionally, internal loads represent the physiological stress on the athlete and are usually
measured via heart rate and/or ratings of perceived exertion (RPE), whereas external loads
describe movement profiles and include variables such as distance covered, accelerations and
decelerations and numbers of high-speed running bouts performed in a specific timeframe (23).

One such method that has gathered a great deal of interest is the use of global positioning
systems (GPS) to measure external workloads in various competitive environments. GPS uses
time-motion analysis at various sampling frequencies to quantify locomotion, and several
studies have demonstrated its validity in field-based team sports, including soccer (14, 30, 39).
Subsequently, multiple important lines of enquiry have developed. These include the study of
GPS and external workloads as they relate to demands across specific time-frames in the soccer
season (e.g. preseason vs. in-season) (29), in small sided vs. traditional 11v11 games (12, 19), in
practice vs. games (31) and as means of predicting injury risk in elite players (16). Interestingly,
while several investigators have considered external workloads and their potential impact on
game result, to our knowledge, this has never been studied in elite-level soccer in the United
States. In recent work, Nobari, Oliveira, Brito, Perez-Gomez, Clemente and Ardigo (36)
determined that several external load measures, including high-speed running and sprint
distance vary depending on game result, however, that study was limited by the fact only three
losing games were analyzed over the course of the season. This followed a study by Smpokos,
Mourikis and Linardakis (43), who demonstrated lower running distances in losing games vs
those tied or lost in European competition. This has largely been supported, as two recent
studies also showed that professional players in Portugal (8) and Brazil (15) covered greater
distances in positive results (wins/ties) vs games lost, however, these analyses were limited by
the relatively few games that were included. In contrast, it has been argued that when winning,
professional players may in fact reduce their workloads, as evidenced by lower levels of high-
speed running and distances covered (27). Finally, Andrzejewski, Chmura, Konefal, Kowalczuk
and Chmura (3) reported that sprinting actions vary depending on game result in German
professional players, but not consistently across playing positions. While these important
findings have elucidated the potential significance of analyzing match workloads and their
relationship to game outcomes, the relative paucity of evidence and the equivocal nature of their
tindings calls for further studies in this area. Therefore, our purposes were to (a) determine if a
variety of external load measures vary by position and/or game result, and (b) carry out the first
of these studies in US-based professional soccer players.
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METHODS

Participants

Data were collected from 25 professional soccer players (age 26.3 + 3.8, weight 169.2 + 19.9kg),
competing in the United Soccer League (USL) across the 2021 regular season. Participants
included strikers (ST, n = 4), wide midfielders (WM, n = 4), central midfielders (CM, n = 7), wide
defenders (WD, n = 3), and central defenders (CD, n = 7) as designated by club coaching staff.
Analysis was carried out on 28 regular season games, comprising of wins (W, n = 8), losses (L, n
= 13) and ties (T, n = 7). Prior to data collection and analysis, all squad members completed a
medical history and informed consent that outlined the nature of the study and data collection,
management, and analysis. This process was overseen and approved by the University of
Indianapolis Human Research Protections Program and Internal Review Board (Study No.
01205), and in adherence with the ethical policies set out by the International Journal of Exercise
Science (35). Participants were included if they were officially rostered with the club, had been
cleared to play by medical staff, and competed in any of the analyzed matches. Participants were
excluded from the analysis if they were unable to play in games due to illness/injury, team
selection, or if they chose not to wear the GPS tracking device during competition. Goalkeepers
were not included due to their unique movement patterns in practice and gameplay (38).

Protocol

All external load measures were collected across 28 competitive games using the STATSports
Apex Athlete GPS monitoring device (STATSports, Newry, Northern Ireland) as described in
Table 1. The portable GPS device is placed between the scapulae in a custom-made vest
(STATSports, Newry, Northern Ireland) worn under the team jersey, providing positioning data
sampled at 10Hz and additional movement data via a tri-axial accelerometer at 100Hz. This
device has been demonstrated as valid and reliable (9, 44) and been used extensively in research
involving soccer players (18, 21, 37, 41). Each squad member was assigned an individual unit to
be worn for all competitive fixtures, with units powered on approximately 30 minutes prior to
the start of the game. After matches, GPS units were removed, and data was uploaded to
proprietary software (STATSports Apex, STATSports, Newry, Northern Ireland), reviewed, and
subsequently exported for statistical analysis. Games took place between May - October 2021
and included both home and away matches.

Table 1. External load variables measured via GPS.

External Load Measure Description

Total Distance (TD) Total distance covered at any speed (m)

Total Distance per minute (TDPM) Total distance covered per minute of game play (m/min)
High-Speed Running Distance (HSRD) Distance covered at speed 5.5-7m/s, duration >1 s
Number of High-Speed Runs (#HSR) Number of running bouts as described in HSR
Very High-Speed Running Distance (VHSRD) Distance covered running at speeds of 7-11m/s
Accelerations (AC) Accelerations between 3.0-10.0 m/s/s, duration >0.5 s
Decelerations (DC) Decelerations between 3.0-10.0 m/s/s, duration >0.5 s
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High Metabolic Load Distance (HMLD) Distance covered performing any activity above 25.5W /kg
Impacts (IM) Impacts from 9-15G via accelerometry
High Intensity Bursts (HIB) Three of the following in 20 s timeframe:

e Acceleration > 4m/s2
o Deceleration > 4m/s2
e Impact>11G
e High Speed Run

Statistical Analysis

Data was analyzed using GraphPad Prism Version 9 for Mac (GraphPad Software, California,
USA) and are presented as mean * standard deviation. One-way analysis of variance (ANOVA)
was used to determine if workloads varied by position (ST, WM, CM, WD, CD) or across games
won (W, n =8), lost (L, n = 13) or tied (T, n = 7). Additionally, repeated-measures ANOVA was
used to assess any potential differences in workloads specific to each position in each of the
result categories. In each instance, Tukey’s multiple comparison post-hoc tests were used to
identify individual group differences. Statistical significance was set at p < 0.05.

RESULTS

Figure 1 shows external workloads across each position group over the 28 games. Significant
differences were identified between position groups in HSRD (A), #HSR (B), VHSRD (C), HIB
(D) and IM (E). No significant differences in TD, TDPM, AC, DC and HMLD were reported
between position groups.
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When analyzed at the whole-team level, external workloads did not vary significantly
depending on game result (Table 2), however, VHSRD tended to differ across outcomes (p =
0.06), with players running lower distances in games lost vs. those won or tied. However, in
position-specific analyses (Figure 2), it was shown that when games were tied, WD covered
significantly greater HSRD than in those won or lost (A). Similarly, CD covered more HSRD in
tied vs. winning games (B). ST performed greater amounts of VHSRD in wins vs. losses (C) and
WD demonstrated more VHSRD running in games tied than those lost (D). No other differences
were seen between position groups across each game outcome.
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Figure 1 (A-E). Mean external workloads by position. *p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001

Table 2. Whole-team external load measures by game results

Win (n = 8) Loss (n =13) Tie (n =7) p-value
TD 8320 £ 719 8324 + 555 8416 + 771 0.88
TDPM 821+17.2 76.5+14.8 84.1+19.2 0.80
HSRD 472.6 +55.1 457.7 + 68.4 509 £ 84.6 0.26
#HSR 25122 257£35 263 %35 0.69
VHSRD 789+19.6 65.1+13.9 82.7+19.4 0.06
AC 41+3.7 427+6.7 377112 0.36
DC 50.3 £6.9 50177 475112 0.62
HMLD 1218 £171 1229 £ 162 1262 + 223 0.86
IM 159.5+14.4 173.8 £19 192.7 £75.8 0.28
HIB 152+1.7 16 £1.9 171£39 0.25

DISCUSSION

The aim of this study was to analyze GPS-derived external workloads across position and game
result in US-based professional soccer players. We report significant differences in several
workload measures across position groups over an entire season. Additionally, our data
indicates that high/very high-speed running varies by position depending on match outcome,
despite no differences at the “whole-team” level. These findings add to a growing
understanding that the analysis of external workloads may be used as an important adjuvant
tool in monitoring player performance and ultimately, increasing game success.
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Figure 2 (A-D). Workloads by position across each game result. *p < 0.05; ** p < 0.01; *** p < 0.001; **** p <
0.0001

When analyzed over a 28-game season, our data demonstrates remarkably similar total mean
distances covered by the various position groups (min - ST: 8494 + 1863 to max - WD: 8886 +
2427 m), and interestingly, lower overall output than described previously for professional
players. Earlier studies by Bangsbo (4) and Mohr, Krustrup and Bangsbo (32) reported that elite
players cover distances of > 10,000 m during match play, and these numbers have been similarly
reported in recent studies using GPS analysis in “first team” (28, 45) and “developmental” (U18-
U23) players (1, 41). Our data would seem to more closely match that of Nobari, Oliveira, Brito,
Perez-Gomez, Clemente and Ardigo (36), who presented distances of < 10,000 m covered in the
Iranian Premier League. While it could be suggested the distances reported in this study are
reflective of a lower standard of play, there is compelling evidence that contextual factors such
as team formation, location (home or away), and tactical preferences of coaching staff may all
play a role in player activity profiles, including running distance (7, 8, 17, 26). Indeed, raw data
(not presented here) demonstrate covered distances ranging from 5667 to 12,680 m in our
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participants over the course of the season, indicating significant variability across individual
players.

As noted, we did not see a specific position group cover greater total distances during match
play. This was unexpected, as several investigators have shown that central midfield players
tend to outperform other positions in this category (8, 28, 43, 45). This is often explained by the
fact that they have both offensive and defensive responsibilities, and as such, are required to
cover more ground over the course of a game. This contrasts with other positions (most notably
central defenders and strikers) who can be more limited in their responsibilities and as such,
may not have the same overall distance demands. In contrast, we report that higher intensity
efforts did differ by position. This is significant, as it has been previously postulated that high-
speed running efforts are closely linked to performance (5) and can be a differentiating factor
between standards of play (32). In HSRD, #HSR and VHSR, strikers and wide players (WD and
WM) outperformed those in central positions (CD and CM). Interestingly, the most profound
differences were between WD and CD in HSR, with the former group covering approximately
230 m more HSR in competition. Similarly, WD covered an average of 37 m and 58 m more
VHSR than CD and CM, respectively. Additionally, ST performed approximately 158 m more
HSR than CD, and 49 m more VHSR than CM. These discrepancies would seem to support
previous findings in this area. Mallo, Mena, Nevado and Paredes (28) reported similar patterns
of high and very high-speed running across position groups in elite-level Spanish players, with
comparable findings demonstrated in the English Premier League (10), Premier League
developmental players (1), and in the Portuguese second division (8). While variations in
measurement and running speed thresholds makes absolute comparisons between studies a
challenge, the overall consistency of these findings across competitive levels and geographical
location would suggest these demands should be an important consideration in player
preparation. Wide midfielders and strikers are often tasked with dynamic movements to break
down the opposing defense, with wide defenders increasingly being asked to support attacking
play in a similar way. As such, coaches should design training plans that develop repeat-sprint
ability and high intensity running capacity in these position groups.

We show that despite lower high-speed running demands, central players (CB and CM)
performed the greatest number of impacts in competition. Measured via accelerometry, impacts
are acute forces of > 9G acting on players, and involve actions such as jumping, stepping,
collisions and “cutting” motions (20). It stands to reason that these actions may be more
prominent in these positions. Bloomfield, Polman and O'Donoghue (10) reported that Premier
League defenders performed more shuffling, skipping and lateral movements despite lower
running distances, with midfielders engaged in more jumping, sliding and diving. This may
well be reflected in the impact data we report herein. Moreover, central areas of the field are
often the most congested, hence these shorter, impactful movements to either evade or challenge
opponents may be more frequent. This is an important and unique finding, as this variable is
often ignored in external load analyses. We are aware of no other work that has compared
impacts across position in soccer, and this finding may indicate a need for more specialized
training for CD and CM players in the professional game.
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Our data indicate that when analyzed at the whole-team level, no significant differences in
external workloads are seen between won, lost, and tied games. This contradicts the findings of
several investigators who note discrepancies in whole-team performance measures across match
outcomes. In elite-level European games, Smpokos, Mourikis and Linardakis (43) and Barrera,
Sarmento, Clemente, Field and Figueiredo (8) found that total distances covered were higher in
wins and ties vs. losses, however, no differences were seen in high-intensity actions. Conversely,
it was recently shown that average speed was higher in losing games when measured in Iranian
players, with no differences reported in total distance, sprints and high-speed running (36). In
each case, tactical variations and/or purposeful regulation of effort are proposed as
explanations for differences identified. For example, it may be that teams in winning positions
tend to “manage” the game via possession and an overall slower style of play. On the other
hand, coaches may emphasize a counterattacking system that requires intermittent bouts of long
distance running, or teams in losing positions may be encouraged to work harder and pressure
opponents to force a positive result. While we do not dispute such factors are important, we
suggest that a somewhat “superficial” whole-team analysis may miss important positional
differences across results, particularly in higher-speed running. Indeed, the different positional
demands previously described would suggest including this as necessary factor when
monitoring external loads and associated results. To this end, while we report no differences at
the whole-team level in any external load measure, significant differences in high and very-high
speed running were seen in WD, ST and CD across wins, losses and ties. Specifically, our data
indicates that ST did more VHSR in games won vs. those lost. This would support the work of
Andrzejewski, Chmura, Konefal, Kowalczuk and Chmura (3) and Chmura, Konefat, Chmura,
Kowalczuk, Zajac, Rokita and Andrzejewski (13) who found that in winning games, strikers
covered a greater amount of higher-speed running than those lost. This may be because forward
players are traditionally required to make unpredictable, very high-speed runs to beat
defenders, attack crossed balls and dribble at speed in offensive areas of the field. Indeed, the
evidence would suggest the ability of forwards to carry out these actions may be integral to
positive match outcomes. As such, coaches may want to consider spending more time on near-
maximal/maximal running performance with their attacking players.

We also show that WD did significantly more HSR and VHSR in games tied compared to those
won and lost, and CD performed more HSR in tied games vs. those won. The fact that defensive
players (both wide and central) performed more higher-speed work in tied games is an
intriguing finding. It could be argued that in winning positions, lower levels of HSR for
defenders may simply reflect an attacking dominance that requires less effort from those
positions. Indeed, it has previously been shown that central and wide defenders sprinted less in
games won than those lost (3, 13), however, our findings of greater work in tied games seems to
be unique in the literature. It may be that the lower HSR and VHSR from WD in losing games
reflects opposition dominance and the need for those players to concede possession or “sit in
and defend”, whereas in games tied the focus may shift to greater higher speed work to force a
winning result. Undoubtedly, future work should continue to interrogate the actions of
defensive players as it relates to games success.
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We believe this is the first study to analyze external workloads and their potential impact on
game results in US-based professional soccer players. However, several limitations should be
considered when interpreting our findings. First, we present data on only one team across one
competitive season. As such, inherent characteristics of individual players and coaching
preferences may challenge the generalizability of our findings. Additionally, as there is
compelling evidence that tactical variations (8), travel (17) and opposition quality (26) impact
player performance, including more teams in future analyses might shed light on the
significance of these confounding variables. Finally, while players were designated specific
position groups by coaching staff, it is conceivable that these may have been altered either
between or within games due to injury or a change in tactical approach.

In conclusion, we have shown that US-based professional soccer players exhibit varying external
loads depending on playing position, supporting previous work in this area. ST, WD and WM
carry out more HSR and VHSR running than those in central positions, despite the latter
experiencing more impacts during gameplay. Importantly, we have shown that a “whole-team”
external load analysis may not be sensitive enough to determine the impact of these measures
on game result. However, at the positional level, we note that ST, WD and CD perform different
levels of higher-speed efforts depending on game outcome. Coaches can use this information to
more intentionally prepare players for the demands of their position, and should consider
including playing position as an important criterion when analyzing workloads and any
relationship to game success.
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