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Abstract
Introduction. Player on-field performance is often dictated 
by tactical constraints such as positional demands, playing 
formation and match scoreline. However, the relationship 
between how fast players run during an actual match compared 
to how fast they are able to run under controlled testing 
conditions is not well established. Aim of Study. The present 
study sought to investigate the effect of maximal sprinting speed 
(MSS) on match very high-speed running distance (VHSR), 
sprinting distance (SpD) and peak sprinting speed (PSS) in 
professional football players. Material and Methods. Sixteen 
players were monitored though an entire in-season phase  
(26 matches, n = 170 individual observations). Global positioning 
system samplings at 10 Hz were used to measure VHSR, SpD 
and PSS. MSS was recorded as the highest speed achieved 
throughout the season during top-speed training sessions and/
or large-sided games. Linear mixed effects model was used to 
quantify the effect of MSS after adjusting for seasonal trends 
of the response variables as well as the within-player, between-
player and between-game sources of variability. Effects were 
evaluated using non-clinical magnitude-based decisions. 
Results. Our results indicated that faster players covered on 
average very likely substantially more SpD (48.2 m [90% CI: 
26.0 to 70.2], 41.0% [90% CI: 15.1 to 72.1]), and reached on 
average very likely substantially higher PSS than their slower 
counterparts (1.1 km·h–1 [90% CI: 0.8 to 1.4], 3.6% [90% CI: 
2.5 to 4.6]). In addition, PSS showed on average a very likely 
substantial seasonal reduction (–1.2 km·h–1 [90% CI: –1.9 to 
–0.4], –3.7% [90% CI: –5.9 to –1.4]). Conclusions. Higher MSS 
is beneficial for SpD and PSS in professional soccer players; 
however, substantial seasonal reductions in PSS affect all players 
irrespective of their MSS. Future studies could examine whether 
these trends are also evident with relative speed thresholds.

KEYWORDS: high-speed running, sprinting, soccer, mixed 
models, variability.

Introduction

Soccer is one of the most demanding team sport 
combining all physical abilities at a high level. The 

simultaneous demands on endurance, strength and 
speed during the official games create a multifaceted 
sports profile for the soccer players [3, 8]. With the 
aid of monitoring systems, practitioners are better 
able to identify those needs and modify the training 
process in order to culminate the potential for improved 
performance. Sustainable high performance in elite 
football is associated with well-developed speed skills, 
given that previous research has reported 16-27 sprint 
attempts (>25 km·h–1) over the course of match at the 
highest level [9]. Additionally, others have reported 
that straight-line sprinting is the single most frequent 
action involved in goal-scoring [11]. Furthermore, 
recently reviewed data indicated that distances traveled 
during sprinting have been increasing in the top leagues 
[13]. The ability to reach high top speeds depends 
on various parameters including age, training and 
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a 4-4-2 formation for the entire league with some 
minor adjustments depending on the scoreline and 
unexpected incidents that occurred during the matches. 
Players from different positions (27) were included in 
the analysis: forwards (FW), central midfielders (CM), 
wide midfielders (WM), fullbacks (FB), and central 
defenders (CD). Additionally, participants had to meet 
the following criteria: (i) players had to play the full 
duration of the match; (ii) goalkeepers were excluded 
from the analysis. Although no specific intervention 
was required for this study, the club and participants 
were informed of the risks, benefits and objectives of 
the study and gave their written consent before the 
initiation of the study.

Procedures
The analysis was carried out throughout the entire 
competitive season, from the first official game to the 
last one. External training loads and match running 
performances were recorded during all training sessions 
and official matches using GPS wearable devices at  
a sampling frequency of 10 Hz (OptimEye S5, Catapult 
Innovations, Australia). Moreover, this device has been 
certified according to the FIFA quality standard for time-
motion analysis [24] after rigorous testing procedures 
[23, 25]. The devices were activated according to 
the manufacturer’s instructions and GPS data were 
downloaded onto a portable PC and analyzed using 
dedicated software (Catapult Open Field Software) 
and an electronic spreadsheet (Excel, Microsoft 
Corporation, USA).
Top elite players with high soccer professional 
experience (9 ± 7 years) possess great acceleration 
capacities, which allow them to reach their MSS within 
even shorter distances; this suggests that training 
sessions and competitive games have been enough 
to determine MSS for the majority of them. Also, the 
peak speed reached during similar speed related soccer 
training sessions was shown to be similar to the MSS 
reached during proper speed testing [16]. All raw data 
were exported from the Catapult software (training and 
match) to be processed with an electronic spreadsheet 
(Excel, Microsoft Corporation, USA). The variables 
recorded in the present study were: (i) VHSR as the 
distance covered in the 20-25 km·h–1 band, (ii) SpD as 
the distance covered in the >25 km·h–1 band, (iii) PSS; 
the PSS recorded in every game. MSS (i.e., the highest 
sprinting speed throughout the season) was measured 
during either (1) top-speed training sessions (i.e., 6-8 
repetitions of 30 to 40-m sprints and/or finishing soccer 
drills) or (2) large-sided games (LSG).

genetic characteristics [8, 23]. By closely monitoring 
and controlling the cumulative load associated with 
the different speed bands (>20 km·h–1 or >25 km·h–1), 
practitioners are able to adjust the training loads [12] 
with the main goal of achieving high performance 
standards and reducing injury incident [13].
Match-to-match high-intensity running performance 
varies according to the playing position [7, 9], resulting 
in a need for individualized treatment and approach of 
the soccer players as per the training and rehabilitation 
strategies. However, the effect of individual player 
traits, such as maximal sprinting speed (MSS), on-match 
high intensity indices, i.e., very high speed running 
distance (VHSR), sprinting distance (SpD) and match 
peak sprinting speed (PSS), have not been directly 
tested [6, 15]. MSS differs between players and it has 
been shown that it may affect match PSS and/or SpD 
in youth soccer players [1, 20]; however, this has not 
been examined at the professional level. High-intensity 
match loads (VHSR, SpD) are associated with high 
levels of neuromuscular fatigue; thus, when comparing 
high-intensity training loads, adjustments must be 
made for any potential systematic effect of maximal 
sprinting before any decisions for interventions are 
made. In addition, quantifying the magnitude of the 
effect of MSS must be made in relation to the match-to-
match variability of the response variables (i.e., VHSR 
or SpD) [25]. This approach will ensure that (any) 
systematic effect has practical significance and does not 
represent the noise associated with the inherent variable 
and stochastic nature of soccer [23, 24].

Aim of Study
There is no previous study that has examined the effect 
of having higher MSS on VHSR, SpD and match PSS. 
Therefore, the purpose of the present study was to 
estimate the effect of maximal sprinting traits on VHSR, 
SpD and match PSS in professional football players.

Materials and Methods

Participants
The data from 16 elite professional players (28.1 ±  
5.5 years; height: 181.3 ± 7.4 cm; body mass: 76.9 
± 8.5 kg) competing in the 1st Cypriot League were 
analyzed. These players participated on average in 
10 hours of soccer specific training and competitive 
play per week (an average of 5-6 sessions + 1-2 
games per week) alongside almost daily core, lower 
and upper body workout in the gym depending upon 
team’s schedule (approx. 20 min). The team played 
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Statistical analysis
The dependent variables of the present study were the 
VHSR, SpD and PSS. The analyses were performed 
in the environment of the open-source programming 
language R using tidyverse for data wrangling and 
visualization and lme4 for hierarchical modeling  
[4, 25]. We estimated sources of variability (between-
player, between-match, and the residual within-
player variability) and provided reference values for 
interpreting the effects of MSS on the response variables 
[28]. The fixed effects for all response variables included 
a linear trend for the seasonal progression and a linear 
trend for the between-player MSS effect, accounting 
for the player-to-player deviation in MSS. The random 
effects in the model were SDs and included player ID 
to estimate between athletes’ pure differences, game ID 
to account for the effect of match-related factors on the 
response variables and the model residual representing 
within athlete game-to-game variability [4, 14, 24, 25]. 
All models were estimated via Maximum Likelihood 
(REML), and model appropriateness was verified by 
examining the QQ-plots of the studentized residuals [4]. 
Each random effect representing a source of variability 
was expressed both in raw units by modeling the 
original data, and in percentage units (CV%) by first 
log-transforming the original data before modeling, 
and then back-transforming each estimate after the 
modeling was done [4, 14, 24, 25]. Within-athlete, 
between-athlete and between-game SDs (variability) 
were calculated as the square root of the model residual, 
the square root of the athlete ID variance, and the square 
root of the game ID variance, respectively [14, 28].
The effects were summarized by the mean (±90% 
confidence intervals). Inferences about the effects 

were made by interpreting the 90% CI in relation to 
the smallest worthwhile change (SWC). We specified 
SWC as 0.2 × observed between-player variability (the 
pooled between- and within-player SD) [28]. We used 
non-clinical magnitude-based decisions for inferential 
purposes; effects were deemed unclear if there was >5% 
chance for the true value of the effect to be substantially 
positive (or higher) and >5% chance to be substantially 
negative (lower). Otherwise, the effect was declared 
clear and we reported the observed magnitude and the 
chances as substantial and/or trivial [14].

Results
The observed VHSR, SpD, PSS and MSS were 377.8 
± 146.7m, 140.8 ± 93.8 m, 30.7 ± 2.0 km·h–1 and 
33.5 ± 1.4 km·h–1. Individual observed VHSR, SpD 
and PSS values per games as well as the associated 
model expected mean seasonal trends are presented in  
Figure 1; magnitudes of the effects as well as qualitative 
descriptors are provided in Table 1. 
There was a very likely substantial seasonal reduction in 
model expected PSS (–1.2 km·h–1 [90% CI: –1.9 to –0.4], 
–3.7% [90% CI: –5.9 to –1.4]). The seasonal trends for 
model expected VHSR (21.5 m [90% CI: –35.1 to 78.2], 
4.5% [90% CI: –10.1 to 21.5]) and model expected SpD 
(–28.0 m [90% CI: –64.9 to 9.2], –16.7% [90% CI: –39.9 
to 16.2]) were not as clear (Figure 2). Higher MSS was 
associated with very likely substantially higher model 
expected SpD (48.2 m [90% CI: 26.0 to 70.2], 41.0% 
[90% CI: 15.1 to 72.1]) and very likely substantially 
higher model expected PSS (1.1 km·h–1 [90% CI: 0.8 
to 1.4], 3.6% [90% CI: 2.5 to 4.6]) (Figure 2). Model 
expected mean VHSR, SpD and PSS were 394.1 m 
[90% CI: 329.6-458.5], 153.0 m [90% CI: 129.4-181.6] 

Figure 1. Seasonal trends in match physical performance for very high speed running distance (VHSR), sprinting distance 
(SpD), peak sprinting speed (PSS). Data are presented as individual player match observations (points) and population mean 
expected trend (black solid line) with 90% confidence intervals (dotted lines)
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and 30.9 km·h–1 [90% CI: 30.5-31.4] after adjusting for 
seasonal trend and differences in MSS. 
The estimates of within-player, between-player and 
between-game variabilities in each response variable, 
expressed in raw (SD) and % (CV) units are presented 
in Table 2. All sources of variability were substantially 
lower for PSS compared to the other response variables. 

When expressed as SDs (m), sources of variability were 
greater for VHSR compared to SpD and PSS, but when 
expressed as CVs (%), SpD had higher variability. The 
observed between-player variability (combined pure 
between-player and within-player) for VHSR, SpD 
and PSS was 143.9 m (38.5%), 69.8 m (65.1%) and  
1.5 km·h–1 (5%).

Table 2. Variability of match VHSR and PSS expressed in raw units and as coefficient of variation (%)

Response metric Variability

Within-player Between-player Between-games 

SD (90% CI)a

VHSR (m) 71.1 (64.4; 79.1) 125.1 (94.5; 174.5) 48.8 (35.3; 66.8)

SpD (m) 52.4 (47.4; 58.2) 46.2 (33.4; 66.2) 24.0 (14.2; 35.3)

PSS (km·h–1) 1.4 (1.3; 1.6) 0.5 (0.2; 0.8) 0.3 (0.0; 0.6)

PSSrel (%) 4.2 (3.8; 4.7) 1.5 (0.8; 2.5) 0.8 (0.0; 1.6)

CV (90% CI)b

VHSR (m) 21.6 (19.4; 24.2) 39.1 (28.3; 58.5) 15.4 (11.1; 21.5)

SpD (m) 64.7 (57.1; 74.1) 52.0 (35.0; 82.6) 22.0 (10.6; 35.4)

PSS (km·h–1) 4.8 (4.3; 5.3) 1.7 (0.8; 2.8) 0.8 (0.0; 1.8)

PSSrel (%) 4.8 (4.3; 5.3) 1.7 (0.8; 2.8) 0.8 (0.0; 1.8)

Note: SD – standard deviation, CI – confidence intervals, CV – coefficient of variation, VHSR – very high speed running distance, SpD – 
sprinting distance, PSS – peak sprinting speed, PSSrel – relative peak sprinting speed
Estimates are presented as mean (90% CI).
a Values are presented in the original metric unit of measurement. b Values are presented as a percentage of the mean.

Table 1. Effect magnitudes for MSS and seasonal trend for all three response variables 

Model Effect Magnitude Chances Qualitative descriptor 

VHSR (m)
MSS 47.8 (–16.4; 79.1) 68.7/28.5/2.7 possibly substantial ↑ and possibly trivial

seasonal trend 21.5 (–35.1; 78.2) 41.4/51.3/7.3 unclear

SpD (m)
MSS 48.2 (26.0; 70.2) 99.0/2.0/0.0 very likely substantial ↑

seasonal trend –28.0 (–64.9; 9.2) 3.3/23.1/73.6 possibly substantial ↓

PSS (km·h–1)
MSS 1.1 (0.8; 1.4) 99.9/0.1/0.0 very likely substantial ↑

seasonal trend –1.2 (–1.9; –0.4) 0.1/2.4/97.6 very likely substantial ↓

VHSR (%)
MSS 4.5 (–10.1; 21.5) 35.7/55.1/9.2 unclear

seasonal trend 7.1 (–11.0; 29.2) 46.9/43.2/9.9 unclear

SpD (%)
MSS 41.0 (15.1; 72.1) 95.5/4.5/0.0 very likely substantial ↑

seasonal trend –16.7 (–39.9; 16.2) 5.9/33.5/60.7 unclear

PSS (%)
MSS 3.6 (2.5; 4.6) 99.9/0.1/0.0 very likely substantial ↑

seasonal trend –3.7 (–5.9; –1.4) 0.1/2.6/97.3 very likely substantial ↓

Note: MSS – maximal sprinting speed, VHSR – very high-speed running distance, SpD – sprinting distance, PSS – peak sprinting speed
Estimates are presented as mean ± 90% CI.
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Figure 3 displays observed and model expected match 
VHSR, SpD and PSS for two players with typical and 
typically high MSS (33.4 km·h–1 vs 35.0 km·h–1). The 
effect of interest is based off on the individual random 
effects (between-player variability and between-match 
variability).

Discussion
The purpose of the present study was to estimate the effect 
of MSS on match VHSR, SpD and PSS after adjusting 
for season trends. Although sprint running capabilities 
are advantageous for elite soccer performance [9, 11], 
to the best of our knowledge no study has explored the 
relevance of MSS traits on match physical performance 
in professional players. The main findings of this case 
study were: (a) faster players cover on average very 
likely substantially more SpD, (b) faster players reach 
on average very likely substantial higher absolute 
PSS during games than their slower counterparts,  
(c) absolute PSS shows on average a very likely 
substantial seasonal decrease that affects all players 
irrespective of their MSS.

The tactical constraints associated with soccer match 
play are likely to impact upon the relationship between 
MSS (i.e., the intrinsic ability to cover a set distance 
in the minimum possible time as determined via a field 
test) and actual sprinting output during matches [9, 
11]. Despite this possible modulation, faster players, 
as assessed via field testing, are very likely to reach 
substantially greater absolute speeds during match 
play on average, suggesting a direct impact of MSS on 
on-field physical performance [9]. To the best of our 
knowledge only two studies on youth soccer players 
have examined the influence of MSS on PSS [1, 20]. 
Both of these studies concluded that higher MSS has 
a clear beneficial effect on match PSS. For example, 
given that higher PSS was reached by the fastest players 
and that all players used a high percentage of their MSS, 
Mendez-Villanueva et al. [20] concluded that MSS 
can actually impact what a player can do under match 
conditions. The present study extended this finding to 
high level professional players and further quantified 
the difference in PSS to be ~3.5% on average between 
faster and slower players in terms of MSS.

MSS – maximal sprinting speed

Figure 2. Magnitude of effects (mean ± 90% CI) in relation to the smallest worthwhile change (gray-shaded area between the 
dotted lines) for very high speed running distance (VHSR), sprinting distance (SpD) and match peak sprinting speed (PSS). 
All effects are given in raw absolute units (a) and as percent (b)

Figure 3. Model expected values for very high speed running distance (VHSR), sprinting distance (SpD) and match peak sprinting 
speed (PSS) for a player with average (player 15) and a player with high (player 10) maximal sprinting speed. Model expected 
values are presented as black points with 90% confidence intervals; gray points indicate actual (observed) performance
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Our results further indicated that faster players cover 
on average 41% more SpD compared to slower players; 
this difference would translate into ~153 m vs ~201 m on 
average for a player with typical MSS vs a player with 
typically high MSS after adjusting for seasonal trends. 
To put those numbers in perspective, typical SpD range 
from 156 m and 184 m for elite Croatian players and in 
the French Ligue 1 respectively to ~300 m in the English 
Premier League [13]. Sprinting has a high energy cost 
and is associated with high levels of neuromuscular 
fatigue. Thus, simply monitoring cumulative distance 
>25.2 km·h–1 without knowledge of the individual MSS 
traits may lead to wrong conclusions; the systematically 
higher SpD of faster players needs to be accounted for 
when comparing players [25]. Identifying, for example, 
two players with the same volume of external load at 
these intensities but with different MSS, leads to a more 
or less metabolic cost during these actions that may 
affect overall performance and may expose to injuries 
at a higher rate [5, 18].
In addition to the substantial effect of MSS on SpD 
and PSS, we also demonstrated a substantial negative 
seasonal effect on PSS, namely that the players, 
irrespective of their MSS, reached lower match PSS as 
the season progressed. To the best of our knowledge 
only one study has examined the effect of seasonal 
trend on match PSS [25]. In contrast to our findings, 
these authors reported an inconclusive seasonal trend 
(0.2 km·h–1 [–0.5 to 1.0], 0.8% [–1.5 to 3.2]) for  
a professional soccer team from the Spanish LaLiga [25]. 
Although absolute PSS levels did not differ drastically 
(30.9 km·h–1 vs 31.6 km·h–1), the Spanish team did not 
show evidence of downwards trends. In this regard, there 
is a number of potential mediators that may influence 
these different trends (differences in ball possession, 
maintained fitness levels, tactical style adjustments) [25]. 
In addition, our estimate of the PSS seasonal tend had 
better precision despite the latter study having a ~50% 
higher games sample (26 vs 42). Therefore, seasonal 
trends need to be analyzed from a context-specific 
perspective in order to fully appreciate the magnitude 
and direction of the observed changes. Moreover, given 
the fact that the players were affected irrespective of their 
MSS, we may seek for mediators with a global effect rather 
than player-specific. Therefore, we hypothesize that the 
substantial negative seasonal PSS trend may be indicative 
of fatigue accumulation as the season progressed. On the 
other hand, the adoption of a slower game tempo through 
more ball possession or more concrete defensive formats 
or even some combination of tactical and physiological 
factors, may offer further potential explanations.

There was a possibly substantial and possibly trivial 
effect of MSS on VHSR; this indicates that it is 
very unlikely for faster players to cover on average 
substantially less VHSR compared to slower players. 
Our estimate of VHSR ~394 m (90% CI: 330-460) 
(after adjusting for seasonal trend and MSS) is quite 
lower from what has been previously reviewed for the 
English Premier League (~700 m), the French Ligue 1  
(~600 m) and only marginally comparable to elite 
Croatian players (~460 m) [13]. In addition, whilst our 
results indicated an unclear seasonal trend for VHSR, 
a 25% rice (90% CI: 3-52%)  has been previously 
reported for Spanish professional soccer players [25]. 
Collectively the differences between the present study 
and Oliva-Lozano et al. [25] probably indicate that 
practitioners need to assess seasonal trends on an as-
needed basis since both the direction and magnitude of 
the changes may reveal unexpected patterns. 
Regarding the estimates of between-player, between-
match and within-player variabilities, we observed 
higher magnitudes for SpD compared to the other 
response variables. These results are consistent across 
studies reporting increased variability with running 
intensity [4, 8, 23]. However, despite the fact that SpD 
had high variability, the effect of MSS was substantial 
which probably indicates the robustness and practical 
value of our finding. Additionally, our approach to 
partition sources of variability revealed that between-
game was lower, in both absolute and relative 
terms, compared to either between- or within-player 
variability (Table 2). This suggested that match-related 
factors are associated with lower variability compared 
to mean differences between players (between-player 
variability) or to match-to-match differences within 
a given player (within-player variability). Moreover, 
whilst between-player variability was somewhat higher 
for VHSR, the opposite was true for both SpD and PSS. 
There are some general limitations associated with 
the present study that need to be addressed in order to 
guide future similar research designs. The present study 
included only one professional soccer team, thus, the 
sample size included the most regular players (n = 16). 
In addition, the present study utilized a GPS – based 
monitoring system; therefore, similar studies utilizing 
other monitoring tools, such as local positioning systems, 
are needed before adopting the presented results. It 
should also be acknowledged that all analyses reported 
in the present work were conducted in terms of absolute 
loads (distances accumulated within fixed predefined 
speed bands) without taking into consideration players’ 
individual speed profiles [18, 22]. To our knowledge, 
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there has been no study for elite soccer players  
[1, 20, 26] that analyzed the effect of MSS on VHSR 
and SpD using the relative speed thresholds. This 
process may help the coaches to better understand the 
effort put in by the football players during the games 
and to adapt the training process accordingly with the 
aim of better achieving the demands of the game and 
reducing injuries [2, 10, 17, 21].

Conclusions
In conclusion, faster players cover on average very 
likely substantially more SpD and reach higher absolute 
PSS during games compared to slower players. A very 
likely substantial seasonal decrease in PSS affects all 
players, irrespective of their MSS. When comparing 
high-intensity training loads adjustments, sport 
scientists should account for the systematic effect of 
MSS differences between players before any decisions 
for interventions are made. In addition, interventions 
that may blunt the seasonal decrease in match peak 
speed could also be relevant. Future studies could 
examine whether relative speed thresholds or position-
specific effects may modify these trends.
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