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Abstract

Introduction. The aims of the present study were to determine the activity profiles of a large sample of Polish Premier League
soccer players during elite-standard soccer matches depending on their position on the pitch and the intensity range of physical
activity. Material and methods. The study sample comprised 1,178 players in 5 outfield positions: external defenders (ED, n =
289), central defenders (CD, n = 307), central midfield players (CM, n = 327), external midfield players (EM, n = 152), and for-
wards (F, n =103). Altogether, 81 Polish League games held during four domestic seasons (2010-2011, 2011-2012, 2012-2013, and
2013-2014) were used in the analysis. A semi-automatic computerised player tracking system (Amisco Pro’, version 1.0.2, Nice,
France) was applied to create the match activity profiles of the teams. Results. The results of statistical analysis revealed that the
average total distance covered by all the players (n = 1,178) was 11,313 + 852 m. With respect to the players’ position on the pitch,
the central midfielders travelled the longest average distance (11,894 + 765 m) during the game. The longest distance was covered
in the V1 intensity range (62%), followed by V2 (15%), V3 (10%), V4 (8%), V5 (3%), and V6 (2%). Conclusions. The objective of
this study was to verify the differences among playing positions and to quantify the demands placed on elite Polish soccer players
in each individual position during match play. While analysing elite-level match play in terms of the overall distance covered in
different categories of intensity, we found a number of statistically significant differences between different playing positions.
The data presented in this study can be regarded as norms for elite soccer players, serve for present and future comparison, and

represent the scientific basis for developing position-specific conditioning/training protocols in soccer.
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Introduction

Soccer is one of the most complex sports in which the at-
tainment of good results depends on multiple, strictly intercon-
nected factors [1, 2]. It is a very dynamic game featuring an ever
growing number of direct one-on-one plays, requiring perfect
motor, technical, tactical, and mental preparation from the
players [3].

The acyclical character of the movements, high variability of
in-game situations, and pace of the game require great amounts
of aerobic and anaerobic energy from various energy sources [4,
5]. During a soccer game, short-lasting exercises performed with
maximal intensity (sprinting, jumping, sliding) and high inten-
sity (counter-attacking) involving primarily anaerobic energy
metabolic processes are intertwined with exercises of moderate
intensity (accelerations) and low intensity (walking, jogging)
involving mainly aerobic energy processes. Maximal-intensity
exercise in soccer is interrupted with rest breaks lasting from
a few to more than 10 seconds [6, 7].

Playing time, exercise intensity, and the percentage of time
spent performing particular actions are all clear indicators that
match performance predominantly involves aerobic energy
processes, as confirmed by Bangsbo [4]. Low-intensity exercise
and rest breaks during match play are necessary for muscle re-
laxation, body recovery, and lactate utilisation, as well as for

paying the oxygen debt which develops during the performance
of high- and maximal-intensity exercise. The high level of physi-
cal fitness and training accelerates all the aforementioned reac-
tions and physiological-biochemical processes.

The players’ higher than average levels of endurance,
strength, and speed capabilities allow them to fully exploit their
soccer skills during a game. The knowledge of the structure of
players’ movements during a match is the first step towards ra-
tionally designing fitness training, which determines the further
development of soccer skills [8, 9].

The characteristics of match performance indicate the sig-
nificant role of the motor preparation of modern soccer players
before the playing season. They directly affect players’ exploita-
tion of their technical and tactical skills during a match.

In sport, tracking the course of the competition is highly
significant. This pertains in particular to soccer, in which the
match outcome directly affects many members of a team. Soccer
players’ movements are often monitored with the aid of match
motion analysis systems that provide valuable data which can be
used in training theory and practice. Motion analysis is the basis
for planning the distribution of training loads [10, 11, 12, 13, 14].

Currently, two match analysis systems are used in soccer:
one is based on the GPS, and the other one uses semi-automat-
ic cameras for tracking players’ actions on the field. These are
Amisco Pro, which was first applied in the research by Liberman
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et al. [15] and Mohr et al. [16], developed by Di Salvo et al. [17,
18], and Pro Zone, applied by Rampinini et al. [19] and Grant
and Lovell [20]. The application of motion analysis systems al-
lows researchers to obtain structured quantitative and qualita-
tive sets of data on the kinematic and tactical parameters of soc-
cer players on the field.

The aims of the present study were to determine the activ-
ity profiles of a large sample of Polish Premier League soccer
players during elite-standard soccer matches depending on the
playing position and the intensity range of physical activity.

Material and methods

The study sample comprised 1,178 players in 5 outfield
positions: external defenders (ED, n = 289), central defenders
(CD, n = 307), central midfield players (CM, n = 327), external
midfield players (EM, n = 152), and forwards (F, n = 103). The
profiles of different playing positions were based on the activi-
ties performed on the pitch and the primary area in which these
activities were carried out, as in Di Salvo et al. [18].

Altogether, 81 Polish League games which were held during
four domestic seasons (2010-2011, 2011-2012, 2012-2013, and
2013-2014) were used in the analysis.

The analysis involved the motor activities of the players
participating in the entire match, excluding the goalkeepers.
The study was conducted in compliance with the Declaration of
Helsinki and was approved by the local ethics committee (No.
339/02).

The semi-automatic computerised player tracking system
Amisco Pro (version 1.0.2, Nice, France) was used to create
the match activity profiles of the teams. This multiple-camera
system passively tracks the movements of every player over the
entire course of the match using a sampling rate of 25 Hz [21].
An operator simultaneously encodes each player’s action. Physi-
cal performances were determined automatically based on the
raw data file by computerised analysis of player movements and
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actions using match-analysis software (Athletic, Mode Amisco
Pro, Nice, France). The functioning, accuracy, and reliability
of the Amisco Pro system in measuring player movements and
coding game-specific events in elite soccer competitions have
been described in more detail elsewhere [18, 22, 23, 24].

The match analysis system also made it possible to deter-
mine the distance covered by the players during the match in
six different motor activity intensity ranges: O < V1 < 11 km h-!
(standing, walking), 11 < V2 < 14 km h-! (jogging), 14 < V3 <
17 km h-! (running), 17 < V4 < 21 km h-! (fast running), 21 < V5 <
24 km h-! (high-speed running), and V6 = 24 km h-! (sprinting).

The normality of the distribution of the variables was as-
sessed using the Lilliefors test (p < 0.01). Arithmetic means,
standard deviations, and non-outlier ranges were calculated for
all variables.

The figures present the descriptive statistics calculated for
the movements performed by the players and distances covered
by them with regard to the playing position and intensity range.
Multi-factor analysis of variance (ANOVA) was used to compare
the players’ motor activities and mean distances covered by
them in regard to the playing position (CD, ED, CM, EM, and
F) and range of movement intensity/velocity (V1, V2, V3, V4,
V5, and V6). Initially, a complete model was used to evaluate
all interactions. Statistically non-significant interactions were
then ignored, and the significant ones were analysed using the
ANOVA. Statistically significant differences between mean val-
ues were measured with the Tukey HSD test. The level of statis-
tical significance was set at p < 0.05. All statistical calculations
were made using the STATISTICA 10.0 software package.

Results
The empirical data concerning the distances covered by the

players of different tactical formations in particular activity in-
tensity ranges are presented in table 1.

Table 1. Mean distances covered by the Polish Premier League soccer players (n = 1,178) according to the playing position and intensity/velocity range
(V1to V6). The players were classified into five positional groups: external defenders (ED, n = 289), central defenders (CD, n = 307), central midfield
players (CM, n = 327), external midfield players (EM, n = 152), and forwards (F, n = 103). All values of distances covered are provided in metres

Distances covered in different velocity ranges

0SVI<11 11SV2<14  14SV3<17  17<V4<21  21SV5<24 V6 > 24 Total
Positions km -1 km -1 km -1 km -1 km h-1 km -1 IND PER
ED . 7001 1677 1152 934 344 324 11432
Distances [m] (286) (239) (204) (200) (103) (125) (558)
. Dist 7104 1512 894 647 217 174 10 503
BRacs ] (264) (250) (187) (155) (73) (77) (528)
oM Dict 6 983 1973 1400 1032 317 189 11894
istances [m] (315) (337) (315) (266) (108) (90) (765)
- Dist 7004 1740 1231 1022 383 370 11751
SR ] (302) (327) (294) (242) (105) (133) (686)
. st 7053 1424 967 819 326 308 10 897
istances [m] (272) (296) (225) (181) 97) (126) (724)
Total IND 7028 1690 1148 888 307 252
PER (294) (353) (317) (265) (114) (132)
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Table 2 presents the statistically significant differences be-
tween the ANOVA and post-hoc Tukey HSD test results. Figures
1-2 show the characteristics of the total distance covered by the
Polish Premier League soccer players (n = 1,178), depending on
the playing position and activity intensity range.

Statistically significant differences were found for the play-
ing position (F = 457.7; p < 0.001) and intensity range (F =
192,157.0; p < 0.001). Statistically significant interactions were
observed between the intensity range and playing position (F =
114.6; p < 0.001).
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Figure 1. Characteristics of the distance covered (metres) by the players
(n =1,178) classified into five positional groups: external defenders
(ED, n = 289), central defenders (CD, n = 307), central midfield players
(CM, n = 327), external midfield players (EM, n = 152) and forwards
(F,n=103)
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Figure 2. Characteristics of the distance covered (metres) by the players
(n =1178) in six different intensity/velocity ranges: 0 < V1 <11 km h-!
(standing, walking), 11 < V2 < 14 km h-! (jogging), 14 < V3 <17 km h-!

(running), 17 < V4 < 21 km h-! (fast running), 21 < V5 < 24 km h-! (high-

speed running), and V6 = 24 km h-! (sprinting)
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The statistical analysis of the total distance covered by the
players in match play in relation to their position on the field re-
vealed that the longest distance was covered by central midfield-
ers (11,894 + 765 m) and external midfielders (11,751 + 686 m),
though the differences between the players in these two posi-
tions were statistically non-significant. However, these two
groups of players covered significantly greater distances than
external defenders (11,432 + 558 m), whereas external de-
fenders covered significantly greater distances than forwards
(10,897 + 724 m), and forwards covered significantly greater dis-
tances than central defenders (10,503 = 528 m) (fig. 1).

The analysis of the distance covered by the players in the six
ranges of activity intensity revealed some statistically significant
differences. The longest distance was covered with the intensity
of VI (standing, walking) - 7,028 + 294 m, followed by V2 (jog-
ging) - 1,690 + 353 m, V3 (running) - 1,148 + 317 m, V4 (fast run-
ning) - 888 + 265 m, V5 (high-speed running) - 307 + 114 m,
and V6 (sprinting) - 252 + 132 m (fig. 2).

The interaction between the playing position and activity
intensity range revealed the following correlations. In V1 (stand-
ing, walking), there was a statistically significant difference in the
distance covered between the CD (7,104 + 264 m) and the EM
(7,004 + 302 m), ED (7,001 = 286 m), and CM (6,983 + 315 m).
In V2 (jogging), the CM (1,973 + 337 m) covered a significantly
longer distance than the EM (1,740 + 327 m), ED (1,677 + 239 m),
CD (1469 + 250 m), and F (1,424 + 296 m). Moreover, the EM
and ED covered a longer distance in this intensity range than
the CD and F. A similar profile of changes was noted in the
analysis of the interaction between the players’ position and the
V3 intensity range (running). The CM (1,400 + 315 m) covered
a longer distance than EM (1,231 + 294 m), ED (1,152 + 204 m),
F (967 £ 225 m), and CD (894 + 187 m). Again, the EM and
ED covered a longer distance in this intensity range than the
CD and F. In the V4 range (fast running), statistically significant
differences were found between the CM (1,032 + 266 m), ED
(934 + 200 m), F (819 + 181 m), and CD (647 + 155 m). Statisti-
cally significant differences were also revealed between the EM
(1,022 £ 242 m), F and CD.

The EM (383 = 105 m), ED (344 + 103 m), and CM
(317 £108 m) covered significantly longer distances than the CD
(217 £ 73 m) at V5 (high speed). In the last range, i.e. V6 (sprint-
ing), a statistically significant difference in the distance covered
was found between the EM (370 +133 m), ED (324 + 125 m), and
F (308 + 126 m) and the CM (189 + 90 m) and CD (174 + 77 m).

Table 2. ANOVA and Tukey test results with respect to playing position
(ED, CD, CM, EM, and F) and intensity/velocity range (V1, V2, V3, V4,
V5, and V6)*

Factor Statistically significant differences ( p < 0.05)
Playing
positions: CM,EM>ED>F>CD

V1>V2>V3>V4>V5>V6

V1: CD > EM, ED, CM; V2: CM > (EM, ED) > (CD, F);
V3: CM > (EM, ED) > (F, CD); V4: CM > ED > F > CD;
EM F> CD; V/5: EM, ED, CM > CD; V6: EM, ED,

F >CM, CD

Velocity ranges:

Playing
positions X
Velocity ranges:

*ANOVA = analysis of variance.
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Discussion

Overall analysis

The purpose of this study was to quantify the activity of
players playing in different positions and to analyse the differ-
ences between the effort profiles in different intensity ranges.
The study included 1,178 Polish Premier League soccer players
playing in four domestic seasons (2010-2011, 2011-2012, 2012-
2013, and 2013-2014). The data were obtained from 81 matches.

The results of the present study show that the mean total
distance covered by the Polish elite soccer players, regardless
of their playing position, amounted to 11,313 + 852 m. This is
similar to the results obtained by other authors [9, 22, 25, 26,
27, 28]. It should be noted, however, that these authors stud-
ied players’ match performances using various forms of motion
analysis. Authors who applied the Amisco Pro system in their
research include Di Salvo et al. [18] and Andrzejewski et al. [29].
The total distance covered by the players in their studies was
11,393 + 1,016 m [18] and 11,288 + 734 m [29], which corresponds
to the results in the present study (tab. 1).

The mean total distance covered by a player during a match
can be divided into that covered by walking (38.9%), jogging
(29.5%), running between 13 and 16 km h-! (13.3%), running be-
tween 16 and 19 km h-! (8.4%), and sprinting (9.8%) [30].

Motion analysis results indicate that the majority of match-
play activities are performed with low intensity (jogging, walk-
ing, and moving backwards) or submaximal intensity (fast
running). Only a small part of the distance is covered by soccer
players with maximal intensity (sprinting). However, the acycli-
cal and intermittent nature of soccer also involves short-lasting
exercises performed with maximal intensity [16].

The current state of knowledge has been confirmed by the
results of the present study. The distance covered in the six rang-
es of intensity clearly showed that the longest distance was cov-
ered in the VI range (standing, walking), that is 7,028 + 294 m
(fig. 2), which accounts for about 62% of the total distance cov-
ered in match play. In all subsequent ranges of intensity, the
players ran shorter distances (tab. 1). This is similar to the re-
sults obtained by Andrzejewski et al. [29] in their study of 31
soccer players taking part in 4 matches of the UEFA Cup in the
2008/2009 season.

The data recorded in the study prove the importance of
the high level of aerobic endurance for the motor preparation
of soccer players. It allows players to increase the intensity of
their activities during matches and maintain it for much longer.
A player with a high level of aerobic endurance is more tolerant
and resistant to incremental fatigue and can also recover faster.
A shorter recovery time after performing exercise of high inten-
sity allows the player to engage earlier and more effectively in
consecutive actions of maximal intensity [31].

Soccer is an intermittent sport involving brief, intense
bursts of exercise that seem to be the key to successful perform-
ance [30]. In the present study, the players examined covered
a mean distance of 252 + 132 m in the V6 intensity range, that
is sprinting at 24 km h-1, which constituted merely 2.2% of the
total distance covered. Such authors as Di Salvo et al. [18], De-
lall et al. [8], Lago et al. [32], and Andrzejewski et al. [33] also
recorded similar results using the Amisco Pro motion analysis
system.

Impact of playing position

An analysis of data available in the literature reveals dif-
ferences in the length of the distance covered in match play in
relation to players’ positions on the pitch [30, 34]. These dif-
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ferences may depend on the team’s playing style [35] or tactics
[18, 36], the level of the opposing team [4], as well as on the play-
ers’ physical condition [11, 37]. There are differences in terms
of the total distance covered and particular distances run with
high intensity [38]. Depending on the team’s tactical approach,
including the players’ positions on the pitch, the energy for per-
forming activities can be generated from aerobic and anaerobic
processes in appropriate proportions during match play [39].
The player’s position on the pitch determines their activity pro-
file, the length of the distance covered, and the intensity of their
activity. It has been suggested that the ability to play with high
intensity is the most important measure of fitness in elite play-
ers [40], which is crucial for the development of training pro-
grammes [18, 29].

The present study also aimed to determine in which playing
positions the soccer players covered the longest distance dur-
ing match play. The motion analysis of 81 matches of the Polish
Premier League showed that the longest total distance was cov-
ered by the central midfielders (11,894 + 765 m) and external
midfielders (11,751 + 686 m). A significantly shorter distance was
covered by the external defenders (11,432 + 558 m), forwards
(10,897 + 724 m), and central defenders (10,503 + 528 m) (fig.
1). These values, which are higher than those for other positions,
have to do with the dual role of midfielders, who participate in
both offensive and defensive sequences of the play [30].

These results have been confirmed by Di Salvo et al. [18]
who found that the longest total distance was covered by central
midfielders. Also central and external midfielders of the Span-
ish Premiera Division and English Premier League ran the long-
est distances in the 2006-2007 season [9]. The total distances
covered by players in these positions were significantly longer
than those covered by players in other positions on the pitch.

In the current study, the central defenders were found to
spend significantly more time standing and walking and cover
a longer distance in this category of the activity than players in
any other position. However, CD spent the smallest amount
of time and covered the shortest distance in all other intensity
ranges. This is consistent with the results obtained by Rampini-
ni et al. [41] showing that central defenders covered the lowest
distance at high intensity.

Midfield players (CM and EM), on the other hand, were
found to spend the smallest amount of time standing and walk-
ing, but they covered the greatest distances in running and fast
running. External midfield players (EM) were the ones who
spent the highest percentage of time and covered the greatest
distance in sprinting. However, the time spent and distance cov-
ered by EM players did not differ significantly from those re-
corded for the ED and F.

Similar conclusions were reached in the research by Di
Salvo et al. [40], where the Amisco Pro system was used, which
showed that external midfielders ran the longest distance with
a speed of over 23 km h-1.

Conclusions

The objective of this study was to verify differences among
playing positions and quantify the demands placed on elite
Polish soccer players in each of the individual positions during
the match. While analysing the elite-level match play in terms
of the overall distance covered at different intensities, we found
that there were a number of statistically significant differences
between the different playing positions.

A thorough analysis of players’ match performance makes
it possible to select training loads which are appropriate for the
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development of soccer-specific motor skills in terms of charac-
ter, volume, and intensity. This analysis is the basis for individu-

alisi

ng general physical training and the training of particular

motor skills. The knowledge of the profile and characteristics
of match exercise, that is match loads, is necessary for football
training programming at any stage. The lack of such data gath-
ered during matches may, in effect, lead to overload or under-
load of players’ bodies.

In summary, the results of the present study, which used

a high-tech motion analysis system, can help increase the qual-
ity of soccer training through greater individualisation of train-

ing

loads, ensure more optimal selection of tactical tasks for

individual players, and contribute to the development of soccer
worldwide.
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