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Introduction

Modern football is characterized by highly dynamic 
and acyclical game movements, interspersed 

with frequent bouts of high-speed movements and 
a number of high variability of actions, players’ motor 
and mental preparation as well as technical-tactical 
skills [2, 3]. Motion analysis of the match performance 
of elite football players is important in order to 
determine the necessary motor potential for players and 
define standards in modern football and the need for 
maintaining a high quality performance due to increased 
volume of matches (National & International matches) 
[20]. The practical value of such analyses is that well 

Abstract
Introduction. Football is an activity demanding of each of the 
energy systems. There have been many studies that have 
described the match activity profiles of top-level soccer players 
during an annual season, but few have try to evaluate seasonal- 
-variations month-by-month. Aim of Study. Τhis study aimed to 
investigate the seasonal variations in physical (motor) activities 
of elite professional Greek football players in official-matches of  
a national League and in European matches by separated a season 
(2016-2017) in eight-month-period. Material and Methods. Twenty- 
-seven players were recruited using Global-Positioning-System 
Technology (GPS). Total-distance (TD; km), high-speed-running  
(HSR; >19.8 km/h), very-high-intensity-speed-running (VHS;  
19.8-25.2 km/h), maximal-sprinting (MS; >25.2 km/h), relative- 
-distance/time (D/T), high-metabolic-load-distance (HMLD; meters),  
dynamic-stress-load (DSL), and number of accelerations- 
-decelerations were measured. Multivariate analysis was performed. 
Results. Performance variations showed significant changes in  
all measurements (p < 0.05) noted from preparation phase (June- 
-August) to end-season with the exception of DSL and HMLD. 
The greater TD was recorded in January and the lowest during 
preparation phase (10.4 vs. 9.0 km, p < 0.001) while higher average 
levels in HSR were found in February’s matches in relation to 
November’s (654.6 vs. 389.9 meters, p < 0.001) or in MS (147.4 
vs. 68.9 meters, p = 0.004). Increase from the preparation phase 
over the seven-time-periods was found in VHS (+15.6%; p-trend 
< 0.001) or in TD (+11.8%; p-trend = 0.012). However decreases 
were observed in D/T (–8.8%; p-trend < 0.001) or in number 
of sprint-runs (–3.4%; p-trend = 0.028). Significant interactions 
(p < 0.001) were also revealed between playing position and the 
time periods, in accelerations and decelerations measurements  
(η2 ≥ 0.20). Conclusions. Significant changes to most of the motor 
activities variations were observed between the preparation- 
-phase and mid-season (February-March). The analyses of 
physical loads on soccer players during official matches are 
highly useful for training individualization, as providing a tool 

for effective planning in matches’ management, recording the 
loads on players and can therefore aid to avoid the risk for 
severe injuries.
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chosen performance indicators can help coaches to 
identify good and bad performances of individuals of 
teams [12]. 
The capacity of elite soccer players to acquire and 
maintain a good level of physiological fitness through- 
-out the season is paramount [8]. Previous research 
has shown that in elite football players, aerobic fitness 
increases from preseason to midseason and then 
decreases while anaerobic power remains unchanged 
during the season whereas sprint performance deteriorate 
in the off-season and then improve as a result of preseason 
training [8, 9, 13].
Distance covered by players and teams in a game is 
one of the objective methods in assessing performance. 
Elite football players can cover from 10 to 13.5 km 
during a game, which depends on playing position and 
approximately 0.7 km of high-intensity activity, and can 
carry out more than 1200 acyclic or unforeseen changes 
in direction in various movement intensities. It has been 
found that midfielders covered the highest TD when 
compared with other playing positions, where forwards 
elicited the highest values for sprinting activity [2, 5, 
12, 13].
Players’ speed skills are crucial for top football 
performance. Football players from top-level national 
leagues can cover sprinting distances from 152 to 
446 m, depending on their position on the field, while 
players from the UEFA European League teams, from 
167 to 345 m [1, 6, 12]. 
Mohr and colleagues (2003) reported that the match 
performance measures of Total Distance (TD) covered 
and distance covered through high-intensity running 
of the top-level players varied throughout the season 
and peaked at the end of the season [23]. Furthermore, 
studies have revealed the variation in physical 
performance during a single season and concluded 
that the high-intensity activity varied significantly 
throughout the course of that season [26]. Radziminski 
and colleagues (2010) revealed that the running speed 
at the anaerobic threshold was significantly greater at 
the end of the spring round of the season than at the 
beginning of the preparatory training period, but it 
hardly differs in comparison with the beginning of the 
autumn round [25]. 
It is very difficult for football players to maintain their 
motor skills at a relatively high level across an annual 
season including both the pre-season (preparation phase) 
and in-season phases using GPS monitoring methods 
[1]. Monitoring of performance metrics (e.g. TD, HSR, 
VHS, DSL) during official matches is an important 
part of the training process because sports coaches and 

scientists can analyze the factors that affect individual 
athletic performance and provide useful information 
about the strengths and weakness of each player and try 
to improve or rebuild those fitness indicators. 

Aim of Study
Τhe aim of the present study was to investigate the 
seasonal variations in physical (motor) activities of elite 
professional Greek football players in official matches 
of a national League and in European matches by 
separated a season in eight month period.

Material and Methods

Participants
The study covered all domestic national league games, 
national Cup and European league (qualification of 
Champions League or UEFA Europa league groups) of 
45 matches in 2016-2017 season. Data were collected for 
one entire annual season spanning 49 weeks, from June 
27th, 2016 to April 30th, 2017 (6 weeks of the preparation 
phase and 43 weeks in-season). The team used for data 
collection competed in 3 official competitions across 
the season, included European competition, which often 
means that the team played 2 or 3 matches per week 
(included national Cup matches). 
Twenty-seven elite outfield professional football 
players (6 central and 5 external defenders; 7 central 
and 6 external midfielders; 3 forwards; goalkeepers 
were excluded due to the different nature of their 
activity) belonging to a Greek team in a European 
Championship League (mean age: 26.6 years, body 
weight 74.1 kg, body height 180.9 cm, body mass index 
22.6 kg∙m–2), participated in the present study with 
302 total measurements were taken into account. Their 
weight was measured on calibrated digital scales (Seca 
861; Seca, Hamburg, Germany) to the nearest 0.1 kg 
and height was measured to the nearest 0.5 cm with  
a wall mounted stadiometer (Seca 225; Seca), without 
shoes. Body mass index (BMI) was calculated as 
weight divided by height, squared (kg·m–2). Only those 
players were selected who played the entire duration 
of a match during the season. The seasonal variations 
(Δ-changes) were investigated comparing the levels 
of physical (motor) activities of the players during 
eight periods (months) of the competitive season: 
start from preparation phase period of June-August 
(4 matches) and October (4 matches), November 
(3 matches), December (6 matches), January (7 matches), 
February (8 matches), March (6 matches) and April 
(7 matches). It is noted that in September there were no 
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measurements as official matches of the national league 
games were started in October. The study was approved 
by the institutional ethics board and written informed 
consent was obtained for each participant [29].

Match analysis data
Each match was monitored using a computerized semi- 
-automatic video match analysis image recognition 
system (data were supplied by Viper pod 2, STATSport, 
Belfast, UK). The data systematically analyzed using 
proprietary software to provide an interactive coaching 
and analysis tool that provided a comprehensive data on 
each individual [18]. Match data collection for this study 
was carried out at the football club’s official stadium 
and both home and away stadiums, respectively.
Each player’s physical activity, during each match, was 
monitored using portable global positioning system 
(GPS) units (Viper pod 2, STATSports, Belfast, UK). 
This device provides position velocity and distance data 
at 10 Hz. Each player wore a special adjustable neoprene 
harness which enables this device to be fitted to the 
upper part of his back (i.e. between the left and right 
scapula). All devices were activated 30 minutes before 
data collection to allow acquisition of satellite signals, 
and synchronize the GPS clock with the satellite’s 
atomic clock [21]. GPS data were downloaded after 
every match and analyzed using the respective software 
package (Viper PSA software, STATSport, Belfast, 
UK). In order to avoid inter-unit error, players wore the 
same GPS device for each game [7, 19].

Physical (motor) activity measurements
The players’ external load that were selected for 
analysis included total distance covered (TD; km), 
relative total distance: distance/time (meters/minutes) 
(D/T), and high speed categories were used: Very 
High Speed running (VHS; from 19.8 to 25.2 km/h) 
and Maximal Speed-Sprint (MS; >25.2 km/h) or High 
Speed Running (zone 5 + zone 6) (HSR; >19.8 km/h, 
in meters) [12, 19]. A sprint was defined as a running 
exercise lasting at least 1 sec at the speed of at least 
25.2 km/h (>7 m/s). Acceleration activity was measured 
on the basis of the change in GPS speed data and was 
defined as a change in speed for a minimum period of 
0.5 s with a maximum acceleration in the period at least 
0.5 m × s–2. The acceleration was considered finished 
when the player stopped accelerating. The classification 
of accelerations by zone is based on the maximum 
acceleration reached in the acceleration period. The 
same approach was used with regard to deceleration. 
The load and intensity measures were identified as total 

number of accelerations or decelerations (>2 m·s–2) and 
accelerations/min or decelerations/min, respectively. 
In addition, the “dynamic stress load” was calculated 
as the total of the weighted impacts. Impacts were 
weighted using convex-shaped function (approximately 
a cubic function), an approach similar to the one used 
in the speed intensity calculation, with the key concept 
being that an impact of 4 g is more than twice as hard 
on the body as an impact of 2 g. The weighted impacts 
were totaled and finally scaled to give more workable 
values expressed in arbitrary units (AU). The load and 
intensity measures were identified as Dynamic Stress 
Load (DSL) [3]. Both speed intensity and dynamic 
stress load were calculated automatically using a custom 
algorithm included in the proprietary software provided 
by the manufacturers (Viper Version 1.2, STATSports, 
Belfast, UK). High Metabolic Load Distance (HML; 
distance covered >25.5 W·kg–1) was used as measure of 
movement intensity [16]. The HML distance measure 
combines the energy cost of all constant velocity running 
above 5.5 m·s–1 and acceleration and deceleration 
activity over 2 m·s–2 during intermittent running [11, 
24]. Players who didn’t get into HSR zones because 
of covering short, sharp distances were given credit in 
their HML score because the intensity of the work could 
be just great. 

Statistical analysis
Data were analyzed using the SPSS software (IBM SPSS 
Statistics for Windows, Version 24.0. Armonk, NY: 
IBM Corp). Distributions of descriptive characteristics 
of the 27 professional football players were estimated. 
Age and body mass index were assessed according to 
players’ position with non-parametric Kruskal–Wallis 
test. Multivariate analysis of covariance (mancova) 
was performed to assess motor activity measurements 
by the eight periods of the season 2016-2017. Levene’s 
test was used for testing the equality of error variances). 
Age, BMI and players’ position were used as covariates. 
Furthermore, using two-way analysis of variance, motor 
activity measurements were also assessed according to 
interaction of players’ position with the eight periods, 
and their mean levels as well as the effect sizes (eta 
squared; η2) were also illustrated. 

Results
A comprehensive overview of the studied population 
and its characteristics is given in Table 1. Participants 
were 27 elite Greek professional football players [mean 
age 26.6 years (±4.6), and BMI 22.6 kg × m–2 (±1.2)]. 
The participating players consisted of 11 central and 
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external defenders that covered all 45 matches of the 
2016-2017 season and involved 159 measurements, 
13 central and external midfielders involved with 115 
measurements and 3 forwards with 28 measurements. 
The seasonal motor activities that were investigated 
were divided into eight periods (months) through the 
annual season including pre-season phase. Based 
upon the eight month periods, 21 measurements were 
undertaken during June-August preparation phase, 
29 measurements in October, 23 in November, 42 in 
December, 51 in January, 54 in February, 39 in March 
and 43 in April. It is worth noticing to mention that in 
the age and body mass index that they were obtained at 
the beginning of the season 2016-2017, were not found 
any difference by the players’ position (p > 0.10). 
Table 2 outlines the mean levels of motor activities 
measurements across the seasonal period, as was 
divided in eight months period. Significant differences 
(Δ-changes) (p < 0.05) were observed in all measurements 
between time periods with the exception of DSL 
(p > 0.05). Moreover, the greater TD was recorded  
in January and the lowest during preparation phase 
(June-August) (10.4 vs. 9.0 km, respectively, p < 0.001) 

while significantly higher average levels in HSR were 
found in February’s matches in relation to November’s 
(654.6 vs. 389.9 meters, respectively, p < 0.001) and 
in MS (147.4 vs. 68.9 meters, respectively, p = 0.004). 
Similarly, significantly higher mean levels in VHS were 
found in March’s matches in relation to November’s 
(509.7 vs. 320.9 meters, respectively, p < 0.001), in 
sprints (10.6 vs. 5.4, respectively, p = 0.003), and in 
accelerations (65.5 vs. 43.9, respectively, p < 0.001). 
Conversely, in November was recorded significantly 
higher average number of decelerations (p < 0.001). 
From the linear changes during the period, a significant 
positive difference from the preparation phase over the 
seven time periods was found in VHS close to +15.6% 
(p-trend < 0.001) or in TD by +11.8% (p-trend =  
0.012). However a significant negative difference was 
observed during the period (eight months) in D/T by 
–8.8% (p-trend < 0.001) or in number of sprints by 
–3.4% (p-trend = 0.028). In the HML distance covered 
was recorded a significant positive difference during the 
period by + 9.8% (p-trend = 0.008). 
Figure 1 presents the interactions that may occur between 
the five different playing positions on the field with the 

Table 1. Characteristics of 27 Greek football players in the season of 2016-2017, participating in the current study

Mean SD Min Max

Age, years 26.6 4.6 17.9 35.9

Body Mass Index, kg∙m–2 22.6 1.2 20.9 25.9

Player position, n (measurements) central defenders 6 (90*)

external defenders 5 (69)

central midfielders 7 (62)

 external midfielders 6 (53)

forwards 3 (28)

Seasonal period, n (measurements) June-August 12 (21)

October 17 (29)

November 13 (23)

December 20 (42)

January 16 (51)

February 20 (54)

March 15 (39)

April 17 (43)

Age and body mass index (measurements of body weight and height) were obtained at the beginning of the season 2016-2017 and were not 
different by the players’ position (Kruskal–Wallis tests, p > 0.10). 

* The total measurements were 302 and retrieved from 45 matches during the 10th month season of 2016-2017 (27th June 2016 to 30th April 2017). 
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Figure 1. Interaction effects of seasonal periods and player position on motor activities measurements of Greek football 
players in the season of 2016-2017
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eight periods. Among others, a significant interaction 
(p < 0.001) was revealed from the combination of the 
playing position with the time periods, in MS (η2 = 0.45), 
sprints (η2 = 0.42), HSR (η2 = 0.42) or in accelerations 
(η2 = 0.26) and decelerations or TD (η2 = 0.27).

Discussion
The results of this study showed that top-class football 
players performed significantly lower mean level 
changes in most of the motor activities during the 
second quarter of the annual season (November) but 
higher average levels were observed during the fourth 
quarter of the season (February-March). 
There are certain difficulties in making comparisons 
between studies on match analysis because in football, 
different analysis systems have been used (position of 
cameras or technology applied), different intensities 
have been measured (threshold velocities and criteria 
time 0.5-1.0 s, for activity classification), different 
magnitudes have been used to analyze the activity (time 
or distance), and the criteria to classify the positions of 
the players have differed across studies [4, 15, 23, 28]. 
Limited data are available on the between official matches 
motor activities variability’s by separating or splitting 
the whole season. This study provides unique data for 
the literature as it examines variability changes almost 
monthly compared to the preparation phase. Considering 
the available literature, the only comparable study that 
analyzed motor activities in seven consecutive rounds of 
matches was that of the 2014 world Cup in Brazil [10].
The emphasis during preparation phase or pre-season 
is on rebuilding of fitness parameters following the 
detraining that occurs during off-season [27]. In contrast 
to previous studies [22] the TD response observed in the 
present study was lower in preparation phase compared 
with the other periods and reflects the periodization of 
a football training programme. Indeed, lower training 
loads during the competitive season are deliberately 
administered to allow optimal recovery and for players 
to peak around official games, whereas higher training 
loads are used in the pre-season when physiological 
adaptation is key and competition not a priority. The 
higher TD covered at the beginning of the in-season 
(October) and after the Christmas’ break (January) may 
be due to the coaches’ still having some emphasis on 
physical conditioning as a continuation at the preseason 
phase. From the physiological and practical points of 
view, a greater aerobic capacity allows players not only 
to cover longer distance during a game but to perform 
more sprints, but also to develop better playing demands 
and maintain it for much longer time during the game 

[3, 17]. This is clear confirmed by the results of the 
present study regarding the significant changes in TD 
covered and accelerations and decelerations between 
the periods. It is interesting that despite incremental 
fatigue observed in players in consecutive rounds of the 
2014 World Cup tournament, a significant increase in 
TD was noted between the quarter-finals and the semi- 
-finals. As in our study this can maybe explained by 
the fact that this tournament stage is reached by players 
who are physically best prepared, resistant to fatigue 
and equipped with top-level football-specific skills 
[10]. Additionally, it appears that the physical demands 
during elite level games (e.g. UEFA Champions League 
or Europa League games) may be an indicator to the 
physical level of a team, as indicated by Rampinini and 
colleagues [26] who revealed that teams ranked within 
the bottom 5 Italian Serie A presented significantly 
greater TD covered than the top 5 teams. This implies 
that more successful teams exert less physical effort 
in competitive match play because of a higher tactical 
awareness and technical ability allowing higher ball 
possession [31]. 
From our analysis, it was clear that all high speed activities 
variables analyzed (HSR, VHS, and MS) demonstrated 
fall in November compared to that of Februarys’-March’s. 
However significant positive percentages changes from 
the preparation phase over the seven periods were found 
in HSR and VHS while negative significant change 
was observed for the MS variable, respectively. These 
differences in HSR and VHS variables may indicate the 
effect of a pre-season training period that the component 
of running speed (linear running speed, single and 
multiple direction changes) may not particularly 
stimulated during pre-season training sessions [31]. 
It can also be a result of the official matches played 
during in-season period that may enhance speed and 
acceleration as a result of the high-intensity nature of 
the match play [26]. Another possible explanation is 
the fact that in November the team was challenging 
consecutive matches for domestic league and cup 
as well as for European matches. Matches played at 
this frequency over a short period of time potentially 
results in residual fatigue and underperformance due 
to insufficient time of physical recovery [14]. This is 
clearly confirmed by the results of the 2014 World Cup 
in Brazil study that the high frequency of World Cup 
matches together with players’ load after their league 
season did not permitted complete recovery [10]. The 
total number of performed sprints is another parameter 
of maximal intensity activity performed by players 
during a football match [30, 32]. The kinematic analysis 
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of ten UEFA cup matches showed that the mean number 
of sprint runs performed by examined players amounted 
to 11.2 ± 5.3 sprint runs per match [1]. This is not 
similar to the findings of the present study who recorded 
a range between 9.4 to 10.7 sprints run per match and  
a significant negative difference (–3.2%) over the seven 
time periods. In the present study, sprint runs analyzed 
with regard to the entry in zone 5 >5.5 m/s (long duration 
sprint). 
Updated seasonal information in physical (motor) 
activities on football players in official-matches is 
highly significant for sport practice. The collected data 
may have significant implications for conditioning of 
elite soccer players. Given that the authors observed 
distinct differences between the preparation-phase and 
mid-season (February-March) our data have obvious 
practical implications for specific training program 
design. The study may help sports practice for coaches 
and conditioning coaches by comparing these results 
with similar research conducted by peers.
When interpreting the current findings, a number of 
limitations should be considered. This study is reflective 
of one team only (albeit reflective of the top League 
team) and hence may not be representative of the 
customary official game demands of other domestic 
teams that may be influenced by different coaching 
or training philosophies. For example, as players of 
a lower standard of the league standing generally undergo 
higher load during match play, there is likely to be  
a greater total fatigue which determine the effectiveness 
of match performance. Furthermore it is prudent to note 
that these data do distinguish between specific playing 
positions. Future work may focus to address the possible 
variations of a single squat over multiple seasons. 
Finally it should be noted that the possibility of some 
injuries during the season could influence negatively 
some of the motor activities of the players.

Conclusions
In conclusion, this study investigated the changes in 
all types of tested motor skills by the top League team 
across during an annual season. Significant lower 
mean level changes were found in most of the motor 
activities during the second quarter of the annual season 
(November) while significantly higher average levels 
were observed during the fourth quarter of the season 
(February-March). The greater positive changes in 
motor activities that were observed between players 
during mid-season in association to match loads and 
their fatigue levels during matches could increase the 
risk of fatigue or injury. A primary goal of match- 

-load monitoring should be to assist and inform coach/
manager decision making on player availability for 
training and next match readiness. Therefore, official 
match-analyses are helpful to develop a specific training 
program which mimics the physiological conditions 
imposed by the match. 
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