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Abstract  
The aim of this investigation was to determine the position and 
duration specific activity of the most demanding passages of play 
in football players. Global positioning system data were collected 
from twenty-three football players across a competitive season. A 
total of 605 individual match files were analysed. Players were 
categorised based on positional groups; full-back (FB), central 
defender (CD), midfielder (MF), wide midfielders (WMF) and 
forwards (FW). The most demanding passage of a match play was 
analysed using a rolling average method, where maximal values 
were calculated for four different time durations (1’, 3’, 5’ and 
10’) using distance (mꞏmin-1), high metabolic load distance 
(HMLD) and average metabolic power (AMP) as variables of in-
terest. Using distance as the criterion variable, MF and WMF po-
sitions covered greater distance, and fewer sprinting meters (>7.0 
mꞏs-1, mꞏmin-1). With HMLD as the criterion variable, the values 
for WMF and MF positions were higher than the CD and FW po-
sitions. The MF and WMF positions performed more high-inten-
sity accelerations and decelerations when the criterion variable 
was AMP. These results provide an understanding of the most 
demanding passages of play to inform training practices for spe-
cific football playing positions.  
 
Key words: Team sports, match demands, peak intensity, global 
position system.  

 

 
Introduction 

 
Several studies have described the demands of football 
competition (Castellano et al., 2014; Di Salvo et al., 2007), 
serving as a benchmark for comparison with training de-
mands (Owen et al., 2017; Stevens et al., 2017) or tasks 
within training (Beenham et al., 2017; Casamichana et al., 
2012; Dellal et al., 2012; Giménez et al., 2017). However, 
training tasks designed to replicate the average demands of 
matches will likely result in players being underprepared 
for the most demanding phases of football match-play 
(Gabbett et al., 2016). 

The most demanding phases of the match have been 
studied using different methodologies. Dividing the match 
in to predefined periods of 15 minutes (Carling and 
Dupont, 2011) or 5 minutes (Bradley and Noakes, 2013; Di 
Mascio and Bradley, 2013) has shown higher activity 
peaks than the match average, with intensity being higher 
as the duration of the studied period decreased. For exam-
ple, some players reached values of close to 140 mꞏmin-1 

for distance covered and more than 40 mꞏmin-1 of distance 
covered at high speed in 5-minute periods (Bradley and 
Noakes, 2013). However, the most demanding passage of 
match-play may not fall completely within these pre-de-
fined blocks. Therefore, these methods underestimate the 
most demanding passage of match-play (Varley et al., 
2012). 

Alternatively, a more practical and accurate ap-
proach would be to establish the most demanding passage 
of match-play using the rolling method (or moving average 
method). This procedure has been applied to Gaelic Foot-
ball (Malone et al., 2017b), Rugby League (Delaney et al., 
2016), Australian Football (Delaney et al., 2017a) and Eu-
ropean football (Delaney et al., 2017b; Lacome et al., 
2017). Delaney et al. (2017b) found differences between 
central defenders, wide midfielders, and forwards, with 
central defenders covering the least distance and the lowest 
metabolic power, while wide midfielders performed a 
greater number of accelerations and decelerations. High-
speed running was greatest in forwards and wide midfield-
ers (Delaney et al., 2017b). 

Distance (mꞏmin-1), distance covered at high speed 
(>5.5 mꞏs-1), average metabolic power, absolute values for 
acceleration and deceleration, and mechanical work have 
all been used to characterise the most demanding passages 
of play (Delaney et al., 2016; Delaney et al., 2017b; 
Lacome et al., 2017). The inclusion of variables that inte-
grate the activity developed at high speed and accelerat-
ing/decelerating at high-intensity could be of interest to 
configure these periods. In this sense, high metabolic load 
distance (HMLD) is of interest, since it represents the dis-
tance covered (m) by a player when their metabolic power 
(energy consumption per kilogram per second) is above the 
value of 25.5 Wꞏkg-1 (Tierney et al., 2016). This value of 
25.5 corresponds to when a player is running at a constant 
speed of 5.5 mꞏs-1 on grass or when they are performing 
significant acceleration or deceleration activity (e.g. if they 
are accelerating from 2 to 4 mꞏs2 over 1 second).  

To date, most football research has only quantified 
isolated activity variables. However, an understanding of 
other activities occurring within the most demanding pas-
sages of play is also important. In football the activity of 
the player is multidirectional, multidimensional and itera-
tive. Consequently, a detailed description of the activity 
performed by players during these most demanding pas-
sage  of  match-play would  be of interest to managers, fit- 
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ness coaches and team medical staff. For example, two 
players could obtain the same average metabolic power 
(AMP; Wꞏkg-1) values over a given period of time, but the 
activity performed by the players could be vastly different 
(in one case, high intensity actions could be the result of 
greater high speed distance, and in another case the high 
intensity actions could be due to a higher number of accel-
erations or decelerations). 

This information has significant practical applica-
tion for the prescription of training, since it can serve as a 
benchmark when designing and evaluating the demands of 
the training tasks that are imposed on football players. 
Therefore, the purpose of this research was to identify the 
most demanding passage of match-play in football compe-
tition describing these periods through different variables, 
and determine the differences among positions through dif-
ferent criterion variables, and in different moving average 
durations. 

 
Methods 

 
Design 
An observational, retrospective cohort study was con-
ducted during the 2015-2016 competitive season. Global 
positioning system (GPS) files were collected from a pro-
fessional male soccer team during match-play. Position-
specific activities for the most demanding passage of 
match-play were established using different criterion vari-
ables, and in different moving average durations.  

 
Subjects 
Twenty-three professional football players (age: 20 ± 2 yr, 
mass: 70.2 ± 6.3 kg and stature: 1.78 ± 0.06 m) from the 
same Spanish 2nd B division team volunteered for this 
study. Data was collected throughout 37 competitive 
matches of the 2015-2016 competitive season (13 wins, 15 
losses, 9 draw, final position 11th). A total of 605 individ-
ual global positioning system (GPS) files from match data 
of a professional male soccer team were collected. Each 
match was 90 min in duration, separated into two 45-min 
halves. Players were grouped according to their playing po-
sition, as central defenders (CD: n = 3; 95 GPS files), full 
backs (FB: n = 5; GPS 139 files), midfielders (MF: n = 3; 
GPS 101 files), wide midfielders (WMF: n = 5; GPS 110 
files) and forwards (FW: n = 7; GPS 160 files). The mean 
(± SD) number of observations per player was 26.3 ± 12.4. 
A typical training week consisted of 5 field sessions. The 
training week typically used the following schedule: ses-
sion +1: recovery from the previous game for the players 
who competed for more than 60 minutes and compensatory 
session for the players who competed less than 60 minutes 
in the game; session -4: strength oriented training session 
with SSG in reduced space; session -3: training oriented 
towards endurance development/maintenance; session -2: 
training with tasks with tactical-technical objective; and 
session -1: activation drills replicating the tactical profile 
of competition, with low conditioning load and some set 
piece drills. These data arose from the daily player moni-
toring in which player activities were routinely measured 
over the course of the season, thus no authorization was 
required from an institutional ethics committee (Lacome et 

al., 2017).  Data arose as a condition of the players’ em-
ployment whereby they were assessed daily.  Nevertheless, 
this study conformed to the Declaration of Helsinki and 
players provided informed consent before participating. 

 
Procedures 
The STATSports software (Version 1.2) was then used for 
the computation of a moving average over each criterion 
variable (distance, HMLD and AMP), using four different 
durations (1’, 3’, 5’ and 10’), and the maximum value for 
each duration was recorded. As a result, for each match, 
maximum values using three criterion variables were cal-
culated for each of the 4 moving average durations. These 
four different durations were analysed because they corre-
spond to the usual duration of the training drills in the team 
studied. Descriptive statistics and analysis were then cal-
culated based on positions of play. These data were then 
averaged across all observations per position for between-
group analysis. 

The variables recorded were the distance covered 
per minute in competition (mꞏmin-1), distance covered at 
high speed (HSR; >5.5 mꞏs-1, mꞏmin-1), distance covered at 
sprint (SPR; >7.0 mꞏs-1, mꞏmin-1), the number of high-in-
tensity accelerations (ACC; >3 mꞏs2, nꞏmin-1), the number 
of high-intensity decelerations (DEC; <-3 mꞏs2, nꞏmin-1), 
the average metabolic power (AMP: Wꞏkg-1) and the high 
metabolic load distance (HMLD; >25.5 Wꞏkg-1, nꞏmin-1). 
AMP is the energy expended by the player per second per 
kg for the player based on running on grass (the unit is 
Wꞏkg-1) and was calculated using the energetic calculations 
detailed previously (di Prampero et al., 2005; Osgnach et 
al., 2010). HMLD represents the distance covered (m) by a 
player when their metabolic power (energy consumption 
per kilogram per second) is above the value of 25.5 Wꞏkg-

1.  
This method allowed the computation of a number 

of output variables for each player, including distance 
(mꞏmin-1). Distance was representative of the traditional 
model, where accelerated running is ignored (Delaney et 
al., 2016). Composite variables combining multiple physi-
cal factors were also considered. The HMLD sums up high 
speed running distance (>4.0 mꞏs-1) and also includes the 
distance covered when the player is involved in high accel-
eration/deceleration activities (set by the manufacturer at 
>2 mꞏs2 by default). HMLD represents the distance cov-
ered (m) by a player when their metabolic power (energy 
consumption per kilogram per second) is above the value 
of 25.5 Wꞏkg-1. HMLD is an estimation of energetic cost, 
based on the movement profile of the athlete. It is a metric 
calculated by the STATSports software algorithm and is 
considered to measure all activity above a metabolic power 
of 25.5 Wꞏkg-1 (Dunbara et al., 2015; Osgnach et al., 2010).  

The activity profile of players were monitored dur-
ing each official match using a portable 10 Hz GPS unit 
(Viper Pod, 50 gr, 88 x 33 mm, Statsports Viper, Northern 
Ireland) as used in previous studies (Bowen et al., 2017; 
Fox et al., 2017). The accuracy of these devices has been 
studied recently, with 2.53 ± 6.03% estimation error in dis-
tance covered, with accuracy (%) improving as the distance 
covered increases and the speed of movement decreases 
(Beato et al., 2016). In order to avoid interunit error, each 
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player trained with the same GPS device during the whole 
study period (Castellano et al., 2011; Nicolella et al., 2018). 
The GPS model used in this study was worn in a purpose 
designed vest, inside a mini pocket positioned in the centre 
area of the upper back, just above the shoulder blades, and 
thus, not affecting mobility of the upper limbs and torso. 

Upon completion of each match, GPS data were ex-
tracted using proprietary software (Viper, Statsports, Ire-
land). A total of 605 individual match files were obtained. 

The team systematically played in a 1-4-3-3 for-
mation, with a goalkeeper, two FB, two CD, a MF, two 
WMF and three FW. Goalkeepeers and players with less 
than 10 records were not included in the analysis. Only data 
from players who completed the full match were analysed 
in order to limit the effect of pacing strategies (Carling and 
Dupont, 2011). 

 

Statistical analysis  
The data are presented as means and standard deviations 
(mean ±SD). The homogeneity of variances was examined 
by means of the Levene’s test. The presence of significant 
differences was determined by means of a 1-tailed re-
peated-measures analysis of variance, applied to each of 

the dependent variables in relation to the position (CD, FB, 
MF, WMF and FW). Whenever a significant difference 
was found, a post hoc Bonferroni’s test were used, whereas 
a Dunnett’s T3 post hoc test was applied when the vari-
ances were not homogeneous. Effect sizes (ES) were cal-
culated to determine meaningful differences. Magnitudes 
of difference were classed as trivial (<0.2), small (>0.2–
0.6), moderate (>0.6–1.2), large (>1.2– 2.0) and very large 
(>2.0–4.0) (Batterham and Hopkins, 2006). All the statis-
tical analysis were performed using SPSS 16.0 (SPSS Inc., 
Illinois, USA) for Windows, with significance being set at 
p < 0.05. 
 

Results 
 

Table 1 shows the mean ± SD values of the different vari-
ables for the specific positions in the game, including the 
significant differences (p < 0.05) in the four analyzed peri-
ods of time (1´, 3´, 5´ and 10´) using distance as the crite-
rion variable. MF and WMF positions covered greater dis-
tance and fewer meters at sprint (>7.0 mꞏs-1, mꞏmin-1). In 
the case of HSR, FB covered the greatest distance, reaching 
values of 47.2 ± 24.0 mꞏmin-1 in the 1’ period. 

 
Table 1. The most demanding passage of a match play for each position using distance (DIS; mꞏmin-1) for four different time 
durations (1’, 3’, 5’ and 10’).  

  Position 
Time Variables CD FB MF WMF FW AVERAGE ES;p 

1 min 

DIS 181.9±16.4 195.3±15.7a,b 204.0±15.4a,b 201.1±19.0a,b 180.9±20.4 191.6±19.7 ES: 0.1-1.2; p<0.001
HSR 35.5±24.2 47.2±24.0c 29.8±22.1 35.8±19.9 37.8±21.6 38.3±23.1 ES: 0.3-0.4; p=0.004
SPR 11.6±19.1 14.0±17.3 6.1±11.0 7.2±12.5 11.5±14.2 10.6±15.6 ES: 0.1-0.5; p=0.076
AMP 17.2±1.7 18.9±1.6a,b 18.9±1.4a,b 19.1±1.9a,b 17.6±2.4 18.3±1.9 ES: 0.4-1.1;  p<0.001

HMLD 59.3±17.0 70.4±17.9a 65.9±16.3 69.7±16.6a 61.8±17.8 65.5±17.7 ES: 0.1-0.6; p=0.003
ACC HI 2.7±1.5 2.8±1.5 2.6±1.3 3.3±1.8 2.8±1.7 2.8±1.6 ES: 0.3-0.6; p=0.241
DEC HI 2.8±1.6 3.7±1.5a 3.4±1.5 3.8±1.9a 3.5±1.6 3.5±1.6 ES: 0.1-0.6; p=0.031

ACC+DEC HI 5.6±2.8 6.6±2.6 6.0±2.4 7.2±3.2 6.3±3.0 6.4±2.8 ES: 0.2-0.5; p=0.081

3 min 

DIS 143.4±9.7 151.9±9.1a,b 161.3±8.5a,b,e 156.6±15.6a,b 138.4±15.9 149.1±14.7 ES: 0.4-1.7; p<0.001
HSR 11.7±8.9 19.7±9.4a,c,d 12.5±7.2 15.0±7.8 17.4±8.8a 15.8±9.1 ES: 0.2-0.9; p<0.001
SPR 2.6±4.6 4.4±5.4c 1.7±2.9 2.1±3.1 4.1±4.3 3.2±4.4 ES: 0.1-0.6; p=0.005
AMP 13.3±0.9 14.4±1.1a,b 14.8±0.7a,b 14.6±1.5a,b 13.3±1.6 14.0±1.4 ES: 0.2-1.9; p<0.001

HMLD 30.7±8.0 39.9±9.2a 37.8±6.8a 38.9±9.8a 36.1±9.4a 36.8±9.4 ES: 0.1-1.0; p<0.001
ACC HI 2.5±0.9 2.3±0.9 2.6±1.2 2.7±1.1 2.3±1.1 2.5±1.0 ES: 0.1-0.4; p=0.182
DEC HI 2.6±0.8 2.7±0.9 3.1±0.7 2.9±0.8 2.7±1.2 2.7±1.0 ES: 0.3-0.7; p=0.191

ACC+DEC HI 5.1±1.6 5.1±1.6 5.7±1.6 5.6±1.7 4.9±2.2 5.3±1.8 ES: 0.1-0.4; p=0.140

5 min 

DIS 132.7±8.3 139.3±8.1a,b 149.7±6.8a,b,e 146.4±16.0a,b 127.7±13.6 137.9±13.7 ES: 0.3-1.9; p<0.001
HSR 8.3±4.9 14.6±6.2a,c,d 9.3±5.3 11.5±5.3 13.2±6.2a,c 11.8±6.1 ES: 0.2-1.1; p<0.001
SPR 1.5±2.3 3.4±3.4a 1.6±2.8 1.9±2.4 2.9±3.0 2.4±2.9 ES: 0.2-0.6; p=0.001
AMP 12.3±0.7 13.1±0.9a,b 13.8±0.6a,b,e 13.6±1.5a,b 12.1±1.5 12.9±1.3 ES: 0.2-1.4; p<0.001

HMLD 25.4±4.9 32.8±6.3a 31.9± 5.4a 33.9±8.7a,b 29.3±7.8a 30.6±7.5 ES: 0.1-1.2; p<0.001
ACC HI 2.2±0.6 2.2±0.7 2.8±0.8b,e 2.7±0.9b 2.1±1.1 2.4±0.9 ES: 0.1-0.7; p<0.001
DEC HI 2.3±0.6 2.6±0.7 3.1±0.7a,b 2.8±0.9a 2.4±1.0 2.6±0.8 ES: 0.4-1.2; p<0.001

ACC+DEC HI 4.5±1.1 4.9±1.4 5.9±1.5a,b,e 5.5±1.6a 4.5±1.9 4.9±1.6 ES: 0.3-0.8; p<0.001

10 min 

DIS 122.6± 7.4 128.2±8.1a,b 139.7±7.8a,b,e 135.2±15.6a,b,e 117.0±13.1 127.3±13.4 ES: 0.4-2.0; p<0.001
HSR 6.4±3.3 11.3±3.9a,c,d 6.8±3.1 8.9±3.9a 11.2±4.3a,c,d 9.3±4.3 ES: 0.0-1.3; p<0.001
SPR 1.2±1.4 2.6±2.5a,c,d 0.8±1.5 1.3±1.7 2.4±2.3a,c 1.8±2.1 ES: 0.1-0.8; p<0.001
AMP 11.3±0.7 12.1±0.9a,b 12.9±0.6a,b,e 12.6±1.5a,b 11.0±1.4 11.9±1.3 ES: 0.3-1.6; p<0.001

HMLD 21.9±3.6 27.7±4.9a,b 27.0±4.7a 28.8±7.7a,b 24.7±6.1 26±6.1 ES: 0.2-1.1; p<0.001
ACC HI 2.2±0.4 2.2±0.7 2.6±0.5a,b,e 2.5±0.8b 1.9±0.9 2.2±0.8 ES: 0.1-0.9; p<0.001
DEC HI 2.2±0.5 2.5±0.6a,b 2.8±0.5a,b 2.6±0.7a,b 2.1±0.9 2.4±0.7 ES: 0.3-0.9; p<0.001

ACC+DEC HI 4.5±0.9 4.7±1.3 5.4±0.9a,b 5.1±1.5 4.0±1.8 4.7±1.4 ES: 0.2-0.9; p<0.001
CD = central defender; FW = forward; MF = midfielder; WMF = wide midfielder; FB = full back; a > CD; b > FW; c > MF; d > WMF; e > FB; DIS = 
distance ꞏmin-1; HSR = high speed Running ꞏmin-1 (>5.5 mꞏs-1, mꞏmin-1); SPR = sprint ꞏmin-1 (>7.0 mꞏs-1, mꞏmin-1); HMLD = high metabolic load 
distance ꞏmin-1; AMP = average metabolic power; ACC = accelerations ꞏmin-1 (>3 mꞏs2, nꞏmin-1); DEC = decelerations ꞏmin-1 (<-3 mꞏs2, nꞏmin-1); HI = 
high intensity. 
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Table 2. The most demanding passage of a match play for each position using relative metabolic load distance (HMLD; mꞏmin-

1) for four different time durations (1’, 3’, 5’, and 10’).            
  Position 
Time Variables CD FB MF WMF FW AVERAGE ES;p 

1 min 

DIS 163.6±24.9 175.5±21.4 189.8±18.6a,b,e 187.5±23.7a,b 160.0±26.3 173.5±26.0 ES: 0.1-0.7; p<0.001
HSR 47.2±19.3 55.9±20.2 45.2±22.6 48.3±16.4 49.4±19.9 49.9±19.8 ES: 0.3-0.5; p=0.069
SPR 19.1±20.5 18.3±18.1 12.7±17.2 11.4±12.5 18.8±16.6 16.6±17.4 ES: 0.0-0.5; p=0.085
AMP 16.3±2.4 18.1±2.1a,b 18.5±1.8a,b 17.7±2.2a,b 16.5±2.8 17.5±2.5 ES: 0.2-1.0; p<0.001

HMLD 67.7±12.8 79.7±16.0a,b 77.0±13.2a 79.7±11.2a 72.2±14.9 75.2±14.8 ES: 0.0-0.8; p<0.001
ACC HI 3.4±1.6 3.5±1.7 3.6±1.7 3.9±1.8 3.2±1.7 3.5±1.7 ES: 0.2-0.4; p=0.319
DEC HI 3.0±1.7 4.0±1.6a,b 3.9±1.6 3.9±1.8ª,b 3.1±1.4 3.6±1.7 ES: 0.1-0.6; p=0.001

ACC+DEC HI 6.5±2.8 7.6±2.9 7.5±2.9 7.9±3.0b 6.3±2.8 7.1±2.9 ES: 0.1-0.5; p=0.015

3 min 

DIS 131.9±16.2 141.1±14.6a,b 151.2±11.4a,b,e 147.6±16.4a,b 128.3±17.2 138.8±17.6 ES: 0.2-1.5; p<0.001
HSR 18.9±9.4 24.3±9.0a,c 18.2±9.5 20.8±7.1 23.7±7.9a,c 21.7±8.8 ES: 0.1-0.6; p=0.001
SPR 5.1±6.5 6.6±6.6 3.6±5.6 4.8±5.1 7.7±5.7c 5.8±6.1 ES: 0.2-0.7; p=0.013
AMP 12.7±1.5 13.9±1.4a,b 14.3±1.0a,b 14.3±1.7a,b 12.7±1.7 13.5±1.7 ES: 0.0-0.9; p<0.001

HMLD 36.6±6.9 44.6±7.1a,b 42.4±6.3a 45.3±7.6a,b 40.6±7.9 41.9±7.9 ES: 0.1-1.2; p<0.001
ACC HI 2.7±0.8 2.6±1.0 2.9±1.0b 2.9±1.1b 2.2±0.9 2.6±0.9 ES: 0.0-0.7; p<0.001
DEC HI 2.5±0.9 2.9±1.0 3.1±0.9a 3.1±1.0a,b 2.6±0.9 2.8±0.9 ES: 0.0-0.6; p<0.001

ACC+DEC HI 5.2±1.5 5.6±1.8 6.1±1.7b 6.1±1.9b 4.8±1.6 5.5±1.8 ES: 0.0-0.7; p<0.001

5 min 

DIS 123.2±12.8 131.3±11.4a,b 142.4±9.0a,b,e 140.9± 5.3a,b,e 118.2±14.9 129.9±15.9 ES: 0.1-2.0; p<0.001
HSR 13.7±6.4 18.3±6.2a,c 12.7±5.9 15.5±5.6 18.1±6.3a,c 16.1±6.5 ES: 0.0-0.9; p<0.001
SPR 4.1±4.3 4.8±4.2c,d 2.4±3.3 2.5±2.7 5.1±4.3c,d 4.0±3.9 ES: 0.1-0.7; p=0.001
AMP 11.7±1.1 12.8±1.1a,b 13.4±0.8a,b,e 13.4±1.6a,b 11.5±1.6 12.5±1.5 ES: 0.0-1.4; p<0.001

HMLD 29.3±4.7 36.5±5.6a,b 35.7±4.6a 38.1±7.5a,b 33.2±6.8a 34.5±6.7 ES: 0.2-1.4; p<0.001
ACC HI 2.4±0.7 2.3±0.8 2.8±0.9b 2.8±1.0b,e 2.2±1.1 2.5±0.9 ES: 0.0-0.6; p<0.001
DEC HI 2.3±0.6 2.7±0.7a 3.0±0.7a,b 2.9±0.8a,b 2.4±0.9 2.6±0.8 ES: 0.1-1.1; p<0.001

ACC+DEC HI 4.7±1.1 5.1±1.3 5.9±1.5a,b 5.8±1.7a,b 4.6±1.9 5.1±1.6 ES: 0.1-0.7; p<0.001

10 min 

DIS 115.6±11.9 122.9±9.1a,b 135.1±9.1a,b,e 132.1±13.4a,b,e 110.5±14.3 121.9±14.8 ES: 0.3-2.0; p<0.001
HSR 8.9±4.2 13.6±4.3a,c 8.6±3.2 11.7±3.9a,c 13.2±4.3a,c 11.6±4.5 ES: 0.1-1.3; p<0.001
SPR 2.1±2.4 3.3±2.8c,d 1.2±1.4 1.7±1.7 3.6±2.7a,c,d 2.6±2.5 ES: 0.1-1.0; p<0.001
AMP 10.8±1.1 11.8±1.0a,b 12.6±0.7a,b,e 12.4±1.3a,b 10.6±1.4 11.5±1.4 ES: 0.2-1.7; p<0.001

HMLD 23.4±3.6 29.8±4.5a,b 29.2±4.0a 31.5±6.6a,b 26.6±5.7a 28.0±5.7 ES: 0.3-1.5; p<0.001
ACC HI 2.3±0.5 2.2±0.7 2.8±0.6a,b,e 2.6±0.8b 1.9±0.9 2.3±0.8 ES: 0.3-1.1; p<0.001
DEC HI 2.1±0.6 2.5±0.6b 2.8±0.6a,b 2.5±0.7b 2.1±0.7 2.4±0.7 ES: 0.5-1.1; p<0.001

ACC+DEC HI 4.5±0.9 4.7±1.2 5.6±1.0a,b,e 5.1±1.5b 4.0±1.7 4.7±1.4 ES: 0.4-1.1; p<0.001
CD = central defender; FW = forward; MF = midfielder; WMF = wide midfielder; FB = full back; a > CD; b > FW; c > MF; d > WMF; e > FB; DIS = 
distance ꞏmin-1; HSR = high speed Running ꞏmin-1 (>5.5 mꞏs-1, mꞏmin-1); SPR = sprint ꞏmin-1 (>7.0 mꞏs-1, mꞏmin-1); HMLD = high metabolic load 
distance ꞏmin-1; AMP = average metabolic power; ACC = accelerations ꞏmin-1 (>3 mꞏs2, nꞏmin-1); DEC = decelerations ꞏmin-1 (<-3 mꞏs2, nꞏmin-1); HI 
= high intensity.                                                              

 
Table 2 presents the mean ± SD values using 

HMLD as the criterion variable. In FW and WMF positions 
their HMLD was greater than the other positions. In the 
WMF and MF positions AMP was higher than the CD and 
FW positions in each one of the periods analyzed. 

Table 3 shows the most demanding passages of play 
when AMP was used as the criterion variable. FB, MF and 
WMF positions covered the greatest distance. FB and FW 
positions covered more HSR distance, while the FB posi-
tion ran the greatest distance at sprints. Higher accelera-
tions and decelerations at high intensity values were per-
formed by the MF and MFO positions in the 3’ and 10’ 
periods (ES: 0.5-1.2).  
 

Discussion 
 
The main findings of this study were that during the most 
demanding passage of match-play, physical demands are 
position-dependent. CD and FW reported lower locomo-
tive demands in comparison to WMF, FB and MF, and 
HMLD values in WMF and FB were higher than other po-
sitions during all epochs (1´, 3´, 5´ and 10´). 

Differences in the most demanding passage of play 
among player position have previously been observed in 

football (Delaney et al., 2017b) as well as in other team 
sports such as Rugby League (Delaney et al., 2016) and 
Gaelic football (Malone et al., 2017b). When distance cov-
ered was used as the criterion variable, WMF and MF cov-
ered greater distance independent of the selected duration, 
with values as high as 200 mꞏmin-1 during 1 minute epochs. 
These results are similar to those obtained in professional 
Australian players (Delaney et al., 2016) and higher than 
those recorded in French professional footballers (Lacome 
et al., 2017). The teams studied in the previous work 
(Lacome et al., 2017; Delaney et al., 2017b) used the same 
playing system (1-3-4-3), but the classification of positions 
was different. Our study did not differentiate between strik-
ers and wingers (Lacome et al., 2017), or between mid-
fielders and wide midfielders (Delaney et al., 2017b). De-
spite these differences, previous studies also found that MF 
players cover the greatest distance whereas CD report the 
lowest values (Lacome et al., 2017; Delaney et al., 2017b). 

One of the main original findings of this work is that 
the most demanding passages of play values are defined 
based on both the criterion variable, and other variables 
that may help to understand the demands of the critical mo-
ments of  match-play.  When the  players  reach their peak 
values  in  any criterion variable (e.g. in distance covered),   

 



Martín-García  et al. 

 
 

 
 

567

 

Table 3. The most demanding passage of a match play for each position using relative average metabolic power (AMP; Wꞏkg-

1) for four different time durations (1’, 3’, 5’, and 10’).   
  Position 
Time Variables CD FB MF WMF FW AVERAGE ES;p 

1 min 

DIS 172.2 ± 16.4 189.9 ± 15.6a,b 200.2 ± 16.1a,b,e 195.2 ± 21.2a,b 175.3 ± 24.6 186.3 ± 21.3 ES: 0.3-1.7; p<0.001
HSR 32.3 ± 22.3 46.9 ± 22.8a,c 31.2 ± 19.6 37.8 ± 18.9 40.3 ± 20.2 38.9 ± 21.6 ES: 0.3-0.7; p=0.001
SPR 8.7 ± 15.5 16.7 ± 16.9a,c,d 7.6 ± 13.4 7.7 ± 10.8 12.9 ± 12.6 11.4 ± 14.6 ES: 0.3-0.6; p=0.003
AMP 17.7 ± 1.4 19.4 ± 1.7a,b 19.7 ± 1.1a,b 19.6 ± 1.7a,b 18.1 ± 2.2 18.9 ± 1.9 ES: 0.1-1.6; p<0.001

HMLD 60.5 ± 14.7 73.6 ± 16.7a,b 72.2 ± 15.6a 72.4 ± 15.6a,b 63.3 ± 17.9 68.2 ± 22.2 ES: 0.1-0.8; p<0.001
ACC HI 3.8 ± 1.8 3.4 ± 1.6 4.1 ± 1.6 3.8 ± 1.9 3.4 ± 1.7 3.6 ± 1.7 ES: 0.2-0.4; p=0.293
DEC HI 3.8 ± 1.6 4.3 ± 1.3 4.8 ± 1.6a,b 4.8 ± 1.7a,b 3.8 ± 1.6 4.2 ± 1.6 ES: 0.0-0.6; p=0.001

ACC+DEC HI 7.5 ± 3.0 7.7 ± 2.6 8.9 ± 2.9 8.5 ± 3.0 7.2 ± 2.9 7.9 ± 2.9 ES: 0.1-0.6; p=0.034

3 min 

DIS 139.4 ± 13.3 148.7 ± 9.6a,b 158.5 ± 9.7a,b,e 156.7 ± 12.7a,b,e 136.8 ± 15.7 146.9 ± 15.1 ES: 0.2-1.6; p<0.001
HSR 12.9 ± 9.3 19.9 ± 8.3a,c 12.8 ± 6.3 17.2 ± 7.5 19.1 ± 7.4a,c 16.9 ± 8.4 ES: 0.1-0.9; p<0.001
SPR 3.3 ± 5.6 4.5 ± 5.1 1.9 ± 3.9 3.1 ± 4.5 4.9 ± 4.1c 3.8 ± 4.8 ES: 0.1-0.7; p=0.025
AMP 13.3 ± 1.2 14.6 ± 1.1a,b 15.0 ± 0.7a,b 15.0 ± 1.2a,b 13.5 ± 1.6 14.2 ± 1.4 ES: 0.0-1.4; p<0.001

HMLD 32.3 ± 7.6 41.1 ± 7.8a 39.1 ± 6.9a 42.5 ± 9.5a,b 37.8 ± 8.5a 38.6 ± 8.9 ES: 0.2-1.2; p<0.001
ACC HI 2.8 ± 0.9 2.6 ± 0.9 3.4 ± 1.3b,e 3.1 ± 1.1b 2.5 ± 1.1 2.8 ± 1.1 ES: 0.2-0.8; p<0.001
DEC HI 2.8 ± 0.9 3.3 ± 1.0 3.6 ± 1.0a,b 3.3 ± 0.9 2.9 ± 1.2 3.1 ± 1.1 ES: 0.3-0.8; p=0.005

ACC+DEC HI 5.6 ± 1.6 5.9 ± 1.7 7.0 ± 2.2a,b 6.3 ± 1.7 5.4 ± 2.2 5.9 ± 1.9 ES: 0.4-0.7; p=0.001

5 min 

DIS 130.1 ± 11.5 137.5 ± 8.8a,b 147.8 ± 7.7a,b,e 147.2 ± 12.4a,b,e 125.9 ± 13.7 136.6 ± 14.1 ES: 0.1-1.9; p<0.001
HSR 8.2 ± 5.4 15.2 ± 5.9a,c,d 9.5 ± 4.8 11.9 ± 5.4a 14.4 ± 6.1a,c 12.3 ± 6.2 ES: 0.1-1.2; p<0.001
SPR 1.9 ± 2.9 3.4 ± 3.3d 1.7 ± 2.8 1.8 ± 2.2 3.2 ± 3.4 2.5 ± 3.1 ES: 0.1-0.5; p=0.004
AMP 12.3 ± 0.9 13.3 ± 0.9a,b 13.9 ± 0.6a,b,e 13.9 ± 1.2a,b 12.2 ± 1.5 13.1 ± 1.3 ES: 0.0-1.2; p<0.001

HMLD 26.3 ± 4.7 34.2 ± 6.2a 32.9 ± 5.9a 35.8 ± 8.3a,b 30.7 ± 7.4a 31.9 ± 7.4 ES: 0.2-1.4; p<0.001
ACC HI 2.6 ± 0.6 2.5 ± 0.7 3.1 ± 0.9b,e 2.9 ± 0.9b,e 2.3 ± 1.1 2.6 ± 0.9 ES: 0.2-0.8; p<0.001
DEC HI 2.6 ± 0.8 2.9 ± 0.7 3.2 ± 0.7a,b 3.1 ± 0.9a,b 2.6 ± 1.0 2.8 ± 0.9 ES: 0.1-0.8; p=0.001

ACC+DEC HI 5.2 ± 1.3 5.4 ± 1.3 6.3 ± 1.5a,b 6.1 ± 1.6a,b 4.9 ± 2.0 5.5 ± 1.6 ES: 0.1-0.8; p<0.001

10 min 

DIS 120.5 ± 11.2 127.4 ± 8.5a,b 138.3 ± 8.4a,b,e 136.8 ± 11.3a,b,e 116.5 ± 13.2 126.7 ± 13.6 ES: 0.1-1.9; p<0.001
HSR 6.2 ± 3.4 11.7 ± 3.8a,c,d 6.9 ± 3.1 9.6 ± 4.1a,c 11.4 ± 3.7a,c 9.5 ± 4.3 ES: 0.1-1.5; p<0.001
SPR 1.3 ± 1.8 2.8 ± 2.5a,c,d 1.1 ± 1.5 1.2 ± 1.6 2.6 ± 2.2a,c,d 1.9 ± 2.1 ES: 0.1-0.8; p<0.001
AMP 11.2 ± 0.9 12.2 ± 0.9a,b 12.8 ± 0.7a,b,e 12.8 ± 1.1a,b,e 11.1 ± 1.3 11.9 ± 1.3 ES: 0.0-1.5; p<0.001

HMLD 22.1 ± 3.8 28.3 ± 4.7a,b 27.3 ± 4.5a 30.2 ± 7.1a,b 25.3 ± 5.8a 26.6 ± 5.9 ES: 0.3-1.4; p<0.001
ACC HI 2.4 ± 0.4 2.3 ± 0.6 2.7 ± 0.5a,b,e 2.7 ± 0.8b 2.0 ± 0.9 2.4 ± 0.8 ES: 0.0-0.8; p<0.001
DEC HI 2.3 ± 0.5 2.7 ± 0.6b 2.9 ± 0.5a,b 2.7 ± 0.7a,b 2.2 ± 0.9 2.5 ± 0.7 ES: 0.3-0.9; p<0.001

ACC+DEC HI 4.7 ± 0.9 4.9 ± 1.2 5.7 ± 0.9a,b,e 5.4 ± 1.4a,b 4.3 ± 1.8 4.9 ± 1.4 ES: 0.2-0.9; p<0.001
CD = central defender; FW = forward; MF = midfielder; WMF = wide midfielder; FB = full back; a > CD; b > FW; c > MF; d > WMF; e > FB; DIS = 
distance ꞏmin-1; HSR = high speed Running ꞏmin-1 (>5.5 mꞏs-1, mꞏmin-1); SPR = sprint ꞏmin-1 (>7.0 mꞏs-1, mꞏmin-1); HMLD = high metabolic load 
distance ꞏmin-1; AMP = average metabolic power; ACC = accelerations ꞏmin-1 (>3 mꞏs2, nꞏmin-1); DEC = decelerations ꞏmin-1 (<-3 mꞏs2, nꞏmin-1); HI 
= high intensity. 

 
they perform other activities that must be considered when 
designing training tasks to prepare players for the most de-
manding passages of play. For example, in the 3’ period 
WMF traveled a distance of 156 mꞏmin-1, with 15 mꞏmin-1 
covered in HSR, while also performing 2-3 high-intensity 
accelerations and decelerations per minute. Designing 
training tasks based only on the criterion variable, may 
limit specifity and underestimate the actual demands of the 
most demanding passages of match-play. 

HSR is frequently monitored by physical trainers 
(Akenhead and Nassis, 2016) because of its relation to the 
incidence of injury (Malone et al., 2017a). Although HSR 
was not used as a criterion variable in our study, we ob-
served similar values to those reported by Delaney et al. 
(2017b) when we applied the HMLD as the criterion vari-
able, with FB reaching values close to 50 mꞏmin-1 when the 
applied time frame was 1 minute. Our results are in agree-
ment with those obtained by Delaney et al. (2017b), with 
FB and FW performing the most HSR. However, Delaney 
et al. (2017b) found that the lowest amount of HSR was 
recorded by the CD and WMF, while in our work the MF 
had significantly lower values than the FB and FW. Per-
haps were  the  non-use of HSR as the criterion variable 

can explain differences between the present and previous 
(Delaney et al., 2017b) studies. In this sense, it should be 
noted that the values in our study (Distance, HMLD, AMP) 
could be higher if we had used HSR as a criterion variable. 
We must take into account that absolute criteria have been 
used to define the actions of HSR, without considering the 
maximum capacities of the athlete (Sweeting et al., 2017), 
such as the player's peak speed (Buchheit et al., 2013).  

The AMP represents a theoretical approximation of 
the energy cost of team sports where in addition to the 
speed of running, the energetic cost of accelerating and de-
celerating is considered (Osgnach et al., 2010). This indi-
cator presents some controversy in the literature (Buchheit 
et al., 2015), although it has been presented in different 
studies (di Prampero et al., 2005; Osgnach et al., 2010). 
When AMP is used as a criterion variable, CD and FW val-
ues are significantly lower than the other positions. 
Delaney et al. (2017a) indicates that the CD have signifi-
cantly lower values than the remaining positions. The role 
played by the FW according to the type of game played by 
the team (Fernandez-Navarro et al., 2016) and/or playing 
system (Bradley et al., 2011) can explain these differences 
and may affect the physical demands on players. The FW 
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activity in a formation like the one used in the current team 
(Fernandez-Navarro et al., 2016), could reduce AMP with 
respect to another team where return runs and counterat-
tacking predominates. In addition, differences in playing 
systems (1 vs. 2 vs. 3 FW) could explain differences in re-
sults. 

AMP and HMLD variables take into account high-
intensity actions performed at high and low displacement 
speeds. Therefore, they are variables that can reach a cer-
tain value through different mechanisms, such as small 
amounts of HSR and high frequencies of accelerations / de-
celerations, or with large amounts of HSR and a low fre-
quency of accelerations / decelerations. In our study, we 
observed similar AMP values obtained by the CD and FW, 
with a tendency towards greater HSR and a lower fre-
quency of accelerations / decelerations in the FW. There-
fore, these measurements that summarize the energy ex-
penditure or the player activity must always be considered 
with other variables at the same time in order to provide 
information on how the values have been obtained 
(Delaney et al., 2017a). 

Previous studies have shown that player accelera-
tions and decelerations during a match are positional de-
pendent (Varley et al., 2012). Although acceleration and 
deceleration measurements typically have low reliability 
(Buchheit et al., 2013), sports scientists frequently report 
such activities (Akenhead and Nassis, 2016). In our study, 
the maximum values obtained when AMP was used as the 
criterion variable, were similar to when HMLD was used 
as the criterion variable. The frequency of high-intensity 
accelerations and decelerations represents smaller values 
in FW and CD, a finding that is consistent with that found 
by Delaney et al. (2017a). These results might suggest that 
FW and CD may require fewer accelerations and decelera-
tions in training. However, MF and WMF were the position 
with the greatest acceleration and deceleration demands in 
this study. Given that the MF and WMF players frequently 
compete between opposition lines (especially the WMF), 
their efforts are likely to be of shorter duration, and there-
fore, with a higher frequency of activity changes.  

In addition, as the time window increased, the in-
tensity of all movement variables decreased in all positions 
and the differences among positions also increased. For ex-
ample, during short duration passages (i.e. 1 min), there 
were no significant differences among positions for HSR 
and SPR when the criterion variables were distance and 
HMLD. However, when the duration was 10 minutes, in all 
cases the differences among positions were significant. It 
appears that reducing the time window homogenizes the 
physical demands imposed on players. 

Some of the main limitations of this research refer 
to the fact that the most demanding passage of play in foot-
ball competition have been studied using the criterion var-
iables of HMLD, AMP and TD. It is likely that, if the most 
demanding passage of competition had been identified 
from the highest value of other variables (e.g. HSR), the 
observed results may have been different. Secondly, while 
differences were observed among positions for high-inten-
sity actions within the criterion variable, these differences 
were typically small to moderate in magnitude, suggesting 
that some generic training may be warranted, even among 

players from contrasting positions. Finally, as different 
GPS devices sample at different frequencies and use dif-
ferent software algorithms in data processing, the accuracy 
of some of the variables analysed (e.g. ACC and DEC) are 
dependent on the device used. The accuracy of different 
GPS devices (Buchheit et al., 2014), should be considered 
when comparing different studies (Carling et al., 2012).  

 

Conclusion 
 

The activities that a football player performs are both sto-
chastic and multidimensional; it is therefore necessary to 
consider the individual activities that comprise the most de-
manding passages of match-play. Our data should help 
coaches to design training situations that replicate and even 
surpass the most demanding passages of match-play, at-
tending to positional requirements and adapting these 
phases to the duration of training drills.  
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Key points 
 

 Physical demands are position-dependent during the 
most demanding passage of match-play 

 Reducing the time window homogenizes the physical 
demands imposed on players  

 We need information about different variables to un-
derstand the actual demands of the most demanding 
passages of match-play 
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