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Introduction

Football is a complex and physically demanding team sport char-

acterized by intermittent and unpredictable activity patterns that 

alternate between high-intensity efforts and periods of passive or 
active recovery of unknown duration.1  Elite football players typi-
cally cover distances ranging from 10 to 12 km during official 
matches, maintaining an average intensity of approximately 
80–90 % of their maximum heart rate,1  and performing around 200 
high-intensity actions.2 

Despite the football’s stochastic nature, there is a relative pau-

city of studies examining the specific characteristics of effort and 
recovery phases during a competitive play.3  Previous research has 

reported that the duration of high-intensity actions ranges be-

tween 2.5 and 4 seconds,4 ,  5  while recovery times between very 

high-intensity runs range from 48 to 72 seconds.4 ,  6  As a result, it 

can be asserted that football performance is based on accumulat-

ed episodes of brief efforts. Nearly 90 % of all exertions and recov-

ery periods last less than 15 seconds, after which the player either 
partially or fully recovers before engaging in a subsequent high-in-

tensity action.3 

Moreover, the physical demands of football are highly posi-
tion-specific, as each role on the pitch entails distinct technical and 

tactical requirements intrinsically linked to various physical, phys-

iological, energetic, and biomechanical components.7  Typically, 

wide midfielders (WMFs) cover the greatest distances at high in-

tensity during a match.6 , 8  ,  9  However, when data are normalized 

to the total distance covered, full-backs (FBs) exhibit the highest 
proportion of high-intensity runs. At the same time, central mid-

fielders (CMFs) perform the most frequent efforts with limited re-

covery time.10 

Player performance is also influenced by the tactical formation 
employed by the team.11  Forward wide defenders (FWDs) operat-

ing in a 4-3-3 system tend to accumulate greater total running dis-

tances, including high- and very high-intensity efforts, than those 
in 4-4-2 and 4-5-1 formations. Similarly, defenders in a 4-4-2 for-

mation demonstrate greater total and high-intensity running dis-

tances than their counterparts in 4-3-3 and 4-5-1 systems. A more 
detailed analysis of very high-intensity movement patterns indi-
cates that players across all positions in 4-3-3 and 4-4-2 formations 
cover greater distances when their team has the ball, compared to 

players in a 4-5-1 system.11 

In this context, metabolic power (Pmet) has emerged as a sen-

sitive tool for quantifying exercise intensity and defining high-in-

tensity efforts and repeated high-intensity activity bouts.12  Using 
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the approach that integrates a conventional speed threshold (14.4 
km h − 1) with a corresponding Pmet value (20 W kg − 1), previous 
studies have shown that speed-based classifications tend to un-

derestimate physical demands in football, particularly during train-

ing sessions or in playing positions characterized by lower-speed 

movements.13  This suggests that substantial amounts of high-in-

tensity activity occur at low speeds. Furthermore, the con-

stant-speed equivalent of 20 W kg − 1 is in fact at 15.5 km h − 1,14  in-

dicating an even greater underestimation when the intensity is as-

sessed solely via speed.
This discrepancy between internal and external load classifica-

tions is further illustrated in small-sided games, where players fre-

quently attain high heart rates without covering large distances or 
reaching high running speeds,15  highlighting yet another limita-

tion in current evaluation methods of physical demands in team 
sports.

An alternative methodology approach enables the reasonably 

accurate estimation of the temporal evolution of both Pmet and 
modelled oxygen consumption (VO2), offering detailed insights 
into the contributions of aerobic and anaerobic energy systems, 
as well as the duration and intensity of both high- and low-inten-

sity bouts.16  Compared to metrics based solely on speed and/or 
acceleration, this approach provides a more realistic representa-

tion of the metabolic load experienced during the football match 
play.

The estimation of VO2 from GPS-derived data is based on the 
physiological relationship between Pmet output and the energet-

ic cost, as first proposed by di Prampero et al. (2005) and later 
adapted to team sports by Osgnach et al. (2010). In this model, in-

stantaneous VO2 is inferred from the mechanical energy required 
to overcome both linear and gravitational components of acceler-

ation, expressed relative to body mass. Consequently, the so-called 
‘VO2–Pmet’ method translates the external workload captured by 
GPS into an internally modeled oxygen demand, thereby bridging 
the gap between the mechanical output and the physiological re-

sponse.
To date, positional analyses have not employed a model specif-

ically designed to assess players’ metabolic activity to character-

ize the intermittent nature of their movement patterns during 
matches. The primary objective of this study was to describe the 
intermittent activity profile of professional football players accord-

ing to their positional roles within a specific and defined game 
model, using two distinct analytical approaches (Pmet20 and VO2–
Pmet). Complementary aims included examining differences in the 
duration, distance, intensity, and number of actions between the 
first and second halves of matches and evaluating the impact of 
threshold type – based on either VO2 or absolute Pmet values – on 
the duration, distance, and metabolic intensity of actions, accord-

ing to the playing position and effort type (low and high intensity).

Materials and methods

An experimental approach to the problem

This study was a retrospective cohort analysis designed to test the 

hypotheses proposed in the Introduction, focusing on the inter-

mittent nature of physical efforts in professional football. This 
study monitored 24 professional football players from a First Divi-
sion club in Cyprus throughout the 2022–2023 season, using GPS 
devices to collect data on high and low metabolic load efforts 
(HMLE and LMLE). The independent variables include the playing 
position, match half, and the analytical approach (Pmet20 vs. VO2–
Pmet), while the dependent variables include the distance, dura-

tion, and average Pmet of efforts. The rationale for selecting these 
variables lies in their ability to capture the positional and temporal 

variations in physical demands, providing a comprehensive under-

standing of the interplay between aerobic and anaerobic systems. 
This approach allows for a detailed analysis of how different posi-
tions and match phases influence the intensity and duration of ef-
forts, thereby validating the study’s hypotheses on the intermit-

tent demands of football.

Subjects

A cohort of 24 professional football players (mean age: 29.0  ±  4.98 
y; mean weight: 76.1  ±  7.46 kg; and mean height: 181  ±  6.25 cm) 
from a First Division club in Cyprus were monitored throughout 
the 2022–2023 season. According to the Participant Classification 
Framework proposed by McKay et al.,17  these players were classi-

fied as belonging to the second competition level, designated for 
highly trained or national-level athletes. The monitoring period in-

cluded both the pre-season (June–July) and the competitive sea-

son (August–May). In addition to domestic competitions, the team 
participated in international tournaments, including the Champi-
ons League qualifying rounds, the Europa League group stage, and 
the Round of 16 of the Conference League.

This study received institutional approval from the club, and 
data collection was integrated into the players’ regular employ-

ment conditions to assess their physical performance throughout 
the season.18  As such, formal ethical approval was not required. All 
performance data were anonymized to ensure player confidenti-
ality.

Data were collected over 36 domestic league matches (26 reg-

ular seasons and 10 playoff matches) and 14 European competi-
tion fixtures (four qualification phase, six Europa League group 
stage, and four conference league knockout stage matches), re-

sulting in a total of 717 observations. Players were grouped into 
five positional categories based on their technical-tactical roles 
and predominant playing zones: central defenders (CDs = 4), 

Table 1  Descriptive data of the sample

Position n Age (y) Height (cm) Weight (kg) BMI (kg/m2)

CD 4 30.0  ±  6.7 189.2  ±  3.6 79.4  ±  8.2 22.2  ±  3.0

FB 5 28.0  ±  4.4 177.0  ±  4.5 74.2  ±  9.2 23.6  ±  1.6

CMF 4 29.0  ±  6.2 178.8  ±  6.0 71.4  ±  1.2 22.4  ±  1.6

WMF 6 28.6  ±  5.2 178.6  ±  4.6 72.6  ±  5.5 22.8  ±  2.1

FWD 5 29.7  ±  4.9 183.8  ±  5.7 82.8  ±  5.8 24.5  ±  0.5

Abbreviations: BMI, body mass index; CD, central defender; CMF, central 
midfielder; FB, full back; FWD, forward wide defender; WMF, wide 
midfielder.
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FBs = 5, CMFs = 4, WMFs = 6, and FWDs = 5. To control performance 
variability between starting and substitute players, only those who 

completed at least 90 minutes of match play were included in the 
final sample, yielding a total of 276 valid observations: CD (n = 89), 
FB (n = 71), CMF (n = 67), WMF (n = 23), and FWD (n = 26; Table 1). 
Goalkeepers were excluded from the analysis due to the distinct 
nature of their physical demands compared to outfield players.19 

Throughout the season, the team consistently employed a 

4-4-2 formation, consisting of four defenders (two CD and two FB), 
two CMFs, two WMFs, and two FWDs. During the competitive 
phase, training microcycles were adapted according to the num-

ber and scheduling of official matches. In weeks with a single 
match, players typically trained five times in addition to the match. 
In weeks with two matches, training volume and frequency were 
adjusted based on the temporal distribution of the games. Train-

ing sessions followed the structure and guidelines described in pre-

vious literature.20 

Procedures

Data were collected using 10 Hz GPS devices (WIMU Pro System; 
RealTrack Systems, Almería, Spain), operating with SPRO software 
(v989, RealTrack Systems, Almería, Spain), which have been vali-

dated and shown to be reliable for the analysis of performance-re-

lated variables.21 These units are also certified by the FIFA Quality 
Programme.22  GPS devices were calibrated and activated 15 min-

utes before data collection. To minimize inter-unit variability, each 
player used the same GPS unit for all training sessions and match-

es.
Following each match, data were downloaded using SPRO soft-

ware (v989; RealTrack System, Almería, Spain), and raw data were 
exported in the .csv format. Data points recorded before kick-off, 
during halftime, and any instances where running speed exceed-

ed 10 m s − 1 or acceleration/deceleration surpassed 6 m s − 223  were 

excluded from the analysis, with such values removed from the 
data set (left blank) to avoid introducing artificial zero values that 
could bias Pmet calculations. This adjustment was implemented 
to ensure that missing or erroneous data points do not distort Pmet 

or VO2 estimates. Given the analytical scope of this study, these 
adjustments were considered to have minimal impact on the over-

all data set for each match.
For further analysis, the exported data were processed using 

the custom code developed in RStudio (Version 2023.12.0 + 369). 
This code was specifically designed to extract key variables that 
characterize the intermittent nature of the match play. Player ef-
forts were classified as either HMLE or LMLE based on two distinct 
analytical approaches:

1. Fixed threshold method (Pmet20): A high-intensity effort was 
defined as any instance in which the instantaneous Pmet 
exceeded 20 W kg − 1 for at least 1 second. According to the 
model proposed by Di Prampero and Osgnach,24  this value 

corresponds to an estimated oxygen consumption of 57 mL/
kg/minute – representing the average VO2max of a player with 
a body mass of 78 kg — and is equal to a constant running 
speed of 15.5 km h − 1 or an acceleration of 2 m s − 2 from an 
initial speed of 5.4 km h − 1.

2. Instantaneous oxygen consumption method (VO2–Pmet): A 
high-intensity effort was defined as any period in which the 

estimated Pmet exceeded estimated oxygen consumption 

(VO2) for at least 1 second. This approach accounts for the 
delayed kinetics of oxidative metabolism during transitions in 
exercise intensity. Due to the relatively slow response of oxi-
dative pathways, the muscle-level adaptation to increased 

energy demands follows an exponential pattern with an esti-
mated time constant of approximately 20 seconds.16  As such, 

Pmet may be equal to, greater than, or less than VO2 at any 

given moment.

In both methods, when two HMLE bouts were separated by less 

than 0.5 seconds, they were considered part of the same effort. All 
remaining periods not classified as HMLE were categorized as 
LMLEs, for which intensity and duration were also computed.

In addition to distance, duration, and average Pmet (AvgPmet), 
two energy cost metrics were calculated for each effort: an aver-

age energy cost (AvgEC, J kg − 1) and a total energy cost (TotalEC, J 
kg − 1). AvgEC represents the mean energetic expenditure per unit 
of body mass during an effort, while TotalEC corresponds to the 
cumulative energy cost of the entire effort. Both metrics were de-

rived from the Pmet model proposed by di Prampero et al.24  and 

expressed relative to body mass to allow inter-individual compar-

isons.

Statistical analysis

The data set was structured such that each observation represent-

ed a single effort performed by a player, categorized as either a 
HMLE or a LMLE, based on two physiological thresholds: Pmet20 
and VO2–Pmet. Two distinct analyses were performed for each 
threshold.

The first analysis aimed to compare performance variables 
across playing positions (e.g., CDs, midfielders, and FWD) for both 
effort types (HMLE and LMLE) and each threshold (Pmet20 and 
VO2–Pmet). The second analysis evaluated differences between 
the first and second halves of matches, regardless of the playing 
position, again separately for each threshold.

Descriptive statistics were computed using the median and in-

terquartile range (IQR), given that the data did not meet the as-

sumption of normality. The distribution of the data was assessed 
through visual inspection and the Kolmogorov–Smirnov test. The 
performance variables analyzed included the distance covered dur-
ing each effort (distance), duration of the effort (duration), aver-

age Pmet (AvgPmet), average energy cost (AvgEC), and total en-

ergy cost (TotalEC). Additionally, the number of efforts per player 
per match (n) was calculated, representing the total count of HMLE 
or LMLE events per player per game.

Due to the non-normal distribution of the data, non-paramet-

ric tests were used. The Kruskal–Wallis test was applied to identify 
significant differences across groups. When significant main effects 
were detected, post-hoc pairwise comparisons were conducted 

using the Wilcoxon rank-sum test, with Holm’s correction applied 
to control for multiple comparisons.

To examine the effects of threshold type (Pmet20 and VO2–
Pmet), effort type (HMLE and LMLE), playing position, and match 
half on external load metrics, separate linear mixed-effect models 
(LMMs) were fitted for each dependent variable: distance, dura-

tion, and AvgPmet. For the LMM, each observation represented 
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the total value for each player per match, based on the threshold 
type (VO2–Pmet and Pmet20), activity (HMLE and LMLE), and 
match half (first and second). Thus, each player included in the 
analysis had eight observations per match. Each model included 
the interaction terms threshold type  ×  activity and playing posi-

tion  ×  activity, as well as the main effect of match half. These in-

teraction terms allowed us to assess whether the influence of 
threshold type or playing position varied depending on whether 

the activity was classified as high (HMLE) or low (LMLE) metabolic 
load.

The structure of the models was identical across dependent var-
iables and included random intercepts for the player identity and 
the observation date to account for repeated measures and poten-

tial temporal dependency:

where Y represents each of the dependent variables in turn (dis-

tance, duration, AvgPmet, AvgEC, and TotalEC). The reference lev-

els for the fixed effects were as follows: threshold type  =  Pmet20, 
activity  =  HMLE, position  =  CD, and match half  =  first half. Based 
on these reference categories, the model intercept represents the 
estimated value of the dependent variable for a CD during a HMLE, 
in the first half of the match, using the Pmet20 threshold method.

Model diagnostics were performed for each fitted model. Re-

siduals were extracted and evaluated to verify the assumption of 
normality. Visual inspection was conducted using histograms and 
Q–Q plots. Additionally, a formal normality test was applied 
(Jarque–Bera test). These procedures ensured that residual distri-
butions approximated normality, thereby supporting the validity 

of the inferential results obtained from the models. Furthermore, 
the explanatory power of the models was assessed using the mar-

ginal and conditional R2 values (R2m and R2c). When significant ef-
fects were detected, estimated marginal means (EMMs) were com-

puted for relevant interaction terms, and pairwise comparisons 
were conducted using Holm’s correction to account for multiple 
testing.

All statistical analyses were conducted using R software (ver-

sion 4.4.2) and RStudio (version 2024.12.0  +  467).

Results

Fig. 1 represents the distribution for each playing position. For im-

proved visual representation, outlier points were not displayed in 

the boxplots, as the distributions were positively skewed with long 
tails.

Table 2 presents the median and IQR values for the distance, 
duration, AvgPmet, and number of HMLE & LMLE across different 
playing positions. Using the Pmet20 approach, during the HMLE, 
WMFs consistently exhibited higher values of AvgPmet, distance, 
and number of actions compared to other positions. Notably, CMFs 
showed higher AvgPmet (p  <  0.05) than all other roles using the 
VO2–Pmet approach. In the LMLE, similar trends were observed, 
with CMFs maintaining an elevated work rate and engagement. 
For both Pmet20 and VO2–Pmet measures, significant differences 
were found across positions, particularly between CDs, FBs, and 

WMFs, as indicated by the superscript letters denoting pairwise 
comparisons.

Table 3 summarizes the median and IQR values for the distance, 
duration, AvgPmet, and number of actions during the HMLE and 
LMLE, comparing the first and second halves. Across both Pmet20 
and VO2–Pmet estimations, performance metrics were generally 
lower in the second half, particularly during the LMLE. Specifically, 
AvgPmet and the number of actions decreased significantly from 
the first to the second half in the HMLE for both methods (p  <  

0.05). These findings indicate that distance and duration of the 
LMLE increased in the second half while the intensity (AvgPmet) 
decreased.

Significant differences were also observed for AvgEC and Tota-

lEC across positions and effort types. Using the Pmet20 approach, 
FWDs exhibited the highest AvgEC values during the HMLE, while 
CDs recorded the lowest. TotalEC during the HMLE was markedly 
greater for FWDs compared to other positions, reflecting their in-

volvement in longer or more energetically demanding sequences. 
For the LMLE, AvgEC differences were less pronounced, although 
CMFs consistently displayed slightly higher values than CDs and 
FBs, suggesting greater energetic turnover even during lower-in-

tensity phases. TotalEC during the LMLE was substantially higher 
for WMFs and FWDs, indicating prolonged recovery periods com-

bined with intermittent activity. When using the VO2–Pmet ap-

proach, AvgEC and TotalEC values increased across all positions 
compared to Pmet20, confirming that this method captures a 
broader spectrum of metabolic stress. Positional trends remained 
similar, with FWDs and CMFs showing the greatest energetic cost 
per effort.

LMM results for all dependent variables revealed significant dif-
ferences for the fixed effects included (Table 4). Estimated mar-

ginal means for the fixed effects are provided in Supplementary 
File S1 (available in the online version only). The fixed effects ex-

plained 97, 99, and 92 % of the variance (R2 marginal), while the 
full model, including random effects, explained 98, 99, and 95 % 
(R2 conditional) for the variable distance, duration, and AvgMet-

Pow, respectively.

Discussion

The primary aim of this study was to examine the positional differ-
ences in the intermittent nature of physical efforts during profes-

sional football match play and to compare two analytical approach-

es: one based on a fixed Pmet threshold (Pmet20), and another 
derived from the relationship between instantaneous oxygen con-

sumption (VO2–Pmet) and Pmet. The features defining the inter-

mittent activity profile were characterized by the duration and in-

tensity of both active efforts and recovery periods, which varied 
depending on the analytical method employed.

Traditionally, GPS-based tracking systems have utilized a fixed 
threshold of 25.5 W kg − 1 to identify high-intensity efforts. This 
benchmark corresponds to running at a constant speed of 5.5 m 
s − 1 (19.8 km h − 1) on grass and is widely recognized in the litera-

ture as a reference for high-speed running.25  Moreover, high-mag-

nitude accelerations and decelerations – such as an increasing 
speed from 2 to 4 m s − 2 within 1 second — are typically included 
in high metabolic load distance analyses under this threshold.26 
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Beyond the Pmet, the inclusion of AvgEC and TotalEC provides 
additional insights into the energetic demands of match play. 
AvgEC reflects the intensity of individual efforts, while TotalEC cap-

tures the cumulative energy expenditure across sequences. Our 
findings indicate that FWDs and WMFs consistently exhibited the 
highest TotalEC values, suggesting greater overall energetic load 
despite similar or shorter durations compared to other positions.27 
,  28  Conversely, CMFs displayed elevated AvgEC even during the 

LMLE, reinforcing their role in sustaining intermittent activity 
under moderate metabolic stress.10  These metrics complement 

traditional power-based measures by highlighting not only the 

peak intensity but also the accumulated cost of repeated efforts, 
which has direct implications for recovery strategies and nutrition-

al planning.12 ,  24 

The present study employed more refined detection strategies 
to identify both high- and low-intensity efforts. The first approach 
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Fig. 1  Boxplots of the average metabolic power, distance, and duration for high and low metabolic load efforts across playing positions.
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adopted a lower fixed threshold of 20 W kg − 1, which corresponds 

to an estimated VO2 of approximately 57 ml kg − 1 min − 1 above rest-

ing values.27  This threshold approximates the maximal oxygen up-

take of a player weighing around 78 kg.29  The second approach 

was based on the ratio of Pmet and instantaneous oxygen con-

sumption (VO2), offering insights into the predominant energy sys-

tem (aerobic or anaerobic) supporting each activity.16 

In both approaches, Pmet represents the total energy required 
per unit of time to resynthesize adenosine triphosphate (ATP), 
while instantaneous VO2 reflects the oxidative (aerobic) contribu-

tion to ATP production. At any given time, VO2 may exceed, match, 

or lag behind Pmet, as the kinetics of oxidative metabolism re-

spond more slowly to changes in exercise intensity, following an 
exponential time course. Moreover, VO2 can remain elevated dur-

ing recovery due to phosphocreatine resynthesis (i.e., repayment 
of the oxygen debt), rather than being solely a consequence of this 
temporal lag. Consequently, when the Pmet exceeds VO2, energy 

demands are primarily met through anaerobic pathways. Con-

versely, when VO2 surpasses Pmet, aerobic metabolism is the dom-

inant contributor.16  This dual approach thus provides a more com-

prehensive depiction of energy system contributions and enables 
a more precise temporal analysis of metabolic load fluctuations 
throughout a football match.

Positional profiles based on the fixed Pmet20 model
When applying the fixed 20 W kg − 1 threshold, the model selective-

ly identifies actions that exceed a relatively high absolute metabol-
ic limit. As a result, it primarily captures brief, high-intensity move-

ments characterized by elevated running speeds or accelerations, 

which are inherently difficult to sustain over time or may be tacti-
cally unnecessary in certain phases of play.

Within this analytical framework, players spent between 7 % (CD) 
and 15 % (CMF) of the total match time performing high-intensity ef-
forts, covering 14–23 % of the total distance during these periods. These 
values are notably lower than those reported by Osgnach et al.,27   

who estimated that high-intensity efforts accounted for 26 % of the total 
distance and 42 % of the overall energy cost. HMLE durations were rel-
atively homogeneous across positions (~2.00–2.20 s). However, the 
intensity of these efforts varied, with WMFs displaying the highest av-

erage value (30.10 W kg − 1) and CMFs displaying the lowest value (27.40 
W kg − 1), likely reflecting differences in tactical responsibilities or indi-
vidual physical capacity. WMFs and FWDs covered the greatest distance 
per action, whereas CDs covered the least, consistent with previous 
findings.30  – 32 

During lower-intensity phases, positional differences became 
even more pronounced. CDs recorded the longest average duration 
per LMLE (26.80 s), while CMFs exhibited the shortest (12.10 s), 
aligning with the findings of Carling et al.10  Notably, CMFs also 
demonstrated the highest LMLE intensities (11.10 W kg − 1), where-

as FBs and CDs showed the lowest values (8.59–8.83 W kg − 1). These 
results suggest that CMFs experience greater energetic demands 
even during lower-intensity phases, likely due to their dual role in 
both offensive and defensive transitions.

Overall, CMFs exhibited the most intermittent activity profile, re-

cording 219 efforts per match (~2.43 actions/min), likely due to their 
strategic role in linking play and managing transitions. In contrast, 

Table 3 Half differences in the distance, duration, AvgPmet and actions by the threshold type and the intensity of the actions

Half HMLE LMLE

First Second First Second

Med IQR Med IQR Med IQR Med IQR

Pmet20 Distance (m) 8.2 11.5 8.1 11.4 33.4 51.9 35.5* 57.7

Duration (s) 2.1 2.3 2.1 2.3 17.5 36.8 19.4* 42.9

AvgMetPow (W/kg) 28.4 8.2 28.2* 8.1 9.6 5.5 9.3* 5.7

Actions (n) 81.0 27.2 76.0* 27.0 82.0 27.2 77.0* 27.0

AvgEC (J kg − 1) 5.4 2.2 5.4 2.2 4.9 1.4 4.8 1.4

TotalEC (J kg − 1) 50.9 81.8 51.5 80.7 56.9 105.1 57.1 105.4

VO2–Pmet Distance (m) 11.1 17.4 10.4* 17.1 7.9 12.6 7.2* 12.3

Duration (s) 4.1 5.0 4.0* 5.1 5.7 10.9 5.7* 11.2

AvgMetPow (W/kg) 16.0 8.8 15.0* 9.3 6.1 3.3 5.6* 3.3

Actions (n) 185.0 19.0 187.0 21.0 185.0 19.0 187.0 21.0

AvgEC (J kg − 1) 6.1 1.5 6.0* 1.5 4.4 0.6 4.5* 0.6

TotalEC (J kg − 1) 73.6 108.0 67.5* 106.2 34.3 59.1 30.7* 57.7

Abbreviations: AvgEC, average energy cost; AvgPmet, average metabolic power; HMLE, high metabolic load efforts; IQR, interquartile range; LMLE, low 
metabolic load efforts; Med, median; Pmet20, the time integral of the power metabolic curve exceeded the threshold of 20 W/kg for at least 1 second; 
TotalEC, total energy cost; VO2–Pmet, power metabolic requirements were higher than actual VO2 consumption.
*p  <  0.05.
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CDs recorded the fewest efforts per minute (1.46), consistent with 
their more static positional role and primarily reactive demands.

HMLE distances declined slightly from 8.21 to 8.05 m in the sec-

ond half, primarily due to a minor reduction in intensity (28.40 to 
28.20 W kg − 1), while effort durations remained stable (~2.10 s). 
Conversely, LMLE distances increased (33.40 m to 35.50 m), attrib-

uted to prolonged durations (17.50 to 19.40 s) and marginally de-

creased intensities (9.62 to 9.25 W kg − 1). This pattern may reflect 
players’ self-regulation strategies to conserve energy and mitigate 
fatigue, as proposed by Edwards and Noakes,33  but also underly-

ing physiological fatigue mechanisms. Depletion of muscle glyco-

gen and central fatigue could contribute to the observed decreas-

es in effort intensity and number of actions, limiting the ability to 
sustain repeated high-intensity efforts over time. A decline in the 
total number of efforts, from 81 to 76, further supports the notion 
of reduced high-intensity output over time.

Positional profiles based on the VO2–Pmet model

Using the VO2–Pmet approach, HMLEs were considerably longer 
(~4.1–4.3 s) compared to those identified using the fixed thresh-

old model. CMFs recorded the highest average intensities (17.50 
W kg − 1), while CDs recorded the lowest value (14.00 W kg − 1). Dis-

tance covered during these efforts followed a similar trend, with 
CMFs leading (11.90 m) and CDs trailing (9.98 m).

Regarding the LMLE, durations ranged from 5.10 seconds (CMF) 
to 6.30 seconds (WMF), potentially reflecting distinct recovery 
needs or tactical involvement. CMFs again demonstrated the high-

est intensities during the LMLE (6.86 W kg − 1), whereas CDs showed 
the lowest value (5.52 W kg − 1), reinforcing the notion that mid-

field roles require elevated energetic and spatial demands.
The frequency of the HMLE further supports these patterns: 

CMFs averaged 386 actions per match (~4.28 actions/min), close-

ly followed by CDs (377; ~4.18/min). WMFs recorded the lowest 
frequency (~3.92/min), likely due to longer recovery times be-

tween high-intensity efforts. These findings are consistent with 
those of Bortnik et al.,34 

Both HMLE and LMLE durations remained stable between halves 
(~4.10 s and ~5.70 s, respectively), with the total number of ac-

tions unchanged (185 in each half). However, intensities decreased 
in both phases: from 16.00 to 15.00 W kg − 1 (HMLE) and 6.08 to 
5.61 W kg − 1 (LMLE), leading to reduced distance covered (11.10 
to 10.40 m in the HMLE and 7.94 to 7.15 m in the LMLE). Although 
these data suggest a slight decline in match intensity, further anal-
ysis — including technical actions such as passes or shots — is need-

ed to fully interpret performance dynamics.35 

Interpretation of the analytical approaches and 
methodological considerations

When comparing both analytical models, clear methodological 
and practical differences emerge. The Pmet20 method, by setting 
a fixed metabolic threshold, selectively identifies brief and intense 
actions involving higher running speeds or accelerations. In con-

trast, the VO2–Pmet approach captures a broader spectrum of ef-
forts that reflect the fluctuating aerobic–anaerobic interplay char-
acteristic of football.

The VO2–Pmet model yielded approximately twice longer HMLE 
durations (~4.1 s vs. ~2.1 s) and a greater total time spent in 

high-intensity activity ( ≈ 58–60 % of match time) compared to the 
Pmet20 method (7–15 %). These discrepancies underscore how 
threshold selection substantially influences the interpretation of 
match demands. The VO2–Pmet approach suggests that players 
operate under sustained metabolic stress even at moderate 

speeds, due to frequent accelerations and decelerations.
This broader detection aligns with research showing that an-

aerobic pathways contribute significantly to the total match ex-

penditure,28  reinforcing the importance of conditioning programs 
that integrate both high-intensity efforts and recovery strategies. 
These results emphasize the importance of carefully defining 
‘high-intensity’ activity. Just as traditional metrics based on speed 
alone may underestimate certain game actions, the VO2–Pmet ap-

proach — because it accounts for frequent accelerations and de-

celerations — may classify certain moderate-intensity actions as 
metabolically demanding. Previous research12 ,  16  has noted that 

this method can sometimes attribute higher energetic cost to ac-

tions with repeated changes of direction, which might not fully 
correspond to actual anaerobic contribution. Therefore, this should 
be considered a potential limitation when interpreting results.

Given the variability in tactical formations and in-game strate-

gies, analyzing intermittent match demands by positional roles 

within different tactical contexts may enable practitioners to bet-

ter tailor training loads.28  It is important to note, however, that 

Pmet calculations only account for horizontal locomotion and ex-

clude vertical movements. For example, although CDs displayed 
the lowest distances during high-intensity phases, their match ac-

tivity includes non-locomotor actions — such as aerial duels, phys-

ical challenges, and technical interventions — that contribute sig-

nificantly to the energy expenditure but remain unaccounted for 
in current Pmet models.36  The same limitation applies when per-

formance is described solely through distance- or speed-based 
metrics, which also fail to capture the energetic cost of these 
non-locomotor actions.

Moreover, due to the inherently intermittent nature of team 
sports,37 ,  38  relying solely on average values may underestimate 

true match demands. Designing training tasks based on such av-

erages may result in under-preparation. Considering that peak load 
periods may comprise a combination of both HMLE and LMLE char-
acteristics, identifying and replicating that these most demanding 
phases are crucial for the development of ecologically valid train-

ing scenarios.39 

Finally, while this study provides a novel and detailed analysis 

of intermittent match profiles, it is not without limitations. The 
sample size was relatively small and drawn from a single First Divi-
sion club in Cyprus, which may limit the generalizability of the find-

ings to other contexts. This study was also limited to a single sea-

son, which might not reflect variability in physical demands across 
different competitive periods or long-term adaptations. In addi-
tion, the number of valid observations differed across playing po-

sitions, reflecting the natural variability in player availability and 
match participation throughout the season. This unbalanced dis-

tribution may have influenced the statistical power of some posi-
tional comparisons, and this limitation should be considered when 

interpreting the results. It is also important to note that, although 
the selected thresholds for Pmet and VO2–Pmet are supported by 
previous research, they may not precisely reflect individual physi-
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ological profiles, and alternative thresholds could produce differ-

ent outcomes. Contextual variables — such as the match outcome, 
opponent strength, or match location — were not considered in 
the present study; yet, they may substantially influence intermit-

tent performance.2  Similarly, tactical variability, such as employ-

ing a high-pressing versus a low-block strategy, can affect the fre-

quency, duration, and intensity of HMLE and LMLE. Together, these 
factors highlight that match demands are context-dependent, and 
the observed profiles may differ under alternative competitive or 
tactical scenarios. Moreover, the findings are specific to profession-

al male players in the First Division. Future research should inves-

tigate how these intermittent profiles evolve throughout a season 
and whether they reflect training adaptations, competitive con-

text, or tactical models. It is important to note that missing data 
points were excluded rather than replaced with zeros, as even a 

single erroneous value can substantially affect average Pmet cal-
culations in high-frequency datasets.

Conclusions

This study provides valuable insights into the intermittent nature 

of physical efforts in professional football, emphasizing significant 
positional differences and the influence of analytical methodolo-

gy on performance interpretation. Importantly, the findings high-

light the critical role of both aerobic and anaerobic systems in foot-

ball performance. This integrative approach can provide a more 
complete picture of a player’s conditional performance, extending 
beyond traditional external load metrics. Moreover, the findings 
suggest that training should not only focus on average demands 
but also consider peak efforts and the most demanding passages 
of play. This approach ensures that players are adequately prepared 
for the highest-intensity periods of a match, reducing the risk of 
fatigue and injury. Beyond Pmet, incorporating energy cost met-

rics (AvgEC and TotalEC) provides a more comprehensive under-

standing of match demands. AvgEC reflects the intensity of indi-
vidual efforts, while TotalEC captures the cumulative energetic 
load, which is essential for optimizing recovery and nutritional 
strategies.

Practical applications

From a practical perspective, the results can be directly applied to 

the development of training programs tailored to the specific in-

termittent profiles of each playing position. For instance, CMFs dis-

played the highest number of HMLEs (~386 actions per match, 
VO2–Pmet), corresponding to ~4.0–4.2 actions per minute. Train-

ing for this position should emphasize repeated sprint drills with 
short recovery (~1:1 work-to-rest ratio) to reflect the frequent 
high-intensity efforts and rapid recovery required in match play. 
In contrast, CDs performed a similar total number of LMLEs (~377 
actions), but with longer durations per effort (~5.7 s), suggesting 
that drills for defenders should include longer, moderate-intensi-
ty efforts with slightly extended recovery periods to mimic sus-

tained defensive actions. These examples illustrate how applying 
either HMLE or LMLE data from the VO2–Pmet model allows coach-

es to structure drills that are more representative of position-spe-

cific demands. Furthermore, the data suggest that training pre-

scription should not rely solely on average match demands but 

should also take into account periods of peak effort and the most 
demanding phases of play. This applies not only to traditional phys-

ical metrics, but also to intermittent activity profiles, which cap-

ture the duration, frequency, and distribution of both high- and 
low-intensity efforts. Preparing players for these high-intensity ep-

isodes can help reduce the risk of fatigue and injury while optimiz-

ing performance during decisive moments. In summary, this study 
provides a robust framework for characterizing the intermittent 
demands of match play and presents actionable recommendations 
for tailoring training loads based on the position, intensity, and 
metabolic profile. Such an approach may help practitioners design 
more effective and individualized training programs that better 
reflect the true demands of competition. Using AvgEC and TotalEC 
can help practitioners adjust training loads not only based on the 
intensity but also on the accumulated energetic cost, guiding ses-

sion design, energy replenishment, and fatigue management.
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