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ABSTRACT 

BACKGROUND: The study aimed to evaluate the construct validity of a novel constant-velocity 

intermittent recovery test (IRT), designed to evaluate aerobic fitness in the field in soccer players. 

METHODS: Eighteen elite soccer players (age: 24.0 ± 7.2 years, body mass: 82.9 ± 6.8 kg, 

height: 184.7 ± 5.2 cm) completed the IRT test, consisting of 50-m runs at 18 km/h (10-s/50 m), 

interspersed by a recovery time initially set at 17 s, gradually decreased up to 2 s, and then held 

constant until exhaustion. The maximum oxygen uptake (VO2max) measured by means of a 

portable gas analyser, and the distance covered during the test were recorded, and their 

relationships with a selection of physical performance indicators collected during official 

matches were assessed with Pearson’s r correlation coefficients. 

RESULTS: Small to moderate (r≤0.45), non-significant correlations (all p>0.05) were observed 

between VO2max and all the examined match performance variables. Conversely, the distance 

covered at exhaustion was largely and positively correlated (r = 0.71 to 0.76) to total distance 

covered, average metabolic power, distance covered at high metabolic power, and 

acceleration/deceleration distance (all p<0.01). 

CONCLUSIONS: In conclusion, the present findings reveal good construct validity of the 

distance covered in the IRT to predict match physical performance in elite soccer players. 

 

KEYWORDS athletic performance; exercise test; football; oxygen consumption; physical 

endurance. 

 

 



 

INTRODUCTION 

In soccer, good levels of aerobic fitness are an important pre-requisite for performance 

[Stolen et al. 2005]. Therefore, the assessment of parameters related to aerobic capacity, 

including above all the maximum oxygen uptake (VO2max), is somewhat relevant in the process 

of testing soccer players [Svensson et al. 2005, Bok et al. 2021]. 

In all sports in which running is the main locomotion mode, including most team sports, 

aerobic fitness can be assessed by means of graded treadmill tests [Riboli et al. 2022, Metaxas 

et al. 2021, Michaelidis et al. 2021, Slettalokken et al. 2014]. However, despite exhibiting high 

accuracy and reliability, laboratory running tests may be suboptimal for fitness assessments in 

soccer, due to non-specificity of straight continuous running [Stolen et al. 2005], motivational 

issues for athletes [Kemi et al. 2003], and mechanical differences between treadmill and on-grass 

running related to surface properties [Hong et al. 2012, Colino et al. 2020]. Therefore, the use of 

field-based running protocols has been advocated when testing soccer players [Koklu et al. 2020, 

Di Michele et al. 2009]. 

In the last decades, different field protocols have been developed to assess aerobic fitness 

in team sports players, in which typically no metabolic measures are carried out, and the main 

outcome is the velocity or distance achieved at exhaustion at the final stage of the test, from 

which it is possible to estimate the VO2max [Leger et al. 1988, Bangsbo et al. 2008, Buchheit 

2008]. Conversely, despite gas exchange can be measured also in the field by means of portable 

gas analysers, the assessment of VO2max by means of field tests in soccer or other team sports 

players is still not frequently used [Kemi et al. 2008, Metaxas et al. 2005, Buchheit et al. 2009]. 

Kemi and coworkers [2003] used a graded exhaustive protocol involving soccer-specific actions 

such as ball dribbling, jumping, and changing direction, showing that players reached similar 

VO2max values compared to a standard treadmill test. Soccer-specific tests, allowing to elicit 



 

maximal physiological responses in an ecologically valid setting, indeed constitute an interesting 

approach to assess aerobic fitness in the field. Nevertheless, organizational aspects and the 

necessity of extensive familiarization may represent practical obstacles to routinely using this 

type of protocols. Ventilatory parameters and metabolic indices including the VO2max have been 

also assessed in field tests such as the Yo-Yo intermittent endurance test [Metaxas et al 2005], 

and the 30-15 intermittent fitness test [Buchheit et al. 2009], whose protocols are reflective of 

the intermittent nature of soccer. These tests however consist of shuttle running, with multiple 

turns that can have an impact on fatigue of lower limb muscles possibly resulting in premature 

exhaustion and involve accelerations and decelerations that can affect VO2 responses [Bekraoui 

et al. 2020]. 

To address some of the shortcomings of already existing field protocols when they are 

used to measure VO2max in soccer players, a new discontinuous exhaustive intermittent recovery 

test (IRT), with fixed running and decreasing recovery time between bouts, has been recently 

designed [Meloni et al. 2024]. This test involves the repetition of 50-m runs at the fixed velocity 

of 18 km/h (i.e., 10-s/50 m). Runs are interspersed by a passive recovery period initially set at 

17 seconds. The recovery time then gradually decreases after every 3 to 7 runs up to 2 seconds, 

and then is held constant, resulting in a total test duration of approximately 10 to 20 min, like 

that of continuous graded tests. Meloni et al. (2024) showed that the highest oxygen consumption 

value recorded during the IRT is very largely correlated (r=0.75) with and not different from 

VO2max assessed in a continuous graded test in semi-professional soccer players. Moreover, 

they showed good test-retest reliability of absolute and relative VO2max, maximum heart rate, 

peak ventilation and carbon dioxide production, and the total distance covered at exhaustion in 

the IRT (Meloni et al. 2004). 



 

The IRT has been used by several professional soccer teams, but no study was conducted 

to assess its validity of in elite players. The purpose of this study was therefore to contribute to 

the validation of the IRT by exploring the construct validity of the IRT in a group of elite soccer 

players. To this aim, we assessed the relationships between the outcomes of the IRT and a 

selection of match physical performance variables collected during official soccer games. 

 

 

MATERIAL AND METHODS 

Participants 

Eighteen male outfield soccer players (eight defenders, six midfielders, four forwards) 

belonging to an Italian Serie A team (age 24.0 ± 7.2 years, body mass 184.7 ± 5.2 cm, height 

82.9 ± 6.8 kg) participated to the study. From all outfield players belonging to the involved team, 

those included in the sample were those who played at least 45 minutes in three or more official 

Serie A games performed in the six weeks after the testing date. All data used in the present study 

were acquired as part of routine testing in a professional club, therefore institutional ethical 

approval and informed consent were not required [Winter & Maughan 2009]. Nevertheless, the 

club provided consent to conduct the study and use the data anonymously and confidentially for 

research purposes. 

IRT Protocol 

The IRT was carried out in the in-season period, during a typical weekly training 

microcycle, at least three days after the last match.  



 

The test was performed on a natural grass pitch. The warm-up for the test consisted of 

about 10-min of jogging, followed by flexibility and body-weight resistance exercises for lower 

limbs, and 5-min of high-intensity intermittent running, with 25-m runs (about 5 seconds) 

interspersed by recovery periods of 20 seconds. 

The protocol consisted of running at a constant velocity of 18 km/h back and forth over 

a straight 50-m segment (covered in 10 seconds), with passive recovery phases between each 50-

m run. An acoustic signal at the start and end of each 50-m trait helped the players to run at the 

prescribed 18 km/h velocity (Figure 1). 

<<< Place Figure 1 here >>> 

Figure 1. Schematic representation of the IRT 

The recovery time between runs was set to decrease throughout the test. It was fixed to 17 

seconds at the start of the test and was then decreased to: 15 and 13 seconds, respectively after 

every three runs; 11, 10, 9, and 8 seconds, respectively after every four runs; 7, 6, and 5 seconds, 

respectively after every five runs; 4 and 3 seconds, respectively after every six runs; 2 seconds 

after every seven runs. It was then held constant at 2 seconds from that point on (Figure 2). The 

test was performed to volitional exhaustion. The total distance covered (in metres) was calculated 

as the sum distance completed by the player until the end of the test, that, is 50 multiplied by the 

number of runs executed. 

<<< Place Figure 2 here >>>  

Figure 2. Duration of recovery periods between 50-m runs in the IRT protocol 

Throughout the whole test, VO2 was continuously measured using a portable gas analyser 

(K5, Cosmed, Rome, Italy) [Perez-Suarez et al. 2018]. VO2max was calculated as the maximum 



 

value of oxygen uptake measured during the 30-s before the end of the test. Heart rate was 

measured throughout the test with a Polar H10 chest strap (Polar Electr Oy, Kempele, Finland), 

and the maximum heart rate (HRmax) was determined as the maximum heart rate value measured 

during the test. Two minutes after the test, a 0.3 µl capillary blood sample was taken from the 

earlobe to determine the blood lactate (LA) concentration, using a lactate analyser (Lactate Pro-

2, Arkray, Kyoto, Japan). 

Match performance indices 

Match performance data were monitored by means of an optical tracking system (Ball 

and Player Tracking, Hawk-eye Innovations Ltd, Basingstoke, United Kingdom). This system 

showed high reliability as assessed using the official FIFA test protocol for Electronic and 

Performance Tracking Systems. The test report is available at the FIFA website:  

https://inside.fifa.com/technical/football-technology/resource-

hub?id=f2f604804d5a4664a31c9199dad05ebd. 

 From all physical performance variables obtained from the dedicated software, the 

following variables were examined: 

-total distance covered (m/min); 

-high-intensity (>20 km/h) distance (m/min); 

-sprint (>25 km/h) distance (m/min); 

-high-intensity acceleration (> 2 m/s-2) distance (m/min); 

-high-intensity deceleration (<- 2 m/s-2) distance (m/min); 

-average metabolic power (W/kg); 

- high metabolic power (>20 W/kg) distance (m/min). 

https://inside.fifa.com/technical/football-technology/resource-hub?id=f2f604804d5a4664a31c9199dad05ebd
https://inside.fifa.com/technical/football-technology/resource-hub?id=f2f604804d5a4664a31c9199dad05ebd


 

Data of the six official Serie A games played immediately after the testing date were used. For 

all players, the average values over all available games out of the six examined ones, with an 

individual playing time ≥45 min, was calculated for each variable and taken for subsequent 

analyses. 

 

Statistical analysis 

All data are presented as the mean ± the standard deviation (SD). For each examined variable, 

the distribution was examined with Shapiro-Wilk tests, and all variables showed a normal 

distribution. Pearson’s r correlation coefficients were calculated to assess the relationships 

between MAP test outcomes and match performance variables. The magnitude of the correlation 

was qualitatively assessed as trivial (r<0.1) small (0.1<r<0.3), moderate (0.3<r<0.5), large 

(0.5<r<0.7), very large (0.7<r<0.9), and extremely large (r>0.9) [Hopkins et al. 2009]. For all 

analyses, statistical significance was set at p<0.05. The analyses were performed with the 

software R, version 4.3.1 (The R Foundation for Statistical Computing, Vienna, Austria). 

 

RESULTS 

On average, the total test duration was 17:04 ± 2:33 min, while the total distance covered 

was 2889 ± 594 m. The VO2max and HRmax were, respectively, 60.1 ± 6.8 ml/min/kg and 187 

± 7 bpm, while the blood lactate concentration measured at the end of the test was 6.6 ± 1.5 

mmol/l. The mean values of the examined match physical performance variables are shown in 

Table 1 for descriptive purposes. 

<<< Place Table 1 Here >>> 



 

Table 2 shows the correlations between the IRT variables and the match physical performance 

variables, whereas Figure 3 displays the correlations between the IRT outcome variables and 

total and high-intensity distances covered during match play. There were small (r = 0.21 to 0.25) 

to moderate (r = 0.38 to 0.45), non-significant correlations (all p>0.05) between VO2max and 

match performance variables. Conversely, there were large (r = 0.71 to 0.76) significant 

correlations (p<0.01) between total distance covered during the IRT and match performance 

variables, with exception of high-intensity and sprint distance, showing non-significant (p>0.05) 

correlations (Table 2).  

<<< Place Table 2 Here >>> 

<<< Place Figure 3 here >>> 

Figure 3. Correlations between the total distance covered in the IRT and the total distance 

covered during match play (A), the VO2max achieved in the IRT and the total distance covered 

during match play (B), the total distance covered in the IRT and the high-intensity distance 

covered during match play (C), and the VO2max achieved in the IRT and the high-intensity 

distance covered during match play (D). r: Pearson’s r correlation coefficient. 

 

DISCUSSION 

 This study aimed to assess the construct validity of the IRT, a newly developed test 

designed to assess aerobic fitness, and most specifically VO2max, of soccer players in a field 

setting. The findings, taken together, show large relationships between the total distance covered 

in the test and the examined match physical performance metrics, with the exclusion of high-



 

intensity and sprint distances. Conversely, we observed weak relationships between match 

performance indicators and VO2max. 

 The VO2max values measured with the IRT in the present sample of elite players (on 

average approximately 60 ml/min/kg) are in the range of VO2max data previously observed in 

elite senior soccer players [Stolen et al 2005, Metaxas et al 2021, Kalapotharakos et al 2021, 

Ingebritsen et al. 2012]. Furthermore, the maximum achieved heart rate (187 ± 7 bpm) is similar 

to that reported when using intermittent field tests at exhaustion in soccer players of similar age 

than ours [Ingebritsen et al. 2012, Rampinini et al. 2010]. These results suggest that our players 

were able to achieve maximal effort and cardiorespiratory responses by performing the IRT. The 

blood lactate concentration measured at the end of the test (6.6 ± 1.5 mmol/l) was instead 

somewhat lower than values previously measured in elite soccer players after graded exhaustive 

intermittent field tests (11-12 mmol/l) [Metaxas et al 2005, Rampinini et al 2010]. Regarding 

this observation, it is worth noting that the IRT involves sub-maximal constant-velocity running 

at 18 km/h, allowing to reach exhaustion because of decreased recovery time between runs rather 

than velocity increases. Since the 18 km/h velocity similar on average to the velocity associated 

to VO2max for elite soccer players [Kalapotharakos et al. 2011, Tonnessen et al. 2013], it can be 

supposed that such exercise intensity allows lower amount of energy by the anaerobic 

metabolism, compared to graded exhaustive protocols. This aspect may be of interest when the 

goal is testing aerobic fitness excluding a significant contribution of the anaerobic lactic system. 

 In the present study, we observed low to moderate, non-significant relationships between 

VO2max and all examined match physical performance parameters, including the total and high-

intensity distances (Table 2, Figure 3). The above findings is consistent with previous studies 

showing weak associations between VO2max (assessed with treadmill tests) and soccer match 

performance in youth [Rebelo et al. 2014] and senior elite [Metaxas 2021] players. Interestingly, 



 

the present results highlight that VO2max is not highly correlated with soccer match performance 

although it is assessed by means of a field, intermittent test performed on a grass pitch. This 

suggests that the moderate relationships between VO2max and physical match performance 

variables are not a consequence of the protocol used for VO2max assessment. Probably, factors 

linked to the playing position and tactical requirements placed on players have a meaningful role 

on their match physical performance. Distances covered during match play are therefore overall 

unrelated to aerobic fitness when examined independently from playing position [Metaxas 2021, 

Buchheit et al 2010 ]. A limitation of this study is that we have not examined subsets of players 

according to their playing positions, due to the limited size of the examined sample. Moreover, 

it should be remarked that, in contemporary elite soccer, players are often required to play in 

different positions (for example, defender and midfielder) across a season [Schuth et al. 2016], 

making difficult to assign a player to a given position. It will be therefore interesting to assess 

the relationships between fitness and match performance under an individual player vs. playing 

position perspective [Altmann et al. 2021]. 

Despite VO2max seems almost useless as a predictor of match physical performance in 

elite soccer players, its assessment is still useful for other purposes in soccer. Indeed, in high-

level players, VO2max is sensitive to training interventions [Helgerud et al. 2001, Michaelides 

et al. 2021], and its periodic assessment may provide useful information to verify if aerobic is 

maintained over the season [Kalapotharakos et al. 2011, Casajus et al 2001]. Considering the 

effectiveness and specificity of field-based fitness protocols for testing soccer players, the IRT 

has been designed to provide an efficient protocol to directly assess VO2max on a grass pitch by 

means of a portable gas analyser. Compared to other field-based exhaustive aerobic fitness tests, 

novel characteristics of the IRT are the running velocity held constant at 18 km/h throughout the 

test, and its intermittent protocol with a decreasing recovery time. Besides reflecting more 

closely the intermittent nature of soccer compared to a continuous protocol, discontinuous 



 

protocols have been shown to elicit similar VO2max than continuous protocols in soccer players 

[Riboli et al. 2022], supporting their validity for VO2max assessment. In the IRT, moreover, the 

recovery time between runs is equal to or higher than two seconds, allows to avoid any abrupt 

accelerations, decelerations, and change of directions. This feature may reduce lower-limb 

muscle fatigue compared to protocols based on shuttle running, with a positive impact on the 

feasibility of the test. Future studies are warranted to investigate this point. 

 The present results show large correlations between the total distance covered in the IRT, 

and many of the examined descriptors of match running performance (Table 2), revealing good 

construct validity of such outcome of the IRT to predict match physical performance in elite 

soccer players. This finding is consistent with many previous studies observing that in soccer 

players match running performance is related to the final velocity or total distance reached in 

graded aerobic fitness tests [Bangsbo et al 2008, Rebelo et al 2014, Rampinini et al 2007]. 

However, we observed a moderate (r = 0.46, p=0.06), correlation between the distance covered 

in the MAP test and high-intensity distance covered during match play. Also, the total distance 

in the MAP test was not correlated to sprint distance (Table 2). Therefore, the distance covered 

in the MAP test would seem to predict the ability of soccer players to cover a longer overall 

distance in a soccer match, rather than greater high-intensity (> 20 km/h) distance, differently 

from the total distance covered in the Yo-Yo IR1 test, that is instead correlated to high-intensity 

running distance covered during match play [Bangsbo et al 2008]. This observation is consistent 

with the hypothesis that the distance covered in the IRT is relatively low affected by anaerobic 

capacity, and the test mostly reflects the aerobic performance capacity of a player. Further studies 

are needed to verify this hypothesis. Future research perspectives also include the assessment of 

the validity of the IRT in different groups of soccer players, including youth and female players. 

 



 

CONCLUSION 

In the present study, we observed large correlations between the total distance covered in the 

IRT and the total distance covered during match play, as well as other variables related to match 

physical performance. Therefore, the distance covered in the IRT exhibits good construct validity 

in predicting some aspects of match physical performance. While the IRT was primarily designed 

as a field-based protocol to assess VO2max in elite soccer players, the present result support the 

assessment of the total distance covered in the IRT as a predictor of total distance covered during 

matches in elite soccer players. 
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TABLES:  

Match performance variables  

Total distance (m/min) 114.6 ± 10.8 

High-intensity distance (m/min) 9.2 ± 2.0 

Sprint distance (m/min) 2.3 ± 0.9 

Acceleration distance (m/min) 5.4 ± 0.7 

Deceleration distance (m/min) 4.7 ± 0.7 

Average metabolic power (W/kg) 10.3 ± 1.0 

Distance at high metabolic power (m/min) 

 

30.4 ± 5.8 

 

Table 1. Mean ± SD values of the match physical performance variables 

 

 VO2max Total distance covered in 

the IRT 

Total distance 0.43 (-0.05 to 0.75) 0.73* (0.41 to 0.89) 

High-intensity distance  0.25 (-0.25 to 0.64) 0.46 (-0.01 to 0.76) 

Sprint distance 0.21 (-0.28 to 0.61) 0.10 (-0.38 to 0.54) 

Acceleration distance  0.45 (-0.02 to 0.76) 0.74* (0.41 to 0.90) 

Deceleration distance  0.38 (-0.11 to 0.72) 0.71* (0.36 to 0.88) 

Average metabolic power  0.44 (-0.04 to 0.75) 0.76* (0.45 to 0.90) 

Distance at high metabolic power  0.42 (-0.06 to 0.74) 0.71* (0.36 to 0.88) 

Table 2. Pearson’s r correlation coefficients between the examined variables (with 95% CIs). 

*p<0.05 

 


