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Abstract

The aims of the study were to investigate: 1) fluctuations in kinematic and locomotor-based metabolic power estimates during elite-level under-21 soccer matches and 2) the relationship between temporary fatigue during matches and heart rate (HR) responses to the YO-YO intermittent recovery test 1 (YO-YO IR1). High speed running (HSR), high metabolic load (HML) distances and average metabolic power (AMP) data were collected from 13 elite soccer players during six matches using global positioning systems. Indices of heart rate recovery (HRR60s; HR60s; %HRR60s) were assessed after a submaximal (YO-YO IR1). The peak 5-min period of matches was higher than both the subsequent 5-min period and the match average for all physical variables (P < 0.001).   HML distance was greater (P < 0.001) in peak, post-peak and mean 5-min periods compared to HSR. Peak intensity HML distance was related to %HRR60s (r = -0.331) but not AMP (r = -0.273) or HSR distance (r = -0.224). HML distance should be used to monitor fluctuations in intensity during soccer matches. HRR measured after a submaximal YO-YO IR1 has limited potential, in the assessment of the match specific fitness of players.  
Key Words: Metabolic Power; Global Positioning systems; Match Analysis, Pacing
Introduction
High-intensity running during soccer matches is related to playing level (Mohr, Krustrup, & Bangsbo, 2003; Waldron & Murphy, 2013) and can be increased in response to specific endurance training (Helgerud, Engen, Wisloff, & Hoff, 2001). To preserve their capacity for high-intensity running during matches, soccer players self-regulate their energy expenditure in an attempt to avoid or delay the effects of acute fatigue (Waldron & Highton, 2014). For example, players will predictably reduce the distance they cover at high-intensity between the first and last 15-min of matches by 20-30 % (Mohr et al., 2003; Bradley et al., 2009). Running intensity is also regulated on a smaller scale, as part of a micro-pacing strategy, whereby players acutely modulate their exercise intensity in response to available internal and external cues (Edwards & Noakes, 2009). This relates to the concept of ‘temporary’ or ‘transient’ fatigue during team sports. Temporary fatigue refers to a period (typically 5-min) of reduced running intensity (below the match mean) occurring immediately after the most intense period of team sport matches (Mohr et al., 2003). However, the common use of kinematic variables, such as distance covered in high-intensity speed zones, to identify temporary fatigue during team sports matches has recently been questioned (Furlan et al., 2015). 
These so-called ‘kinematic approaches’ (Furlan et al., 2015) cannot account for the energy utilised during many soccer-specific activities, particularly those requiring rapid accelerations (Osgnach, Poser, Bernardini, Rinaldo, & di Prampero, 2010). It is common to use speeds associated with physiological thresholds (i.e. ventilatory threshold (Abt & Lovell, 2009) or onset of blood lactate accumulation (Lacome et al., 2014)) to determine high-intensity speed-zones, inferring an association between the running speed at a given threshold and metabolic demand. Whilst this approach is not without merit, it overlooks the intermittent nature of soccer activities by basing speed-threshold determination on theories grounded in steady-state exercise. It is now well-established that performing accelerations and decelerations during soccer matches skews the relationship between running speed and metabolic cost that is implicitly assumed by adopting a kinematic approach (Osgnach et al., 2010). Therefore, it is likely that the current understanding of temporary fatigue is limited by the method of match analysis.  
Energetic-based approaches, utilising metabolic power values, combining estimates of energy-demanding accelerated and decelerated movements with traditional running speed measurements, appear to provide a more comprehensive assessment of the internal load of match play in team sports (Osgnach et al., 2010; Coutts et al., 2015; Furlan et al., 2015). In soccer, the distance covered at a high metabolic power (>20 W(kg-1) is almost twice that of the distance covered at the equivalent high-intensity running threshold (>14.4 km(h-1) (Osgnach et al., 2010; Gaudino et al., 2013). This approach was recently used, alongside a traditional kinematic method, to identify temporary fatigue among Rugby Sevens players (Furlan et al., 2015). Notably, the authors reported temporal dissociations in the identified periods of temporary fatigue between the two approaches, thus questioning the validity of kinematic methods for this purpose (Furlan et al., 2015). That an energy modelling approach identified peak periods of intensity at different time-points in a Rugby Sevens match compared to kinematic analyses is perhaps not surprising, given the aforementioned meaning of each metric (Osgnach et al., 2010). Indeed, given that the regulation of intensity (pacing) in sport is likely to be directly related to metabolic resources (Tucker & Noakes, 2009), and thus energy dependent, it is perhaps more appropriate to consider transient fatigue from an energetic perspective. 
The presence of transient fatigue in soccer matches represents a conscious behavioural decision made by players to avoid fatigue by limiting physiological disturbances (Edwards & Noakes, 2009; Waldron & Highton, 2014). As part of a centrally-mediated process, it is thought that homeostatic disturbances give rise to afferent cues, causing subsequent changes in the perception of effort or exercise intensity (Lambert, St Clair Gibson, & Noakes, 2005; Amman et al., 2008; Noakes, 2012). Afferent sensory feedback comes from numerous sources, some of which relate to perturbations of the cardiorespiratory system, which is partly reflected by changes in heart rate (HR) (Amann et al., 2009; Pires et al., 2011). Other factors, such as pre-match fitness levels, have also been suggested to influence pacing during team sports matches (Edwards & Noakes, 2009). Exercise-induced perturbations in HR are recovered more quickly by soccer players with a higher aerobic fitness level (Buchheit et al., 2013) and both of these measures are associated with running performance during soccer matches (Bangsbo et al., 2008). Therefore, it is possible that a superior ability to recover from exercise-induced fluctuations in HR, and thus aerobic fitness level, relate to the ability to recover or offset the degree of temporary fatigue during soccer matches. 
To date, no study has investigated the transient fluctuations in metabolic power indices during elite level soccer matches or its relationship with field-based tests of cardiorespiratory fitness and heart rate recovery. Accordingly, the aims of the study were to investigate: 1) transient fluctuations in kinematic and locomotor-based metabolic power estimates during elite-level under-21 soccer match play and 2) the relationship between temporary fatigue during matches and HR responses to submaximal aerobic fitness testing.
Methods
Participants and Design
Consent from the club to conduct research and institutional ethical approval was obtained prior to the collection of data from six English under-21 Premier League games during the 2015-16 competitive season. Data were collected during single game weeks, once every six-week training cycle, on six separate occasions. Data from players completing the full duration of matches were included in the study (n = 13; age 19 ( 1 years; stature 180.3 ( 4.8 cm; body mass 75.2 ( 6.0 kg; estimated maximal oxygen uptake (VO2max) 57.9 ( 3.0 ml(min-1(kg-1). Forty-six full match performances from the six competitive matches were analysed using Global Positioning Systems (GPS; STATSports, Viper, Co. Down, N. Ireland), with all incomplete match data excluded from the study. The sample included two home and four away matches with an average score deficit of 1.17 goals. By performing a repeated-measures design (comparison of players between different match periods), a sample size of 43 performances would detect the smallest of significant effect sizes (ES = 0.70) in this study with a power of 1.000 at an alpha level of P < 0.05 (G*Power, Version 3.1.9.2, Universitat Kiel, Germany). Players continued to participate in normal training and fixtures in accordance with the periodised team training plan and fixture schedule. Pre-match preparations including nutrition, hydration and warm-up strategies were kept consistent across all matches. The sub-maximal assessment of heart rate recovery (HRR) was conducted using an adapted version of the YO-YO Intermittent Recovery test 1 (YO-YO IR1) (Daanen, Lamberts, Kallen, Jin, & Van Meetern, 2012). The submaximal YO-YO IR1 test was completed prior to the commencement of a pre-training warm up, two days prior to each competitive fixture, in which physical match performance data was collected.  All players were examined by the club’s medical staff and were deemed to be free from injury and illness. 

Physical Match Performance Analysis

Player physical match activity was recorded in competitive English under-21 Premier League games using 10 Hz GPS integrated with a 100 Hz accelerometer. The GPS devices were activated outdoors 20-min prior to the commencement of all activity to ensure the acquisition of a satellite signal (Jennings, Cormack, Coutts, Boyd, & Aughey, 2010a). Players were assigned the same GPS device on all occasions in order to avoid inter-unit error (Jennings, Cormack, Coutts, Boyd, & Aughey, 2010b).  
Average Metabolic Power (AMP; W(kg-1) and High Metabolic Load distance (HML; distance covered > 25.5 W(kg-1) were used as measures of movement intensity (Gaudino et al., 2015) during selected 5-min periods of matches (i.e. peak 5-min, post-peak 5-min and mean 5-min). The HML distance measure combines the energy cost of all constant velocity running above 5.5 m(s-1 and acceleration and deceleration activity over 2 m(s-2 during intermittent running (Coutts et al., 2015; Osgnach et al., 2010). The energy cost of accelerations and decelerations during intermittent accelerated running was estimated based on the model of di Prampero et al. (2005) and was automatically calculated using the GPS software (Viper Version 1.2, STATSports, N.Ireland). High-speed running (HSR) was reported as the distance covered at a velocity (14.4 km(h-1 (Abt & Lovell, 2009; Coutts et al., 2015; Gaudino et al., 2015) and used as a traditional kinematic measure of intensity during the selected 5-min periods of matches.
A 5-min rolling average was applied across the GPS files using Microsoft Excel, with the peak period of HSR, HML distance or AMP identified as the 5-min period of greatest value (Varley, Elias, & Aughey, 2012). The 5-min period immediately after the peak period was identified as the post-peak period. Peak 5-min periods that occurred in the final 5-min of either half were excluded from the study. 
Submaximal YO-YO IR1
All submaximal YO-YO IR1 tests were conducted on an outdoor UEFA standard 3G surface after a training-free rest day. The daily ambient temperature across testing sessions was 12 ( 4.3 oC.  A standardised warm-up routine, consisting of dynamic range of movement exercises, was performed prior to each submaximal YO-YO IR1 test.  Players were fitted with a HR monitor (Polar T31-Coded, Polar Electro, Kempele, Finland) that was compatible with a GPS device, which was used for data recording. The submaximal YO-YO IR1 test was performed as described by (Bangsbo et al., 2008; Krustrup et al., 2003; Mohr & Krustrup, 2014), differing only in terms of duration. The players completed 20 m shuttle runs interspersed with 10-s of active recovery between runs, starting at a running velocity of 10 km(h-1, which was progressively increased until the test was terminated after 6-min, at a running velocity of 14.5 km(h-1 and a total distance of 720 m (Fanchini et al., 2015). Immediately after cessation of exercise, the players were instructed to stop and stand completely still for a 2-min period, avoiding any excessive movement. Heart rate recovery (HRR) was measured during the 2-min period and was calculated as the absolute (beats ( min-1) difference between the mean HR during the last 30-s of the 6-min test period (HRex) and the HR recorded at 60-s during recovery (HR60s) (Buchheit, Papelier, Laursen, & Ahmaidi, 2007). Post exercise HRR calculated after 60-s (HRR60s), expressed as a percentage of HRex (%HRR60s), was also used to account for likely changes in HRex expected to occur over the study period (Daanen et al., 2012). 
Statistical Analysis

The peak 5-min periods of AMP, HML distance and HSR distance during matches were compared to the 5-min post-peak periods and the 5-min match mean using analysis of variance with repeated measures (RM-ANOVA). Sphericity was assessed using Mauchly’s test, with any violations adjusted by the Greenhouse-Geisser correction. When significant main effects were observed, Bonferroni-adjusted comparisons were used to identify pairwise differences. Significance was set at P < 0.05. Cohen’s d effect sizes (ES) were used to determine the magnitude of the pairwise differences and interpreted as: trivial (<0.2), small (0.21-0.6), moderate (0.61-1.20), large (1.21-2.00) and very large (<2.01) (Hopkins, Marshall, Batterham, & Hanin, 2009). Paired-samples t-test and ES were subsequently used to evaluate the difference between HSR and HML distance covered in peak, subsequent, and mean 5-min periods and the temporal occurrence of the peak 5-min period. Significance was set at P < 0.05.  The Pearson product-moment r correlation was used to assess the relationships between either HR60s, HRR60s, or %HRR60s after submaximal YO-YO IR1 testing and the peak, post-peak and 5-min mean match values, as well as the decrement (absolute and relative %) in metabolic or running intensity between the peak and post-peak periods. The correlation coefficient (r) was considered trivial (<0.1), small (0.1-0.3), moderate (0.3-0.5), large (0.5-0.7), very large (0.7-0.9) and an almost perfect association (0.9-1.0) (Hopkins et al., 2009). Steiger’s Z was used to test for differences between the correlation coefficients.  Significance was set at P < 0.05.  All statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS 20 for Mac, SPSS Inc., Chicago, IL).

Results
There was a significant main effect across 5-min match periods for HSR (P < 0.001), AMP (P < 0.001) and HML distance (P < 0.001).  Post hoc analysis revealed that peak 5-min periods were higher than post-peak 5-min periods for AMP (P < 0.001; mean difference = 3.3 W(kg-1, 95% CIs = 2.7 to 4.0 W(kg-1, ES = 2.22), HSR (P < 0.001; mean difference = 94 m, 95% CIs = 78 to 109 m, ES = 2.86), and HML distance (P < 0.001; mean difference = 99 m, 95% CIs = 86 to 112 m, ES = 2.97). Similarly, peak 5-min periods were higher than the match mean for AMP (P < 0.001; mean difference = 3.1 W(kg-1, 95% CIs = 2.8 to 3.3 W(kg-1, ES = 2.76), HSR (P < 0.001; mean difference = 77 m, 95% CIs = 68 to 86 m, ES = 2.64), and HML distance (P < 0.001; mean difference = 77 m, 95% CIs = 70 to 84 m, ES = 2.67) (Figure 2). Post-peak 5-min periods were lower than the match mean for both HSR (37 ( 28 m vs. 54 ( 18 m, P < 0.001; mean difference = 16 m, 95% CIs = 7 to 26 m, ES = 0.70) and HML distance (82 ( 33 m vs. 104 ( 22 m, P < 0.001; mean difference = 22 m, 95% CIs = 13 to 31 m, ES = 0.80). In contrast, match mean and post-peak 5-min periods did not differ for AMP (9.8 ( 1.7 W(kg-1 vs. 10.1 ( 1.0 W(kg-1, P = 0.594, ES = 0.19) (Figure 2). The HML distance covered was higher than the corresponding HSR distance covered during peak (P < 0.001; mean difference = 50 m, 95% CIs = 43 to 58 m, ES = 1.40), post-peak (P < 0.001; mean difference = 45 m, 95% CIs = 35 to 55 m, ES = 1.48) and match mean 5-min periods (P < 0.001; mean difference = 50 m, 95% CIs = 46 to 55 m, ES = 2.45) (Figure 1).  In addition, the temporal occurrence of the peak 5-min period during match play differed for HML and HSR distance (P < 0.05; mean difference = 10.30-min, 95% CIs = 2.76 to 17.85-min, ES = 0.45).  
****Insert Figure 1 here**** 

****Insert Figure 2 here****
There was a moderate relationship between HR60s following the submaximal YO-YO IR1 test and 5-min peak periods of AMP (r = -0.321; moderate; P = 0.036, 95% CIs = -0.601 to -0.043) and HML distance (r = -0.371; moderate; P = 0.014, 95% CIs = -0.616 to -0.092) and the match mean HML (r = -0.347; moderate; P = 0.022, 95% CIs = -0.624 to -0.053) and HSR distance (r = -0.313; moderate; P = 0.041, 95% CIs = -0.589 to -0.009) covered during 5-min periods (Table I). There was a moderate relationship between %HRR60s following the submaximal YO-YO IR1 test and the 5-min peak period of HML distance (r = -0.331; moderate; P = 0.030, 95% CIs = -0.601 to -0.056) and the match mean HML distance covered during 5-min match periods (r = -0.308; moderate; P = 0.044, 95% CIs = -0.587 to -0.011) (Table I). There were no significant differences in the strength of the correlations between the peak 5-min period and HR60s and the peak 5-min period and %HRR60s for AMP (Z = -0.264; P = 0.396), HML distance (Z = -0.234; P = 0.408), and HSR distance (Z = -0.167; P = 0.434).  No relationships were found between the absolute and relative HRR60s following submaximal YO-YO IR1 testing and the absolute and relative (%) decrement in AMP, HSR, and HML distance following the 5-min peak period (Figure 3).

****Insert Table I here****
****Insert Figure 3 here****
Discussion

The first finding of this study was that kinematic and metabolic power derived indices were higher in the most intense 5-min period of play (peak) compared with 5-min post-peak periods and the 5-min match mean. These findings suggest that temporary fatigue can be identified among elite soccer players using both types of analysis. These findings are consistent with research investigating the phenomenon of temporary fatigue in soccer using kinematic approaches alone (Bradley et al., 2009; Bradley, Di Mascio, Peart, Olsen, & Sheldon, 2010; Mohr et al., 2003). The HSR distance covered ((14.4 km(h-1) during peak (131 m), post-peak (37 m) and match mean (54 m) 5-min periods found in the current study were lower than those reported for elite senior players (~230, 120, and 130 m, respectively) (Bradley et al., 2010; Carling & Dupont, 2011; Mohr et al., 2003). Furthermore, the magnitude of change between peak and match mean found in the current study (31%) was greater than the 12% reductions reported for HI running distance ((14.4 km(h-1) (Bradley et al., 2010; Mohr et al., 2003). These findings highlight a potential disparity in soccer-specific performance between the under-21 players investigated in this study and the senior players of previous studies. Differences in sports-specific fitness, experience and match exposure between the under-21 players of the present study and the senior players from other studies might explain these observations. That is; the development of a pacing template during competitive sports events is ostensibly dependent upon the degree, and presumably the quality, of prior experience, which would naturally take time to accomplish (Hampson, St Clair Gibson, Lambert, & Noakes 2001; Lambert et al., 2005; Edwards & Noakes, 2009; Foster et al., 2009). Furthermore, there are reported differences in maximal YO-YO Intermittent Recovery test 2 (YO-YO IR2) performance and repeat-sprint ability between amateur (21 years) and professional (23 years) soccer players (Wells, Edwards, Winter, Fysh, & Drust, 2012), which supports the ability to sustain higher intensities of exercise and recover thereafter during matches. Irrespective of the reasons for these findings, the concept of temporary fatigue appears to be global across different levels of soccer performance, yet the nature of this (i.e. time-course and magnitude) requires further investigation.  
Expanding upon research in soccer, we also found that the time at which the peak 5-min period occurred was different between the HML and HSR distance metrics (P < 0.05).  This suggests that the peak period of metabolic power and kinematic intensity are temporally dissociated. Furthermore, the distance covered in peak, subsequent, and mean 5-min periods were all higher for HML compared to HSR (P < 0.001 for all differences). These differences are most likely attributable to the limitations of kinematic approaches to fully quantify the energetic demands of matches. Kinematic methods are suggested to underestimate the magnitude of intensity during soccer activities (Gaudino et al., 2013) and misidentify peak periods of match play in other team sports (Furlan et al., 2015). Kinematic approaches fail to award the additional distance covered during discrete short duration acceleration and deceleration movements typical of soccer match play (Gaudino et al., 2013).  Acceleration and deceleration movements heavily tax energy resources despite being performed in low speed thresholds (Osgnach et al., 2010).  The single data profile for a player across one match (Figure 1) demonstrates the differences in kinematic and metabolic approaches and the potential for temporal dissociation in the identification of peak periods between the two approaches. Therefore, our findings indicate that the HML distance covered might be a more comprehensive measurement of the demands of soccer match play, particularly for soccer players, who perform many of their match activities at high-intensity, yet over short distances (Osgnach et al., 2010). The kinematic approach would not account for these activities as it is unlikely that these activities will breach the speed threshold. On this basis, we suggest that future researchers should use this metric to monitor fluctuations in intensity during soccer matches.  

The AMP response was reduced by 25% after the peak period, yet in contrast to the kinematic HSR and metabolic derived HML distance variables, the post-peak period AMP was not significantly different to the match average (9.8 ( 1.7 W(kg-1 vs. 10.1 ( 1.0 W(kg-1, P = 0.594, ES = 0.19).  Instantaneous metabolic power is based on the energy cost per unit of body mass per second to support locomotion (Osgnach et al., 2010).  Therefore, this finding suggests that whilst the running speed and, thus, the distances covered were reduced after the peak period the predicted energy requirements during this phase were equivalent.  
Our second finding was that some indices of HRR following the submaximal YO-YO IR1 test were moderately and inversely associated with peak periods of HML distance and AMP during matches (Table 1). This shows that players with a lower HR60s and %HRR60s following submaximal YO-YO IR1 testing performed higher peak 5-min intensities.  Notably, HRR indices were not related to the traditional kinematic variable (HSR distance), thus questioning the ability of this measure to capture the complete match-running profile of players with superior HRR values.  The poorer relationship between peak periods of HML distance and %HRR60s indicates that peak match intensity is only partially explained by %HRR60s.  Therefore, the use of %HRR60s following submaximal YO-YO IR1 testing can only be considered a poor indicator of the match-specific fitness of players.  In contrast, our findings support the use of HR60s because of its relationship with measurements of peak match intensity, across a larger spectrum of energy demanding movements, including those that acknowledge movements below arbitrary speed thresholds.  Whilst there were no differences in the strength of the correlations between any of the match intensity and HR measures, the individual relationships provide preliminary evidence that some HRR metrics are more sensitive to temporary fatigue during soccer matches. Future studies should investigate this further. These findings support other studies in the suggestion that HRR measurements might be useful indicators of aerobic fitness among athletes (Buchheit et al., 2013; Buchheit, 2014; Daanen, et al., 2012).  Differences in the testing protocol exercise intensity, however, likely explain the lower strength correlations observed in the present study.  The exercise intensity of the submaximal YO-YO IR1 may have been insufficient to ensure the reliable assessment of HRR.  An exercise intensity of greater than 85% of heart rate maximum is suggested to provide a more reliable assessment of HRR and greater sensitivity to change over time (Lamberts, Maskell, Borresen, & Lambert, 2011). 
Heart rate recovery following the submaximal YO-YO IR1 test was not related to the decrements in AMP, HML, and HSR distance from the peak 5-min to post-peak 5-min period. This finding was not anticipated and suggests that pre-match cardiorespiratory fitness, inferred by HRR, does not explain elite players’ capacity to recover from the most intense periods during matches. The reasons for this could be related to the nature of the sub-maximal test as this does not replicate the high-intensity or running speed reached by players during matches, which would demand greater recovery. The submaximal YO-YO IR1 test is predominately an aerobic test, while the YO-YO IR2 test is more anaerobically-biased (Mohr & Krustrup, 2014). This might explain the differences in the strength of the relationships observed, since a greater anaerobic contribution is necessary during peak periods of match play (Krustrup et al., 2006; Bangsbo, Mohr, & Krustrup, 2006). Therefore, in contrast to the YO-YO IR2 test (Mohr & Krustrup, 2014), the submaximal YO-YO IR1 test does not asses the ability to recover from intense exercise, reflective of that experienced during the most intense period of soccer matches. 
Conclusion

The current study is the first to identify transient fatigue among elite soccer players using locomotor-related metabolic power estimates. The high metabolic load distance (HML) showed greater peak intensity and a different temporal pattern during matches compared to the traditional kinematic approach, most likely owing to the inability of the latter approach to account for all soccer specific activities. We suggest that researchers in team sports should use this metric to monitor fluctuations in intensity during soccer matches. The peak intensity achieved by elite players based on HML or AMP was only moderately related to pre-match cardiorespiratory fitness and HRR indices, thus highlighting the limited potential for the application of a sub-maximal YO-YO IR1 test as an indicator of match-specific fitness. The decrement in HML, AMP and HSR from peak to post-peak periods was not related to a players’ ability to recover in the YO-YO IR1 and is likely to be related to the poor correspondence in intensity between matches and the chosen field test.
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	Table I.  Pearson’s product-moment correlation coefficients (r) between heart rate and heart rate recovery measures after 60-s recovery following the 6-min submaximal Yo-Yo intermittent recovery test (level 1) and peak, post-peak, and match average 5-min values of running intensity (n = 43).

	 

HR60s (b・min-1)
HRR60s (b・min-1)
%HRR60s
AMP (W・kg-1)

Peak 

-0.321*
0.249

-0.273

Post-peak

-0.114

0.068

-0.095

Match Average

-0.269

0.182

-0.222

HML distance (m)

Peak 

-0.371*
0.297

-0.331*
Post-peak

-0.159

0.15

-0.156

Match Average

-0.347*
0.277

-0.308*
HSR distance (m)

Peak 

-0.267

0.217

-0.224

Post-peak

-0.029

0.074

-0.063

Match Average

-0.313*
0.266

-0.283



	Note:  HR60s = absolute heart rate measured after 60-s recovery; HRR60s = absolute heart rate recovery after 60-s recovery; %HRR60s = percentage heart rate recovery after 60-s recovery; AMP = average metabolic power; HML = high metabolic load; HSR = high-speed running.

*P < 0.05; **P < 0.01.


List of Figures
Figure 1. A single data profile for a representative player across a single match for rolling 5-min high-speed running (HSR) and high metabolic load (HML) distance.  Peak and post-peak distances (m) are highlighted for both variables.

Figure 2. Peak, post-peak and match average 5-min match play data, identified using average metabolic power (AMP) (A), high metabolic load (HML) distance (B) and high-speed running (HSR) distance (C). 

Figure 3. The relationship between the absolute (A) and relative (B) decrement (delta) in average metabolic power (AMP), high metabolic load (HML), and high-speed running (HSR) distance from peak to post-peak 5-min periods during match play and heart rate recovery after 60-s recovery following the 6-min submaximal Yo-Yo Intermittent Recovery test (level 1).
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