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Abstract 

The aim of this study was to investigate the work-rate of substitutes in professional soccer. A 

computerised player tracking system was used to assess the work-rates of second-half 

substitutes (11 midfielders and 14 forwards) in a French Ligue 1 club. Total distance, distance 

covered in five categories of movement intensity and recovery time between high-intensity 

efforts were evaluated. First- and second-half work-rates of the replaced players were 

compared. The performance of substitutes was compared to that of the players they replaced, 

to team-mates in the same position who remained on the pitch after the substitution and in 

relation to their habitual performances when starting games. No differences in work-rate 

between first- and second-halves were observed in all players who were substituted. In the 

second-half, a non-significant trend was observed in midfield substitutes who covered greater 

distances than the player they replaced whereas no differences were observed in forwards. 

Midfield substitutes covered a greater overall distance and distance at high-intensities 

(p<0.01) and had a lower recovery time between high-intensity efforts (p<0.01) compared to 

other midfield team-mates who remained on the pitch. Forwards covered less distance 

(p<0.01) in their first 10-minutes as a substitute compared to their habitual work-rate profile 

in the opening 10-minutes when starting matches while this finding was not observed in 

midfielders. These findings suggest that compared to midfield substitutes, forward substitutes 

did not utilise their full physical potential. Further investigation is warranted into the reasons 

behind this finding in order to optimise the work-rate contributions of forward substitutes. 

 

 

Key terms: fatigue, football, substitutions, motion analysis



 3 

Introduction 

Research in elite soccer has identified the occurrence of a reduced work-rate between playing 

halves and in specific relation to high-intensity efforts towards the end of matches.
1
 There is a 

need therefore for countermeasures to fatigue and it has been suggested that the strategic use 

of substitute players during the second-half of matches could reduce the effects of fatigue 

across the team.
2
  

However, only one study has examined the work-rate of substitutes in elite soccer.
3
 

The work-rate of substitutes was shown to be superior to that of players in the starting 11 over 

the same time period. While this investigation had useful practical implications, there is need 

for further research into the physical contributions of replacements notably in comparison to 

players they replace and to their habitual performances when starting games. 

In this preliminary study, we tested four hypotheses: (i) Players who are substituted 

demonstrate a reduction in work-rate. (ii) Substitutes have higher work-rates than the player 

they replace. (iii) Substitutes have higher work-rates in the time they played than other 

players in the same position. (iv) The work-rate of substitutes does not differentiate to that 

when starting games. 

 

Methods 

A multiple-camera player tracking system (AMISCO Pro, Sport-Universal Process, 

Nice, France) was used to analyse the work-rates of outfield substitute players belonging to a 

French 1st Division professional soccer team during the 2007/2008 season. A total of 18 

matches (15 home and 3 away games) were examined. Altogether, 11 midfield and 14 centre-

forward second-half substitutes who played a minimum of 10-minutes per game were 

included for analysis. Defenders were excluded due to a low number of substitutions.  

The objective measures of work-rate performance selected for the analyses were 

classified into two categories: 1) Match distances covered including the overall distance and 

distance covered in five categories of movement intensity: 0-11km/h (walking and jogging); 

11.1-14km/h (low-intensity running); 14.1-19km/h (moderate-intensity running); 19.1-

23km/h (high-intensity running) and >23.1km/h (sprinting).
4
 The absolute data were corrected 

to a minute-by-minute analysis of the distance covered in each category (distance divided by 

time played) to enable equal comparison of work-rate over the time period played by each 

player.
1
 2) The average time spent in recovery between sprinting and high-intensity actions. 

To test hypothesis 1, the first- and second-half performance of the replaced players 

was compared. For hypothesis 2, the performance over the time played by the substitute was 

compared to that during the second-half by the player he replaced. This analysis only included 

players who were directly substituted into their usual positional roles (i.e. a midfielder 

replaced another midfielder). Hypothesis 3 was tested by comparing the performance of the 

substitute to that of players in the same position who remained on the pitch over the same 

time period. The performance of forward substitutes could not be compared to that of other 

forwards as this team employed a 4-5-1 playing system and only one forward was ever 

present on the pitch. For hypothesis 4, the performance of the substitute over the first ten-

minutes of competition (i.e. from 75 to 85mins) was compared to his habitual performance 

over the opening ten-minutes of play when starting games. To determine the habitual work-

rate profile of the player, analyses were undertaken across five matches from the same season 

in which the player completed the entire 90-minutes. 

Statistical analyses were performed using Bonferroni-adjusted paired t-tests (same-

participant) or unpaired t-tests (between-participant) to test for differences in work-rate (SPSS 

Science Inc, Chicago, Ill). Bonferroni’s adjustment was applied according to previously 

outlined procedures for objective measures of work-rate.
5
 Thus, an operational alpha level of 

0.025 (p<0.05/2) was used. 
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Results 

No differences in work-rate between the first- and second-halves were observed in 

forwards and midfielders who were substituted (Table 1). Similarly, no differences were 

reported in work-rate in either forward or midfield substitutes compared to the players they 

replaced. However, the greater overall distance covered by the latter approached significance 

(p=0.044).  

A greater minute-by-minute overall distance (p=0.006), distance in high-intensity 

activity (p=0.008) and a shorter recovery time between high-intensity efforts (p=0.003) was 

reported in midfield substitutes compared to other midfielders who remained on the pitch 

after the substitution.  

Forwards covered less distance (p=0.004) as a substitute in their first 10-minutes when 

compared to their habitual work-rate profile over the opening 10-minutes of matches while 

this was not observed in midfielders. 

 

Discussion 

In this preliminary study of work-rate in substitutes in elite soccer, several hypotheses 

were tested and are discussed in turn. 

Firstly, no decline in work-rate in substituted players was observed. This result 

supports previous speculation in that the majority of substitutions are probably for tactical 

reasons rather than fatigue.
2
 Nevertheless, we suggest that further research on a larger sample 

of players combined with an analysis of technical performance is necessary to support the 

present findings. 

Secondly, forward substitutes did not demonstrate a higher work-rate than the forward 

player they replaced whereas the trend, albeit non-significant, was for midfield substitutes to 

work harder. This observation in forward substitutes may have been influenced by factors 

such as the specific tactical requirements of their position.
4
 It may also be linked to an 

inability of these players to ‘get into the game’. This latter suggestion may be confirmed by 

the dismissal of the fourth hypothesis in forwards as a significantly lower work-rate was 

observed in these players when introduced as substitutes compared to when starting matches. 

Further investigation is warranted into the reasons behind this finding in order to optimise the 

physical contributions of forward substitutes. 

Thirdly, the overall work-rate and exercise at high-intensity in midfield substitutes was 

superior to that of players who had started the game, a result in accordance with previous 

findings in elite soccer.
3
 In addition, the work-rate of these players during their first ten-

minutes as a substitute was similar to their performances recorded during the opening ten-

minutes when starting matches. This finding is noteworthy as the highest intensity of game 

activities in elite soccer is generally observed in the opening 15-minute period of  

competition.
1
 Therefore, these observations on the physical contribution of midfield 

substitutes indicate the value of replacing players in this position when an increase in work-

rate is required. 

 

Practical implications 

The present findings are a first step in identifying and eventually optimising the work-

rate contributions of substitutes in elite soccer. 
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Replacement Replacement

midfielders forwards

Variable 1st half 2nd half 2nd half 1st half 2nd half 2nd half

Average time played (mins) 45.5 ± 0.2 26.0 ± 8.0 22.5 ± 8.1 45 ± 0.3 23.0 ± 7.1 24.8 ± 7.4

Total distance (m) 129.3 ± 3.6 130.0 ± 7.3 136.6 ± 9.1 119.6 ± 9.0 121.7 ± 10.2 121.1 ± 9.9

Sprint Distance (m) 5.1 ± 2.0 5.5 ± 3.9 6.4 ± 4.5 5.1 ± 2.0 5.9 ± 3.5 5.3 ± 2.4

Recovery time between efforts (s) 296.2 ± 108.3 297.4 ± 164.1 315.5 ± 198.9 263.8 ± 84.1 282.3 ± 126.4 270.4 ± 151.0

High-intensity distance (m) 7.0 ± 2.1 7.3 ± 3.1 9.8 ± 3.6 6.7 ± 1.5 6.7 ± 3.2 6.7 ± 1.7

Recovery time between efforts (s) 117.8 ± 34.8 117.7 ± 31.5 95.1 ± 38.5 127 ± 24.7 125.6 ± 44.0 122.5 ± 34.0

Moderate-intensity distance (m) 23.6 ± 2.4 23.0 ± 3.8 28.6 ± 3.9 16.1 ± 4.3 17.5 ± 5.5 18.3 ± 4.6

Low-intensity distance (m) 21.7 ± 2.8 19.5 ± 3.4 21.8 ± 4.5 14.8 ± 3.5 16.7 ± 5.5 15.1 ± 3.6

Walking/jogging distance (m) 72.0 ± 2.2 74.1 ± 3.6 72.4 ± 3.4 76.2 ± 4.4 75.7 ± 5.3 75.3 ± 3.4

midfielders

Replaced

forwards

Replaced

 
Unless stated, data represent a minute-by-minute analysis of distance covered (all data are mean±SD). 

Table 1: First- versus second-half performance in substituted players and comparison with the 

second-half performance of their direct replacements. 

 


