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Abstract

This study quantified the contribution of game interruptions to
the fatigue-related declines in match running performance over
the course of a football match. Using a semi-automatic multiple
camera system, the running activity of 792 individual German
Bundesliga performances was divided into pre-defined 15-mi-
nute intervals and subsequently analysed under two prerequi-
sites: with (effective playing time) and without (total playing
time) consideration of game interruptions. Results showed a sig-
nificant decline in effective playing time over the course of a
match, from 66.3% of the total playing time in the first 15
minutes to 55.9% in the final 15 minutes of a match. Under con-
sideration of the total playing time, match running performances
decreased by 24.2% on average; considering the effective play-
ing time, they decreased on average by only 10.2%. It can, there-
fore, be concluded that more than half (57.9%) of the commonly
reported decline in match running performance cannot be as-
signed to physical fatigue, but rather to an increase in game in-
terruptions as the game progresses. In conclusion, this study
demonstrated for the first time that the decline in players' match
running performance during football matches is substantially
amplified by a proven increase in game interruptions, indicating
that there may be a tendency among practitioners to overestimate
fatigue-induced performance declines.

Key words: Football, fatigue, match running performance, effec-
tive playing time.

Introduction

Over the past two decades, fatigue development in football
has become one of the primary research areas in the
broader field of football physiology (Bangsbo et al., 1994;
Mohr et al., 2003; 2010; Reilly, 1997; Bradley et al., 2013;
Waldron and Highton, 2014). Among mental and tactical
factors encompassing fatigue, particular attention was paid
to the element of physical fatigue (Paul et al., 2015), lead-
ing to a wealth of time—motion analyses pertaining to
match running performance in top-level football (Bradley
et al., 2009; Di Mascio and Bradley, 2013; Di Salvo et al.,
2009; Rampinini et al., 2007; Weston et al., 2011). To eval-
uate physical fatigue in terms of a decline in players’ match
running performance, the approach taken by most studies
has been to compare temporal running patterns in the early
and later stages of a match. Using such segmentation meth-
ods, studies have demonstrated a decline in running perfor-
mance between the first and second halves of football
matches, particularly in total distance covered (TD), time
spent in high intensity running (HIR) and number of sprints

(Di Salvo et al., 2009; Mohr et al., 2003; Rampinini et al.,
2009). Others have examined match-running performance
across 15-min periods, reporting significant reductions of
HIR and acceleration efforts over the course of a match
(Akenhead et al., 2013; Bradley et al., 2010). A more de-
tailed analysis on minute-by-minute observations revealed
that by eight minutes into the second half the median dis-
tance per minute had already substantially decreased in
comparison to the corresponding median distance in the
first half (Barros et al., 2007).

To gain practice-oriented recommendations from
such observations, sports scientists need to consider the
work rate-specific characteristic of the sport. Football is an
intermittent sport that involves frequent but brief periods
of high-intensity movement, interspersed with lower inten-
sity running (Bangsbo, 1994) and matches are usually com-
posed of a series of play periods randomly interspersed
with game stoppages, such as when the referee has called
an infringement, or the ball is off the playing field (Wallace
and Norton, 2014). Accordingly, a study of game interrup-
tions in elite football showed that matches are halted on
average for 38% of the total match time (Siegle and Lames,
2012). More importantly, evaluations of the time the ball is
in play over predefined match periods have indicated that
the duration of game interruptions increases towards the
end of a match (Carling and Dupont, 2011), indicating that
an increase in game interruptions towards the end of a
match could have an impact on match running perfor-
mance. However, only one study has analyzed football-
specific match running performance while considering the
effective playing time (Tesr), and this was based only on an
entire match without consideration of fatigue development
(Castellano et al., 2011). Thus, to the best of our
knowledge, no study has evaluated the contribution of
game interruptions to the decline in match running perfor-
mance in professional football.

Therefore, the aims of this study were twofold: (1)
to test whether a verifiable decrease in effective playing
times occurs over the course of a match, and (2) to quantify
the contribution of game interruptions to the decline in
match running performance as the game progresses.

Methods

Participants and sample size

The sample comprised positional data from 51 matches of
the German Bundesliga across the 2012/2013 (n =21) and
2013/2014 (n = 30) season. Analysis included data for out-
field players (goalkeepers excluded) who completed the
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full duration of the match, excluding substitutes, as their
performance differs significantly from the performance of
the players they replace (Carling et al., 2010). In addition,
only matches with a narrow end result (one-goal difference
or tie games) were considered for analysis. Based on these
criteria, the match running performances of 792 players
(single observations) were examined. It was a condition of
players’ employment that data such as those used in this
study could be obtained for routine assessment of their per-
formance during the competitive Bundesliga season.
Hence, the usual ethics committee approval was not re-
quired (Winter and Maughan, 2009). All subject identifiers
were removed to ensure confidentiality. This study
conformed to the recommendations of the Declaration of
Helsinki.

Data collection

Analysis included the official match running performance
data of the Deutsche FuB3ball Liga GmbH, which were as-
sessed by a computerized multiple-camera tracking system
(TRACAB®, Stockholm, Sweden) operating at 25 Hz. This
tracking system semi-automatically assesses the match
running performance data of all players, the position of the
ball, and corresponding match events (such as game stop-
pages), allowing the quantification of effective playing
time (Ter) as the total playing time (Tiw:) minus all game
stoppages such as for fouls, goals, free kicks, substitutions
and injuries, i.e. the total time during the match that the ball
is in play (Castellano et al., 2011).

Using a football-specific criterion measure ap-
proach pioneered by Reilly and Thomas (1976) (for a re-
view, see Carling et al., 2005; Reilly, 2003), an independ-
ent study on the validity and reliability of the TRACAB®
tracking system reported average measurement errors of
2% for measures of distance covered.

Match analysis
To investigate temporal patterns in match running perfor-
mance, data were divided into six pre-defined 15-minute
match periods (three per half). Periods of extra time at the
end of the first and second halves were excluded from the
analysis. The categorical independent variables were (i) the
match period, and (ii) the method of time registration (Tes
vs. Tiwt). The continuous dependent variable was the match
running performance data. In accordance with previous re-
search (Bradley et al., 2009; Carling et al., 2008; Carling
and Dupont, 2011; Mohr et al., 2003), match running data
were divided into the following categories: total distance,
walking (0.7-7.2 km-h™"), jogging (7.2-14.4 km-h™!), run-
ning (14.4-19.8 km-h™"), high-speed running (19.8-25.1
km-h!), and sprinting (>25.2 km-h!). Match running per-
formance parameters calculated for the Tes condition in-
cluded only the performances that took place when the ball
was in play, whereas the parameters calculated for the Ty
condition included the performance over the entire period
of the match. To allow sound comparison of physical per-
formance in both Ter and Ty, all distance categories were
converted to a relative analysis per unit of time (m'min").
The chosen procedure to analyse the contribution of
game interruptions to the decline in match running perfor-

mance consisted of the following concept: for each match
period, each player’s match running performance was cal-
culated under two conditions (Tes and Tio). Under the as-
sumption that T.s decreases towards the end of a match, it
is to be expected that the observed difference in match run-
ning performance between the two conditions (Tesrand Tior)
increases equally. Therefore, the hypothesis was tested
whether the difference in match running performance be-
tween the two conditions (Te and Ti) increases towards
the end of a match.

Statistical analysis

A one-way analysis of variance (ANOVA) was conducted
to test the hypothesis whether (i) a verifiable decrease Test
occurs over the course of a match, and (ii) whether the ob-
served difference in match running performance in the two
conditions (Tes and Ti) increases over the course of a
match. Eta-squared n? effect sizes were classified as small
(0.01-0.05), medium (0.06-0.14) and large (>0.14), in ac-
cordance with the recommendation of Cohen (1988). Bon-
ferroni’s post hoc analyses were used when significant dif-
ferences were found to compare performance parameters
in the first (1°-15”) and final (76°-90’) match periods. Co-
hen’s d effect sizes for Bonferroni’s t-tests were classified
as trivial (0-0.19), small (0.20-0.49), medium (0.50—0.79)
and large (>0.80). Because preliminary analyses indicated
that the distributions of match running performances were
skewed, log transformation was used, which yielded nor-
mally distributed data. Statistical significance was set at
p <.05. Data are presented as the mean + standard devia-
tion (SD). Statistical analyses were performed using the
software package SPSS version 23.0, (IBM Corp., Ar-
monk, NY, USA).

Results

Effective playing time

There was a statistically significant difference in Tesr be-
tween the six match periods as determined by one-way
ANOVA [F(5,480) = 9.844, p < 0.001, n?> = 0.134]. Pair-
wise comparisons of the means using Bonferroni’s post-
hoc procedure indicated that Tes was significantly lower (p
<0.001,d=1.12) in the last match period (33.5 +4.9 s'min°
1, 55.9% of Tiot) compared to the first match period (39.8 +
6.3 s'min’!, 66.3% of Tyo). There was no significant differ-
ence between the second, third, and fourth match period (p
= 0.242). These results affirm the hypothesis that length
and frequency of game interruptions do, in fact, increase
towards the end of a match, therefore leading to a signifi-
cant reduction of Ter (see Figure 1).

Match running performance

A one-way ANOVA was conducted to compare the effect
of the progressive match period on the difference in match
running performance between the two conditions (Tesr and
Tir). There was a significant effect of the match period on
difference in total distance covered per player [F(5, 9204)
=757, p <0.001, n? = 0.08]. Bonferroni’s post hoc com-
parisons indicated that the mean difference in the first (50.6
+ 18.0 m'sec’") match period was significantly lower than
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Figure 1. Development of effective playing time Tesr over the
course of a match. Data were obtained for six 15-min periods
of match-play (presented as means and standard deviation).

the difference in the last (61.9 £ 14.2 m'sec’") match period
[t(767)=15.8,p <0.001,d =0.69] (see Table 1 and Figure
2). Under consideration of Ty, total distance decreased
from 99.1 + 16.0 m'min™! during the first match period to
78.0+£13.8 m'min’! during the final match period (p <
0.001, d = 1.41), corresponding to a decline of 21.2%. In
comparison, under consideration of Te, total distance de-
creased from 149.7 + 14.9 m'min™' during the first match
period to 139.8 + 16.8 m'min™! during the last match period
(p <0.001, d = 0.62), corresponding to a decline of merely
6.6 %. Comparable results were found for the jogging,
running, high- speed running, and sprinting category (see

Table 1 and 2). It should be noted, however, that the am-
plifying effect decreases with increasing running speeds,
expressed in lower effect sizes in higher speed categories.

Total Distance covered

= 150 .
o : *— e
€ o S
@ fv :
[V B} 1 H
c H : H H
8 100+—o ] :
wv) ! h H
= . [ '
a “o—0 o

5c T T T 1‘ : T T T

70
q'l {4
|9 b
S 60 Oo—0
T 55 A o
£ 5 e
O

45 T T i T T T

s $ @ S 8
P N I C R
K N
Minute
+Teﬁ 4th°t —o- Diff (Teﬁ- Tm)

Figure 2. Development of match running performance over
the course of a match (using the example of total distance
covered).

Table 1. Results from one-way ANOVA and Bonferroni’s post hoc procedure showing the effect of the match period on
the difference in the respective performance category between Tefr and Teot.

ANOVA of Differences Bonferroni’s post hoc procedure

F <p 0’ 1' to 15' 76'to 90' Change <p d
Total Distance 75.7 .001 .08 50.6+18.0 61.9+142 222% .001 .69
Walking 225.6 .001 20 10.7£35 157+£3.6 48.1% .001 1.45
Jogging 325 .001 .03 241+£85 279+7.6 158% .001 .47
Running 16.5 .001 .02 10.7+57 12.1+£52 135% .001 .27
High Speed Running 21.2 .001 .02 39+27 4.6+2.8 18.0% .001 .26
Sprinting 7.9 .001 01 14+£1.5 1.7+1.7 22.8% .006 .20

Table 2. Descriptive statistics: difference in match running performance (m-min') between the first (minute 1’ to 15°) and last

(minute 76’ to 90°) match period.

Effective playing time Test Total playing time Trot
1'to 15' 76'to 90' Change <p n 1'to 15' 76'to 90' Change <p n
Total Distance 149.7+ 149 1398 +£16.8 -6.6% .001 .62 99.1+16.0 78.1+13.8 -212% .001 1.41
Walking 323+63 360 =+6.6 114% .001 .57 21.6+£6.0 20.2+5.1 -6.7% .001 .25
Jogging 71.3+13.0 629 +14.1 -11.9% .001 .62 474+112 352+95 -257% .001 1.17
Running 30,5104 268 =£9.6 -12.0% .001 .37 20.0+6.6 148+53 -256% .001 .87
High speed running 11.1+£52 103 +£53 -71% .001 .15 7.2+£32 57+£28 -20.8%  .001 .50
Sprinting 33+£32 28 £31 -13.6% .003 .16 21£1.9 1.5+1.6 -27.6% .001 .34

Discussion

Based on the assumption that game interruptions increase
towards the end of a football match, this study examined
the resulting effects on the frequently reported decline in
match running performance in professional football. In
contrast to previous studies focusing on the decline of
match running performance, this study compared the mag-

nitude of the observed declines - considering both effective
and total playing times.

As a preliminary result, this study confirms that an
increase in game interruption time does, in fact, lead to a
10.4% decline in effective ball-in-play time towards the
end of a match. Although changes of Tt over the course of
a match have rarely been documented, these findings are in
good accordance with previous research by Carling and
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Dupont (2011), who reported an overall decline of eight
percentage points of Tefr in French Ligue 1 matches (from
66% T in the first period (0—-5 min) to 58% in the last
period (85-90 min)).

Direct comparison of the decline in match running
performance with previous research is only possible to a
limited extent, as only few studies have provided detailed
results of individual performance indicators in each respec-
tive match period. In addition, different timeframes (1°, 5°,
15’ or 45’ periods) as well as different definitions of speed
categories have been chosen for investigating match re-
lated fatigue patterns.

Under the Tt condition, total distance decreased by
21.2% over the course of a match, whereas a similar study
reported a 14.3% decline of total distance in UK Premier
League players between the first and last 5-min period
(Weston etal., 2011). In another study, Carling and Dupont
(2011) found that high-intensity running distance (com-
prising high speed running and sprinting distance) covered
by French Ligue 1 midfielders decreased by 24.2% be-
tween the first and last 5-min period. Similarly, Bradley et
al. (2010) found that Premier League players covered
17.8% less high-intensity running distance in the last 15-
min period compared to the first. Players in the present
study covered 20.8% less high-speed running distance and
27.6% less sprinting distance in the same period. It could,
therefore, be assumed that the results of the present study
are generally consistent with those of previous research on
match-related fatigue, as far as Ti-based analyses are con-
cerned. However, a unique element of this investigation
was the ability to differentiate between performance de-
clines based on both Tefr and T

As shown in Table 2, walking distance increased by
11.4% under the Tesr condition. Contrastingly, walking dis-
tance decreased by 6.7% under the Ty condition. In conse-
quence, higher gains of walking distance under the T con-
dition could indicate fatigue-related gains in walking dis-
tance during active gameplay. The decrease of walking dis-
tance under the Ty, condition, by contrast, probably results
from an increase of game interruptions, leading to more
standing phases, and thus also less distance covered in to-
tal.

The key finding of this study was that all other in-
vestigated performance indicators decreased by signifi-
cantly less when game interruptions were considered. This
was evident in both percentage declines of match running
performance and a significant increase of the difference in
match running performance between the two conditions
(Tesr and Tior). With respect to the total playing time, jog-
ging, running, high intensity running, and sprinting dis-
tance decreased by 24.2% on average, whereas they de-
creased by only 10.2% with respect to the effective playing
time. In other terms, the reported decline in match running
performance under Ty is more than twice as high as under
the Te condition, indicating that approximately 57.9% of
the decline in match running performance observed for Tio
is caused by an increase of game interruptions and thus
cannot be related to physical fatigue.

It is noteworthy, however, that there were notable
effect size differences for the different performance indica-

tors. Specifically, smaller effect sizes were found in higher
speed categories (see Table 1). Collectively, these results
demonstrate that the influence of game interruptions on the
decline in match running performance decreases with in-
creasing movement intensity. Only small or even no effect
sizes were found in the categories with a predominantly
high-intensity nature (high intensity running and sprint-
ing). In contrast, medium effect sizes were present in the
medium-intensity categories such as total distance, walk-
ing, jogging and running distance. This may be explained
by the predominantly intermittent nature of activity pat-
terns of football, with players switching between brief
bouts of high-intensity running and longer periods of low-
intensity exercise (Rampinini et al., 2007). Thus, a major-
ity of the total distance is covered at low or medium inten-
sities, resulting in strong effect sizes for the associated
movement categories.

However, it can be presumed that the occurrence of
high-intensity movement is highly dependent on a variety
of randomly occurring factors, such as sudden opportuni-
ties that require short and intense efforts to gain an
advantage over the opponents, which can occur at any time
during the match. It can be concluded that, regardless of
physical fatigue towards the end of a match, players are
able to perform at high intensity at any time, whenever nec-
essary.

From a statistical perspective, the magnitude of
match-related fatigue can be quantified more effectively
for low and medium intensity categories. The often-de-
scribed decrease in high-intensity movement categories
(Bradley et al., 2009; 2010; Mohr et al., 2003) appears to
be attenuated considerably when considering the effective
playing time.

The limitations of this study include a lack of con-
trol for position-specific subdivisions of players, seasonal
variation, match importance, and international differences.
The observed patterns may, therefore, be a reflection of this
specific league. In particular, match status (winning, draw-
ing or losing) is a factor that has attracted increasing atten-
tion in the scientific literature, with some studies suggest-
ing that the current score of a match has a considerable in-
fluence on match-related performance outcomes (Taylor et
al., 2008). Bradley and Noakes (2013) demonstrated that
players were able to maintain their high-intensity running
performance in the second half of matches in which they
were losing heavily, but this was not evident in matches
where they were well ahead in score; this, in turn, could
indicate players had a pacing strategy in an attempt to avoid
unnecessary fatigue during clear results (Edwards and
Noakes, 2009).

It should further be mentioned that concerns have
been expressed about the attempted to quantify accumu-
lated fatigue by comparing match-running activity during
the first game period with that of the final game period
(Carling, 2013). Reasons for such concerns are based on
the frantic nature of the very first phases of gameplay in
which teams show engagement to register their presence
with the opposition (Bangsbo et al., 1991). Such purely
psychological factors could, therefore, be mistakenly inter-
preted as physical fatigue. Overall, physical performance
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in football is influenced by a great number of factors, all of
which can hardly be considered collectively (Carling,
2013). It seems likely that no single study would be able to
comprehensively measure and control for all extraneous in-
fluences (Paul et al., 2015). Thus, caution is needed before
attributing our findings to the nature of football. Finally,
future work could investigate the influence of the effective
playing time on the proven decline in high-intensity run-
ning immediately after the most intense 5-min period
(Bradley et al., 2009).

Nevertheless, the intention of this study was to pro-
vide a basic overview of the influence of game interrup-
tions on the physical performance of football players, with
a focus on the decline in running performance. For sports
scientists and coaches, knowledge of fatigue patterns con-
sidering the effective playing time provides a more accu-
rate representation of competitive physical demands, and
this, in turn, can be applied in training to develop practice
drills that are more closely tailored to actual match require-
ments (Castellano et al., 2011).

Conclusion

This study demonstrated for the first time that the decline
in players’ match running performance during football
matches is substantially amplified by a proven increase in
game interruptions as the game progresses, indicating that
there may be a tendency among practitioners to overesti-
mate fatigue-induced performance declines. Previous stud-
ies with the objective to quantify a reduction in match run-
ning performance should, therefore, be interpreted with
caution, as game interruptions are often omitted from these
studies.
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Key points

o The effective ball-in-play time decreases from 66.3%
of the total playing time in the first 15 minutes to
55.9% in the last 15 minutes of a match.

e Under consideration of the absolute playing time,
match running performances decreased by 24.2% on
average, whereas they decreased by only 10.2% under
consideration of the effective playing time.

e Accordingly, 57.9% of the commonly reported de-
cline in match running performance cannot be as-
signed to physical fatigue, but rather to an increase in
game interruptions as the game progresses.
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