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ABSTRACT

Background In modern professional soccer, the ability
to recover from official match-play and intense training is
often considered a determining factor in subsequent
performance.

Objective To investigate the influence of playing
multiple games with a short recovery time between
matches on physical activity, technical performance and
injury rates.

Methods The variation of physical (overall distance,
light-intensity, low-intensity, moderate-intensity and
high-intensity running) and technical performance
(successful passes, balls lost, number of touches per
possession and duels won) of 16 international players
was examined during three different congested periods
of matches (six games in 18 days) from the French
League and Cup (n=12), and the UEFA Champions’
League (n=6) during the 2011-2012 season and
compared with that reported in matches outside these
periods. Data were collected using a computerised match
analysis system (Amisco). Injury rate, time loss injuries,
as well as the mechanism, circumstances and severity of
the injury were also analysed.

Results No differences were found across the six
successive games in the congested period, and between
no congested and the three congested periods for all the
physical and technical activities. The total incidence of
injury (matches and training) across the prolonged
congested periods did not differ significantly to that
reported in the non-congested periods. However, the
injury rate during match-play was significantly higher
during the congested period compared with the non-
congested period (p<0.001). The injury rate during
training time was significantly lower during the
congested period compared with the non-congested
periods (p<0.001). The mean lay-off duration for injuries
was shorter during the congested periods compared with
the non-congested periods (9.5+8.8 days vs

17.5+29.6 days, respectively p=0.012, effect sizes=0.5).
Conclusions Although physical activity, technical
performance and injury incidence were unaffected during
a prolonged period of fixture congestion, injury rates
during training and match-play and the lay-off duration
were different to that reported in matches outside this
period.

INTRODUCTION

In modern professional soccer, the ability to
recover from official match play and intense train-
ing is often considered to be a determining factor
in subsequent performance.! Professional soccer

players are often required to play competition
matches with only 2-3 days’ recovery in between.
In such conditions, the maintenance or improve-
ment of the player’s activity is determined not only
by appropriate conditioning but also by the ability
of the body systems to recover and regenerate after
multiple stress stimuli.>™

Several investigations have analysed the physical
activity profiles and injury rates of professional
soccer players during intense periods of matches.®™'*
Unexpectedly, those studies did not reveal any dif-
ferences in the distances covered at various speeds
and in the injury risk across successive matches
played in a short time period. However, except for
the work of Carling et al” in these previous studies,
physical performance and injury rates were exam-
ined across only two or three consecutive games
played over a timescale of 3-7 days.

The effects of a single prolonged period of
fixture congestion (eight matches in 26 days) on a
top-level team were investigated.” The major find-
ings revealed that the high-intensity running (HIR)
and the injury rate of the players remained
unaffected. However, these findings are not conclu-
sive due to specific limitations: (1) the number of
players studied varied from match to match;
(2) only six players took part in every game as star-
ters or substitutes; (3) only one outfield player
completed every game studied and the goalkeeper
was included in that study. Further research is
necessary to explore the effects of short recovery
times between matches on physical activity and
injury rates. Additionally, there is a lack of data
regarding the effects of prolonged periods of
fixture congestion on technical performance.

Therefore, two hypotheses were proposed in the
current study: (1) physical and technical perfor-
mances would differ across games over a single
congested period of 3 weeks (six games), and
depending on the soccer season time periods, (2)
match injury rates and severity would be greater
during the prolonged period of fixture congestion
compared with the habitual one-game per week
period. The aim of this work was twofold. First, to
investigate the influence of playing multiple games
with a short recovery time between matches on
physical activity, technical performance and injury
rates during three different congested periods of
matches throughout the season. Second, to
compare previous performance profiles to those
reported in matches outside these congested fixture
periods.
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METHODS

Study design

To analyse the effect of games repetition on physical perform-
ance and injury rates, we have examined the time-motion char-
acteristics and injuries of the highest level of the French soccer
league (ie, ‘Ligue 1°) during both training and official games. All
the matches were played during three different congested fixture
periods of the 2011-2012 season (first period from 6 to 24
August 2011; second period from 10 to 27 September 2011
and the third period from 15 October 2011 to 2 November
2011). Each congested fixture period consisted of six consecu-
tive matches separated by 3 days. Congested period corre-
sponded to a period when the team played two games in a
week, and consequently, a non-congested period was a period
with one match in a week. Official matches included 11 matches
in the French ‘Ligue 1°, one match in the French League Cup
and six matches in the UEFA Champions’ League, starting at
either 17:00, 19:00 or 20:45 Data from players completing at
least 75 min in every game of each congested fixture period
were included in the analysis. The methodologies and proce-
dures applied in the current study closely follow those used by
Carling et al.”

The postmatch recovery strategies used are those traditionally
used in soccer and which have been previously validated for
professional soccer players. The day after each match, all players
were advised to use static stretching (involving three bilateral
sets of 30 s held stretches to the hamstring, quadriceps, gastro-
cnemius and adductor muscles), to receive a whole-body manual
massage (three players never solicited massage) and to immerse
their lower body in an alternating cold and hot bath as previ-
ously recommended.'® '* For diet monitoring, each player was
given a meal plan (food and hydration) composed in collabor-
ation with the club’s nutritionist for both immediately after the
match and the days after the match.

Participants

The players included in the study met two basic criteria:
(1) completing at least 75 min in every game (six matches) of
each congested period, and (2) because the physical loading of
goalkeepers differs from that of field players, they were not
included in the study. Altogether, 16 outfield players (goal-
keepers were excluded) (first period n=35, second period n=6
and third period n=35) from a squad of 22 professional players
participated in the present study (age: 24.3+3.2 year; height:
178.1+4.2 cm; body mass: 76.9+4.3 kg). Only four players
participated in every game in all the three studied congested
fixture periods. The study conforms to the code of ethics of the
World Medical Association and the standards for research’s rec-
ommendation of the Helsinki Declaration.’® The protocol was
approved by the local university ethics committee and the
involved club, and all subjects gave written informed consent
prior to enrolling in the study. To ensure team and player confi-
dentiality, all performance and injury data were anonymised
before analysis.

Match performance

Player movements were tracked with a computerised player track-
ing system (AMISCO Pro, Sport-Universal Process, Nice, France)
at a sampling rate of 25.0 Hz providing approximately 2.5
million data points per match.'®™'® This system examines simul-
taneously the time-motion characteristics of all players differenti-
ating when they have the collective ball possession or not.
Randers et al'® have recently evaluated the reliability and validity

of AMISCO Pro for quantifying displacement velocities during
match-related activities relative to data obtained using timing
gates. An intraobserver and interobserver reliability analysis was
conducted using five elite soccer players. Two trained observers
tracked each player on two occasions (weeks 1 and 3) and the
coefficient of variation (CV) was determined to assess reliability.
The intraobsrever and interobserver CV for total distance,
walking, running, high-speed running, HIR and very HIR was
<29 with the exception of sprinting, which was <3%.

Physical performance

The total distance covered during all training and official matches
was measured. Four thresholds were used to evaluate the distances
run in four categories of running intensity: 0.0-12.0 km/h
(walking and light-intensity running, Light-IR); 12.1-18.0 km/h
(low-intensity running, Low-IR); 18.1-21.0 km/h (moderate-
intensity running, MIR) and >21.0 km/h (HIR). The absolute
data were corrected to a minute-by-minute analysis of the distance
covered in each category (distance divided by effective playing
time) in order to enable equal comparison of performance
between soccer players.'’

Technical performance

The technical performance indicators include the percentage of
successful passes, number of balls lost, total number of touches
per possession and percentage of duels won. Bradley et al*®
observed good interobserver and intraobserver reliability for the
number and type of recorded technical events (k>0.9).

Injury definition, classification, severity, injury rate and

injury collection procedures

Injury data referred to time loss injuries, which occurred when a
player was incapable of taking full part in future soccer training
or matches owing to physical complaints.”’ The same club
doctor diagnosed all injuries, and an injured player was consid-
ered to be injured until the club doctor cleared him for partici-
pation in full training or matches. The team physician
prospectively recorded the mechanism (traumatic or overuse),
circumstances (match or training) and severity of the injury.
Injuries were classified into four categories of severity, according
to the length of absence from full training sessions and matches,
including the day of injury: slight (1-3 days), minor (4-7 days),
moderate (8-28 days) and major (more than 28 days).!® Match
exposure was defined as play between teams from different
clubs. Training exposure corresponded to team-based and indi-
vidual physical activities under the control or guidance of the
team’s coaching or fitness staff that aimed at maintaining or
improving players’ soccer skills or physical condition.’ Injury
rate was calculated as all injuries per 1000 h of soccer (training
+matches), and injuries per 1000 h of training and injuries per
1000 h of matches separately. The methodologies and defini-
tions of injury used in the present study closely follow those
recommended by the Injury Consensus Group of FIFA Medical
Assessment and Research Center®! and are similar to those used
in other investigations of professional soccer players.” *

Statistical analyses

All statistical analyses were conducted using the statistical package
SPSS for Macintosh (V18.0, Chicago, Illinois, USA). Results are
expressed as means=SD, and the statistical analyses are according
to the model of Carling et al.” The normality of the data of the
distribution was tested by the Kolmogorov-Smirnov test with the
Lilliefors’ correction. Changes of physical activity (overall distance
covered and that in Light-IR, Low-IR, MIR and HIR) and skill-
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Table 1
successive matches (n=16 outfield players)

Changes in measures of physical performance in professional soccer players over three prolonged congested fixture periods of six

Distances covered (m/min of the effective playing time) Match 1 Match 2 Match 3 Match 4 Match 5 Match 6 Statistical difference
Overall distance 200.5+23.7 209.7+22.7 214.8+245 211.8+19.6 194.5+11.3 184.5+13.2 p=0.072
High-intensity running, HIR 9.5+4.0 10.2+4.9 11.0+4.7 11.7+3.4 8.5+2.7 8450 p=0.622
Moderate-intensity running, MIR 9.9+3.6 10.4+3.3 11.9+2.8 10.9+2.1 9.1+2.7 8.6+3.5 p=0.277
Low-intensity running, Low-IR 43.9+129 46.3+12.6  48.2+145  42.6+5.3 38.3+9.9 38.8+9.3  p=0.467
Light-intensity running Light-IR 133.8+23.8 142.7+16.4 143.6+153 146.5+22.0 1385+15.1 1285+6.9 p=0.368

The values are the mean distances covered in every match of the three congested periods.

related performance (the percentage of successful passes, number
of balls lost, total number of touches per possession and percent-
age of duels won) were evaluated using a one-way analysis of vari-
ance (ANOVA) with repeated measures. The one-way ANOVA was
used to evaluate differences across: (1) six consecutive games over
an 18-day-period, and (2) games played during three different con-
gested fixture periods in the same season. In the event of a differ-
ence occurring, Tukey’s post hoc tests were used to identify any
localised effects. Fisher’s exact test was used to compare injury
rates (number of injuries per 1000 h of exposure) for matches
during and outside the congested fixture period. The
Mann-Whitney test was used to compare severity during and
outside the congested period. Statistical significance was set at
p<0.05. The 95% CIs and intersubject CV were also calculated.
Cohen’s d effect sizes (ES) for identified statistical differences were
determined. When calculating ES, pooled SD were applied due to
the absence of a control group. ES with values of 0.2, 0.5 and 0.8
were considered to represent small, medium and large differences,
respectively.??

RESULTS

Across the six successive matches analysed per player during the
three congested periods, no differences were reported for the
overall distance covered or that covered in HIR, MIR, Low-IR
or Light-IR by the 16 outfield players analysed (table 1). The
respective mean CVs across the successive games for the previ-
ous five categories of movement intensities were: 9.6% (CI
9.49% to 9.8%), 41.1% (CI 37.7% to 45.49%), 31.1% (CI 29.2%
to 33.3%), 27.6% (CI 25.9% to 29.5%) and 11.1% (CI 10.8%
to 11.49%). An analysis of the technical actions showed that the
number of duels won, the number of ball contacts per posses-
sion, the percentage of successful passes and the number of balls
lost did not differ significantly across the six successive matches
during the three congested periods (table 2).

A comparison of physical performance in matches played
across the three separate periods (August, September, October
and November) revealed significant increases in the overall
distance covered. More total distance was covered in games
played in October—November (Period 3) compared with August

(Period 1) (215.2£23.0 vs 192.9+11.1 m/min, respectively
p<0.001, ES for these differences ranged from 0.6 to 1.2; figure
1). However, no differences were found between the periods for
the distance covered in HIR (8.9%+3.1 vs 9.8+4.4 vs 10.7
+4.7 m/min, p=0.308), MIR (9.3£3.0 vs 10.1=3.8 vs 11.3
+2.8 m/min, p=0.066), Low-IR (42.2+10.1 vs 43.9+12.9 vs
46.4+13.8 m/min, p=0.456) and Light-IR (132.5+8.8 vs 138.6
+10.2 vs 143.4%28.4 m/min, p=0.122). The total incidence of
injury (matches and training) across the prolonged congested
periods did not differ significantly to that reported in non-
congested periods. However, injury rate during match-play was
significantly higher during the congested period compared with
the non-congested period (p<0.001). On the other hand, injury
rate during training time was significantly lower during the con-
gested period compared with the non-congested periods
(p<0.001). The mean lay-off duration for injuries was shorter
during the congested periods compared with the non-congested
periods (9.5+8.8 days vs 17.5+29.6 days, respectively p=0.012,
ES=0.5). The majority of injuries were classified as moderate
(39.8%), followed by slight (28.19%), minor (27.9%) and major
(4.2%) during the congested period, but no difference was
observed with the non-congested periods (table 3). Injury rates,
injury circumstances (match vs training), severity and mechanism
of injury according to the grouping (congested periods vs non-
congested periods) were presented in table 3.

DISCUSSION

The present study is the first to investigate the influence of
playing multiple games with a short recovery time between
matches on physical activity, technical performance and injury
rates in a professional soccer team. Three different congested
periods of matches (six games in 21 days) during the 2011-2012
season were examined. The major findings were that physical
activities and technical performances were unaffected during the
congested fixture periods. Although the total incidence of injury
during the congested periods of fixture was similar to that
reported in matches outside these periods, injury rates during
training and matches play and the mean lay-off duration varied
during the congested periods.

Table 2 Changes in measures of skill-related performance in professional soccer players over three prolonged congested fixture periods of six

successive matches (n=16 outfield players)

Technical performance Match 1 Match 2 Match 3 Match 4 Match 5 Match 6 Statistical difference
Duels won (%) 52.9+16.3 51.7+16.5 54.8+16.4 59.6+9.5 44.3+16.5 56.7+7.8 p=0.588
Mean number of ball contact per possession 2.2+03 2.1+03 2.2+04 2.1£03 1.9+0.2 2.2+0.1 p=0.695
Number of balls lost 12.8+4.2 13.4+5.6 10.8+3.6 12.6+5.1 11.2+3.6 12.7£2.6 p=0.580
Successful passes (%) 84.9+6.1 84.7+7.6 83.2+7.7 84.445.1 85.3+8.6 87.7+3.8 p=0.900

The values are the mean distances covered in every match of the three congested periods.
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Figure 1 Comparison of distance covered at different running
intensities across three separate periods of a congested calendar during
the same season. The values are the mean distances covered over the
six matches of the three congested periods. *p<0.001: significant
difference in overall distance covered from period 1.

The lack of statistical difference in the distances covered at
different intensities across the six successive matches for the
team as a whole is generally in line with previous findings
showing that physical performances are not affected by a short
time-frame between successive matches.®"'> However, except
for the work of Carling et al,” these previous studies investi-
gated sporadic congested fixture schedules and only analysed
physical performance across two or three consecutive matches
within a short time-frame. The findings from the current study,
together with those of Carling et al,” suggest that during a
certain period professional soccer players can cope with a pro-
longed period of fixture congestion. A larger sample size than
the one used in the present study, combined with the knowledge
of the contextual factors that can potentially affect performance,
such as the match location, match status, quality of the oppon-
ent and environmental conditions, might be necessary to enable
better detection of real systematic variations in the distance
covered by players during periods of fixture congestion.

Table 3 Injury rates, injury circumstances, severity and mechanism
of injury classified according to congested period versus
non-congested period

Congested period  Non-congested period

Injury rate per 1000 h exposure

Overall 14.4 (13.7-14.9) 15.6 (15.1-16.3)
Match 43.3* (33.3-57.5)  18.6 (16.3-21.3)
Training 4.6* (3.2-5.8) 14.6 (12.2-17.1)
Injury circumstances %
Match 75.8 29.6
Training 242 70.4
Injury severity, %
Slight 28.1 48.2
Minor 27.9 14.8
Moderate 39.8 22.2
Major 42 14.8
Mechanism of injury, %
Traumatic 44.2 44.4
Overuse 55.8 55.6

*p<0.001: significant difference from the non-congested period. Cl (95%) in
parentheses.

The present study also revealed that the technical perform-
ance did not vary across the six consecutive games. These results
suggest that this period of successive matches did not induce a
high level of fatigue on players. These results are similar to
those provided by previous studies.>*>2® A further limitation is
that only individual technical indicators were analysed. It would
appear that these indicators could not reflect the collective
behaviour of the team. Future studies should include collective
technical indicators such as ball possession.

Fatigue in soccer was commonly analysed according to a
short congested period of matches,® 7 °~'% but no studies have
demonstrated if the physical and technical activities decreased
or varied according to the stages of the season. In this context,
the present study showed that the overall distance covered was
greater in the third period (October-November), whereas no
differences were observed in the other speed thresholds.
Moreover, given that only matches from the first half of the
season were examined, variations in physiological and physical
responses to match-play should be taken into account at differ-
ent stages of the season.

The results of the present study are in contrast with those of
Carling et al” who indicated that there was no difference in
injury rates between congested and non-congested match-
periods. Although the present results show that injury rates and
severity are similar (combining training and matches) during the
prolonged period of fixture congestion compared with outside
this period, differences were observed when training and
matches were separated. This decrease in the training injury rate
during congested fixtures could be explained by the fact that
technical staff used low-intensity exercise training and that the
players controlled their activity in order to be able to repeat
high performance during the close consecutive matches in the
congested periods. The higher injury incidence in competition
during the congested periods of the fixture compared with that
reported outside these periods could be explained by the
increased match exposure. However, the injury rate in the
present study was lower than those found by previous studies
with, for example, a rate of 50.3 versus 43.3 injury/1000 h of
match exposure, in comparison with Carling et al” This could
be due to the player rotation strategy used in the present study’s
investigated team, which is dependent on the number of elite
players composing the squad and the coach’ strategy.* 7 In line
with the findings of Carling et al,” the number of lay-off days
was much lower during the non-congested periods, despite the
fact that the present study results revealed a higher number of
lay-off days than those found by Carling et al” (9.5 vs 2.0,
respectively). This lay-off difference could be related to the
injury severity and to the different strategies used by the
medical staff in each case. In the present study, we found that
55% of injuries were caused by overuse, which is much lower
than the 76% found by Dupont et al’ It is probable that these
results may suggest that the recovery strategies used in the
present study’s studied club between matches led to neuromus-
cular recovery and reduced the risk of injury associated with
overuse.

Additional research using a larger sample of clubs and across
different countries is necessary as the present cohort included
players from only one club. The patterns observed might there-
fore only be a reflection of this particular team. Another limita-
tion is that the players analysed were not exactly the same
across the three different congested periods of fixture conges-
tion. Several players participated just in one congested period.
The considerable number of competitive matches and the risk of
injury and fatigue result in rotations of players in the starting
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line-up throughout the season. Future studies should analyse
how performance varies in the same group of players during dif-
ferent periods of the season and from season to season.
Moreover, an analysis of the potential variations in physiological
responses to match-play across a similar prolonged period of
fixture congestion is also warranted. Data on objective markers
of fatigue such as plasma creatine kinase concentration, com-
bined with subjective measures of performance, could provide
additional information on the individual and team response to
fixture congestion. Finally, future studies should determine how
long high-level performance can be maintained playing multiple
games with a short recovery time between matches and to avoid
an increased rate of injury.

CONCLUSION

The present study is the first that has examined the variation of
key factors of soccer performance (physical, technical and
injury rate) during three consecutive congested fixture periods
compared with non-congested competitive match periods in a
professional soccer team playing the UEFA Champion’s League.
Although physical activity, technical performance and injury
incidence were unaffected during a prolonged period of fixture
congestion, the injury rates during training and match-play and
the lay-off duration were different to those reported in matches
outside this period.

What are the new findings?

» The present study is the first to explore the pattern of
physical activity and injury rates of playing multiple games
with a short in-between soccer matches recovery time over
three consecutive prolonged periods of fixture congestion
during the same season (each congested fixture period
consisted of six consecutive matches).

» This is the only study that analyses the effects of a
prolonged period of fixture congestion on technical activity,
which is one of the main soccer performance determinants.

» A congested soccer calendar may increase injury risk during
matches in professional soccer players.

» Physical activities and technical performances are unaffected
during congested fixture periods.

How might it impact on clinical practice in the near

future?

» This study shows how technical and medical staff could
manage a congested soccer calendar in order to limit injury
risk during consecutive matches.

» The coach, physiologist and medical staff will pay special
attention to the recovery strategies when players participate
in matches during congested fixture periods.
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