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Abstract

influence their preparation and management.

The aim of this investigation was to analyses differences between post-game biochemical responses in congested (CP, when two consecutive
games were played within 4 days or less) vs. non-congested (NCP, when two consecutive games were played within 5 days or more) periods.
Assessment of creatine kinase (CK) and salivary cortisol (sCort) and immunoglobulin-A (sIgA) were performed across 12 separate training
macrocycles of 14 competitive professional matches. The NCP analysis revealed significantly higher CK values from one day after match day
(MD+1) than values found in MD and MD+2 (Effect size (ES): 0.82-1.13, p<0.0033). The CP analysis revealed no significant changes in CK values
between MD, MD+1 and MD+2. Higher values on MD+2 in CP vs. NCP were also revealed (ES:0.27, p<0.05). No significant changes in sCort and
sIgA were observed. Congested competitive periods induce significant biochemical changes revealed amongst elite soccer players that should
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Introduction

Across the course of an elite soccer season, the continual
training, playing demands and additional stressors imposed upon
players can lead to significant changes in haematological profiles
[1]. Soccer is characterized by high intensity intermittent activity
patterns. Players perform numerous intensive accelerations
and decelerations in conjunction with high-intensity activities
including sprinting, jumping, kicking and changing direction
[2,3]. Such activity can cause muscle fiber damage. In the
literature, CK is commonly used to examine exercise severity and
exercise-induced muscle damage [4-6]. A soccer-game impose on
players to repeat high numbers of very intensive accelerations
and decelerations [7] that involve both concentric and eccentric
contractions of the lower limb muscles, which may induce micro
damages and structure changes to the muscles [8,9]. CK values
have been shown to increase between 24-48h post-competitive
soccer play, and to return to baseline approximately 72h or more

[10-13], however, interestingly the variation across a typical
competitive week of CK values linked to training load (TL)
distribution have to date not been investigated. The presence
of muscle damage after a soccer match could potentially impair
subsequent training and competition performances, however
further research is needed.

In addition, with CK analysis, and according to previous
literature in this area, salivary cortisol (sCort) is another
biochemical marker that is highly responsive to exercise and is
directly related to the catabolic activity [14]. Cortisol has recently
been suggested as a relevant indicator to monitor recovery in
soccer, in response to the induced stress [15]. Induced stress by
exercise is associated with the stimulation of the hypothalamic
corticotropin-releasing hormone, pituitary adrenocorticotropic
hormone release and the subsequent production of sCort
[16,17]. Increased levels of sCort as a result of accumulated
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stress-inducement, can negatively impact mucosal immunity,
subsequently increasing the risk of illness [18]. Based on the
fact elite soccer players are faced with increased congested
fixture schedules at domestic, European and International levels,
increasing the knowledge of biochemical fatigue and recovery
kinetics may assist in the TL management during congested
periods (CP) in order to avoid injury and optimizing physical
recovery and/or performance. Recent findings have suggested
that congested fixture periods are associated with perturbations
in mucosal immunity [19] and an elevation of injury incidence
[18,20,21] observed a greater reduction in mean relative salivary
SIgA concentration following an intensive competition period
(nine games in eight weeks) compared with a less competitive
period in rugby union (two games in four weeks) (29% vs 9%
decrease in salivary SIgA). Moreover, the decrease in absolute
SIgA concentrations were associated with a corresponding
increase in sCort [18]. Furthermore, Mohr et al. [22] observed
how playing three matches per week increased muscle damage,
inflammatory and oxidative stress responses. Moreover, it
was observed that the second match played after three days
of recovery induced higher muscle damage and inflammation
vs. the third game played after four days of recovery [22]. This
maybe as a result to lingering muscle damage from first game
causing added CK release as in poor muscular recovery. [t might
therefore be suggested that differences exist between periods of
matches with three days in between, (e.g. CP) [23] and periods
of matches with four days and more in between (non-congested
period, NCP). Changes in these parameters have been previously
associated to fatigue related to match play [12,15]. However,
to our knowledge, no previous investigation has analysed the
differences between CP vs. NCP regarding the physical and
biochemical incidences of match play at any level, especially in
elite level soccer players. Therefore, the novel and unique aim
of the current investigation was to explore the evolution of CK
and sCort during the in-season competitive phase, and analyses
differences between congested vs. non-congested competitive
phases in relation to player’s post-match fatigue kinetics.

Methods
Experimental approach to the problem

To explore the evolution of CK and sCort during the in-season
competitive phase, and analyse differences between CP vs. NCP
in relation to player’s post-match fatigue kinetics, all testing
procedures were performed across the first phase of the 2016-
2017 season as to ensure no significant changes in physical status
or fatigue was apparent and to maintain consistency of testing
and sample collection [24]. The data set obtained, included
12 separate training macrocycles, inclusive of 14 competitive
matches between August and October. The CP (n=5 macrocycles)
was determined as a macrocycle including 2 competitive matches
within 4 days or less. During this period samples were collected
on match day (MD), 24h (MD+1) and 48h post-match (MD+2).
The NCP (n=7 macrocycles) was determined as a microcycle
including 2 competitive matches within 5 days or more. During
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NCP, samples were collected four, three and two days before the
match (MD-4, MD-3 and MD-2, respectively), and on MD, MD+1
and MD+2. Although a total number of 59 training sessions
were during the protocol period, only 28 training sessions were
included in the procedure analysis, with a total number of 535
observations, to ensure a design internal validity and avoid
sample-collecting bias.

Subjects

Twenty-three (n=23) elite male professional soccer players
participated in thisinvestigation. Players participating within this
study were at the time competing at the elite level of European
soccer within the UEFA Champions League and were recognized
as the most successful domestic team in their national league.
At the initiation of the study, players involved had a mean+SD
age of 24.4+4.1 (range: 18 to 34) years, stature of 182.5+2.9
(168 to 195) cm, and body mass of 77.8+5.4 kg (61.2 to 93.5)
kg. All participants had been playing soccer for 8 years or more
and all but four of them were competing for their respective
international team. Participants were informed that they were
free to withdraw their individual data from the study at any time.
Informed consent was obtained from all individual participants
included in the study. The procedure performed in the present
study was in accordance with the ethical standards of the
institutional committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Procedure

Throughout the investigation, players were allowed to
consume commercially available isotonic sports drinks ad libitum
during the training sessions and were also instructed to maintain
normal daily food and water intake and CHO sport drinks during
training when required. No additional dietary interventions
were undertaken. Only data from players who met the following
inclusion criteria similar to Coelho et al. [24] was assessed and
included within the study (n=23). The established inclusion
criteria required players had to have a minimum participation of
75min per game, not injured or ill on the collecting day or during
the match and participated to the collective training sessions
throughout the course of the macrocycle. If a player was injured,
at any point through the macrocycle, their data for that period
was excluded from the assessment until they returned to normal
collective training with the rest of the group to play the official
matches. The mean number of games played per player was
5.56 (range [1-11]). All blood sample collection was performed
within the lab facilities of the club pre-training session. Trewin
et al. [25] recently reviewed the influence of situational and
environmental factors on physical outputs in soccer match-play.
It was concluded from the findings that environmental factors
influence the variability in match-running performance from
match-to-match. As a result, taking the present design into
account, many confounding variables may affect the data. Within
this study all training and competitive match play was performed
on natural turf pitches; the playing system adopted by the team
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remained in a 4-2-3-1 formation between the congested vs the
non-congested fixtures.

Training Load Assessment

Across the training sessions for the investigation, each
individual player’s motion pathways were tracked using a 10
Hertz GPS device (Viper, Statsport, Ireland). Research has shown
this system to be a valid and reliable marker of assessment
for monitoring team player’s movement demands [26]. For
the purpose of this study, absolute (in meters) and relative (in
meters per minute) total distance covered (TDC), high-speed
running (HSR: >19.8 km.h-1) and absolute (in number) and
relative (in number per minute) Accel (> 1 ms-2), Decel (< -1
ms-2)and sprints (> 24.4 kmh-1). The total values taken from the
complete training sessions were used for analysis. The players
wore the same GPS unit for each training session in order to keep
the validity of the data.

Creatine Kinase Assessment

For the enzymatic measurement of plasma CK concentration,
32pL capillary blood samples were obtained from the fingertip of
the index finger of the selected players pre-training and recovery
days throughout the course of the investigation. The fingertip
was cleaned with 95% ethanol and dried with cotton wool to
remove excess liquid; an automatic lancet device was used to
draw blood before a heparinized capillary tube (Reflotron®,
catalog No. 955053202) was used to collect the sample. The
capillary blood sample was then immediately placed onto a CK
test strip (Reflotron®, catalog No. 1126695) through the use of
a pipette and analyzed via the Boehringer Mannheim Reflotron
Analyzer®.

Saliva Sampling

Resting saliva samples were obtained pre-breakfast

throughout the study period on each training and recovery day.

Free days away from the training facility were not measured
due to logistics. All participants rinsed their mouth with water
10 min prior to saliva collection. Unstimulated, whole saliva
was collected using an IPRO oral fluid collector (OFC, IPRO
Interactive, Wallingford, UK). Participants rested one OFC swab
on top of their tongue and closed their mouth to stimulate the
saliva release. Upon 0.5mL level of saliva being absorbed by the
OFC, an indicator line of the swab stem turned bright blue at
which point the OFC was removed from the participant’s mouth
and placed into a 3mL buffer solution for analysis. Upon required
saliva being taken, samples were then passed immediately to
a test administrator and analysed in order to determine the
sCort and the sIgA concentration using an IPRO Reader (Ipro
Interactive, Wallingford, UK). This method has previously been
validated for the determination of these two hormones in the
sporting environment [27-28].

Statistical analysis

Variables distribution was first tested with the Shapiro-
Wilk normality test. When significant, a one-way analyse of
variance (ANOVA) with repeated measure was used to examine
the differences in the biochemical markers between days. Then
t-test paired comparisons were used to point the differences.
When non-significant, a non-parametric Friedman test was
used, and then non-parametric paired Wilcoxon tests were
assessed to point the differences. T-test paired comparisons
and non-parametric Wilcoxon tests were also used to determine
the differences between congested and non-congested weeks.
Bonferroni’s correction was applied. The level of significance
was set at p<0.05 for congested vs. non-congested comparisons
and at p<0.0033 for days-to-days comparisons. For all analysis,
the effect size (ES) was calculated and evaluated as small: < 0.50,
moderate: 0.50-0.80, or large: > 0.80, as described by Cohen [29].
Coefficient of variation (CV) was also calculated from the ratio
standard deviation (sd)/mean.

Results
Table 1: Plasma creatine kinase, salivary Iga and salivary cortisol during congested and non-congested weeks in elite soccer players.
Markers MD-4 MD-3 MD-2 MD-1 MD MD+1 MD+2 Differences
(p<0.0033)
MD-3>(MD-
TDC (m.min?) 79.5+16.4 | 89+10.3 | 68.2+11.1 | 41+9.45 NA Rest 79+ 8.46 4=MD+2)>MD-
2>MD-1
0.67+ (MD-4=MD-
HSR (m.min) 0.84+ 0.80 —— 0.59+0.65 | 0.15%0.26 NA Rest 0.1+ 0.26 3=MD-2)> (MD-
0.57
1=MD+2)
Non-congested week Accelerati 46.3+15.4 38.8+ 27+13.2 37.7+11.2 NA Rest 25.3+10.1 MD-4>MD+2>(M-
ccelerations(n) .3+ 15. 159 +13. 7+ 11. es 3+ 10. D3=MD-2=MD-1)
MD+1> (MD-4=
CK (U.LY 145+ 54.3 | 283+185 | 174+118 NA 183+ 118 | 295+ 133 176+ 111 MD-2=M-
D=MD+2)
sCort (nmol. L) 86.9+ 123 | 134+ 104 | 95.7+75.7 NA NA 86+ 61.7 | 98.5+73.2 -
sIgA (ug. mLY) NA NA 340+ 188 NA NA 292+ 157 | 333+243 -
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TDC (m.min") ; ; NA 5 g:i; * NA Rest 82.4+11.6 M?}fg 341];'1
HSR (m.min") - - NA o.g;;:x NA Rest 0.17+0.32 -
Congested week Accelerations (n) - - NA 4?'20' ;i NA Rest 1172'?2? MD-1>MD+2
CK (ULY) - - NA NA 221+155 | 301160 | 206*t116 -
sCort(nmol.L1) - - NA NA 56.7+40.7 | 93.7+82.4 88+ 53.1 -
sIgA (ug.mL1) - - NA NA NA 304:193 | 266+ 163 -

MD-4, MD-3, MD-2 and MD-1 = four, three, two and one days before the match, respectively
MD = match day; MD+1, MD+2 = one and two days after the match, respectively.

CK = creatine kinase

sCort = salivary cortisol

TDC = total distance covered

HSR = High-speed running (> km.h"")

NA = non-assessed

* Higher than the same measure during non-congested week (p<0.05)
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Figure 1: Creatine kinase evolutions across a typical competitive week in elite soccer players.
MD-4, MD-3, MD-2 = four, three and two days before the match, respectively
MD = match day; MD+1, MD+2 = one and two days after the match, respectively.
*** MD+1 > MD-2 and MD+2 (p<0.001).
\ J
e N
250 -
200 -
)
g
g 150 |
£
B
£ 100 -
=1
o}
50
0 . . . . .
MD-4 MD-3 MD-2 MD MD+1 MD+2
Figure 2: Cortisol evolutions across a typical competitive week in elite soccer players.
MD-4, MD-3, MD-2 = four, three and two days before the match, respectively
MD = match day; MD+1, MD+2 = one and two days after the match, respectively.
\ J

Data were presented as mean+sd throughout. Biochemical presented in Table 1. During the typical NCP, CK values in MD+1
marker and training load changes across the weeks are (CV: 45%) were significantly higher than values in MD-4 (ES:
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1.11, CV: 37%), MD-2 (ES: 0.89, CV: 68%), MD (ES: 0.82, CV:
64%) and MD+2 (ES: 0.93, CV: 63%) (p<0.01) while CK values
reported in MD-3 (CV: 65%) were higher than those reported
in MD+2 (ES: 0.82, p<0.01) and MD-4 (0.81, p=0.05) (Figure
1). sCort values assessed throughout the week presented no
significant changes (CV: 72-141%) (Figure 2). During the CP, no
significant differences were observed among the day’s neither

in CK, sCort and sIgA. When comparing CP and NCP, higher CK
values were observed in MD+2 in CP (vs. MD+2 in NCP, ES: 0.27,
p<0.01) (Figure 3). No differences between CP and NCP were
observed in sCort and sIgA values. TDC (ES: 1.09), HSR (ES: 0.35)
and accelerations (ES: 0.36) metrics all showed higher values in
MD-1 during CP vs. NCP (p<0.05) (Table 1).

e N
o0 -
450 -
. 400 -
- ]
S 350
@ 300 -
E
g 250 -
& 200 -
=
£ 150 o
5]
100
50 -
0 - ; ; ; ; ;
MD MD+1 MD+2 MD MD+1 MD+2
Non congested phase Congested phase
Figure 3: Post-match creatine kinase, during congested and non-congested weeks in elite soccer players.
MD = match day
MD+1 = one day after the match
MD+2 = two days after the match
* significant differences (p<0.05)
*** significant differences (p<0.001)
\ J
Discussion tapering approaches, suggesting reducing TL as MD approaches

The aim of the present study was to compare the variation
of CK, sIgA and sCort responses during congested and non-
congested periods in elite level soccer players. CK is well reported
within literature as an indicator of exercise severity and exercise-
induced muscle damage [6,30] of which post-match increase was
reported to be higher in soccer compared to other team sports
like basketball, volleyball and handball [31]. Furthermore, CK,
Cort and IgA were recently suggested as relevant indicators to
monitor training load in elite soccer players [19,22,15]. The
present study demonstrated that MD+1 (296+183 U.L-1) was
the day of the week with the highest CK values (similar to MD-3
(283+185 U.L-1)) (Figure 1). This would highlight how muscular
fatigue related to TL was at its highest point 24h following the
match and three days before the match. Korean soccer players
reported higher training-related perceived exertion (RPE) on
MD-4 during the competitive season [32]. Similar high RPE were
reported on MD-4 and MD-5 in young soccer players, and lower
RPE in MD-3 and MD-2 (restin MD-1). The elevated values of HSR
(0.84+0.80 m.min-1) and number of accelerations (46.3+15.4)
observed in MD-4 in comparisons to all other days, in the present
investigation, confirmed that the analysed team followed the
same microcycle periodization approach. Recent literature in the
area of training specificity and tapering have highlighted similar
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to relieve fatigue and increase freshness [33-35]. Recently, it was
reported amongst English Premier League soccer players that
only MD-1 revealed a significantly reduced tapering effect and TL
across a training microcycle when compared with other training
days [33]. Additionally, Owen et al. [35] revealed significant
differences in physical outputs were found between MD-2, MD-3
and MD-4 highlighting a structured periodized tapered approach
(p<0.05). Furthermore, it was suggested that practitioners can
maintain a uniformed and structured TL mesocycle whilst
inducing variation of the physical outputs during the microcycle
phase. However, it did not involve congested fixture periods in
this study.

Days following the match revealed CK values were elevated
MD+1 (296 # 183 U.L-1 vs. MD: 183+118 U.L-1, p<0.003)
returning to baseline on MD+2 (176+111 U.L-1). According
to previous research, increased levels of CK are commonly
observed 24h post-match, however, further analysis reveals how
CK values generally remain elevated at least 48h after the match
(2,17,22,24,39,43) which is contrary to our observations. Pre-
match measures of CK (~183 U.L-1) were similar to what was
previously reported in elite Greek soccer (~150 U.L-1) (22),
2nd and 3rd Portuguese divisions (~180-200 U.L-1) [10,36]
French Ligue 1 players (~230 U.L-1) [37] values reported in
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young Italian Serie A (~310 U.L-1) [12] and in Premier League
under-21 players (~343 U.L-1) [13]. Subsequently, results in
the current study revealed lower values on MD+1 (~296 U.L-
1) compared to all previous reports (from ~600 to ~1411
U.L-1), and likewise in MD+2 (~176 U.L-1 in ours vs. ~500 to
~900 U.L-1) [10-13,36,37] although only one investigation did
not report significant differences between baseline and MD+2
values [37]. Even though CK is known to present high individual
and between-match variability (43) it might be suggested that
the differences observed within studies were related to the
match-related physical and psychological strain. Indeed, it has
been recently reported that CK values 24h following the match
are associated with the physical activity performed during the
match [38,39]. Interestingly, the most marked increase in CK
values post-exercise was reported in less well-trained subjects
[40] and with lesser levels of lower-limb strength in elite level
soccer players [6]. Taking these findings into consideration,
it might also be suggested that the elite level players used in
the present investigation were higher trained than those from
compared literature. Furthermore, the investigated matches
occurred at the beginning of the season when players just
finished the high-TL pre-season period and were supposed to be
at their greater shape [41,42] and subsequent lower biochemical
markers related to fatigue [43]. It is therefore possible that the
matches in the present investigation did not represent a much
higher muscular stimulus than the usual training load of these
players. This may therefore suggest that if teams and players are
trained at a higher level of stimulus, then they may be able to
recover from game with greater efficiency.

No evolutions were found in sCort concentrations between
pre and post-match assessments (Figure 2). Recently, Souglis et
al. [31] reported an increased level of blood cortisol immediately
after elite team sports games including soccer, which returned
to pre-match values 13 hours after the match. Also, Moreira et
al. [16] observed a trend to increase in sCort between pre-and
post-match measures in male professional players, but with
no significant differences. These results were in accordance
with those from the present investigation, which its first post-
match measure was only made 24h after the end of the game.
Within all observations combines, it seems that sCort might
increase immediately after a soccer game, but values might have
returned to baseline the day after. Recently, one study reported
decreased level of blood cortisol 24h and 48h after a soccer
match, compared to pre-match values in young soccer players
[15]. In this particular investigation, the elevated pre-match
levels may have been caused by non-exercise stress, for example
environmental and psychological stress can modulate cortisol
[44].

The second findings from the present investigation was
that CK, and neither sCort nor sIgA, was affected by a congested
calendar of competitive matches. Indeed, the levels of CK
assessed in MD+2 from the CP (206+116 U.L-1) were significantly
higher than levels assessed in MD+2 from the NCP (176+111
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U.L-1, p<0.05, ES: 0.27). Furthermore, the differences observed,
with MD+1 being higher than MD+2 in NCP, were not anymore
observed in the CP. CP have been associated with unchanged
physical and technical performance during elite soccer matches,
even when periods were prolonged for several months [45,46].
However, the literature reported an increase in injury occurrence
in association with fixtures congestion [21,47]. Recently, Mohr
et al. [22] reported higher CK responses when playing two
matches in three days, than in four. The present report gave
further and novel information that showed the impact of playing
two matches in three to four days (vs. five or more) on muscle
damages, which, as a supposed induced cumulated fatigue,
were more elevated 48h after a congested fixture than when
playing one match in a week with sufficient recovery. The levels
of sCort and sIgA remained statistically unchanged in both CP
and NCP. However, it was interesting to observe that sIgA values
increased from MD+1 (292+157ug.mL-1) to MD+2 (333+243pg
mL-1) during NCP and decreased (304+193 to 266+163ug.
mL-1, respectively) during CP, even though not significantly
(p>0.0033). Moreira et al. [49] recently reported a decrease in
salivary immune-endocrine markers, like sIgA and testosterone,
from the first match of a congested soccer tournament to the
last one, in young elite players. They also reported no statistical
variations in sCort across the tournament [50]. Earlier, Mortatti
et al. [48] also reported no variations in sCort across a period of
six matches in 20 days in young soccer players, and a decrease
in sIgA in second and last matches. All together, these findings
might suggest that a congested competitive calendar in elite
soccer players induces fatigue related to muscle damage,
mucosal immunity, and anabolism activity, but not hypothalamic-
pituitary-adrenal axis responses. A limitation associated with
the current study is that testosterone was not measured, as
such the testosterone: cortisol ratio could not be calculated.
This ratio is of interest as it has been reported as an indicator
of homeostasis between anabolic and catabolic process in the
body [50,51]. Furthermore, the testosterone: cortisol ratio has
been associated with overtraining in team sport athletes [14]
and could be used to monitor stress and recovery state in soccer
[38,52]. Interestingly, findings from the current study reveal how
the there was significantly higher training load on MD-1 during
CP when compared with the NCP. This finding may be as a result
of increased freshness and the reduced training load of MD-2
playing a subconscious role on the application and motivation
to train at a greater intensity. Although this is difficult to predict
and requires further investigation in the future, the technical
staff may also have increased the content somewhat as a way
of ensuring the players are prepared for the additional fixture
post- a low loading day. Furthermore, it should be highlighted
that this increase in workload pre-game may have played a role
in the accumulated fatigue in the CP even though the effect size
in difference were small for both HSR and accelerations (0.34-
0.36). Even though the workload was slightly increased across
the CP vs. NCP the biochemical stress observed through pre-
match CK assessment was the same. These observations further
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indicate the need from the technical staff to plan and understand
the impact CP plays on the fatigue and state of the player in
order to manipulate accordingly training workload to increase
performance [53].

Limitations

Ensuring large subject participation within elite level soccer
research is extremely difficult. The ability to meet subject
inclusion criteria is often challenging due numerous external
influences such as suspensions, team selections, injury and
illness across an in-season period of testing. Therefore, with
respect to this investigation, future research should look to draw
from baseline data across more than one team at different levels
to show how they can be compared across. Ensuring a larger
subject pool in addition to increasing the sampling period and
getting a same number of matches collected within the periods
in order to add greater strength to the association demonstrated
across CP vs. NCP would be beneficial however, although
understanding this as a priority, unfortunately this is not always
possible when conducting scientific studies at the elite level of a
sporting organization. Furthermore, it may be beneficial in future
research to examine a similar experimentation method across a
range of competitive levels (i.e. professional, youth and amateur)
as a way of determining key differences at varying playing levels
and allow the findings of this to increase knowledge of changes of
differing proficiencies. It should be highlighted that a limitation
of the study was not including a control group. This is something
that future research should try and include, however based on
the fact that the study group was a group of elite professional
soccer players, the resources available were allocated for the
primary professional team.

Conclusion

The purpose of this investigation was to explore the
evolution of biochemical responses of CK, salivary IgA and
cortisol during the in-season competitive phase, and analyse the
various responses associated with congested vs. non-congested
competitive phases in relation to player’s post-match fatigue
kinetics. The findings of this study may further enhance the
capability of individuals involved within the preparation of elite
players to manage specific congested or non-congested phases
of the competitive season to produce improved decisions as
the players in the present study showed impairments in post-
match CK levels during CP. Conclusions drawn from the current
investigation suggests that congested competitive periods at the
elite level of the game induce significant changes in biochemical
stress responses (i.e. muscle damage). As a result of these
findings individuals involved with the physical preparation of
such players should understand the demands imposed on players
in congested fixture periods and adequately adjust preparation
and squad rotation accordingly.

Practical applications

At the elite level of the game professional soccer training and
competitive match play induces a significant chronic stress on the

body, which influences the biochemical responses of players [1].
Such continued demands and fluctuating physiological changes
predispose players to health, wellbeing and performance risks
based on the high intensity and energy expending nature of the
sport. This novel investigation is the first study to have examined
the relationship of biochemical responses based on assessment
of salivary cortisol and CK across congested and non-congested
periods at the elite level of the game. Based on the data
collected in the current study, it is recommended manipulation
of the training intensity, recovery strategies and the intelligent
integration of squad rotation processes be present as a way of
maximising performance whilst reducing the risk of chronic
fatigue and injury risk. This study may open up the discussion
area of additional ways to include monitoring and assessment
of players through congested periods of the competitive season
and be considered as one of many factors in injury prevention.
Greater focus should be placed on the training intensity and
volume over a longer-term, especially approaching congested
periods of the season with the aim of ensuring the potential
reduction of fatigue that may lead to overuse injuries. Therefore,
regularly monitoring biochemical changes (i.e. CK) within the
preparation period and across the competitive season to try and
ensure optimal player preparation state is something that should
be highly considered.
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