Devrnja, A. and Matkovi¢, B.R.: THE EFFECTS OF A SOCCER MATCH ON MUSCLE... Kinesiology 50(2018)1:112-123

THE EFFECTS OF A SOCCER MATCH
ON MUSCLE DAMAGE INDICATORS

Antonela Devrnja and Branka R. Matkovi¢
University of Zagreb, Faculty of Kinesiology, Zagreb, Croatia
Original scientific paper

https://doi.org/10.26582/k.50.1.15
UDC: 796.332:591.175

Abstract:

During a soccer match players perform a substantial number of explosive activities such as jumps,
duels, shots and dribblings, accelerations, decelerations, changes of direction and sprints. Precisely such
repetitive eccentric contractions are related to muscle damage (exercise-induced muscle damage) that is,
two or three days after the match, clinically presented as muscle soreness. The aim of this research was
to identify the changes in muscle damage indicators in young players after playing a soccer game. The
sample of examinees was composed of 43 soccer players (16.8+1.06 years) who were divided into two
groups according to their age (22 cadets aged 15.86+0.35 years and 21 U19 players aged 17.76+0.54 years).
Each group played one soccer game lasting 90 minutes each. Right before and immediately after the soccer
match, examinees’ venous blood samples were taken in order to determine the markers of muscle damage.
All statistical analyses were conducted by the SPSS software. The examinees demonstrated significantly
higher values of myoglobin, creatine kinase, lactate dehydrogenase, aminotransferase, alkaline phosphatase
and gamma-glutamyl-transferase after the game, as well as total number of leukocytes and concentration
of C-reactive protein as indicators of inflammation. The results of this research showed that, as the muscle
protein concentration was increased and an inflammatory reaction also occurred, soccer matches caused

muscle damage in young players.
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Introduction

A soccer match lasts 90 minutes and is divided
into two half-times of 45 minutes. Each half of a
match can be prolongated for several minutes to
make up for the overall number and duration of
game interruptions (due to injured players treat-
ments, rough fouls, etc.). There are also compe-
titions, for example the World Cup or the Euro-
pean Championship, with specific rules that do not
allow a tied final score in a game, so that extra time
(overtime) is played, or even a penalty shootout is
executed, which certainly adds to the overall load
volume of players. During a soccer game players
walk, run and sprint, either with or without the
ball, moving forwards, backwards or sideways,
while additional load is caused by jumps, shots,
headers, duels, sudden accelerations or decelera-
tions, and changes of direction. Depending on the
rules, the dimensions of a soccer field can vary in
length from 90 up to 120 meters, while its width
can range between 45 and 90 meters. In terms of
surface, players should cover an area of between
4,050 m? up to 10 800m?, which means that during
a game they cover a total of 8,000 to 13,000 m,
sometimes even more, while the goalkeeper aver-

agely covers approximately 4,000 m (Bradley &
Noakes, 2013; Clemente, 2016; Sarmento, et al.,
2014; Varley, et al., 2016).

During a soccer match players cover a total of 9
to 12 km, where between 2 and 3 km are covered by
high intensity running and nearly 0.5 km by sprints
(Bradley, et al., 2009; Mohr, Krustrup & Bangsbo,
2003; Mohr, et al, 2016). Each player performs
between 1,000 and 1,400 short-term activities, with
an average change of activity every 4 to 6 s (Mohr,
et al., 2003). Research has also shown that players
perform between 150 and 250 high intensity actions
with significant differences in lactate results during
a game, which indicates clear variations in energy
supply for the mentioned activities (Krustrup, et al.,
2006). Likewise, recovery intervals between such
actions are often shorter than 72 seconds, which can
have a negative effect on the subsequent efficiency
of short-term activities, particularly on repeating
sprints (Bradley, et al., 2009).

Furthermore, during a soccer match players
perform a substantial number of explosive activ-
ities such as jumps, duels, shots and dribblings
(Andersson, Ekblom & Krustrup, 2008), accelera-
tions, decelerations, changes of direction (COD) and
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sprints (Varley & Aughey, 2013). It is precisely such
repetitive eccentric contractions that are related to
muscle damage (EIMD — exercise-induced muscle
damage) (Mohr, et al., 2016; Nédélec et al., 2012),
which is clinically presented as muscle soreness and
developed two or three days after the match (DOMS
—delayed onset of muscle soreness) (Fatourus, et al.,
2010; Ispirlidis, et al., 2008). The EIMD is mostly a
result of mechanical stress, imbalances in calcium
levels and inflammatory responses with phagocyte
infiltration, formation of free radicals, increase of
cytokine concentration and other inflammatory
parameters within the muscle (Fatourus, et al.,
2010). The formation of reactive oxygen species can
facilitate the reparation of damaged tissue through
the process of phagocytosis and the neutrophil
respiratory burst, however, high levels of reactive
oxygen species can also damage vital structures in
the cell, as well as lead to oxidative stress (Fatourus,
et al., 2010; Ji, 2008).

The goal of this research was to identify the
changes in muscle damage indicators in young
players after a soccer game.

Methods

The sample of examinees was composed of 43
male soccer players (age 16.8£1.06 years) who met
the set inclusion criteria of having played no less
than 10 matches and participating in at least 75%
of practice sessions during the previous season, in
addition to having at least § years of experience in
playing soccer. The participants were divided into
two groups according to their age: 22 of the partici-
pant were cadets (age 15.86+0.35 years), while 21
were U19 players (age 17.76+0.54 years). Two games
of 90 minutes each were played on the soccer field of
the Soccer Club Sesvete in Zagreb, both on the same
day in November 2015. The first game, played by
cadets, started at 10:15 a.m. and the second, played
by juniors, at 12:30. During the first match the air
temperature was between 2 and 4°C, air pressure
was 1023 hPa and the humidity was 92%, whereas
during the second game the mentioned parameters
were 5°C, 1022 hPa and 86%, respectively.

During the weeks before the games all the
players participated in the training process
according to the scheduled plan and programme and
they were all instructed not to modify their usual
eating habits and activities, i.e. to make no changes
in their training, eating and competition plan, as
well as to refrain from consuming additional multi-
vitamin supplements or antioxidants at least two
weeks prior to the testing. During the games the
players could drink only water as needed. Like-
wise, an agreement was made that all the starters
would play all 90 minutes, with the exception in
case of any injury, when a substitution would be
allowed. The players were informed that those who
did not play 90 minutes would be excluded from the

research. To guarantee and motivate the players to

make their best effort for official matches, and to

provide a realistic physiological and psychological
setting identical to the one during official competi-
tions, the games were attended by the coach of the

Soccer Club Sesvete, as well as by the head coach

of the U16 and U18 national team.

The load during the games was measured
by portable GPS devices (Catapult Innovations,
Scoresby, Australia) with a 10 Hz data collection
frequency in order to determine the distances that
the players covered during the match. The GPS
devices were placed in special vests that enabled
the GPS device to be secured on the player’s back,
between the shoulder blades, without affecting the
player’s performance. Prior to placing the vests on
the players, each of them got a Polar pulse meter
(Polar Electro, Kempele, Finland), secured on their
chest for monitoring players’ heart rate (HR). In
keeping with the instructions of the manufacturer,
the GPS devices were activated 15 minutes before
the testing, while after the completion of the game
the data were transferred to a computer and analysed
using the original Sprint 5.1. programme (Catapult
Sports Pty Ltd, 2011). The reliability and accuracy
of using a GPS device for game analysis has previ-
ously been confirmed in a series of research (Castel-
lano, Casamichana, Calleja-Gonzalez, San Roman
& Ostojic, 2011; Mallo, Mena, Nevado & Paredes,
2015).

Right before and immediately after the soccer
match, venous blood samples were taken from 43
players (one examinee quited his participation before
the second blood sample draw) to determine the
following parameters: complete blood count (CBC),
creatine kinase (CK), myoglobin (MYO), lactate
dehydrogenase (LDH), aspartata aminotransferase
(AST), alanine aminotransferase (ALT), gamma-
glutamyl-transferase (GGT), C-reactive protein
(CRP). The blood sampling was conducted by three
educated medical technicians in an adequate room
located next to the soccer field and the examinees
were seated during the blood sampling procedure.
Their blood was taken from the antecubital vein in
keeping with the recommendations of the Croatian
Society of Medical Biochemistry and Laboratory
Medicine (Nikolac, Supak—Smoléié, Simundi¢ &
Celap, 2013) and two tubes of each sample were
taken by using the following Vacuette® test tubes
(Greiner Bio-One, Kremsmunster, Austria):

1) Zserum clot activator tube, 4 mL (a serum tube
coated with a clot activator) — for determining
CK, GGT, ALT, AST, CK, LDH, MYO, CRP;

2) K3E K3EDTA tube, 3 mL — for determining
CBC.

Directly after the blood sampling, all blood
samples were taken in a portable refrigerator from
the soccer field to the Institute of Clinical Chemistry
at the Clinical Hospital Centre “Sestre Milosrd-
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nice”, Zagreb, where, immediately upon receipt,
all the analysis were performed.

Complete blood count analysis was performed
by the DxH 800 analyser (Beckman Coulter, Tokyo,
Japan), whereas the erythrocyte sedimentation
was conducted manually using the Westergren
method. Routine biochemical parameters (CRP,
ALP, GGT, ALT, AST, CK, LDH) were measured
by the Architect ¢c8000 platform (Abbott Diagnos-
tics, Chicago, USA) using general reagents. Meas-
urements of myoglobin concentration in the serum
were performed by the Architect 12000 immuno-
chemical analyser (Abbott Diagnostics, Chicago,
USA) using the Chemiluminescence test — CMIA
(chemiluminescent microparticle immunoassay).

Quality control (QC) for routine biochemical
parameters was carried by the Multichem S (Abbott
Diagnostics, Chicago, USA), while quality control
for MYO was determined by the Architect STAT
Myoglobin controls and the Architect Ferritin
controls.

The data was processed by descriptive statis-
tical indicators applicable for the distribution of each
individual variable — means, standard deviation and
range between the minimum and maximum value
for the normally distributed variables. The distribu-
tion normality of the tested variables was checked
before statistical analysis by the visual inspection of
histograms and graphs of normal probability distri-
butions, as well as by the Shapiro-Wilks test. The
data which did not follow normal distribution was
first transformed by logarithmic transformation.
In case the log transformation did not result in a
distribution resembling normal distribution, non-
parametric statistical tests were then used.

The dynamics of the changes in the values of
muscle damage indicators at the examined time-
points (right before and immediately after the soccer
game) was determined by the t-test for incremental
sampling. All statistical analyses were conducted
using the SPSS software (Stat-Soft Inc., Tulsa, OK,
USA). The level of statistical significance was set
at p<.05.

This research was approved by the Ethical
Committee of the School of Medicine, University of
Zagreb. All the examinees, as well as their parents
for those participants who were under the age of 18
at the time the research was conducted, filled out
and signed a form which was composed according
to the principles of the Declaration of Helsinki,
which thus represented an informed consent form
of participation in the research.

Results

General characteristics of the players are
presented in Table 1. In total, there were 43 male
soccer players, aged 16.80+£1.10 years on average
(range from 15.00 to 19.00 years). Their body height
was 181.0£7.00 cm, body mass 71.0+6.00 kg and

body mass index 21.70+1.50 kg/m?. During the
game they covered 107.20+£9.20 m/min on average.

The obtained results for creatine kinase and
myoglobin were not normaly distributed so median
and interquartile range were calculated (Table
2). The differences between pre- and post-game
concentrations were tested by Wilcoxon matched-
pair signed rank test used for dependent variables.
The other variables, used as markers of muscle
damage and inflammation, showed normal distribu-
tion, so means and standard deviations were calcu-
lated, as well as confidence interval. The signifi-
cance of the pre- and post-game values were tested
by t-test (Table 3). The average creatine kinase
activity before the game was 215 U/L and it signif-
icantly increased after the match (336 U/I), as well
as the concentration of myoglobin (32.7 ng/mL pre-
game vs. 148.8 ng/mL post-game).

Table 1. General characteristic of the examinees

Mean+SD Min Max

16.80+1.10 15.00 19.00
181.00£7.00 166.50  201.40
71.00+6.00 60.80 84.10

Variable

Age (years)
Body height (cm)
Body mass (kg)

BMI (kg/m2) 21.701.50 1760  25.20
Covered distances 117504920  84.30  132.90
(m/min)

Table 2. Changes in values of indirect muscle damage
indicators

Variable PRE-GAME POST-GAME

Median (IQR) Median (IQR) p
CK (U/L) 215 (124-412) 336 (245-635) <.001
MYO
(ng/mL) 32.7 (26.8-39.7) 148.8 (117.4-247.8) <.001

Note. IQR=interquartile range; p=value for the
Wilcoxon matched pair signed rank
CK=creatin kinase; MYO=myoglobin

Discussion and conclusions

Changes in the creatine kinase activity and
levels of myoglobin and leukocytes are treated as
effective indirect indicators of intensity during the
game, however, even more as indicators of myocyte
damage which occurred during a sports activity
(Bessa, et al., 2016; Brancaccio, Maffulli & Limon-
gelli, 2007; Fatououros, et al., 2008; Mougios, 2007;
Thorpe & Sunderland, 2012). Due to the specific
character of a soccer match, as players periodically
perform very demanding activities interrupted by
periods of jogging or walking, or even standing in
place, in addition to numerous sudden CODs, and
without neglecting to mention movements with the
ball — which leads to high loads on active muscula-
ture — micro damage of muscle fibres occurs and,
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Table 3. Changes in values of indirect muscle damage indicators and inflammation

Variable PRE-GAME POST-GAME Mean of th_e pre- and T-test p
Mean+SD Mean+SD post-game difference (ClI)

Leukocytes (x1079/L) 6.32+1.22 9.47 +2.43 -3.15(-3.84 - -2.46) -9.17 <.001
AST (U/L 37°C) 24.26 £8.43 30.44 £ 10.16 -6.19 (-7.24 - -5.13) -11.82 <.001
ALT (U/L 37°C) 17.40 £ 5.92 18.12 + 6.51 -0.72 (117 - -0.27) -3.25 <.002
GGT (U/L 37°C) 13.81 + 3.67 14.63+3.73 -0.81 (-1.14 - -0.49) -5.07 <.001
LDH (U/L 37°C) 208.67 +43.74 261.86 £ 60.04 -53.19 (-73.69 - -32.68) -5.23 <.001
ALP (U/L 37°C) 135.84 + 60.21 139.37 £ 64.75 -3.53 (-5.66 - -1.41) -3.36 <.001
CRP (mg/L) 0.96 £ 1.15 0.94 +£1.10 0.01 (-0.02 — 0.05) 0.77 <.050

Note. CI=95% confidence interval

consequently, creatine kinase is thus released in
addition to other proteins from the cytosol (Bran-
caccio, et al., 2007; Thorpe & Sunderland, 2012).
Any type of muscular activity, isometric or isotonic
concentric, can result in muscle damage, however,
it is a known fact that eccentric muscle activity has
the strongest impact on the development of muscle
damage. Eccentric muscle contractions are consid-
erably present during a soccer match, and any type
of landing, whether it is walking, running or a jump,
is in relation with eccentric muscle activity. The
development of muscle damage caused by physical
activity has not yet been explained in its entirety
(Schoenfeld, 2016); however, it is determined that
the sarcolemma, sarcoplasmic reticulum and Z-lines
are damaged, perhaps even the permeability of the
sarcolemma is altered (Fatouros & Jamurtas, 2016).
All the above-mentioned leads to the conclusion
that the muscle protein concentration is increased
and an inflammatory reaction then also occurs.

Peak values of CK concentration in the serum
occur some 24 hours to four days after phys-
ical activity and they even remain elevated over
the following couple of days (Clarkson, Kearns,
Rouzier, Rubin & Thompson, 2006; Mougios,
2007). It is quite interesting to mention that the
concentrations of CK and myoglobin can be elevated
up to extremely high values after eccentric contrac-
tions (CK>10,000 1U/L, myoglobin>1,000 IU/L)
(Nosaka & Clarkson, 1996; Nosaka, Lavender,
Newton & Sacco, 2003). Due to a larger muscle
mass and regular, daily, practice, athletes have
higher CK values even at rest when compared to
the population that does not engage in regular phys-
ical activity (Brancaccio, et al., 2007; Nikolaidis, et
al., 2003); however, after being exposed to a test of
equally demanding intensity, athletes shall demon-
strate a lower increase of CK value in relation to a
healthy inactive control group (Brancaccio, et al.,
2007; Karamizrak, Ergen, Tore & Akgiin, 1994).
Research have shown that the reaction of muscle
damage indicators decreases as a result of frequent
explosion to eccentric load, better yet, as a result of
sports practice (Chen & Hsieh, 2000).

In this research the recorded CK values before
the soccer match (291.88 U/L) were somewhat
higher than expected, however consistent with
the research of Silva, Rebelo et al. (2013) (300.6
U/L) and Rampinini et al. (2011) (310 U/L). Heis-
terberger et al. (2013) concluded that professional
soccer players show CK values above the normal
upper limit on a daily basis when compared with
normal, or better to say, not as much physically
active population. Due to the long-term retention
of CK in the serum, the measured values of CK
should be examined in relation to the activities that
have preceded the measurement. As the examinees
played an official soccer match three days before
the testing and then continued with their regular
daily practice, somewhat higher enzyme values
measured before the match might be residual indi-
cators of muscle damage due to previous activities
(McLellan, Lovell & Gass, 2010). Brancaccio et al.
(2007) indicate that CK values should be interpreted
with caution because of numerous factors which
are interconnected with different CK values at rest,
such as age, gender, race, muscle mass, or level of
physical activity. In addition, some athletes react
to physical activity with smaller increases in the
level of enzymes — low responders, whereas others
respond with greater increases in enzyme levels —
high responders.

Statistically significant increases in CK values
in the serum (median difference=-121; p<.001) after
the match when compared to the values before the
game are also in compliance with the results of
numerous other research, as well as the determined
correlation between the changes in CK values and
intensity during the soccer game, i.e., the fatigue
index (R.=.38; p=.01), covered distance (R.=.38;
p=-01) and the percentage of dwelling time in running
at the speed between 12—16 km/h (R=.37; p=.02)
and at the speed above 16 km/h (R=.37; p=.02).
McLellan et al. (2010) found that participating in a
rugby match results in a significant increase in CK
after the game, presumably due to the occurrence
of muscle damage. A pronounced increase in CK
values (seven times higher) after playing a soccer
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game was also registered by Fatouros et al. (2008),
which indirectly points to the occurrence of muscle
microtrauma during the soccer match. The occur-
rence of muscle microtrauma has been related to
numerous repetitive intermittent intensive eccen-
tric actions such as running and jumping, as well as
to frequent sudden accelerations and decelerations
which are an integral part of this sports activity. In
addition, Osgnach, Poser, Bernardini, Rinaldo, and
Di Prampero (2010) suggest in their research that
increased metabolic demands and a higher level of
overall energy consumption during a game and/or
training session appear due to the acceleration and
deceleration activities of soccer players in connec-
tion with COD, which then results in elevated values
of mechanical and metabolic stress. Ispirlidis and
associates (2008) also discovered an increase in CK
values immediately after playing a soccer match.
They interpreted the arising muscle damage as a
result of numerous repetitive eccentric contrac-
tions during the match, as well as of physical
contacts between players, and of contacts with the
ball, which can potentially generate inflammatory
responses during the game.

Mougios (2007) examined the changes in CK
values of athletes over a period of ten years and
determined that the highest values of CK were
up to three times higher in soccer players than in
swimmers. The reason for such a difference in the
maximum values of CK was interpreted by the
nature of the sport in question, i.e., as a result of
numerous eccentric contractions, sudden CODs,
jumps, duels and other types of impulsive action
that were part of soccer matches and practices, as
well as due to the long duration (no less than 90
minutes), extremely demanding games in terms
of energy consumption which were occasionally
played in extremely harsh weather conditions and
on different surfaces that are not always ideal.

Although the values of creatine kinase are
considered as indirect muscle damage indicators,
Silva, Ascensao et al. (2013) have indicated that
the increase of enzyme values in the serum can
also occur as a result of temporary alterations in
the permeability of the membrane, i.e., that there
are potentially certain other mechanisms that could
account for the presence of cytoplasmic enzymes in
the serum after physical activity, such as changes
in the cellular energy production processes (Baird,
Graham, Baker & Bickerstaft., 2012) for example.
Findings by Nedelec et al. (2012) and Silva,
Ascensao et al. (2013) confirm the above-mentioned
theory as they point out an increase of enzyme
values in the serum, yet, with no impairment of
muscle strength and efficiency. Upon considering
all the known facts and the daily occurrence of new
insights, the values of CK, as well as any changes
due to physical activity, should be critically exam-
ined and interpreted. However, the conclusion can

be made that the increase of CK in the serum is a
natural and normal response to physical activity
(Baird, et al., 2012).

Myoglobin is one of three types of globin found
in the human organism (in addition to haemo-
globin and neuroglobin). It can primarily be found
in cardiac and skeletal muscle cells, while the
highest concentrations are measured in slow oxida-
tive fibres type 1. Myoglobin is also present in fast-
twitch muscle fibres, even in the fastest type IIx.
Naturally, the faster the fibres are, i.e., in case the
fibres are more of an anaerobic character, the level
of myoglobin reduces. It was first described as a
compound that functions as an oxygen storage unit
in muscle cells and that can be used, for example,
when there is a sudden increase in oxygen demand
during physical activity. Meanwhile, its role in phys-
ical activity does not cease at this point (Pittman,
2016), as myoglobin also has the function of facili-
tating oxygen diffusion within muscle cells, espe-
cially during muscle contraction, and thereby of
ensuring almost identical values of oxygen pres-
sure in all parts of the muscle cell (Wittenberg
& Wittenberg, 2003). In cases of muscle damage
being a result of physical activity, damaged cells can
develop oxygen deficiency due to myoglobin release
from the cytosol into the circulation (Cui & Jiang,
2016). In addition, it is presumed that myoglobin
also has a role in the regulation of nitrogen oxide
(NO) in the muscle tissue, as well as in the process
of microcirculation (Brancaccio, et al., 2010).

Extreme load, such as running a marathon, can
generate an increase in myoglobin concentration in
the plasma even up to 19 times (Ohman, et al., 1982).
As the half-life of myoglobin is only 2-3 hours, its
values are normalized relatively quickly, as fast as
after 6-8 hours. Hasenoehrl and associates (2016)
thus subjected 15 healthy students to intensive
eccentric contractions of the forearm flexors which
resulted in muscle damage. However, even though
the myoglobin concentration was increased, the
values were not statistically significant. In another
research conducted with well-trained triathlon
athletes, their myoglobin was increased imme-
diately after the race, but it remained high even
several days later. The authors concluded that the
reason for such values was probably a mild inflam-
mation, as well as the fact that the examinees imme-
diately continued with their regular training process
(Neubauer, Konig, & Wagner, 2008). Magalhaes
et al. (2010) identified an increase in myoglobin
concentration 30 minutes after the match in young
soccer players; however, 24 hours later the meas-
ured values returned to their normal level.

The examinees of our research, in keeping with
what was expected as their myoglobin level was
measured immediately after the game, demon-
strated significantly higher values of myoglobin
(from 37.38+15.87 ng/mL to 196.17£133.73 ng/mL).
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During this research, similar results were also
recorded for other enzymes that are released from
active muscles and are used as indirect indicators
of muscle damage caused by physical activity. All
examinees demonstrated a slight or greater increase
in the measured values, however statistically insig-
nificant. As part of this research, the following
parameters were also measured: lactate dehydro-
genase, aminotransferase (aspartate aminotrans-
ferase, alanine aminotransferase), alkaline phos-
phatase and gamma-glutamyl-transferase. The
results of this research are in accordance with a
series of studies that have previously examined
muscle damage caused by physical activity. Most
studies demonstrated an increase of CK and LHD,
as well as of other measured enzymes.

Machado, Rebelo, Oliveira, Silva, Marques, and
Ascensao (2009) recorded a significant increase of
LDH, CK, AST and ALT in 15 professional soccer
players right after the game. Similar results were
also recorded by Bezzera and associates (2014)
during a research with Brazilian soccer players and
the conclusion was made that a soccer match is a
sufficiently aggressive activity for the occurrence of
muscle damage. On a sample composed of 12 soccer
players, Celenk, Akil, and Kara (2013) also exam-
ined the effects of a soccer game lasting 90 minutes
on muscle damage indicators. They determined that
enzyme concentrations increased already during
the game, while after the match there was a signif-
icant increase of creatine kinase — MB isoenzyme
(CKMB). LDH, CK and AST also increased, however
not in a statistically significant amount, while the
ALT and GGT concentrations remained unaltered.
Already 24 hours after the match, all the measured
values but CK returned to baseline, so the authors
concluded that was a result of adaptation to the
soccer practice.

A comparison with some other sports games
is quite interesting. McLellan et al. (2011) moni-
tored the CK level after a rugby game, which is
without a doubt a demanding and intensive sports
game. They determined a significant increase of CK
immediately after the game, and such high levels
were maintained unchanged even during five rest
days. It is especially interesting that they estab-
lished a significant correlation between the level
of CK and the number of players’ collisions. On the
other hand, Takahashi et al. (2007) only recorded
an increase of LDH in their study with rugby
players, while CK, AST and ALT values remained
unchanged during 10 minutes after the game. In a
study with young basketball players, 19-year-olds,
Montgomery and associates (2008) determined
an increase of CK and myoglobin after the game;
however, they concluded that, when compared with
the data found in literature, such an increase was
not as substantial as the one caused only by eccen-
tric contractions. An increase of CK and myoglobin

was also measured immediately after a simulated
badminton match which lasted 45 minutes (Abian
Vicén, 2015). However, despite the elevated values
of muscle damage indicators, there was no indi-
cation of the decline in badminton specific motor
performance, thus the authors concluded that the
resulting damage was of weak intensity.

Souglis, Bogdanis, Giannopoulou, Papado-
poulos, and Apostolidis (2015) analysed the effects
of competitive games on muscle damage indicators
in four different sports games — soccer, basketball,
handball and volleyball. CK and LDH levels were
monitored before and immediately after the match
and it was determined that all athletes demonstrated
a significant increase in the concentration of the
measured enzymes. Most notable differences were
recorded in soccer players as their level of CK was
twice or three times as high as it was in athletes
from other sports. Volleyball players showed the
lowest values of both enzymes after the game. The
recorded differences are the result of different dura-
tions of the matches, as well as of unequal play
intensities. Thus, for example, during a soccer game
players cover distances three to four times longer
than the ones covered in basketball or handball, by
high-intensity running. In addition, it was recorded
that CK values returned to the level measured before
the game already 37 hours after the match, which
was not in accordance with the findings published
by Ispirlidis et al. (2008) with soccer players and
by Chatzinikolaou, Draganidis et al. (2014) with
basketball players where the maximum CK values
were not recorded until 48 hours after the game. The
authors believe that the mentioned differences are
related to the competitive level of the tested athletes,
which was higher in their research, as well as to the
recovery methods which were consequently also at
a higher level.

Petterson and associates (2008) subjected a
group of 15 active men to a one-hour weight lifting
practice. They measured clinical parameters imme-
diately before and after the practice. Their study
recorded significant increases of CK, LDH, AST,
ALT and myoglobin, while ALP, GGT and bili-
rubin remained unchanged. The authors underline
the importance of knowing the level of the exami-
nees’ usual physical activity, as well as intensity,
type and duration of the physical activity that was
potentially implemented at least one week before
the analysis of muscle damage indicators due to the
possibility of misinterpreting the measured values.

Hammouda et al. (2012) analysed the effects
of one-time anaerobic activity (30-second Wingate
test) on muscle damage indicators in young soccer
players (17.5+0.4 years). They determined that even
such a short-term activity was quite sufficient to
generate an increase of the monitored indicators
(CK, LDH, AST, ALT).
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Kratz et al. (2002) conducted a very extensive
research on the changes in hematomic and biochem-
ical laboratory changes of marathon athletes before
and after the race. They determined an increase of
aminotransferases within four hours after the race
and 24 hours after. The alterations of AST were
statistically significant, while the increase of ALT
concentration, an enzyme which is surely more an
indicator of liver damage, even though it is also
present in skeletal muscles in smaller quantities,
showed no statistically significant difference. The
values of alkaline phosphatase, creatine kinase and
myoglobin also demonstrated a substantial increase.
The conclusion was made that the obtained results
indicated the occurrence of muscle damage due
to intensive load and consequently also due to the
enzymes which were released into the circulation.
Most of the existing research demonstrated that
AST and ALT concentrations were related to the
intensity and duration of the activity (Chamera et
al., 2014. Lippi et al., 2011; Nagel, Seiler, Franz &
Jung, 1990; Shin, Park, Ahn, Park & Kim, 2016).

Studies with ultramarathon athletes who com-
pleted the Western States Endurance Run of a total
of 161 km, which besides running also included
a considerable load in relation to the environment
(difference in altitude, temperature fluctuations)
demonstrated a significant increase of muscle
damage indicators (CK, myoglobin, AST, ALT)
(Kupchak, Kraemer, Hoffman, Phinney, & Volek,
2014). The measured values remained elevated
even after two days (except for myoglobin which
returned to its pre-race values within 24 hours) so
that the authors concluded that an ultramarathon
race causes very extensive muscle damage.

Intense eccentric muscle activity results in
muscle damage which is followed by an inflamma-
tory response (Cornish & Johnson, 2014; Crameri,
et al., 2007; Malm & Yu, 2012; Philippou, et al.,
2009; Proske & Allen, 2005). Schoenfeld (2016)
presumed that the body’s response to muscle
damage can be identified by a reaction to an infec-
tion. Namely, after an eccentric activity neutro-
phils migrate towards the point of damage, while
substances released from the damaged myofibers
attract macrophages towards that point.

Previous research has shown that the number
of leukocytes increases both during and after phys-
ical activity (Hammouda, et al., 2012; Thalainen,
et al., 2013; Neves, et al., 2015; Rosado, 2016).
Usually all subtypes of leukocytes are represented
in the mentioned increase, from neutrophils (Ferrer,
Tauler, Sureda, Tur, & Pons, 2009; Morgado, et al.,
2016), monocytes (Gomes & Florida-James, 2016)
to lymphocytes (Kakanis, Peake, Hooper, Gray,
& Marshall-Gradisnik, 2010) but they were then
reduced, for example after a marathon (Shin & Lee,
2013), whereas the values of eosinophils remained
unaltered or declined (Kakanis, et al., 2010).

Kendall, Hoffman-Goetz, Houston, MacNeil, and
Arumugam (1990) revealed that acute responses of
leukocytes to physical activity depend on the dura-
tion, intensity and type of activity, as numerous
other authors later confirmed (Neves, et al., 2015).
As for the increase of neutrophils, there are various
factors which are responsible. The greatest contribu-
tion primarily results from the increase of adrenaline
and noradrenaline concentrations, which is usually
associated with physical activity, and which is later
accompanied by an increase of cortisol concentra-
tion, which at the same time has a long-term effect. In
this way the mentioned factors mobilise the neutro-
phils from the bone marrow and are the cause for
the maintaining of a higher neutrophil concentration
even several hours after the activity (Gomes & Flor-
ida-James, 2016). Here it must be said that catecho-
lamines increase cardiac output and open capillaries
in order to amplify blood flow towards the active
skeletal muscles, which then causes a mechanical
demarginalization of leukocytes and an increase
in their number in the peripheral blood. They are
also responsible for the release of leukocytes from
the spleen, lungs or lymphatic tissues (Gomes &
Florida-James, 2016). It must be pointed out that
moderate physical activity also induces changes in
the function of neutrophils in the sense of improving
their capacity for phagocytosis and the process of
chemotaxis (Ortega, et al., 2005).

After the 90-minute match, an increase of the
overall number of leukocytes was determined in our
examinees, which is mainly related to the consider-
able increase of neutrophils; that is in accordance
with most of the previous research conducted with
soccer players, as well as with athletes from other
sports games (Bessa, et al., 2016; Chatzinikolau,
Draganidis, et al., 2014; Chatzinikolau, et al., 2014;
Magalhaes, et al., 2010). On the other hand, the
number of lymphocytes reduced, which was also
evident in the significant increase of the neutro-
phil-to-lymphocyte ratio (Malm, et al., 2004). The
mentioned neutrophil-to-lymphocyte ratio (NLR)
is a simple indicator that is, among other things,
used as a predictor, i.e., indicator of inflammation
(Forget, et al., 2017) as its normal values are in
the range between 0.78 to 3.58, which means that
after the match our examinees were averagely right
at the upper limit value of this index, i.e., at the
border of developing inflammation. In addition, as
there was no increase in the level of lymphocytes,
the assumption can be made that in young soccer
players the increase of neutrophils is related to the
inflammatory nature of muscle damage. Findings
of research on inflammation and muscle damage
are not consistent; however, there is growing
evidence that neutrophils infiltrate in the damaged
muscle (Schneider & Tiidus, 2007; Tidball, 2005).
Although this may be positive from the viewpoint
of muscle recovery and potential muscle adapta-
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tion (Tidball, 2005), this can also induce further
inflammation and damage in the muscle, partially
even through the formation of reactive compounds
(Konig, et al, 2007).

The C-reactive protein belongs to the group
of inflammation indicators. It is related to serious
conditions such as cardiovascular diseases, diabetes
or depression (Ansar & Gosh, 2016). This protein
is released from the liver under the influence of
IL-6 (Fischer, 2006) and it is responsible for iden-
tifying and removing damaged cells. There is
growing data that physical activity reduces CRP
concentration i.e., that higher levels of physical
activity and physical fitness reduce CRP from 6
to 35% (Plaisance & Grandjean, 2006). Most of
the research was conducted on adult populations
(Fedewa, Hathaway, & Ward-Ritacco, 2016);
however, Sabiston et al. (2010) also managed to
demonstrate this relation with physical activity
in adolescent boys (between 13 and 16 years), but
not in adolescent girls. According to this research,
the soccer match generated a minimum reduction
of CRP values (significant at the level of p<.05).
The previously mentioned research by Souglis and
associates (2015) that included soccer, basketball,
volleyball and handball players presented some-
what different results and demonstrated the pres-
ence of an inflammatory response in players of
all four sports games, after the game. The highest
increase of CRP was recorded in soccer players,
which the authors explained by a longer duration
of the soccer match and greater distances covered.
They otherwise determined that the changes in CRP
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