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Background: The present study investigated the impact of competitive soccer on the short-term changes
in isometric strength of the adductor muscle group during the competitive season.

Methods: In this cohort study we evaluated the association between a serum marker of muscle damage
[creatine phosphokinase (CPK)] and isometric strength of the adductor muscles of the hip in 30 professional
football players (age: 26.7+2.9 years) during two seasons of the national top-level championship. Serum
CPK level was determined the day before the match, 12-20, 36-48, 60-72 h after the match. The maximum
voluntary isometric contraction force of the adductor muscles complex was determined immediately after
having taken blood samples.

Results: There was evidence of a statistically significant positive association between age, body mass
index (BMI), percentage of body fat, and muscle strength, and between weight and muscle strength. There
was evidence of a statistically significant negative association between the level of CPK and the maximum
isometric strength of the adductors of soccer players. Changes in CPK levels were associated with the muscle
strength recovery trend (P<0.001). The strength/CPK ratio at different time points had a U-shaped curve.
Conclusions: Exercise induced muscle damage significantly affects the strength of the adductor muscle
group of professional soccer players during the competitive period. The lower the CPK level, the greater the
athletes' strength at a given time point. Also, the greater the decrease in CPK level, the greater the rate of
strength restoration.
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Introduction

During a match, football players perform a multitude of
movements, involving muscle contractions which eventually
may cause muscle damage (1-3), with release of creatine
phosphokinase (CPK) and other markers of such damage
[for example, myoglobin and lactic dehydrogenase (LDH)]
in the bloodstream (4-7). Exercise-induced damage to
sarcomeres, cytoskeleton and sarcolemma is accompanied
by transient muscle strength loss, and leads to delayed onset
muscle soreness (DOMYS) (8).

The reliability of serum CPK levels as a marker of
muscle damage is debated (9,10). Some ethnic groups
exhibit naturally increased levels of serum CPK following
physical activity: this is not in any way pathological (6).
Higher than normal levels of tissue CPK activity may
increase the availability of cellular energy and improve
myofibril contraction responses. Therefore, high levels
of serum CPK, in the absence of muscle damage or other
pathological conditions, may reflect the level of enzyme
tissue activity. In such individuals, the serum CPK may be
higher (6,11).

Serum CPK level is a marker of muscle microtrauma
after exercise (12-14), and has been assessed during the
competitive season in professional soccer players (15,16),
using point-of-care testing (1,15,16). In some studies, CPK
was used as an indicator of muscle fatigue, and there is an
evident association between the level of CPK and very high-
intensity running during the match (17,18).

In professional football (soccer), sports medicine
professionals need objective and easy-to-perform tests
to assess changes in strength in relation to the effects of
exercise induced muscle damage. One of these tests is the
five-second squeeze test, which is a valid indicator of sports-
related hip and groin function (19).

In professional soccer, lower limb strength training
produces measurable performance benefits. However,
from a performance development view point, specifically
considering fatigue and injury prevention, the advantages
of increased lower body strength have received limited
attention at the elite level of the game (20).

Pain associated with adductors muscles is the most
common clinical finding on palpation and isometric
muscle contraction in professional athletes, and can be a
serious problem affecting the functional state and physical
performance of the players. Weakness of the adductor
muscles is associated with this clinical manifestation (21-23).

Every second football player suffers from pain in the
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adductor muscles during one football season, and every
third football player begins the competition season with
discomfort in the area close to the attachment of the
adductor muscles to the pelvis, while a third of the players
have residual discomfort dating back from the previous
competitive season (24-26).

The present study investigated the impact of competitive
soccer on the short-term changes in isometric strength of
the adductor muscle group during the competitive season.

We analysed the association of CPK level to a series of
anthropometric variables, and evaluated how this marker
of muscle damage is associated with changes in the ability
of the hip adductor muscle group to produce isometric
strength. We wished to test the null hypothesis that there
was no association between serum level of CPK and changes
in the isometric strength of the hip adductor muscle group.

The aim of the study was to develop a relatively simple
method to monitor the functional state of football players,
and potentially to find a method to check and evaluate the
adaptation to exercise and recovery in professional football.

We present the study in accordance with the STROBE
reporting checklist. Available at http://dx.doi.org/10.21037/
atm-20-2923.

Methods

All the procedures described in the present study were
approved by our Local Ethics Committee (Sechenov Moscow
State Medical University; Protocol No. 11-19, special
meeting on 25.07.2019), and all participants signed a written
informed consent. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

All athletes participating in the present study satisfied the

following requirements:

« Participation in pre-season training camp;

% CPK level determination immediately prior to the
beginning of the competitive season;

% CPK level determination at each of the 3 time points
after three games, each with a minimum of 75-minute
playing time;

% Identical physical loads in the training cycle (one
training session every day 60-75 min);

% No adductor muscle injury 3 months prior to the first
measurement.

Clinical and laboratory monitoring

In this cohort study, during two continuous seasons of
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the Premier League Championship (2017-2018 and
2018-2019), 30 professional male soccer players, all from
the same professional team, were recruited (mean age:
26.7£2.9 years; height: 181.0+5.5 cm, body mass: 75.7+8.1
kg; percentage body fat: 10.1%=1.3%). No player was lost
to follow-up. All the players were white Caucasians, and
were members of their national soccer teams, played in
the Russian Premier League, UEFA Europa League and
Champions League. A finger-prick fasting blood sample
allowed to analyse 32 pL of capillary blood to measure
CPK concentration at five different time points: (I) before
starting pre-season training after 2 or 3 weeks of rest; (II)
24 h before the match; (IIT) 12-20 h; (IV) 36-48 h; (V)
60-72 h after playing three matches during the competitive
season (July-December, March—June in seasons of 2017/18,
2018/19). A total of 390 samples were taken. The Roche
test-strips and the Roche Reflotron® Plus clinical chemistry
system (Roche Diagnostics, F. Hoffmann-La Rosche, Basel,
Switzerland) were used (15,27). The middle finger of the
non-dominant hand of each player was wiped with an
antiseptic solution and punctured with an automatic lancet.
Blood was aspirated into the heparinized glass tube with an
automatic pipette (preset volume 32 pL), and immediately
pipetted onto the test strip. The measurement is based on
the principle of reflectance photometry. The Reflotron®
Quality Control (QC) Kit should be used with the
Reflotron® test strips to ensure that the strips were working
correctly and gave accurate and reliable results. The Roche
Reflotron® Precinorm U QC kit was used for calibration
procedures, which were performed: with each new lot of
test strips; with each new shipment of test strip; whenever
there was any concern that the test result may be wrong (test
strip not stored correctly; when there was concern that a
user may not have performed the test correctly); and every
30 days regardless of any other calibration procedures.

Strength testing

After the fingertip blood sample had been taken, the
maximal voluntary isometric strength of the hip adductor
muscle group was assessed. With the players lying supine,
with their hands along the body, each player was asked to
produce a 5 seconds maximal isometric contraction in three
different positions, namely at 0°, 45° and 90° of hip flexion
with 3 minutes rest between each maximal contraction
(Figure 1). The Smart Groin Trainer dynamometer
(NeuroExcellence, Braga, Portugal) was used for the
measurement (in kg) (28). The dynamometer was placed
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between the medial femoral condyles, enabling contraction
of the pectineus, gracilis, short and long hip adductor
muscles, and eliminating the influence of other muscles.
Each player performed three attempts at each position,
and the average per each position was used for statistical
analysis. Before the test, each player warmed up performing
passive resistance contraction and passive manual stretching
of the adductors.

Anthropometric testing

Body composition analysis was performed using the
“InBody720” body composition analyser, which employs
bioelectric impedance (InBody CO, Seoul, Korea) (29,30).
The analysis was performed the morning after a training
session after an overnight fast.

Measurement of physical activity during matches

All the measurements of physical activity during matches
were carried out using the InStat® kinematic system

(Moscow, Russia) (31).

Statistical analysis

Data were entered into Excel tables using a tablet computer.
Statistical analysis was performed using IBM SPSS Statistics
software, version 23.0. The Wilcoxon signed-rank test
was used to compare independent samples. Spearman’s
rank correlation coefficient has been used for correlation
analysis. P<0.05 was considered statistically significant.
Individual coefficients of changes in serum levels were
calculated: CPK_PRE was divided by CPK_BAS, CPK_
POST1 by CPK_PRE, CPK_POST2 by CPK_POST1,
CPK_POST by CPK_POST?2. This allowed to normalise
for the individual variability in serum CPK levels, and
calculate their increase rate.

Results

The results of the measurements at all time points (24 h
before the match, and 12-20, 36-48, and 60-72 h after the
match) in three matches during the first 1/3, second 1/3 and
third 1/3 of the competitive season were compared using
the Wilcoxon signed-rank test. No significant difference
was detected (P=0.39), and therefore measurements from
the first match were used for further analysis for all athletes.

The mean and standard deviation (SD) pre-match
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Figure 1 The adductor squeeze test at 0° (A), 45° (B) and 90° (C) of hip flexion.

strength values were: 0°, 53.2+7.4 kg; 45°, 38.9+7.5 kg; 90°,
45.7+7.3 kg.

Measurements of physical activity during each match
were carried out in each player. No statistically significant
differences in the level of physical activity were found.
The average value of the team total distance at the speed
of more than 19.8 km/h during all matches was 8,111+315
m, with the average number of high-intensity activities at
the speed of more than 19.8 kim/h during all matches being
615.5+49.0.

There was no evidence of a statistically significant
association between the age of the players, body mass
index (BMI), body fat percentage and maximal isometric
strength of hip adductor muscle group in the three different
hip flexion positions. There was evidence of a statistically
significant positive association between the height and
the body mass of the players and the maximal isometric
strength of the hip adductor muscle group in each of the
flexion position in all measurements (1able 1).

There was no evidence of a statistically significant
association between serum CPK levels and BMI, percentage
of body fat, and body mass. There was evidence of a
statistically significant positive association between baseline
CPK concentration, 24 and 48 h post-game CPK levels
and players’ age (Figure 2, luble 2). Interestingly, the serum
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CPK level at 72 h was associated with height.

The association between serum CPK level and maximal
isometric strength of the hip adductor muscle group in three
different hip flexion positions was studied. Serum CPK
levels varied significantly in different players, and increased
with the age of the athlete, as shown above, and also varied
inter-individually. There was evidence of a statistically
significant negative association between serum CPK levels
and maximal isometric strength of the hip adductor muscle
group at 0° (P<0.001; r=-0.418), 45° (P=0.06; r=-0.202) and
90° flexion positions (P=0.001; r=—0.363) (Figure 3).

Moreover, the changes in serum CPK level were
associated with the rate of restoration of isometric strength:
the lower the serum CPK level after the match, the higher
the strength restoration rate (Figure 4).

There was a U-shaped CPK concentration/isometric
strength ratio trend. A significant decrease was observed for
the POST1 measurements 24 h after the match (P<0.001).
72 h after the match, the ratio has returned to basal values
(P>0.05) (Figure 5).

Discussion

The present study evidenced a statistically significant
negative association between serum CPK level and the
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Table 1 The relationship of age, height, weight, BMI, percentage of body fat with maximum isometric strength of the hip adductor muscle group

(PRE: day before the match, POST1: 12-20 h after the match, POST?2: 36-48 h, POST3: 60-72 h)

Muscle strength (kg) Age (years) Body mass (kg) Height (cm) Fat % BMI (kg/m?)
PRE_O P=0.35 R=0.38, P=0.04* P=0.19 P=0.18 P=0.38
PRE_45 P=0.68 R=0.44, P=0.01* R=0.42, P=0.02* P=0.13 P=0.45
PRE_90 P=0.21 R=0.52, P=0.004* R=0.33, P=0.07 P=0.15 P=0.31
POST1_0 P=0.53 R=0.32, P=0.08 P=0.25 R=-0.37, P=0.05* P=0.43
POST1_45 P=0.68 R=0.41, P=0.02* R=0.4, P=0.03* R=-0.33, P=0.07 P=0.44
POST1_90 P=0.40 R=0.48, P=0.008* R=0.35, P=0.06 R=-0.33, P=0.07 P=0.36
POST2_0 P=0.55 R=0.37, P=0.04* P=0.17 P=0.13 P=0.33
POST2_45 P=0.67 R=0.43, P=0.02* R=0.43, P=0.02* R=-0.34, P=0.07 P=0.43
POST2_90 P=0.35 R=0.48, P=0.007* R=0.36, P=0.05* R=-0,33, P=0.08 P=0.32
POST3_0 P=0.40 R=0.35, P=0.05* P=0.23 P=0.14 P=0.31
POST3_45 P=0.60 R=0.46, P=0.01 R=0.42, P=0.02 P=0.16 P=0.43
POST3_90 P=0.26 R=0.48, P=0.007 R=0.34, P=0.06 R=-0.31, P=0.09 P=0.37

Statistically significant results are indicated with *. BMI, body mass index.

Table 2 Relationship of age, height, weight, BMI, percentage of body fat with serum CPK level (BAS-control measurement before pre-season
training, PRE: on the day before the match, POST1: 12-20 h after the match, POST?2: 36-48 h, POST3: 60-72 h)

CPK (U/L) Age (years) Height (cm) Body weight (kg) BMI (kg/m?) Percentage of body fat
CPK_BAS R=0.50, P=0.006* P=0.12 P=0.90 P=0.70 P=0.21
CPK_PRE P=0.52 P=0.89 P=0.50 P=0.29 P=0.50
CPK_POST1 R=0.40, P=0.03* P=0.25 P=0.24 P=0.65 P=0.99
CPK_POST2 R=0.42, P=0.02* P=0.64 P=0.17 P=0.24 P=0.89
CPK_POST3 P=0.19 R=0.40, P=0.03* P=0.42 P=0.25 P=0.26

Statistically significant results are indicated with *. BMI, body mass index; CPK, creatine phosphokinase.

maximal isometric strength of the hip adductor muscle
group during the recovery period after a professional
football match. In addition, the maximal isometric strength
of the hip adductor muscle group in the professional football
players under study showed evidence of a statistically
significant association with body height and mass at all hip
flexion positions. These findings carry valuable practical
implications, as, considering these time dependent patterns
of isometric strength changes, it will allow strength and
conditioning coaches to better plan training during the
competitive season.

A major strength of the present study is that this
investigation was conducted on a cohort of elite professional
male soccer players: this is a difficult task to accomplish
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during the competitive season of professional soccer. The
results obtained are therefore a real reflection of the daily
work in professional clubs.

We acknowledge that serum CPK levels alone may not
accurately reflect the structural damage to muscle cells.
Serum CPK levels can be affected by hydration status
before eccentric exercise (9), hyperphosphatemia and
hypermagnesemia (32), and may vary widely within subject
groups of comparable male volunteers. Serum CPK levels
may be also high from contraction-induced damage to the
various muscles or following direct muscle injury.

Unfortunately, at present not all analytical methods
and techniques are suitable for a quick, reliable and
painless early diagnosis of muscle fatigue leading to muscle
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Figure 3 Relationship of the serum CPK level with the maximum isometric strength of the hip adductor muscle group (kg) at 0°, 45°, and

90° of hip flexion. CPK, creatine phosphokinase.
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microdamage at the morphological level. In real life, such
diagnosis should be easy to perform without stopping from
the main activity.

Muscle biopsies have revealed similar ultrastructure
damage to the Z band of muscle fibres in the absence of
differences in muscle soreness (33). In various studies,
muscle biopsies have been performed to try and quantify
muscle damage following exercise (6,34). However, by
definition they only give a snapshot of what is happening
in the small portion of the muscle investigated. Therefore,
muscle biopsies may not give the full picture of the damage
to the muscle group(s) exercised, and the biopsy procedure
may itself cause damage to muscle fibres (35). Muscle biopsy
is nevertheless a direct method to examine muscle tissue,
but it is invasive, and requires specialized equipment and
expertise.

Other additional indirect indices of muscle damage such
as magnetic resonance imaging studies and ultrasound
assessment are useful, but can only identify existing
structural damage (36).

There is a number of biochemical serum markers of
inflammation and stress, such as lipid hydroperoxides,
malondialdehyde, myoglobin, lactate, alpha-tocopherol,
retinol, uric acid, which can assist in quantifying and
substantiating muscle disturbance parameters (37).
However, most of these indicators are too indirect and their
changes are multifactorial.

The present study focussed on performing routine,
affordable assessment of serum CPK level and strength of
the hip adductor muscle group: these muscles are involved
in soccer-specific repetitive movements, such as side
running, kicking, crossing, and curling the ball (38). The
injury rate of this anatomical region is 1.015-1.133 injuries
per 1,000 h playtime, and comprises 11-16% of all soccer-
related traumatic injuries (23).

Computer-assisted isokinetic dynamometry is widely
used to assess hip muscle strength in athletes (39). This
equipment is expensive, requires specialised training and
experience, and, given its size and weight, cannot readily
be used for pitch side purposes. Hand-held dynamometers
are easy to use and inexpensive, but their reliability can be
a problem (40). The disadvantages of isokinetic and hand-
held dynamometers led us to employ the device used in the
present investigation, which has the advantage of portability,
is not dependent on the strength of the examiner, and is
easily placed in an anatomically reproducible location over
the extremities to test (41).

We chose the isometric type of contraction during
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testing, because isometric strength testing exerts a lower
load on the skeletal system in comparison to eccentric
contractions, minimising pain and the risk of trauma (42).
Thus, we believe that isometric testing is most beneficial for
diagnostic and prophylactic use.

There is a significant correlation between isometric
strength and isokinetic strength of a given muscle
group (43). The results of the present study confirm
that post-exercise CPK changes are closely associated to
maximal isometric strength (44), and maximum isometric
strength immediately after eccentric exercise is negatively
associated with peak CPK activity (45). The present study
identified a U-shaped CPK concentration/adductors
isometric strength ratio curve. A significant decrease was
observed for the POST1 measurements 24 h after the
match:by 72 h after the match, the ratio had returned to
basal values. Other studies evidenced a positive association
between CPK peak activity and maximal isometric strength
of lower extremity extensor muscles (46). The study of this
biological behaviour can be used to assess the recovery of
CPK level and adductors strength relative to each other
during the competitive period, and to fine tune personalized
training schemes during each microcycle.

Exercise modality can affect the appearance of CPK in
blood serum. Following eccentric training, CPK serum
levels can peak between 72h (47) and 96 h (48) to 120 h (49).
Training status may affect this time response. Eccentric
resistance training elicits a significantly different increase in
CPK serum levels in resistance trained and untrained men:
serum levels of CPK peak at 24h in the resistance trained
group, whilst they continue to raise and peak at 72 h in the
untrained group (50).

We are aware that we report a snapshot within a
competitive season. However, we point out that the results
of our observations over three games at different stages of
the competitive seasons were not significantly different,
and therefore they likely reflect the actual response to the
intense competition requirement of modern professional
football. We are not sure that extending such observation
to more games would allow to paint a different picture, and
that it would impact on the practical implications delineated
in the present study.

The question of the effect of the level of load on
the increase in CPK could be the subject of future
investigations in this field. We acknowledge that we did not
study the pattern of motor activity and did not test physical
qualities in the days of changes in physical performance
and muscle strength: this could be incorporated in future
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experimentations. However, it should be kept in mind
that we dealt with elite professional football players, for
whom undertaking scientific research could be difficult and
considered invasive of their performance capabilities.

We only studied the relationship between the serum
level of CPK and muscle strength. Therefore, we could
not ascertain how the level of CPK and a decrease in the
strength of the adductors are related to the dynamics of
various other parameters of physical performance, and how
the level of daily physical activity can affect the indicators
studied. This could be interpreted as a weakness of our
work, and could be the subject of future endeavours.

The players taking part in the present study are all
white Caucasian. This reflects the composition of the
teams studied, and should prompt similar investigations in
other ethnic groups, defining whether the findings of the
present study are applicable to the whole population of elite
professional football players.

Conclusions

Indirect muscle microtrauma after a professional soccer
match significantly affects muscle strength parameters in
professional soccer players during the competitive period.
There is a strong negative association between serum
CPK levels and adductor muscle strength — the faster the
decrease in serum CPK levels, the faster the recovery of the
isometric strength of the hip adductor muscle group. Serial
serum CPK level measurement using finger prick sampling,
combined with isometric dynamometry, is an easy and
convenient method to check and evaluate the adaptation to
exercise and recovery in professional football.
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