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Abstract

Soccer is a physically demanding sport, with young players covering total distances of 7,000 to 10,000 m per
match. They perform 52 to 100 accelerations and 1,379 to 1,459 activity changes every 4 seconds, requiring up
to 72 hours for full recovery. Furthermore, the most critical moments of the game, such as recovering the ball,
scoring a goal or making a save, depend on the athlete's ability to perform better in high-intensity movements.
The aim of this study was to examine the neuromuscular and biochemical responses of high-level young soccer
players to official matches, in order to provide more information about the match impact on the players. Despite
the apparent popularity of the subject, there is a lack of scientific evidence on the topic. The sample included 42
male players aged 1622 years without injury history, divided into an experimental group (n=24) and a control
group (n=18). Measurements included neuromuscular performance indices and biochemical markers obtained
through blood sampling, conducted 24 hours before and 24 hours after each match. External match load was
monitored using a GPS system (Stats, Apex Pro). This protocol was repeated for six matches. Repeated-
measures ANOVA was used to analyze changes over time, and paired t-tests analysis. Statistical analysis was
performed with SPSS 29, with significance set at p<0.05. Results indicated that all measured performance
indicators were negatively affected following matches. These findings highlight the multifactorial nature of
fatigue in elite young soccer players and underscore the importance of integrated monitoring using biochemical,
neuromuscular, and subjective indicators. Organized in-season rehabilitation programs are recommended to
facilitate recovery and maintain performance, and further research is suggested to evaluate specific rehabilitation
protocols.

Keywords: Recovery, Soccer, Countermovement jump, Muscle damage, Fatigue, Young players, In-
season.

Introduction

Apart from being a physically demanding process, match play places a considerable burden on players,
with research showing that professional soccer players at the European level compete, on average, once every
4.3 days, including travel time (Kellmann, 2002). Over the course of an entire season, teams may participate in
more than 60 matches. Consequently, professional soccer players may experience prolonged fatigue throughout
the season - particularly during periods of fixture congestion - which can negatively affect subsequent
performance and increase the risk of injury (Carling, Le Gall, & Dupont, 2012).

All sport-specific activities performed during a match contribute to the fatigue observed in players
afterward. The high mechanical loads experienced during competition can induce significant fatigue (Robineau
et al., 2012), muscle damage (Ascens@o et al., 2011), and reductions in neuromuscular function (Ascensio et al.,
2011; Robineau et al., 2012). In addition, performance factors such as maximal strength, repeated-sprint ability,
jumping ability, and sprint performance have been shown to decrease immediately after a match, with full
recovery taking up to 72 hours (Ispirlidis et al., 2008; Krustrup et al., 2006).

In team sports such as soccer, a player's motor behavior—both physical and tactical—is shaped by
interactions between the player, the game, and environmental constraints (Newell, 1986). Consequently,
performance in team sports depends on the ability of players to identify relevant environmental cues and exploit
opportunities for action (Travassos, Gongalves, Marcelino, Monteiro, & Sampaio, 2014).

Based on these considerations, it is likely that both the physical and tactical behavior of players are
influenced during periods of muscular and/or central fatigue. Previous studies have shown that changes in
physical performance occur during soccer matches (Rampinini et al., 2011), which cannot be attributed solely to
team strategy or playing position (Castellano, Blanco-Villasefior, & Alvarez, 2011), but may also result from
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muscle fatigue (Bishop, 2012; Nédélec et al., 2012; Tomazin, Morin, & Millet, 2016). The demands of soccer
matches (Bush, Barnes, Archer, Hogg, & Bradley, 2015), and particularly the high-intensity actions, lead to
transient muscle fatigue (Silva et al., 2017), which affects players’ activity profiles.

Therefore, one of the main challenges for coaches is to achieve an optimal balance between match-
induced stress and recovery (Soligard et al., 2016; Schwellnus et al., 2016). To achieve this balance, it is
essential to first understand how an official soccer match affects players’ fatigue status. Exercise scientists often
use multiple biomarkers to monitor recovery processes in soccer (Marqués-Jiménez et al., 2016). Biomarkers
should be considered complementary to information obtained from physical performance and perceptual
measures (Marqués-Jiménez et al., 2016, 2017). Additionally, neuromuscular fatigue can be evaluated with valid
and reliable tests such as the countermovement jump (CMJ) test (Claudino et al., 2017; Garrett et al., 2020;
Marrier et al., 2017; Markovic et al., 2004) and the 20-meter sprint test (Twist et al., 2013).

The assessment of an athlete’s fatigue is a multifactorial process that should include biochemical,
neuromuscular, and subjective indicators, consistently monitored throughout the season.

Material & Methods
Participants

The research sample consisted of 42 young professional soccer players (n=18 Superleague ul9, n=24
Superleague 2), aged 16 to 22 years without injury problems, height 178.61+6.47 cm, body weight 71.3+£6.3 kg.
Eighteen were the control group and twenty-four were the experimental group. Those who did not play the entire
official match, as well as goalkeepers, were excluded from the study.
Materials

The anthropometric characteristics height and body weight were recorded using a stadiometer (Seca
222, Hamburg, Germany) and a calibrated bascule (Seca 634, Hamburg, Germany).
Photocells

Two pairs of photocells (Autonics, BX5SM — MFR — T)), consisting of two beams, each with two pairs
of photocells and an automatic digital timer (Saint Wien Digital Timer Type H5K), with minimum time
measurement, measurement error =0, were used to measure the agility ,01sec.
Isokinetic test

An isokinetic dynamometer type Biodex 3 (Biorex, Biotex Corporation, Shirley NY, USA) with which
we recorded the peak torque at predetermined constant angular velocities.
Jump test

An OptoJump system (Optojump, Microgate, Bolzano, Italy) which consists of two rods, one of which
acts as a transmitter unit containing 96 light-emitting diodes placed 0.003m above the ground, while the other
acts as a receiver unit.
Blood test
Blood collection vials and syringe.
Procedure

All procedures were carried out during in season, before and after of six official matches, of the second
professional division of Greece (Superleague2). The process of recording the data during the execution of the
tests was carried out in two different time periods for each match 24 hours before the match whose data formed
the basis, 24 hours after the match data which reflects the effect the burden of the match, as the external load of
the match was recorded with a short-range telemetry system and a three-axis accelerometer integrated into the
GPS. A standard warm-up was conducted after blood sampling and before performance tests. The warm-up
consisted of 6 minutes of easy treadmill running, dynamic stretching and coordination exercises. All
measurements were performed at the same time of day to avoid circadian variation.
Anthropometrical

Height(m) and body weight(kg) were measured at the beginning of the first testing session. A
stadiometer (Seca 222, Hamburg, Germany) and a calibrated bascule (Seca 634, Hamburg, Germany) were used
for that purpose.

Biochemical markers
Blood sample

Before the remaining tests, blood was drawn to assess seven biochemical markers. Blood would be
collected into 2 different empty blood collection tubes. The blood was boiled at room temperature for 30-45
minutes. The analysis process was carried out in collaboration with an accredited biochemical laboratory.
Neuromuscular markers
Max strength

The participants after the warm-up performed on the isokinetic dynamometer with their dominant leg
5 attempts (3 warm-up attempts and 2 maximal) in a full range of knee flexion-extension. Players were tested in
a seated position with a hip angle of 100°. Fixation straps were used to secure the pelvis and thigh of the test leg.
The shoulders were fixed with shoulder pads in the ventral-dorsal and cranio-caudal directions.
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The axis of rotation of the dynamometer was aligned with the axis of rotation of the knee (lateral
femoral epicondyle). The lever arm of the dynamometer was attached to the distal part of the tibia, and the lower
end of the tibial pad was placed ~2 cm above the medial malleolus.

Static gravity correction was applied according to the manufacturer's instructions. Test range of motion
was 80° and defined from 10 to 90° of knee flexion (with 0° = full voluntary extension). Soccer players were
asked to kick and also flex the tested leg as hard and as fast as they could through a full range of motion (from
90° to 0°).

Jump test

Participant’s neuromuscular fatigue was determined using the Counter Movement Jump (CMJ) test. The
CMI test is valid and reliable (Claudino et al., 2017; Garrett et al., 2020; Marrier et al., 2017; Markovic et al.,
2004) The soccer players after the warm-up performed 3 CMJ attempts on the OptoJump system, with the hands
on the medial and with the prompt to jump as high as possible. Finally, the best of the 3 attempts was chosen.
Speed test

Sprint evaluation was accomplished through a speed test that was carried out in a straight 20 m line.
Sprint times (s) were measured by two pairs of photocells (Autonics, BX5M — MFR — T) in the beginning and in
the end of the 20m line. The athletes started in the same line of first pair of photocells in order to ensured that
their initial speed was zero. The players performed 2 trials with a 3 min recovery period between. The fastest
result was recorded for further analysis.

External load record

External load loads from each match were recorded using a short-range telemetry system and GPS-
integrated triaxial accelerometer (Stats, Apex pro). The soccer players wore personalized gps during all official
matches. External load measurements recorded were total distance in meters (TDm), high speed runs (HSRm)
>19.8 km/h, high metabolic load distance (HMLDm), sprint distance (SPRINT D. m) >25 km /h, strong
accelerations (ACC) >3m/s® and strong decelerations (DEC) >3m/s”.

The data was downloaded to a computer and processed by the special program of Stats (Sonra) to
avoid noises and to ensure that only the match is recorded (Table 1).

Table 1. External load match data

TEAMAVG | TD(m) | HSR(m) | HMLD@m) | SPRINDD.m) | ACC(m) | DECC(m)
MATCH 1 10658 612 1930 77 83 88
MATCH 2 10155 556 1793 88 75 87
MATCH 3 9574 521 1737 84 62 71
MATCH 4 10002 589 1867 90 65 76
MATCH 5 10459 650 1927 71 60 79
MATCH 6 9968 510 1698 64 58 65

Statistical analysis
Repeated-measures ANOVA was used to analyze changes over time, and paired t-tests analysis.
Statistical analysis was performed with SPSS 29, with significance set at p<0.05.

Results

Biochemical and neuromuscular responses to official soccer matches are presented for the experimental
and control groups. In the experimental group, creatine kinase increased from 492.96+212.41 to
1,215.17+405.52 U/L, p=.001 (Fig.1), urea from 36.02+4.64 to 39.46+4.91 mmol/L, p=.023 (Fig.2), uric acid
from 4.8240.62 to 5.11+0.90 mg/dL, p=.003 (Fig.3) and WBC from 5,326.67+1,215.81 to 5.992.92+1,439.88,
p=-001 (Fig.4), whereas cortisol decreased from 14.9542.39 to 11.50+3.23 pg/dL, p=.001 (Fig.5). Free
testosterone decreased slightly from 22.23+5.47 to 20.43+4.51, p=.068 (Fig.6), and LDH increased from
415.25470.45 to 581.63+ 178.83, p=.001 (Fig.7).

The control group showed minimal changes in all biochemical markers. Neuromuscular performance in
the experimental group declined post-match, with CMJ height decreasing from 42.564+2.38 to 39.47+2.41 cm,
p=-001 (Fig.8), 20 m sprint time increasing from 3.02+0.07 to 3.25+0.57s, p=.049 (Fig.9), knee extension peak
torque decreasing from 311.67+22.12 to 272.73431.41 Nm, p=.001 (Fig.10), and knee flexion peak torque from
197.67+16.51 to 177.73£25.90 Nm, p=.001 (Fig.11).

The control group remained stable in all neuromuscular measures. These results indicate clear post-
match elevations in biochemical markers of muscle damage and metabolic stress, along with declines in
neuromuscular performance in the experimental group, while the control group exhibited negligible changes
(Table 2).
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Table 2. Mean and Standard deviation of the variables

Experimental Group Mean Std. D Control group Mean Std. D
CK pre 492.96 212.41 | CK pre 578.03 61.28
CK post 1215.17 405.52 | CK post 587.22 55.07
UREA pre 36.02 4.64 | UREA pre 38.14 6.27
UREA2 post 39.46 491 | UREA2 post 36.63 6.22
UREA ACID pre 4.82 0.62 | UREA ACID pre 4.56 0.63
UREA ACID post 5.11 0.90 | UREA ACID post 4.71 0.75
WBC pre 5326.67 1215.81 | WBC pre 4915.00 827.28
WBC post 5992.92 1439.88 | WBC post 4513.33 1114.39
COR pre 14.95 2.39 | COR pre 14.32 4.69
COR post 11.50 3.23 | COR post 14.35 4.68
FREE-TEST pre 22.23 5.47 | FREE-TEST pre 26.75 9.45
FREE-TEST post 20.43 4.51 | FREE-TEST post 26.80 9.48
LDH pre 415.25 70.45 | LDH pre 460.42 190.97
LDH post 581.63 178.83 | LDH post 460.76 191.50
cmj pre 42.56 2.38 | cmj pre 43.17 7.76
cmj post 39.47 2.41 | cmj post 43.37 7.76
20m-sprint test pre 3.02 0.07 | 20m-sprint test pre 3.03 0.20
20m-sprint test post 3.25 0.57 | 20m-sprint test post 2.82 0.48
Peak torque ext pre 311.67 22.12 | Peak torque ext pre 312.83 78.28
Peak torque ext post 272.73 31.41 | Peak torque ext post 313.80 78.42
Peak torque flex pre 197.67 16.51 | Peak torque flex pre 272.47 353.03
Peak torque flex post 177.73 25.90 | Peak torque flex post 190.89 43.47
Creatine Kinase
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Figure 1: Creatine Kinase (Mean+SD, p<0.05)
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Figure 2: Urea (Mean+SD, p<0.05)
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Figure 3: Urea Acid (Mean+SD, p<0.05)
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Figure 4: White Blood Cells (Mean+SD, p<0.05)
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Figure 10: Peak Torque Ext (Mean+SD, p<0.05)
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Figure 11: Peak Torque Flex (Mean+SD, p<0.05)

Discussion

Considering the complexity of assessing fatigue, a multidimensional approach that integrates various
parameters - neuromuscular, biochemical, and subjective - is recommended (Marques-Jimenez et al., 2017). The
present study demonstrates that an official soccer match induces significant fatigue, as evidenced by notable
changes in both biochemical and neuromuscular markers.

Regarding biochemical responses, a 40.06% increase in lactate dehydrogenase (LDH) was observed,
indicating that this variable was significantly affected by the match. This finding is consistent with previous
research reporting post-match LDH elevation following soccer and rugby activities (Mashiko et al., 2004;
Takahashi et al., 2007; Trajkovic et al., 2018). Creatine kinase (CK) levels also showed a statistically significant
increase of 146.5%, confirming substantial muscle damage or stress. Similar CK elevations have been reported
immediately after competitive play or football simulation tests (Andersson et al., 2008), with peak values
typically occurring approximately 24 hours post-match (Rampinini et al., 2011; Silva et al., 2013; Bouzid et al.,
2019; Wiig et al., 2022), likely due to delayed enzyme clearance (Hyatt & Clarkson, 1998). Furthermore, during
congested match schedules, CK concentrations are higher, as demonstrated by Garcia-Romero-Perez et al.
(2021), who found elevated pre-match CK levels among players with greater playing time.

Uric acid concentration increased by 6.18%, consistent with previous findings indicating that intense
exercise enhances purine metabolism and muscle membrane disruption (Palacios et al., 2015; Nidhal et al.,
2023). Similarly, blood urea rose significantly by 9.54%, suggesting elevated protein catabolism and metabolic
stress. These results align with studies showing increased urea levels after high-intensity exercise (Palacios et al.,
2015), reinforcing its role as a useful indicator of training load, energy substrate utilization, and potential
overtraining risk. White blood cell (WBC) count also increased by 12.5%, reflecting an acute inflammatory
response or incomplete recovery (Shek et al., 1995). This hematological response has been previously observed
in soccer players as a short-term reaction to match-induced stress (Andelkovi¢ et al., 2015; Mohr et al., 2016;
Farjallah et al., 2020). No significant changes were observed in free testosterone, indicating a potentially blunted
or variable hormonal response among young elite players. In contrast, cortisol levels decreased by 23.1%,
consistent with a return toward baseline and the resolution of acute stress following match completion.

Neuromuscular performance also showed significant decrements. Countermovement jump (CMJ) height
decreased by 7.26%, indicating neuromuscular fatigue (Andersson et al., 2008; Claudino et al., 2017; Akyilzi et
al., 2022). This reduction aligns with Nedelec et al. (2014), who reported impaired CMJ performance lasting up
to 72 hours post-match, reflecting the involvement of the stretch-shortening cycle (Nicol et al., 2006). Sprint
performance declined, with 20 m sprint time increasing by 7.62%, comparable to findings by Ascensao et al.
(2008) but slightly higher than those of Ispirlidis et al. (2008) and Knist et al. (2006). Variability in player
characteristics likely explains these differences. Additionally, maximal isokinetic torque for both knee flexion
and extension decreased by 10.08% and 12.49%, respectively, corroborating earlier reports in elite male
(Raastad et al., 2002) and female players (Andersson et al., 2008). Such reductions may result from structural
muscle fiber disturbances caused by repeated high-force actions during gameplay (Gibala et al., 1995; Raastad et
al., 2000). Taken together, the observed alterations in biochemical and neuromuscular parameters confirm that
an official soccer match induces acute, multidimensional fatigue in young elite players. These findings
emphasize the importance of integrated fatigue monitoring combining biochemical and performance-based
indicators to optimize recovery strategies and manage player readiness effectively.

Conclusion

The present study confirms that participation in an official soccer match induces acute and
multidimensional fatigue in young elite players. Significant changes in both biochemical and neuromuscular
markers highlight the considerable muscular and metabolic strain imposed by competitive play. Prolonged
exposure to frequent matches can result in cumulative fatigue, negatively affecting subsequent performance and
increasing the risk of injury (Carling et al., 2012).
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Given the multifactorial nature of fatigue, its assessment should integrate biochemical, neuromuscular,
and subjective indicators that are consistently monitored throughout the season. Developing individualized
fatigue profiles for each player can provide valuable insights into recovery status and readiness, supporting data-
driven decision-making in training and match scheduling.

Implementing structured recovery and rehabilitation programs is strongly recommended to ensure
effective restoration of performance capacities and to minimize potential injury risks. Overall, a
multidimensional and personalized monitoring approach appears essential for optimizing player management,
enhancing performance, and promoting long-term athletic health in elite soccer environments.

Declaration of generative Al and Al-assisted technologies in the writing process
During the preparation of this work the authors didn’t use of Al in the writing of the article.

References

Andelkovié, M., Barali¢, 1., Pordevi¢, B., Stevuljevi¢, J. K., Radivojevi¢, N., Diki¢, N., Skodri¢, S. R., &
Stojkovi¢, M. (2015). Hematological and biochemical parameters in elite soccer players during a
competitive half season. Journal of Medical Biochemistry, 34(4), 460—466. https://doi.org/10.1515/jomb
2015-0004

Andersson, H. A., Raastad, T., Nilsson, J., Paulsen, G., Garthe, 1., & Kadi, F. (2008). Neuromuscular fatigue and
recovery in elite female soccer: Effects of active recovery. Medicine & Science in Sports & Exercise,
40(2), 372-380. https://doi.org/10.1249/mss.0b013e31815b8497

Ascensdo, A., Leite, M., Rebelo, A. N., Magalhies, S., & Magalhies, J. (2011). Effects of cold-water immersion
on the recovery of physical performance and muscle damage following a one-off soccer match. Journal
of Sports Sciences, 29(3), 217-225. https://doi.org/10.1080/02640414.2010.526132

Bishop, D. J. (2012). Fatigue during intermittent-sprint exercise. Clinical and Experimental Pharmacology and
Physiology, 39(9), 836-841. https://doi.org/10.1111/j.1440-1681.2012.05681.x

Bouzid, M. A., Abaidia, A. E., Bouchiba, M., Ghattassi, K., Daab, W., Engel, F. A., & Chtourou, H. (2019).

Effects of Ramadan fasting on recovery following a simulated soccer match in professional soccer players: A
pilot study. Frontiers in Physiology, 10, 1480. https://doi.org/10.3389/fphys.2019.01480

Bush, M., Barnes, C., Archer, D. T., Hogg, B., & Bradley, P. S. (2015). Evolution of match performance
parameters for various playing positions in the English Premier League. Human Movement Science, 39,
1-11. https://doi.org/10.1016/j.humov.2014.10.003

Carling, C., Le Gall, F., & Dupont, G. (2012). Are physical performance and injury risk in a professional soccer
team in match-play affected over a prolonged period of fixture congestion? International Journal of
Sports Medicine, 33(1), 36-42. https://doi.org/10.1055/s-0031-1283190

Castellano, J., Blanco-Villasefior, A., & Alvarez, D. (2011). Contextual variables and time-motion analysis in
soccer. Journal of Sports Science and Medicine, 10(3), 415-421.

Claudino, J. G., Cronin, J., Mezéncio, B., McMaster, D. T., McGuigan, M., Tricoli, V., ... & Serrdo, J. C. (2017).
The countermovement jump to monitor neuromuscular status: A meta-analysis. Journal of Science and
Medicine in Sport, 20(4), 397-402. https://doi.org/10.1016/j.jsams.2016.08.01 1

Farjallah, M. A., Ghattassi, K., Ben Mahmoud, L., Graja, A., Boudaya, M., Elleuch, H., Jammoussi, K.,

Sahnoun, Z., Souissi, N., Chtourou, H., & Hammouda, O. (2020). Effect of nocturnal melatonin intake

on cellular damage and recovery from repeated sprint performance during an intensive training schedule.

Chronobiology International, 37(5), 686-698. https://doi.org/10.1080/07420528.2020.1723077

Garcia-Romero-Perez, A., Ordonez, F. J., Reyes-Gil, F., Rodriguez-Lopez, E. S., & Oliva-Pascual-Vaca, A.
(2021). Muscle damage biomarkers in congestion weeks in English Premier League soccer players: A
prospective study for two consecutive seasons. International Journal of Environmental Research and
Public Health, 18(15), 7960. https://doi.org/10.3390/ijerph18157960

Garrett, J. M., Graham, S. R., & Woods, C. T. (2020). Comparison of a countermovement jump test and
submaximal run test to quantify the sensitivity for detecting practically important changes within high
performance Australian rules football. International Journal of Sports Physiology and Performance,
15(1), 68-72. https://doi.org/10.1123/ijspp.2019-0068

Gibala, M. J., MacDougall, J. D., Tarnopolsky, M. A., Stauber, W. T., & Elorriaga, A. (1995). Changes in

human skeletal muscle ultrastructure and force production after acute resistance exercise. Journal of Applied
Physiology, 78(2), 702—708. https://doi.org/10.1152/jappl.1995.78.2.702

Hyatt, J. P., & Clarkson, P. M. (1998). Creatine kinase release and clearance using MM variants following

repeated bouts of eccentric exercise. Medicine & Science in Sports & Exercise, 30(7), 1059
1065. https://doi.org/10.1097/00005768-199807000-00006

Ispirlidis, 1., Fatouros, 1. G., Jamurtas, A. Z., Nikolaidis, M. G., Michailidis, 1., Douroudos, I., & Kouretas, D.
(2008). Time-course of changes in inflammatory and performance responses following a soccer
game. Clinical Journal of Sport Medicine, 18(5), 423
431. https://doi.org/10.1097/JSM.0b013e¢3181818e¢0b

10

JPES®  www.efsupit.ro



THEOCHARIS KOMSIS, GEORGIOS KOMSIS, STERGIOS KOMSIS, ZACHAROULA
PAPADOPOULOU, THOMAS METAXAS, IOANNIS GISSIS,IOANNIS S. VRABAS

Kellmann, M. (Ed.). (2002). Enhancing recovery: Preventing underperformance in athletes. Human Kinetics.
Krustrup, P., Mohr, M., Steensberg, A., Bencke, J., Kjaer, M., & Bangsbo, J. (2006). Muscle and blood
metabolites during a soccer game: Implications for sprint performance. Medicine & Science in Sports &
Exercise, 38(6), 1165—1174. https://doi.org/10.1249/01.mss.0000222845.89262.cd

Markovic, G., Dizdar, D., Jukic, 1., & Cardinale, M. (2004). Reliability and factorial validity of squat and
countermovement jump tests. Journal of Strength and Conditioning Research, 18(3), 551-555.

Marqués-Jiménez, D., Calleja-Gonzalez, J., Arratibel, 1., Delextrat, A., & Terrados, N. (2017). Fatigue and
recovery in soccer: Evidence and challenges. Open Sports Sciences Journal, 10(1), 52
70. https://doi.org/10.2174/1875399X01710010052

Marrier, B., Robineau, J., Piscione, J., Lacome, M., Peeters, A., Hausswirth, C., & Morin, J. B. (2017).

Quantifying neuromuscular fatigue induced by an intense training session in rugby sevens. International

Journal of Sports Physiology and Performance, 12(2), 218-223. https://doi.org/10.1123/ijspp.2015-0700

Mashiko, T., Umeda, T., Nakaji, S., & Sugawara, K. (2004). Position-related analysis of the appearance of and
relationship between post-match physical and mental fatigue in university rugby football

players. British  Journal of Sports Medicine, 38(5), 617-621. https://doi.org/10.1136/bjsm.2003.007955

Mohr, M., Draganidis, D., Chatzinikolaou, A., Barbero-Alvarez, J. C., Castagna, C., Douroudos, I., ... &

Fatouros, I. G. (2016). Muscle damage, inflammatory, immune and performance responses to three

football games in one week in competitive male players. European Journal of Applied Physiology, 116(1), 179
193. https://doi.org/10.1007/s00421-015-3264-4

Nédélec, M., McCall, A., Carling, C., Legall, F., Berthoin, S., & Dupont, G. (2012). Recovery in soccer: Part I
Post-match  fatigue and time course of recovery. Sports Medicine, 42(12), 997
1015. https://doi.org/10.2165/11635270-000000000-00000

Newell, K. M. (1986). Constraints on the development of coordination. In M. G. Wade & H. T. A. Whiting
(Eds.), Motor development in children: Aspects of coordination and control (pp. 341-360). Springer.

Palacios, G., Pedrero-Chamizo, R., Palacios, N., Maroto-Sanchez, B., Aznar, S., & Gonzalez-Gross, M. (2015).
Biomarkers of physical activity and exercise. Nutricion Hospitalaria, 31(Suppl 3), 237
244. https://doi.org/10.3305/nh.2015.31.sup3.8771

Raastad, T., & Hallén, J. (2000). Recovery of skeletal muscle contractility after high- and moderate-intensity
strength exercise. European Journal of Applied Physiology, 82(3), 206
214. https://doi.org/10.1007/s004210050674

Rampinini, E., Bosio, A., Ferraresi, 1., Petruolo, A., Morelli, A., & Sassi, A. (2011). Match-related fatigue in

soccer players. Medicine & Science in Sports & Exercise, 43(11), 2161
2170. https://doi.org/10.1249/MSS.0b013e31821e9¢5¢c

Robineau, J., Jouaux, T., Lacroix, M., & Babault, N. (2012). Neuromuscular fatigue induced by a 90-minute

soccer game  modeling. Journal  of  Strength  and  Conditioning  Research,  26(2), 555
562. https://doi.org/10.1519/JSC.0b013e318220dda0

Silva, J. R., Ascensdo, A., Marques, F., Seabra, A., Rebelo, A., & Magalhdes, J. (2013). Neuromuscular

function, hormonal and redox status and muscle damage of professional soccer players after a high-level
competitive match. European Journal of  Applied Physiology, 113(8), 2193
2201. https://doi.org/10.1007/s00421-013-2633-8

Silva, B., Clemente, F. M., Camdes, M., & Bezerra, P. (2017). Functional movement screen scores and physical
performance among youth elite soccer players. Sports, 5(1), 16. https://doi.org/10.3390/sports5010016

Takahashi, 1., Umeda, T., Mashiko, T., Chinda, D., Oyama, T., Sugawara, K., & Nakaji, S. (2007). Effects of

rugby seven matches on human neutrophil-related non-specific immunity. British Journal of Sports Medicine,
41(1), 13—-18. https://doi.org/10.1136/bjsm.2006.029306

Tomazin, K., Morin, J. B., & Millet, G. Y. (2016). Neuromuscular fatigue actiology after repeated sprints

depends on exercise modality. International Journal of Sports Physiology and Performance, 11(6), 1
28. https://doi.org/10.1123/ijspp.2015-0380

Trajkovic, N., Sporis, G., Vlahovic, T., Madic, D., & Gusic, M. (2018). Post-match changes in muscle damage
markers among U-21 soccer players. Montenegrin Journal of Sports Science and Medicine, 7(1), 49-53.

Travassos, B., Gongalves, B., Marcelino, R., Monteiro, R., & Sampaio, J. (2014). How perceiving additional
targets modifies teams’ tactical behavior during football small-sided games. Human Movement Science,
38, 241-250. https://doi.org/10.1016/j.humov.2014.10.001

Wiig, H., Cumming, K. T., Handegaard, V., Stabell, J., Spencer, M., & Raastad, T. (2022). Muscular heat shock
protein response and muscle damage after a semi-professional football match. Scandinavian Journal of
Medicine & Science in Sports, 32(5), 984-996. https://doi.org/10.1111/sms.14148

11

JPES®  www.efsupit.ro



