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ABSTRACT

Purpose. Exercise-associated muscle cramps (EAMC) are characterized by intense pain and involuntary contractions of
a single muscle or muscle group. While EAMCs may occur during and after exercise, their precise aetiology remains unknown.
However, there are some potential risk factors, as the workload of physical training previously performed. The purpose of
this case report was to evaluate the acute:chronic workload ratio (ACWR) and creatine kinase (CK) concentrations in a profes-
sional soccer player to verify the potential influence of recent training history on an extreme EAMC episode and subsequent
muscle damage.

Methods. A 21-year-old professional soccer player (body fat: 6.5%; body mass: 76 kg; height: 1.76 m) who experienced an
extreme EAMC episode after the end of an official soccer match was monitored with session rating of perceived exertion
before and after the EAMC episode and with post-match CK concentrations.

Results. ACWR revealed several spikes on the days before the match, with the highest one observed on the match day.
The CK concentrations recorded 35 and 53 hours after the EAMC episode were 262% and 182% higher, respectively, than
the maximal CK concentrations recorded during the season (703 U/I).

Conclusions. This case report illustrates, for the first time, how workload spikes, monitored with ACWR, preceded an
extreme EAMC episode that was followed by an exacerbated muscle damage response. Some insights are provided in this case
report for practitioners working in professional soccer to help them better manage similar cases.

Key words: load control, muscle damage, acute:chronic workload ratio, muscle cramps, training

Introduction While EAMCs can occur during and after exercise,
their precise aetiology still remains unknown [1, 2].

Exercise-associated muscle cramps (EAMC) are However, some risk factors have previously been sug-
characterized by intense painful involuntary muscle gested to be related to the occurrence of EAMCs, in-
contractions of a particular muscle or muscle group [1]. cluding the intensity and duration of the preceding
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physical conditioning, along with the previous occur-
rence of an EAMC episode, and family history [1, 3].
The occurrence of EAMC has been widely inves-
tigated in ultra-endurance sports as [ronman [4] and
ultramarathon [3] races. Probably, the long duration
of these competitive races is the major contributor to
the higher incidence of EAMCs in endurance sports
as compared with team sports [5]. It has been suggested
that muscle fatigue may play a more important role
than hydration status in EAMC aetiology in endurance
sports [1], and that the electrolyte balance would be
more important than hydration status [6]. Regarding
soccer, only 2 studies have previously reported EAMC
occurrence in players [7, 8]. Owing to the intense
muscle contractions associated with EAMC episodes,
soccer players are not able to continue the training ses-
sion or the competition after an EAMC. EAMCs can
result in increased skeletal muscle damage [9], which,
in turn, raises the permeability of the plasmatic mem-
brane, therefore releasing creatine kinase (CK) into
the bloodstream [10]. The monitoring of CK concentra-
tions in soccer players is a common practice because of
its association with muscle damage and injury [11].
Some previous evidence suggested that EAMC could
increase muscle damage [9], which has been largely
associated with changes in CK concentrations after
soccer activities [12]. Furthermore, increased muscle
damage results in delayed onset of muscle soreness
and a concomitant decrease of performance [13]. Thus,
EAMC occurrence should be also taken into account
for appropriately interpreting individual CK values.
Fatigue seems to be another important factor as-
sociated with the occurrence of EAMC [1, 3, 5, 14].
Fatigue may negatively influence performance, with
the level of its impact depending on the fitness status
of the player [15]. Acute fatigue is generally developed
during the second half of the match [16], while chronic
fatigue may occur owing to a congested calendar pe-
riod [17]. As the improvement of fitness status is
more related to chronic loads, a practical method to
monitor the fitness and fatigue relationship would be
the acute:chronic workload ratio (ACWR) [15]. This
method has been recently proposed to monitor the
training load (TL) in team sports to better identify in-
jury risk [18-20]. This monitoring tool relates the recent
workload performed in the short term, typically a single
week, to the chronic workload during the recent train-
ing history, typically the average of 4 previous weeks
[18]. ACWR can be calculated in different ways: with
the uncoupled method [21], the coupling method [21],
or exponentially weighted moving averages (EWMA)
[21], with each method presenting different advantages
and limitations. For instance, EWMA has been sug-

gested to increase the relative importance of the recent
loads, while, on the other hand, the coupling method
equates week loads, thus decreasing the load variability
between players [19]. These characteristics need to be
considered to analyse TL with respect to sport char-
acteristics and competitive calendar [21].

As EAMCs may occur after inadequate physical
conditioning, it would be reasonable to consider that
ACWR may reflect an inadequate loading, therefore
also increasing the risk of EAMC occurrence. Thus, as
ACWR has been previously used to verify if a player
has undergone a workload spike [15], which could
lead to augmented injury risk [1, 5, 14, 22], it may be
hypothesized that a workload spike may be associated
with inadequate conditioning and, consequently, with
an EAMC episode during or after a competitive match.

Therefore, the objectives of the present study were:
(1) to describe the training workload before EAMC
occurrence in a soccer player by means of different
ACWR calculations; and (2) to report CK concentrations
during the recovery period after the EAMC episode.

Material and methods

A professional player (body mass: 76 kg; height:
1.76 m; body fat: 6.5% evaluated with the Jackson and
Pollock method [23] for the current study) presented
an EAMC immediately after a soccer match in which
he acted as a midfielder. The player was 21 years old
at the time of the study.

At the beginning of the year, during the preseason
of the Brazilian Championship, the soccer player un-
derwent a complete medical screening with negative
results and therefore was allowed to train and com-
pete regularly. However, the player reported a history
of a previous occurrence of EAMC. He completed the
Yo-Yo endurance test level 2 [24], which resulted in 2920
m, with an estimated VO,max of 63 ml - kg™ - min™.

Throughout the season, the soccer player was moni-
tored by the session rating of perceived exertion (SRPE)
[25, 26], with the minutes completed in every session
and during matches also recorded. The daily TL was
subsequently determined (TL [AU] = sRPE X time)
[25, 26]. In addition, TL was analysed by using coupled
ACWR as rolling averages by dividing the TL of the last
week by the average of the TL of the 4 previous weeks
(coupled ACWR = 1:4), and also by using EWMA
[21, 26]. According to Malone et al. [27], an ACWR
(as rolling averages) exceeding the threshold of 1.25
may indicate an increased risk of injury in profes-
sional soccer. ACWR was calculated over the 33 days
before the EAMC episode.
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In the middle of the competitive period (24™ game
of the national competition), from day 9 to day 19, the
player remained under the supervision of the medical
department for rehabilitation of a grade 2 muscle in-
jury in the adductor muscle of the right thigh [28]. The
injury was confirmed by magnetic resonance imaging
(1.5-tesla Magnetom Vision Plus; Siemens, Germany).
After the supervised rehabilitation period, the player
completed an individualized physical reconditioning
program of 6 days under the supervision of an expe-
rienced strength and conditioning coach, with the
purpose of being prepared for regular training with
the team. After this, the athlete completed 6 training
sessions over 6 days with the soccer team until the day
of the match in which the EAMC occurred. During
this period, no other relevant issues were reported, and
the player trained normally.

The hydration status was frequently evaluated
during the days before the match. This is important
information for discussing its possible influence on
EAMC. Thus, 3 days before the match, the hydration
status of the player was assessed with the urine-spe-
cific gravity method [29] (portable refractometer,
ITREF-200, China). Two days before the match, the
athlete travelled 2370 km by airplane to the city where
the match was held. During this period, he followed
the recommendations of the team nutritionist, which
included standard macro- and micronutrient intake
and hydration strategies.

The player completed a full match of the second
division of the Brazilian Championship, which started
at 21:00. The environmental conditions during the
match were as follows: mean temperature of ca. 31°C
and relative humidity of ca. 67%. Immediately after the
match, when entering the locker room, the player ex-
perienced an extreme EAMC episode affecting various
muscle groups: in the left and right hind thigh, right
posterior thigh, right and left adductors, and lumbar
muscles. This extreme EAMC episode lasted intermit-
tently for approximately 25 minutes.

On the second and third days after the match, the
CK concentration was assessed by reflectance pho-
tometry at 37°C with an apparatus (Reflotron Plus,
Roche, Germany) previously calibrated in accordance
with the manufacturer’s instructions [30]. After local
asepsis of the finger by using alcohol, a 30-ul blood
sample was drawn into a heparinized capillary tube
for analysis. This evaluation was routinely performed
35 and 53 hours after the match. The CK concentra-
tions (Table 1) were interpreted individually [30] and
were compared with the maximal CK concentration
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measured after the 20" out of 42 official matches,
which has been suggested to be sufficient for identi-
fying the maximal CK of a season according to Lima-
Alves etal. [30]. During the 35 hours after the EAMC,
the player rested and performed only a regenerative
therapy characterized by the use of compression boots
for 10 minutes and hydro-massage for 15 minutes;
53 hours after the soccer match, the athlete did not re-
port any limitation for participation in the programmed
tactical training session and trained normally.

All the data were collected by the first author and
are presented as mean * standard deviation. The table
and the figure were created with custom-designed soft-
ware (SigmaPlot v. 12.5; Systat Software Inc., San Jose,
CA, USA).

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Decla-
ration of Helsinki, and has been approved by the
Ethics Committee of the Federal University of Minas
Gerais (protocol 485.0.203.000-10).

Informed consent
Informed consent has been obtained from the indi-
vidual included in this study.

Results

ACWR displayed several spikes on the days before
the EAMC episode, with the highest one observed on
the match day (Figure 1). The player presented a value
of 1.020 g/ml of urine concentration 3 days after the
match. He reported general tiredness and muscle sore-
ness in the region of the anterior and posterior thighs
2 days after the match. The CK concentrations meas-
ured on the days after the EAMC episode were ex-
tremely high when compared with those reported dur-
ing the season (Table 1).

Table 1. Creatine kinase (CK) concentration
35 and 53 hours after the match

Maximal CK concentration of the season 703 U/1
Mean = SD 558 + 128 U/1
CK 35 hours after the muscle cramps 1840 U/1

Percentage increase from maximal 262%
CK concentration

CK 53 hours after the muscle cramps 1280 U/1
Percentage increase from maximal 182%
CK concentration
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Figure 1. Monitoring of the training load expressed in arbitrary units (session rating of perceived exertion x time)
and the acute:chronic workload ratio for 33 days

Discussion

To the best of our knowledge, this is the first study
identifying an EAMC episode after a workload spike
monitored with ACWR. In addition, the EAMC after
the official soccer match was followed by an exacer-
bated increase in CK concentrations. The EAMC ob-
served in the present study occurred within the 3 ini-
tial weeks of training after a break for recovering from
an injury. This time window is considered a period of
a more probable EAMC occurrence, possibly because of
the imbalance between adaptation levels and TL [5].

The CK concentrations after the match were prob-
ably influenced by the EAMC episode, which may have
generated more muscle damage and, consequently,
a higher release of CK into the bloodstream [30]. Ac-
cording to Ispirlidis et al. [13], increased muscle dam-
age after a soccer match may be followed by decreased
performance and delayed onset of muscle soreness.
The mean CK concentration of the soccer player in the
present study during the season (558 * 128 U/]) is
within the range of those reported in previous studies
[30, 31]. Therefore, the EAMC episode after the spike
identified with ACWR may have potentiated the CK
responses and thus compromised the interpretation of
CK responses to exercise, as well as the athlete’s re-
covery status. The monitoring of CK concentrations in
soccer has been mostly done on an individual basis [30].
However, external factors as the occurrence of muscle
injury [30] may increase CK responses. Therefore,

EAMC could be also considered a factor that compro-
mises the interpretation of CK values. Thus, when re-
cording and interpreting the level of muscle damage
from CK concentrations, the occurrence of any EAMC
episode should be noted as a factor that may interfere.
Another caution to be considered would be the train-
ing workload that an athlete can tolerate on the days
following an EAMC episode because if they are exposed
to an inadequate training workload on the days after an
EAMC episode, the probabilities of another EAMC epi-
sode [5, 9, 14] and other injuries [11] may be impor-
tantly increased.

Overall, EAMCs may be provoked by different mech-
anisms, including neuromuscular factors [5] and dis-
turbances of electrolyte balance [5]. Therefore, the im-
plementation of a single strategy for EAMC prevention
or treatment is unlikely to be successful [5]. In the
current study, acute fatigue emerges as an important
factor that may be related to the EAMC episode. When
the soccer player returned to the normal training pro-
cess after the medical department period, he exhibited
several times an ACWR (both rolling averages and
EWMA) above the threshold of 1.25, which is consid-
ered to be related to an augmented injury risk [25].
The main factor contributing to this value was the ab-
sence of training activities during the period of rehabili-
tation from the injury, when he showed a low chronic
workload. As a consequence, several workload spikes
were induced, which probably contributed to an in-
creased level of acute fatigue [3]. As an example, one
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workload spike reflects that, in the last 7 days, the acute
workload was greater than in the previous 28 days
(i.e., chronic workload) by ca. 25% [15]. This means that
there was an inadequate progression in the TL, which,
in turn, led the athlete to reach an ACWR value of 2.4
on the EAMC day. In other words, the acute workload
was 140% above the chronic workload on the match
day. The augmented acute fatigue, added to other po-
tentially contributing factors, such as the previous his-
tory of EAMC episodes, may have contributed to the
EAMC episode on the day of the match [1, 3, 9]. How-
ever, it is unknown if the EAMC episode was more
influenced by the highest workload spike on the match
day or the summatory effect of several workload spikes
during the previous days. Therefore, it would be advis-
able, in similar cases, not to accelerate the recovery pro-
cess of players to avoid the occurrence of workload
spikes, which would likely lead to increased injury risk.

In the present study, 3 days before the soccer match,
the player presented a euhydrated status [29]. More-
over, on the days the player stayed in the Northeast
Region of Brazil, because of the hot and humid envi-
ronment, he was supervised by the team nutritionist
to maintain appropriate levels of hydration and nu-
tritional status. According to the literature, the occur-
rence of EAMC does not have a specific cause [1, 2].
However, there are 2 main factors believed to explain
its occurrence: muscle fatigue and an electrolyte defi-
cit 2, 5, 6, 14]. Thus, in the present study, despite not
having a measure of the post-match hydration status,
we may suggest that the electrolyte deficit was not
likely the factor behind the EAMC episode. In this re-
gard, Hoffman and Stuempfle [9] did not find an as-
sociation between sodium concentration and EAMC
during an ultramarathon race, while Maughan and
Shirreffs [5] suggested that cramps might be associated
with sustained abnormal spinal reflex activity follow-
ing fatigue. Our findings are in agreement with the
evidence that points out EAMC as multifactorial in
nature and stemming from an imbalance between the
excitatory drive from muscle spindles and the inhibi-
tory drive from Golgi tendon organs to the alpha motor
neurons. This imbalance is believed to stem from neu-
romuscular overload and fatigue [1, 5, 14]. Therefore,
ACWR could be used to monitor TL for the prevention
of acute fatigue and, consequently, potential EAMC epi-
sodes. Further studies with neuromuscular assess-
ments would better elucidate the origin of similar EAMC
episodes.

The limitations of the study are as follows: (a) the
hydration status was not assessed on the match day;
however, we do not expect a dehydration status on the
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match day because the player was under strict super-
vision of the team nutritionist; (b) there are no data on
the intensity of muscle contractions during the EAMC
episode; (c) other muscle damage markers could
strengthen the characterization of our result; (d) we
do not have the nutritional intake record of the player;
(e) the interpretation of the ACWR calculations should
take into consideration their mathematical characteris-
tics and sport-specific competitive calendar [21]. How-
ever, owing to the unpredictability of EAMC episodes
occurrence, it was not possible to be prepared to appro-
priately monitor all these factors.

On the basis of the current case report, we may sug-
gest some practical applications. First, workload spikes,
which can be easily monitored with ACWR, should be
avoided as they may increase the odds of EAMC epi-
sodes. However, it is still to be solved if a more conserva-
tive approach after the rehabilitation period would be
enough to avoid the workload spikes. Second, the oc-
currence of an EAMC episode may not allow the correct
interpretation of CK values within the normal variability
range of an individual athlete. Therefore, strength and
conditioning coaches and other staff professionals
should also monitor the occurrence of EAMC episodes
of different grades to appropriately interpret CK data
on an individual basis [32].

Conclusions

This case report illustrates the occurrence of an
extreme EAMC episode after a workload spike moni-
tored with ACWR in a professional soccer player. The
episode was followed by blood CK concentrations be-
yond the normal individual range. From the current
results, we may suggest that the odds of EAMC epi-
sodes may be further increased after workload spikes
and that CK values after an EAMC episode should be
analysed with caution when used as markers of exer-
cise-induced muscle damage. Therefore, progressive
loading should be recommended during the recovery
period after an injury to avoid any load spike. An EAMC
episode may be considered a factor that influences
CK responses to exercise.

Disclosure statement
No author has any financial interest or received any
financial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Human Movement, Vol. 24, No 1, 2023



HUMAN MOVEMENT

A.L. Alves et al., Muscle cramps after workload spikes in professional soccer

References

1.

10.

11.

12.

13.

Minetto MA, Holobar A, Botter A, Farina D. Origin and
development of muscle cramps. Exerc Sport Sci Rev.
2013;41(1):3-10; doi: 10.1097/JES.0b013e3182724817.

. Bergeron MF. Muscle cramps during exercise - is it fa-

tigue or electrolyte deficit? Curr Sports Med Rep. 2008;
7(4):S50-S55; doi: 10.1249/JSR.0b013e31817f476a.

. Schwellnus MP, Allie S, Derman W, Collins M. Increased

running speed and pre-race muscle damage as risk fac-
tors for exercise-associated muscle cramps in a 56 km
ultra-marathon: a prospective cohort study. Br J Sports
Med. 2011;45(14):1132-1136; doi: 10.1136/bjsm.2010.
082677.

. Schwellnus MP, Drew N, Collins M. Increased running

speed and previous cramps rather than dehydration or
serum sodium changes predict exercise-associated
muscle cramping: a prospective cohort study in 210
Ironman triathletes. BrJ Sports Med. 2011;45(8):650-
656; doi: 10.1136/bjsm.2010.078535.

. Maughan RJ, Shirreffs SM. Muscle cramping during

exercise: causes, solutions, and questions remaining.
Sports Med. 2019;49(Suppl. 2):115-124; doi: 10.1007/
s40279-019-01162-1.

. Lau WY, Kato H, Nosaka K. Water intake after dehy-

dration makes muscles more susceptible to cramp but
electrolytes reverse that effect. BMJ Open Sport Exerc
Med. 2019;5(1):e000478; doi: 10.1136/bmjsem-2018-
000478.

. Mattausch NR, Domnik K, Koehler K, Schaenzer W,

Braun H. Case study: hydration intervention improves
pre-game hydration status in female collegiate soccer
players. Int J Sport Nutr Exerc Metab. 2017;27(5):475-
481; doi: 10.1123/ijsnem.2016-0209.

. Do Nascimento NA, de Melo e Silva BG. Analysis of

the epidemiological profile of sports injuries in profes-
sional football athletes [in Portuguese]. Rev Bras Futsal
Futebol. 2017;9(34):282-2809.

. Hoffman MD, Stuempfle KJ. Muscle cramping during

a 161-km ultramarathon: comparison of characteristics
of those with and without cramping. Sports Med Open.
2015;1(1):24; doi: 10.1186/s40798-015-0019-7.
Brancaccio P, Maffulli N, Limongelli FM. Creatine ki-
nase monitoring in sport medicine. Br Med Bull. 2007;
81-82:209-230; doi: 10.1093/bmb/1dm014.

Osorio JJ, Méndez EA, Aguirre-Acevedo D, Osorio-
Ciro J, Calder6n JC, Gallo-Villegas, J. Creatine phos-
phokinase and urea as biochemical markers of muscle
injuries in professional football players. Asian J Sports
Med. 2018;9(4):e60386; doi: 10.5812/asjsm.60386.
Russell M, Sparkes W, Northeast J, Cook CJ, Brack-
en RM, Kilduff LP. Relationships between match ac-
tivities and peak power output and creatine kinase re-
sponses to professional reserve team soccer match-play.
Hum Mov Sci. 2016;45:96-101; doi: 10.1016/j.hu-
mov.2015.11.011.

Ispirlidis I, Fatouros IG, Jamurtas AZ, Nikolaidis MG,
Michailidis I, Douroudos I, et al. Time-course of changes

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

in inflammatory and performance responses follow-
ing a soccer game. Clin J Sport Med. 2008;18(5):423-
431; doi: 10.1097/JSM.0b013e3181818e0b.

Nelson NL, Churilla JR. A narrative review of exercise-
associated muscle cramps: factors that contribute to
neuromuscular fatigue and management implications.
Muscle Nerve. 2016;54(2):177-185; doi: 10.1002/mus.
25176.

Gabbett TJ. The training-injury prevention paradox:
should athletes be training smarter and harder? Br J
Sports Med. 2016;50(5):273-280; doi: 10.1136/bjs-
ports-2015-095788.

Lima-Alves A, Claudino JG, Boullosa D, Rangel Cou-
to C, Teixeira-Coelho F, Pimenta EM. The relationship
between internal and external loads as a tool to monitor
physical fitness status of team sport athletes: a systematic
review. Biol Sport. 2022;39(3):629-638; doi: 10.5114/
biolsport.2022.107021.

Morh M, Krustrup P, Bangsbo J. Fatigue in soccer:
a brief review. J Sports Sci. 2005;23(6):593-599; doi:
10.1080/02640410400021286.

Saidi K, Zouhal H, Rhibi F, Tijani JM, Boullosa D,
Chebbi A, et al. Effects of a six-week period of congested
match play on plasma volume variations, hematological
parameters, training workload and physical fitness in
elite soccer players. PLoS One. 2019;14(7):e0219692;
doi: 10.1371/journal.pone.0219692.

Clemente FM, Silva R, Arslan E, Aquino R, Castillo D,
Mendes B. The effects of congested fixture periods on
distance-based workload indices: a full-season study in
professional soccer players. Biol Sport. 2021;38(1):37-
44; doi: 10.5114/biolsport.2020.97068.

Quintao RC, Custodio 1JO, Alves AL, Claudino JG.
Quantification and comparison of external load of dif-
ferent soccer-specific training content in relation to the
match, using a GPS with accelerometer [in Portuguese].
Rev Bras Futebol. 2013;6(1):3-12.

Wang C, Vargas JT, Stokes T, Steele R, Shrier I. Ana-
lyzing activity and injury: lessons learned from the
acute:chronic workload ratio. Sports Med. 2020;50(7):
1243-1254; doi: 10.1007/s40279-020-01280-1.
Claudino JG, Cardoso Filho CA, Boullosa D, Lima-
Alves A, Carrion GR, da Silva Gianoni R, et al. The role
of veracity on the load monitoring of professional soccer
players: a systematic review in the face of the big data era.
Appl Sci. 2021;11(14):6479; doi: 10.3390/appl1146479.
Jackson AS, Pollock ML. Generalized equations for pre-
dicting body density of men. BrJ Nutr. 1978;40(3):497-
504; doi: 10.1079/bjn19780152.

Castagna C, Impellizzeri FM, Chamari K, Carlomag-
no D, Rampinini E. Aerobic fitness and Yo-Yo continuous
and intermittent tests performances in soccer players:
a correlation study. J Strength Cond Res. 2006;20(2):
320-325; doi: 10.1519/R-18065.1.

Foster C, Boullosa D, McGuigan M, Fusco A, Cortis C,
Arney BE, et al. 25 years of session rating of perceived
exertion: historical perspective and development. Int

119

Human Movement, Vol. 24, No 1, 2023



HUMAN MOVEMENT

A.L. Alves et al., Muscle cramps after workload spikes in professional soccer

J Sports Physiol Perform. 2021;16(5):612-621; doi:
10.1123/ijspp.2020-0599.

26. Morandi RF, Pimenta EM, Andrade AGP, Serpa TKF,
Penna EM, Costa CO, et al. Preliminary validation of
mirrored scales for monitoring professional soccer train-
ing sessions. J Hum Kinet. 2020;72:265-278; doi:
10.2478/hukin-2019-0112.

27. Malone S, Owen A, Newton M, Mendes B, Collins KD,
Gabbett TJ. The acute:chonic workload ratio in relation
to injury risk in professional soccer. J Sci Med Sport.
2017;20(6):561-565;d0i: 10.1016/j.jsams.2016.10.014.

28. Valle X, Alentorn-Geli E, Tol JL, Hamilton B, Garrett
WE Jr, Pruna R, et al. Muscle injuries in sports: a new
evidence-informed and expert consensus-based clas-
sification with clinical application. Sports Med. 2017;
47(7):1241-1253; doi: 10.1007/s40279-016-0647-1.

29. Armstrong LE, Maresh CM, Castellani JW, Berger-
on MF, Kenefick RW, LaGasse KE, et al. Urinary indi-
ces ofhydration status. IntJ SportNutr. 1994;4(3):265-
279; doi: 10.1123/ijsn.4.3.265.

30. Lima-Alves A, Silami-Garcia E, Figueiredo-Morandi R,
Claudino JG, Pimenta EM, Dias-Soares D. Individual
analysis of creatine kinase concentration in Brazilian
elite soccer players. Rev Bras Med Esporte. 2015;21(2):
112-116; doi: 10.1590/1517-86922015210202167.

31. Ascensdo A, Leite M, Rebelo AN, Magalhies S, Magal-
hées J. Effects of cold water immersion on the recovery
of physical performance and muscle damage following
a one-off soccer match. J Sports Sci. 2011;29(3):217-
225; doi: 10.1080/02640414.2010.526132.

32. Boullosa D, Casado A, Claudino JG, Jiménez-Reyes P,
Ravé G, Castafio-Zambudio A, et al. Do you play or do
you train? Insights from individual sports for training
load and injury risk management in team sports based
on individualization. Front Physiol. 2020;11:995; doi:
10.3389/fphys.2020.00995.

120 Human Movement, Vol. 24, No 1, 2023



