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Abstract - Aim: This narrative review aimed to explore the effect of mental fatigue on physical, technical, and tac-
tical performance in ball sports. Methods: Three Databases, PUBMED, SCOPUS, and SCIELO, were used to search
for a scientific publication. The criterions adopted were: a) published in a peer-reviewed journal; b) adopted at least one
manipulation check related to mental fatigue; ¢) mental fatigue induced by a cognitive task before the outcome task, and
d) study participants were ball sports athletes. Result: The quality of this narrative review was rated at 11 (SANRA
scale 0-12), and the papers analyzed were published between 2015 and 2022. Twenty-one experimental studies were
included in this review. Most studies were in invasion sports (n = 13; 72%), and non-ecological tasks were used to
induce mental fatigue (n = 15; 83%). Regarding performance in endurance tests, mentally fatigued athletes had perfor-
mance impaired. However, when assessed during a small-sided or simulated game, data were inconclusive within the
literature. Moreover, athletes presented attenuated perceptual skills (e.g., visual field). Consequently, this worsened
motor skills, technical-tactical performances, and tactical behavior. Conclusions: Cognitively demanding tasks should
be avoided before training and sports competitions because they can lead the athlete to mental fatigue and impair per-
formance. This impairment is identified in physical performance (endurance tasks) and technical and tactical perfor-
mance. Finally, it is recommended that athletes do not perform tasks that cause mental fatigue 2 h before the sports

event.
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Introduction

Ball sports (i.e., sports that use a ball or similar objects)
are mainly determined by a holistic relationship between
physical, technical, and tactical aspects'. Regarding the
physical demands, intensity variation and brief rest peri-
ods (i.e., intermittent) are common in those modalities.
Also, muscle power is essential to perform several actions
(e.g., sprints, jumps, and kicks)'. In the technical (e.g.,
kick, header, forechand) and tactical (e.g., decisions and
actions to gain an advantage over the opponent) aspects,
perceptual-cognitive skills are required because most
actions are open. In other words, they happen in an unpre-
dictable environment, making it difficult to anticipate mo-
vements’ execution’. Therefore, executive function (i.e.,
mental processes that regulate attention, memory, and
other cognitive skills; see more details in Diamond”) is
fundamental to performance. For example, attentional
control is responsible for the perception of relevant infor-
mation, the decision making to find a better way of play-

ing, and memory that directs attention and sustains
elements that contribute to decision making®. In sports
science, factors that impair performance are often investi-
gated. For this reason, mental fatigue has garnered the
interest of researchers, coaches, and athletes alike.

Conceptually, mental fatigue is a psychobiological
state associated with a feeling of tiredness and/or lack of
energy after long periods of cognitive activities that con-
tain high levels of attention, inhibitory control, or monot-
ony/boredom™®. Using social media on smartphones’,
playing video games®, and performing computational cog-
nitive tests”'® are examples of activities bringing about
mental fatigue if performed for a prolonged period (i.e.,
> 30 min). Additionally, contextual factors (e.g., traveling
to compete) and cognitive demands during the match can
also contribute to the increased perception of mental
fatigue'".

One mechanism that seems to explain mental fatigue
is the inability to resynthesize adenosine triphosphate
(ATP) due to cognitive effort'”. ATP (i.e., a combination
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of adenine, ribose, and a set of three phosphate deriva-
tives, the oxidation of carbohydrate, protein, and lipids) is
utilized during several human processes (e.g., muscle con-
traction, brain function)'>. Blood glucose passes through
the blood-brain barrier (i.e., formed by endothelial cells
that select substances from blood into nervous tissue) and
is regulated by the glucose transporter-1 (GLUT-1) mem-
brane protein and hexokinase in a membrane-bound and
intracellular fashion'®. Glucose is converted to lactate in
the brain, released into the extracellular space, and then
transported to neurons and oxidized"’.

Cognitive demand for a prolonged period requires a
significant contribution from glucose for cerebral energy,
which can be observed from the increase in lactate in
extracellular regions. Although of short duration, the
phosphocreatine (PCr) energy system appears to play an
essential role in maintaining cognitive performance when
the cerebral glycolytic system is overloaded'®. When per-
forming demanding cognitive activities, the demand for
ATP surpasses the resynthesis capacity and, consequently,
there is an increase in the concentration of cerebral adeno-
sine, mainly in the anterior cingulate cortex®'”. It can be
observed in situations of cerebral hypoxia, in which there
is an increase in adenosine concentration and a decrease in
ATP due to compromised oxygen supply'®.

Adenosine increases are associated with reduced
cortical activity'®. For example, a systematic review with
meta-analysis reported an increase in theta wave (4-7.5
Hz) in frontal regions and low-frequency alpha (7.5-13
Hz) in central cortical regions occurred in mentally fati-
gued subjects®, suggesting deactivation of brain areas.
The practical effect is an impairment of executive function
(e.g., working memory, attention)®' since these waves are
associated with inhibitory processes, mainly in the frontal
region, especially due to attenuation of dopamine activity,
an excitatory neurotransmitter'”.

It should be noted that the perceived exertion during
exercise for the same external load is greater when the
athlete is mentally fatigued®”. It seems that perception of
effort is decisive for exercise tolerance (for more details,
see the psychobiological model)*. Moreover, executive
function (executive control and perceptual speed) was
associated with sports performance skills**, in which more
skillful athletes exhibit superior cognitive function®’.
Thus, how mental fatigue affects executive functions and
technical and tactical aspects might change depending on
the individual®. Then, once players are expected to per-
form cognitive activities (e.g., social media, playing video
games, school/university class) before training and mat-
ches (for more detail, see Thompson et al.'"), it is crucial
to investigate the effect of mental fatigue in ball sports.

Other reviews have attampted to shed light on the
effect of mental fatigue on sports performance. Van Cut-
sem et al.*® examined the effect of mental fatigue on en-
durance, maximal strength, power, and anaerobic work.

Mental fatigue and ball sports

Recently, Cao et al.”’ focused only on basketball, and
Grgic et al.”® observed its effects on intermittent tests (i.e.,
Yo-Yo Test) and specific tests for football. Thus, a study to
synthesize the information on mental fatigue and ball
sports is absent to date, so we though it pragmatic to pro-
duce such an analysis. This review will assist coaches and
other professionals responsible for athletes’ performance.
This narrative review aimed to explore the effect of mental
fatigue on physical, technical, and tactical performance in
ball sports.

Methods

This article adopted “ball sports” as any sport played
with a ball or similar object (e.g., badminton shuttlecock).
A narrative review was performed using the databases
PUBMED, SCOPUS, and SCIELO with the terms “mental
fatigue” OR “cognitive fatigue” AND “sports” on the 11"
of April 2022. In addition, a manual search by the title was
performed in ResearchGate when the full version of the
paper was not available in databases. Only papers that had
access to the full version were taken for analysis. The cri-
terions adopted were: a) published in a peer-reviewed
journal; b) adopted at least one manipulation check related
to mental fatigue (e.g., Stroop Test, visual analog scale -
VAS); ¢) mental fatigue induced by a cognitive task (e.g.,
AX-CPT) before the outcome task; and d) being ball
sports athletes [any person who is regularly training in
sports, regardless of level (e.g., grassroots, amateurs, and
professionals players) was considered].

Data analysis

The scientific publications were organized according
to the type of sport, participants, and mental fatigue tasks.
Moreover, this category is presented in an absolute and
relative frequency distribution.

Result

The quality of this narrative review was rated at 11
(SANRA scale 0-12, see more details in supplementary
files) using the Scale for the Assessment of Narrative
Review Articles?®, and the searched papers were pub-
lished between 2015 and 2022.

Research on mental fatigue in ball sports and
characteristics

Table 1 presents the 21 experimental studies inclu-
ded in this review. Following the Hughes and Bartlett®®
classification, most research focused on invasion games
(n=16; 76.19%), mainly due to investigations with soccer
players (n = 11; 66.67%). These studies were conducted
primarily with male athletes, and only two studies (9.53%)
had female participants. To induce mental fatigue (i.e.,
independent variable), most studies used the Stroop Test
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Table 1 - Research on mental fatigue in ball sports with methodological characteristics.

Reference Sport Sport type Participant MF Task
Smith et al.>* *Various sports xRk 10M AX-CPT
Smith et al.> Soccer Invasion 12/14M Stroop

Smith et al.*® Soccer Invasion 12M Stroop

Badin et al.** Soccer Invasion 20 M Stroop
Veness et al.* Cricket Striking/Fielding 10M Stroop
Coutinho et al.>® Soccer Invasion 12M Motor coordination
Kunrath et al.”! Soccer Invasion 6M Stroop

Penna et al.”! Handball Invasion 12M Stroop
Moreira et al.*® Basketball Invasion 32M Stroop
Coutinho et al.® Soccer Invasion 10M Stroop

Le Mansec et al.’ Table Tennis Net 22M AX-CPT
Gantois et al.'® Soccer Invasion 20M Stroop
Fortes et al.” Soccer Invasion 20M Smartphone (Social Media)
Van Cutsem et al.** Badminton Net 4M-5F Stroop
Kunrath et al.*’ Soccer Invasion 18 M Stroop
Kosack et al.* Badminton Net 19M Stroop
Fortes et al.® Soccer Invasion 25M Smartphone (Social Media), Video game
Filipas et al.* Soccer Invasion 36 M Stroop
Habay et al.** Table Tennis Net 7M 4F Stroop
Fortes et al.*’ Basketball Invasion 16 M Video game
Gianmarco et al.> Soccer Invasion 10M Video-based tactical

*Soccer, Australian football, rugby league, rugby union, and field hockey; M: male; F: female; MF task: mental fatigue task.

(n = 14; 66.67%). Furthermore, non-ecological activity
(Stroop and AX-CPT) represented more than 79% (n = 15)
of investigations. Only 23.81% (n = 5) considered ecolo-
gical tasks, that is, activities potentially reproducible in a
real-life scenario.

Furthermore, a series of tests and task configurations
were used. In this way, Table 2 organizes these by sports.
In this sense, it is observed that, except for football, most
other sports invest in using physical tests. Finally, simu-
lated matches with the same characteristics as official
games are rarely used.

Discussion

Physical performance
Endurance tests

Ball sports involve intermittent exercise, so tests
such as Yo-Yo Intermittent Recovery Test (Yo-Yo IR tests)
are best suited to assess endurance capacity. Several
authors have reported poorer Yo-Yo IR test performance
following mental fatigue quantified by less distance cove-
red”??'3 The lower tolerance to exertion cannot be
explained by physiological variables (i.e., heart rate, lac-
tate), as these were not influenced by mental fatigue. For
example, soccer athletes showed no difference between

mental fatigue and control for heart rate’?, which was later
consolidated in handball athletes with no difference in
blood lactate and heart rate recovery’'. In another study
using an intermittent treadmill test, mentally fatigued ath-
letes reduced velocity at low intensities®*. Thus, mental
fatigue causes athletes to terminate tests earlier than con-
trol conditions because of increased subjective perception
of effort (RPE)°.

Small-sided games and simulated match

In a small-sided soccer game (5 vs. 5) of 15 min,
athletes covered the same distance between conditions
(mental fatigue or control) when assessed by the global
positioning system (GPS) but reported a greater percep-
tion of effort under mental fatigue®. Another study, also
with soccer athletes, using another small-sided game con-
figuration®®, reported similar results. But the results
observed by Coutinho et al.>® cannot be guaranteed that
they were exclusively due to mental fatigue since the
inducing task involved physical effort. Curiously, mentally
fatigued soccer players covered greater distances during a
small-sided game®’, which may be explained by different
tactical behaviors between conditions (Stroop Task vs.
watched a video documentary). Finally, in a study with
basketball (a small-sided game) and two other simulated
soccer matches, the internal load (IL = RPE * time) was



Table 2 - Tests and tasks performed by athletes organized by sport.

Mental fatigue and ball sports

Sport Reference

Tests and talks

134

Various sports* Smith et a

Badminton Kosack et al.*
Van Cutsem et al.*®

Basketball 1.47

Fortes et a
Moreira et al.>®
Cricket Veness et al.*?
Handball Penna et al. >
Soccer Smith et al.?

Filipas et al.*

Smith et al.*®
Badin et al.*®
Coutinho et al.>
Coutinho et al.®
Gianmarco et al.>
Kunrath et al.*’
Kunrath et al.”'
Fortes et al.”
Fortes et al.®

Gantois et al.'”

Le Mansec et al.’

Habay et al.**

Table Tennis

Intermittent running on a treadmill

Badminton-specific test

Visuomotor task (LED lights)

Videos for the decision-making task
Small-Sided Games (4 Vs 4; Four sets 2 min 30 s / 1 min half-time)
Cricket run-two test, Batak Lite reaction time test, and Yo-Yo-IR1 test
Yo-Yo IR1 test

Yo-Yo IR1 test/ LSPT and LSST
Yo-Yo IR1 test/ LSPT and LSST
Videos for the decision-making task
Small-Sided Games (5 Vs 5; 2 sets 7 min / 1 min half-time)
Small-Sided Games (Gk+6 Vs 6+Gk; 3 sets 6 min / 3 min half-time)
(Gk+5 Vs 5+Gk; 3 sets 6 min / 3 min half-time)
Small-Sided Games (5 Vs 5; 2 sets of 7 min / 1 min half-time)

Small-Sided Games (Gk+3 Vs 3+Gk; 12 min)
Small-Sided Games (Gk+3 Vs 3+Gk; 12 min)

Simulated Match (Official Rules)

Simulated Match (Official Rules)

Simulated Match (Official Rules)

Maximal voluntary contractions / table tennis test

Visuomotor task (LED lights)

*Soccer, Australian football, rugby league, rugby union, and field hockey; Gk = goalkeeper; Yo-Yo IR1 test = Yo-Yo-Intermittent Recovery Level 1;
LSPT = Loughborough Soccer Passing Tests LSST = Loughborough Soccer Shooting Tests.

similar between conditions®®. However, GPS or any other
technique was not used to measure the external load. In
addition, the number of participants and task configuration
could be a confounding factor for analyzing the physical
aspects directly in small-sided games or simulating mat-
ches (i.e., official model). For example, the physical de-
mands are different in small games according to the game
space and the number of participants. Furthermore, the
subjective perception of the session®” should be used in
future investigations. This method would facilitate the
comparison between studies as it considers aspects of the
internal (RPE) and external (time) load.

Strength, speed, and power tests

As a strength, speed, and power tests are of short
duration, the subjective perception of effort has little
importance in regulating performance in these tasks. Thus,
in a study that verified torque production capacity in the
elbow flexors and knee extensors, there was no reduction
in the maximum voluntary contraction under mental fati-
gue, even though there was a tendency towards a greater
subjective perception of effort’. Another study found lo-
wer limb power, quantified by vertical jumps with coun-
termovement, and a specific test for badminton reported
by the authors with a wide anaerobic characteristic were

not impaired by mental fatigue40. Surprisingly, cricket
athletes were slower on a modality-specific speed test*.
However, this test had a technical component involved,
which may explain the reduction in performance even
though it is a short-term activity.

Technical and tactical performance

Technique in ball sports is usually investigated from
a biomechanical perspective. However, for open skill
sports, it is not overly relevant, as it cannot determine the
result per se compared to predominantly closed skills
sports, like sports with a greater technical emphasis (e.g.,
artistic gymnastics, rhythmic gymnastics). Moreover, in
sports with a perceptual-cognitive aspect, tactics are of
utmost importance for performance, as it relates to deci-
sions and actions to gain an advantage over the opponent
and manage the game space*'**?. Thus, many studies have
been developed to assess the effect of mental fatigue on
perceptual-cognitive skills (response time, visual beha-
vior, and decision making) and motor skills. These inves-
tigations were included in this section to infer the effect of
mental fatigue on sports with technical-tactical aspects
and tactical behaviors.
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Perceptual-cognitive skills

In badminton, athletes were tested using a visual-
motor task with target and distracting stimuli, athletes’
response times were slower when mentally fatigues®.
Table tennis athletes also had attenuated performance (i.e.,
reaction time) on a slightly modally adapted visual-motor
task*®. In addition, the authors made an important con-
tribution, indicating that mental fatigue modified the brain
waves through the electroencephalogram. In this sense,
decreases in the alpha band (upper: 4-8 Hz) and theta (10-
13 Hz) were reported. Thus, in another study involving
simple stimuli (specific test for badminton with four alter-
natives, without distractor), authors did not identify a
negative effect of mental fatigue on performance®’. These
studies suggest that response time may be maintained in
simple tasks, but in complex tasks, athletes require more
time to develop an adequate motor response.

Two studies with soccer athletes demonstrated that
mental fatigue causes visual changes. First, changes in the
visual behavior of athletes were verified through eye-
tracking®®. In this study, there was a tendency for mentally
fatigued athletes to focus more on the ball and defender
than on free spaces and unmarked attackers. Secondly,
there was a reduction in the visual field (i.e., a lower range
of peripheral vision)®’. This effect of mental fatigue on the
visual field is important because it reduces the input of
helpful information for decision making, therefore, attenu-
ating tactical performance. For example, it was recently
identified that soccer athletes with greater tactical effi-
ciency also had greater peripheral perception®®. Recently,
this assumption was confirmed with basketball athletes
fatigued by video games, showing changes in visual beha-
vior (i.e., decreased number of fixations), compromising
decision making (i.e., lower accuracy and more extended
response time)*’.

Furthermore, other studies also reinforce decision-
making impairment in both controlled and open tasks. In
soccer-specific decision-making tasks, soccer athletes
exhibited poorer accuracy in determining the best option
and response time in soccer-specific decision-making
tasks*®. The main limitation of this study is using a screen
test, although real scenes were used. It differs from the
requirements of a real match as motor actions were not
necessary. However, this limitation extends to the pre-
viously presented study with basketball athletes*’. In
another study in which soccer athletes performed a simu-
lated match with official rules, it was found that decision-
making concerning passing was impaired under mental
fatigue'’. The authors demonstrated that 30 min of de-
manding cognitive activity was required to impair sub-
sequent performance. Subsequently, these results were
corroborated”® with two investigations as they incorpo-
rated mentally fatiguing activities likely to be completed
by athletes (e.g., video games and social media). Thus, it

demonstrates higher ecological validity than ‘artificial’
mentally fatiguing tasks (as athletes are unlikely to under-
take the Stroop test in their leisure time or before a match).
In addition, the data from these studies allow considering
the visual, pre-motor, and supplementary motor brain
areas as possibly affected by mental fatigue because they
are directly related to perception and transformation of

visual stimulus into a motor action®.

Motor skills

To assess passing and shooting skills in soccer play-
ers, Smith and colleagues used the Loughborough Soccer
Passing Test, and the Loughborough Shooting Tests,
respectively””. Data from this study revealed mental fati-
gue increased the number of penalties associated with the
passing test and reduced speed and accuracy in shooting.
More recently, using the same tests, mental fatigue was
compared in three age groups (U-14, U-16, and U-18)**
with authors reporting a negative effect of mental fatigue
in only U-18 athletes in the Loughborough Soccer Passing
Test. It is possible younger athletes are less susceptible to
mental fatigue due to less development of the prefrontal
cortex**>°, however, more studies are needed in this re-
gard. In a real match scenario, it is necessary to consider
the opposition, but even in these ‘artificial’ tests discussed
above, without the additional level of difficulty of facing
opponents, accuracy was impaired which would be advan-
tageous for opponents in retaking possession or not being
threatened with shots at goal. Moreover, in net sports in
which accuracy is highly important since error directly
results in a point for the opponent, less accuracy and ball
speed in table tennis were observed in mentally fatigued
athletes’. Despite few studies, sports-specific motor skills
seem to be affected by mental fatigue, but this area
requires larger confirmatory studies.

Technical-tactical performance and tactical behavior

Mental fatigue seems to interfere with both techni-
cal-tactical performance and tactical behaviors. Mentally
fatigued soccer players participated less during a small-
sided game, missed more passes, lost control of the ball
more easily, and had less success in dispossessing the ball
of opposing player®>. Similarly, mentally fatigued basket-
ball players have been observed to make more turnovers
under mental fatigue®®. Two studies conducted by Kunrath
and colleagues with young U-15°" and university soccer
players’’ assessed tactical behavior based on the princi-
ples of game and spatiality. Regardless of age, mentally
fatigued athletes mainly neglected defensive principles.
Furthermore, university players reduced collective tactical
behavior and instead chose more individual actions in the
attack.

Coutinho et al.*° reported mental fatigue affected
athletes’ environmental perception sufficiently to harm
their positioning on the field. For example, lateral syn-



chronization was 13% lower than in a control condition
without mental fatigue. In terms of cerebral activity, it is
noteworthy that the anterior cingulate cortex appears
directly related to a reduction in performance of tasks with
technical-tactical and tactical behavioral demand as this
area is functionally associated with attention, focus, and
inhibitory control. However, it is still necessary to investi-
gate whether mental fatigue acts in regions such as the
cerebellum and all the “observation network™ since they
are fundamental areas for anticipation and refining move-
ment’2, a fundamental skill in ball sports.

In general, mental fatigue seems to impair all techni-
cal and tactical performance components. However, espe-
cially in “Motor skills” and “Technical-tactical perfor-
mance and tactical behavior”, extrapolating the results
between sports is challenging. This fact happens due to the
variability of the task configuration. For example, even in
a single sport like soccer, the configuration of the small-
side games is quite distinct (more details in Table 2). It
indicates that it is essential to investigate the specific
demands of each sport because of the complex nature of
sports. In addition, more investigations need to be done
using the official rules of each sport.

Can motivation moderate mental fatigue?

In the model proposed by Ishii et al.”*, mental fati-
gue is regulated by the facilitation and inhibition system
(i.e., “double regulation system”), with motivation being a
moderating factor for the overlap of one system over
another>®. Moreover, Martin et al.'” suggest that due to
increased adenosine and reduction in dopaminergic acti-
vity, motivational aspects would be attenuated. The ratio-
nale is more motivated athletes could maintain perfor-
mance even with an increase in the subjective perception
of effort. However, investigations concerning motivation
in ball sports are relatively limited. Studies carried out
with badminton®’, soccer’”, and handball®! athletes did
not identify any difference in motivation with the mentally
fatigued athletes. However, these studies did not use a
validated instrument for this purpose. To our knowledge,
only one study evaluated motivation using a validated
questionnaire (i.e., Assessment of motivational states in
performance environments)**. Regardless, these results
were similar to those utilizing an unvalidated assessment
method, in that, there was no difference in motivation. The
self-determination theory”™* proposes three dimensions of
motivation (i.e., intrinsic, extrinsic, and demotivation).
The studies presented, regardless of the instrument seem
to consider only the intrinsic motivational state. Thus,
future investigations could investigate how extrinsic moti-
vation moderates mental fatigue and subsequent perfor-
mance.

Mental fatigue and ball sports

Practical recommendations

It is recommended that coaches involved with ball
sports guide athletes to avoid performing activities with
high mental demands for more than 30 min, at least 2 h
before training and competitions'®. For example, electro-
nic games and social networks on smartphones should be
avoided™'". It is essential because it prevents athletes from
training or playing in a state of mental fatigue and conse-
quently reduces their performance, especially the cogni-
tive and technical-tactical ones. Moreover, it is widespread
to use video before games to convey tactical information,
and it should be used with caution. Only one study has
shown that this type of activity for 30 min does not impair
soccer athletes’ performance’”.

In addition, monitoring of mental fatigue is indicated
through the visual analog scale (10 cm - magnitude: 0-1,
no fatigue; 2-4, mild fatigue, 5-7, moderate fatigue, 8-10,
several fatigues)®®>’, and short-term Stroop Test using
accuracy and especially the response time as indicators’.
These tools are accessible and easy to apply compared to
an electrophysiological resource sensitive to mental fati-
gue such as an electroencephalogram’®.

Limitations and future research

The results presented may be affected by the publi-
cation bias of the articles used, mainly due to the visual
analog scale as a manipulation check (i.e., subjective mea-
surements). Another important limitation of studies on
mental fatigue is the task used (i.e., independent vari-
ables). Many studies use tasks like Stroop and AX-CPT
tasks that are almost impossible to do in the real world
before a match. However, there seems to be a concern in
more recent studies to verify the effect of more ecological
tasks. For example, Thompson et al."', surveyed soccer
young English athletes (i.e., U-14 to U-20), verifying that
2 h before the official games, the athletes used social net-
works (58%), used smartphones (12%), or played video
games (9%), exactly the tasks used by Fortes et al.”.
From this point forward, manipulation checks like VAS
(e.g., subjective way) and Stroop task (i.e., behavioral
way) can be used together, but an advance in this area
would be the use of neurophysiological measures (i.e.,
electroencephalogram), and measure adenosine levels.

Recent studies have shown a positive effect of using
caffeine to mitigate mental fatigue in endurance sports®’.
In the future, investigations with caffeine can clarify the
mechanism related to adenosine, as it is a classic inhibitor,
and an ergogenic aid for situations in which mental fatigue
cannot be avoided (e.g., successive matches, travel).
Moreover, strategies such as the use of transcranial direct
current stimulation and mindfulness can also be tested to
mitigate mental fatigue. Additionally, long-term studies
with repeated effects need to be conducted to investigate
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the effects of mental fatigue on athletes’ preparation and 2.
consider the season and expand sports, categories, and
genders. 3.

Conclusions

In conclusion, mental fatigue appears to have harm-
ful consequences on performance in ball sports (Figure 1).
Regarding physical aspects, mental fatigue reduces endu- 5.
rance performance of periodic tests due to a greater per-
ception of effort. During games (small-sided games or

simulated), there is some inconsistency in findings, but 6.
mentally fatigued athletes choose to maintain RPE, thus
worsening physical performance or reducing the physical 7

effort to maintain RPE. Finally, perceptual-cognitive
aspects are affected and contribute to worse performance

in isolated tasks, small-side games, or matches. Conse-
quently, it is recommended to avoid cognitively demand- 8
ing activities 2 h before training and matches.
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