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Abstract

Background: The practice of heading in soccer is widely recognized as an important aspect of the game both offensively and defensively,
frequently implemented by players. However, concerns persist about the negative impact of this tech-unique on players’ cognitive function
and symptoms, both in the short and long-term. This meta-review aims to systematically map the existing literature on soccer heading and
its implications on the long-term effects; Methods: We conducted a metareview of systematic reviews following PRISMA-ScR guidelines
in PubMed, Embase and Web of Science databases. Searches were conducted between 21 February and 20 March 2024, in English, with a
limitation to articles published between January 2000 and March 2024; Results: Three systematic reviews including one with a meta-analysis
were eligible for having ad-dressed the subject of head-ball impacts in soccer and their physiological, neurological and cognitive impact. While
most studies did not report any significant long-term changes, short-term impairments in memory and reaction time were observed in some
instances, normalizing within 24 hours. Neurochemical markers, visual reflexes, and corticomotor inhibition showed temporary or persistent
dysfunctions post-heading; Conclusions: This metareview highlighted the limited number of system-attic reviews on the effects of heading
in soccer in young and adult players. The current evidence suggests that while heading may lead to short-term cognitive and physiological
changes, the long-term effects remain uncertain and probably understudied. Further research, particularly with professional players and
standardized methodologies on long-term follow-up, is needed to clarify these potential risks and inform safety measures in soccer.
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Abbreviations: CTE: Chronic Traumatic Encephalopathy; TBI: Traumatic Brain Injuries; SRC: Sports-Related Concussions; UEFA: Union of
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Introduction

such as dementia has sparked considerable debate, making
this topic sensitive and controversial [6,7]. Chronic traumatic
encephalopathy (CTE), a neurodegenerative condition with

Soccer is a popular sport on a global scale, attracting some
265 million active participants each year [1]. One of a kind, soccer

is the only sport where the intentional use of the head is both symptoms similar to those of Alzheimer’s disease, is allegedly

encouraged and often necessary to control, pass, defend and score linked to concussion, manifesting as a result of a variety of minor
,

[2]. However, the practice raises legitimate concerns about player brain injuries sustained over an ex-tended period of time [8]. We

safety, with previous studies highlighting the pote.n.tlal adve.rse chose to perform a meta-review of systematic reviews, as this
effects of targeted head use on aspects such as cognitive function,
postural control and symptoms [3,4]. Although heading is an

integral part of the game, recent concerns have emerged about

methodology allows for a comprehensive synthesis of the current
knowledge available on the topic, focusing specifically on the

) ; . S systematic reviews already conducted in the field. This approach
repeated impact forces, which can cause undiagnosed injuries . - o o
el Th d relationshin b Coe T is beneficial because it integrates and evaluates the findings of
[5]. The supposed relationship between participation in soccer existing systematic reviews to provide a broader understanding

and the subsequent development of neurodegenerative diseases of the research landscape.
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Traumatic brain injuries (TBI), including concussions, are
now recognized as significant risk factors for neurodegenerative
diseases, such as dementia, with studies demon-starting a
consistent link between TBI and increased dementia risk [9-
11]. Ongoing epidemiological studies of former professional
soccer players are looking to determine whether the use of the
head in soccer poses a risk to long-term neurological health,
including the development of neurodegenerative diseases [12].
During matches and training (acute exposure), soccer players are
exposed to repetitive sub concussive head impacts, resulting from
contact with the ball, other players, the ground, or objects such
as goal posts. These impacts can cause rapid brain movements
inside the skull, potentially inducing damage to brain cells and,
in some circumstances, triggering sports-related concussions
(SRC) [13]. These concussions are characterized by TBI induced
by biomechanical forces, resulting in temporary alterations in
neurological function [14]. Although many SRC heal gradually
with no long-term effects, some cases can be prolonged and
complex [14]. The question of whether the accumulation of
headings in soccer could lead to concussion-like effects remains
unanswered [2] due to differences in methodologies and outcome
measures, although evidence for cumulative effects of the head
is becoming more evident [15-18]. Despite a meta-analysis that
found no conclusive evidence linking headings to soccer adverse
effects [19], the concern re-mains.

The objective of this metareview is to systematically map and
synthesize the existing scientific literature on soccer’s heading and
their implications for long-term cognitive impairment, in order
to provide a comprehensive overview of this topic. In addition,
this meta-review aims to synthesize the findings from existing
systematic reviews on the topic, addressing the question: What do
the systematic reviews reveal about the practices, challenges, and
strategies regarding heading in soccer and its potential impact
on long-term cognitive health? This work has also dedicated the
positions and measures envisaged and implemented by UEFA
(Union of European Football Associations) regarding these
potential issues, in order to explore possible solutions.

Materials and Methods

The meta-review has been written in accordance with the
guidelines of the Preferred Reporting Items for Systematic
Re-views and Meta-Analysis extension for scoping reviews
(PRISMA-ScR) [20]. To structure the search strategy and ensure
a systematic approach, the PICO framework has been used. The
Population (P) included soccer players of all ages and genders.
The Intervention (I) focused on head-to-ball impacts occurring
during soccer matches or training sessions. The Comparator
(C) encompassed studies with or without comparators, such as
non-heading conditions or alternative control interventions. The
Outcome (O) targeted cognitive, neurological, biomechanical,
or physiological effects resulting from soccer headings. Finally,
the Study Design was limited to systematic reviews explicitly
addressing headings in soccer. The selected systematic reviews
were those that explicitly addressed and analysed the mechanisms

underlying headings in soccer players. No re-strictions were
placed on the age or gender of the soccer players included in the
reviews. However, a limit has been set for the publication dates
of journals between January 2000 and March 2024. Systematic
reviews that were not specific to soccer (but also covered sports
such as rugby, American football, hockey, boxing, etc.) were
excluded. Similarly, systematic reviews that did not specifically
address head impacts with the ball were excluded, as some
reviews addressed head-to-head or head-to-goalpost impacts.
Only systematic reviews were considered, excluding narrative or
simple reviews. In addition, articles had to be published in English
to facilitate their review. The research was conducted through
three medical databases: PubMed, Embase, and Web of Science.
These databases were selected because of their broad coverage
of the relevant biomedical literature on head impacts. This has
enabled us to identify systematic reviews, assessment tools and
relevant information regarding the biomedical aspects of head-
related concussions in soccer. To specifically target systematic
reviews relevant to our study, the request for this protocol was
(head OR cranial OR brain OR cognitive OR neurology) AND
(trauma OR shock OR concussion OR impact OR sub concussive
OR collision OR hit OR injury) AND (soccer OR football) NOT
(“American football” OR “rugby” OR “National Football League”)
AND (“Systematic Review”). This query was run in each database,
and the results were exported to EndNote. The rationale for
these terms was due to the variety of terms synonymous with
“soccer” or “head” in order to cover a wide spectrum of systematic
reviews. No additional terms were added due to the specificity
of our re-view, which allowed for a precise focus of systematic
reviews focusing on head-to-ball impacts specifically in soccer.
To streamline and speed up the search process, we used the
Automated Literature Review Tool (LiteRev), which uses natural
language processing and machine learning [21]. By entering the
query into LiteRev and using the data exported from Embase and
Web of Science, the tool automatically searched a wide range of
publicly available databases and retrieved relevant metadata from
the resulting papers, including abstracts or available full texts.
Next, Lite Rev used the k-nearest neighbour (k-NN) algorithm to
suggest a list of potentially relevant systematic reviews.

Results
Selection of source of evidence

(Figure 1) shows the results of the literature search. Initially,
223 systematic reviews were identified through three data-bases:
PubMed (n=51), Embase (n=29), and Web of Science (n=143).
After an initial screening by LiteRev, 180 records were excluded,
leaving 43 studies assessed for eligibility during the full text
review (Figure 2 and Table 1). At the end of this stage, 40 studies
were excluded for lack of specificity towards soccer (n = 31) or
towards headings (n = 9). In the end, only 3 systematic reviews
were deemed eligible and included in this meta-review. The
identified systematic reviews are listed in (Table 1) and (Figure 2)
shows the 2D map of the corpus of 43 systematic reviews divided
into four clusters identified by LiteRev.
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Records identified through database
Pubmed (n=51)
Embase (n = 29)
Web of Science (n = 143)

Identification

Records screened Records excluded
[n=223) (n=180)

Screening

Full-taxt systematic reviews
Full-text systematic review for excluded with reasons
eligibility (n=40)

{n = 43) * Not specific to soccer (n = 31)
* Not specific to heading (n = 8)

Eligibility

Systematic reviews included

(n=3)

Included

Figure1: PRISMA flow-chart: From 223 systematic reviews identified across PubMed (n = 51), Embase (n = 29), and Web of
Science (n = 143), 180 were excluded during initial screening. Of the 43 studies reviewed in full text, 40 were excluded for lack of
specificity to soccer (n = 31) or headings (n = 9). Three systematic reviews met the inclusion criteria for this meta-review.
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Figure 2: Scatter plot chart (n = 43) by LiteRev with cluster identified by colour. Each cluster is represented by a colour corresponding
to a specific topic (see Table 1). Green: performance, intervention, physical, exercise, sport, strength, program, training, cognitive, effect.
Blue: concussion, src, sport, injury, relate, previous, assessment, evaluate, associate, clinical. Orange: head, impact, player, football,
acceleration, estimate, expo-sure, concussion, incidence, soccer. Grey: unclassified papers.
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Table 1: Table summarizing the distribution of the 43 systematic reviews by LiteRev.

Critical Review of
Studies Examin-

ing the Effects of

Heading in Soccer

PubMed, SPORT Dis- | 19 included acute heading exposure (n=6) increased heading accelera-
cus, Psyche INFO studies

Biochemical changes after an . . -
5 strength is associated with
Visual reflex changes after an
acute heading exposure (n=1)
Neuroimaging findings after an

tion at impact of the heading
in young adult football play-

Cluster Summary Table
Topic Summary Total Items
performance, intervention, physical, The impact of cognitive interventions on physical performance in exer sports training pro-
exercise, sport, strength, program, grams is a topic of interest in scientific research. Understanding the cognitive effects of such 15
training, cognitive, effect interventions can help optimize strength and performance outcomes in training programs
. . Concussion assessment in sports involves evaluating previous injuries and their association
concussion, src, sport, injury, relate, ) . . ; . o
: with clinical outcomes, particularly focusing on the role of the protein Src. By examining
previous, assessment, evaluate, asso- . 12
ciate. clinical how these factors relate to each other, researchers can better understand the impact of
’ concussions and improve injury prevention strategies in athletic settings.
. Head impacts in football and soccer players can lead to acceleration of the head, resulting
head, impact, player, football, acceler- . . R o . .
. - . in potential concussion injuries. By estimating exposure to head impacts and analyzing
ation, estimate, exposure, concussion, N . . . : 10
L the incidence of concussions, researchers can better understand the risks associated with
incidence, soccer .
playing these sports.
. Unclassified papers are the outliers or noise points that could not fit into any of the identi-
unclassified papers ) . - 6
fied groups during the clustering process.
Table 2: Summary of systematic reviews and their main results.
Title, year Databases targeted Sample Cause/Mechanism assessed Key results Keywords
Postural and neck strength
changes after an acute heading .
Impact of headers in young
exposure (n=8) A
. football players: Heading in
Neuropsychological changes
: young football players do not
after an acute heading exposure | ”, . -
L. immediately affect cognitive
[2] Heading in the (n=6) - .
. . X functioning, but lower neck Concussion;
Right Direction: A

heading; mild
traumatic brain
injury; soccer;
sub concussive

Part Systematic
Review, 2021

relationship between objective- | during matches, usually high-
ly quantified football heading er than laboratory studies Is
exposure and cognitive function | cognitive function affected by
(n=11) the heading? : The relation-
ship between heading and
cognitive function remains
inconclusive; Most studies
reported no negative effects,
although a few observed
alterations in reaction time
and memory function.

Players, 2021 acute heading exposure (n=1) ers: - Some found no 51gr1.1f1— mury
. e cant change after a heading
Transcranial Magnetic Stimu- . .
. . episode, while others found
lation changes after a heading e .
significant effects in some
exposure (n=1) Heart Rate ost-heading measures
Variability change after an acute P J ’
heading exposure (n=1)
How often does heading
occur in training and football
matches?: - The frequency
of heading during football
matches varies considerably
between studies, estimated
at between 1 and 9 heading
Articles that objectively quan- per player per match What
- tified heading exposure during are the biomechanical
2] Heading in L . ”
Football: Incidence training or matches (n=42) characteristics of the head?:
L ; ! Articles that investigated the - Studies of biomechanical
Biomechanical . . L L .
Characteristics and biomechanical characteristics | characteristics of the heading
- - MEDLINE, SPORT 89 included | of football heading using human | use accelerometers to mea- .
the Association with . - . . . - Not specified
s Discus studies subjects (n=36) sure linear acceleration, with
Acute Cognitive . . . .
. Articles that investigated the values ranging from 4 to 50 g
Function—A Three-
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Cochrane Libraires,
Psyche ARTICLE, Psy-
che INFO, PubMed, Pro
Quest, SPORT Discus,
Web of Science

[19] Systematic re-
view and meta-anal-
ysis of the effects
of football heading,
2016

28 included
studies

Provide a meta-analysis examin-

ing the effects of football heading
on neurocognitive performance,

cognition and symptom reports

The first meta-analytic
review on the effects of the
football heading did not find
conclusive evidence associ-
ating heading with adverse
effects, particularly on neu-
rocognitive performance and
concussion symptoms.

Not specified

Characteristics of sources of evidence

The three selected reviews, which were published between
2017 and 2021, addressed different aspects of the effects of
headings in young people and young adults. Snowden et al. [2]
examined the potential effects of an acute heading on cognition,
behaviour, brain structure, and biological processes, comparing
these effects between youth and young adult populations. Kontos
et al. [19] performed a meta-analysis of the effects of headings
on neurocognitive performance, while McCunn [22] focused on
three specific questions, limited to studies observed directly after
heading exposure: the frequency of headings during training and
soccer matches, the biomechanical characteristics of the headings,
and the impact of these headings on cognitive function. The (Table
2) describes the findings for each source of evidence.

Results of individual sources of evidence

Regarding data on the frequency and characteristics of
headings in soccer, only McCunn’s and Snowden’s systematic
reviews have taken an interest. However, regarding the frequency
of heading, there was only McCunn who collected studies. The
systematic review by McCunn et al. [22] observed primarily young
people or students (N = 33 out of N = 42 studies). Despite this,
studies indicate a range of 1 to 9 headings per player per match. Of
the studies selected by McCunn et al. regarding the biomechanical
characteristics of headings in soccer; N = 12 out of N = 36 studies
observed players during training or matches, while the rest took
place in the laboratory or in controlled environments. The most
commonly studied variables were acceleration and rotation speed
ofthe head, reported in terms of gravitational force (g) and radians
per second (rad/s2), respectively. The variation in the mean head
acceleration depended largely on the measurement method and
the population studied, ranging from about 4 to 50 g. Similarly, the
average reported head rotation speed varied considerably, ranging
from negligible to 10,000 rad/s2, depending on the measurement
methods, the population studied, and the observation setting. The
systematic review by Snowden et al. [2] focused on the effects of
acute heading episodes on postural control and/or neck strength
by collecting N = 8 studies. The main outcome measures of N = 4
experimental studies focused on these aspects, with N = 7 studies
using samples of young adults and N = 1 studying a younger
population. Demographics were comparable between studies,
with a range of 0 to 80% men and 20 to 100% women. The only
study of the younger population selected by Snowden et al. [2]
evaluated the isometric strength of the neck and the acceleration

of the head in young people during 15 minutes of 15 headers.
Participants were subjected to pre- and post-heading measures,
acting as their own controls. The results showed that those
with low neck strength experienced greater head accelerations
during impacts than those with stronger necks. Some studies
noted immediate or short-term changes in postural stability and
vestibular functioning, but these effects dissipated within days of
impact.

Regarding the physiological and neurological effects of
heading in soccer, only the Snowden systematic review conducted
a search for studies [2]. And the research publication was
classified into 5 themes: neurochemical markers, neuroimaging,
visual reflexes, TMS (Transcranial Magnetic Stimulation), HRV
(heart rate variability). In the systematic review by Snowden
et al. [2], N = 6 experimental studies examined the effects of a
soccer headers session on neurochemical biomarkers of brain
injury in young adults. Protocols varied, but all studies examined
sub concussive biomarkers in blood samples, with the exception
of N = 1 study that also collected cerebrospinal fluid. Methods
of sample collection and analysis varied between studies, but
generally included enzyme-linked immunosorbent assays and
immunoassay assays to assess biomarker levels. Three [23-25]
studies found no significant changes in S100 levels after soccer
heading sessions, with measurements at various time points
showing no significant variations from control levels. Two studies
showed increased NF-L levels after acute heading [26, 27], with
one study noting increases at 1 hour and 1-month post-heading
[27], and another at 2 and 24 hours [26]. A third study found no
change 7-10 days after heading [24]. A study [28] revealed an
increase in serum Brain-Derived Neurotrophic Factor and Nerve
growth factor levels from the intervention before to immediately
after the presentation. Tau experiments measured total tau (T-tau),
with mixed results: N = 1 study showed no change in plasma
T-tau levels 1 h and one month after heading [2], while another
found no difference between a post-heading group and a control
group 7 to 10 days after the intervention [29]. Two T-tau studies
showed no changes: one at 1 hour and 1-month post-heading
[27], another found no difference between groups 7-10 days after
heading [24]. One study found no difference in serum albumin
levels 7 to 10 days post-heading between a group that completed
a heading intervention and a group that did not. A study [30] in
Snowden’s review examined heading effects on visual reflexes
in young adults where participants performed 10 headers with
balls launched at 40 km/h from 12 m. Results showed significant
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increases in the near point of convergence (NPC) immediately
and 24 hours post-heading. A trans magnetic stimulation study
[31] examined the effects of spinning headings on brain function
on young soccer players found increased corticomotor inhibition
in 74% of participants immediately after heading, normalizing
after 24 hours. Corticospinal excitability remained unchanged.
An imaging study using diffusion tensor imaging [32] found no
significant changes in brain white matter structure after repeated
headings in young adults. A study comparing HRV during heading
and foot-handling in young soccer players [33] found no significant
autonomic dysregulation during or after headings compared to
resting state.

Only McCunn’s Journals [22] and Snowden [2] looked
at the cognitive impact of heading in soccer. McCunn’s review
grouped N = 8 out of N = 12 studies that followed a prospective
cohort design, while the other N = 4 were cross-sectional. Only
N = 3 studies included a control group to compare the cognitive
effects of headings. The majority of studies have focused on young
people or students. Although N = 9 of the N = 12 studies did not
observe a negative impact on cognitive function after headings,
N = 3 reported effects limited to specific aspects such as reaction
time and memory. The studies reviewed by Snowden et al. N = 6
used neuropsychological assessments to detect cognitive changes
after heading episodes. Gutierrez and colleagues’ study [34]
evaluated the effects of headings in youth, using a before and post
heading design with a within-subject control group. No significant
differences were observed in measures of cognitive function,
including verbal memory, visual memory, visual motor skills,
reaction time, and impulse control, between pre and post-heading
assessments. The other N = 5 studies on neuropsychological
outcomes in young adults showed variations in protocols and
assessments, ranging from 0% to 73.6% of men in the samples.
Methodologies included within-subject experimental designs,
active and passive control groups, and varied impact conditions
such as linear and rotational. Although some studies found
no significant changes after headings, one found impaired
performance in spatial and long-term memory immediately after
the event, normalized within 24 hours.

Synthesis of results

The research examined the available evidence regarding the
frequency and biomechanical characteristics of heading in soccer,
as well as its physiological, neurological, and cognitive effects.
McCunn’s systematic review focused on the frequency of heading
in soccer, primarily in young or student populations, with limited
studies involving professional players. McCunn and Snowden both
reviewed the cognitive impact of heading, with mixed results.
Most studies focused on youth or student populations. While the
majority of studies did not find significant cognitive impairments,
N = 3 studies reported specific effects, such as impaired reaction
time and memory. Snowden’s review highlighted that, although
some studies showed no cognitive deficits post-heading, others
found temporary impairments in long-term and spatial memory,

which normalized within 24 hours.
Discussion

The aim of this meta-review was to explore and synthesize
the current state of knowledge on the effects of heading in
soccer players. This review aimed to shed light on the questions
surrounding the impact of this practice on the health and well-
being of athletes. The N = 3 systematic reviews of this meta-
review offered an overview of the current findings, high-lighting
discrepancies in the methodologies used between the different
studies, as well as in the characteristics of the population
studied. Additionally, it is important to note the lack of reviews
focusing specifically on the long-term effects of heading in young
soccer players. McCunn’s review addressed heading frequency,
estimating 1-9 headers per player per match, with variability
across studies. Matches were favoured for observation over
training sessions. Most studies focused on youth or students,
limiting generalizability to adult professionals. Linear head
acceleration during headers ranged from 4 to 50 g, with higher
values in matches than laboratory settings. No studies assessed
neck strength in top professionals, highlighting a crucial area for
future research given their likely higher exposure to high-speed
ball contact due to physical development and competitive nature
[35, 36].

Snowden’s review [2] suggests acute heading doesn’t
immediately affect cognitive function or HRV. However, lower
neck strength correlates with higher head acceleration at impact
[34], implying potential benefits of neck strengthening exercises,
especially for women who generally have lower neck strength
[37]. HRV has been explored as a brain injury severity indicator
[38]. Despite public concerns, there’s a lack of experimental
studies on young players, highlighting the need for more research
to inform policies on headings in youth soccer. Snowden’s review
of 17 young soccer player studies showed mixed results: N = 9
found no significant changes after heading exposition, while
N = 8 identified significant effects in at least one outcome. Of N
= 5 studies on cognitive function, N = 2 found notable impacts,
including temporary memory reduction and visual reflex changes.
Kontos’ meta-analysis [19] on neurocognitive performance and
concussion symptoms did not provide conclusive evidence of
adverse effects from heading, suggesting that discordant results
in previous research were largely study and sample specific, not
accounting for concussion story.

Several key points emerge regarding the methodologies
used in the reviewed systematic reviews. First, there is a great
deal of variability in interventions and outcome measures across
studies. This diversity extends to the experimental design for
data collection and the type of intervention of the rubric used,
highlighting the need to standardize these aspects for a more
consistent comparison across studies. It is also noted that control
groups are essential for limiting confounding variables, although
only a few studies used experimental and control protocols with
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matched levels of effort, raising concerns about the validity of
the comparisons. In addition, exercise and physical fatigue are
identified as important factors to consider in the interpretation
of the results, as they can influence neurocognitive performance.
Based on McCunn’s review [22], none of the studies took into
account the baseline cognitive level of participants before
they were exposed to headings, which is an important factor
to consider. As far as interventions are concerned, a great
inconsistency is noted. Various ball delivery techniques have
been used, each with its own advantages and disadvantages. It is
noted that normalizing the speed and direction of launch is not
always possible, which may lead to variations in results between
studies. In addition, according to Snowden’s review, variability
in the number of impacts per session is noted, with significant
results observed in several studies using series of 10 headings [2].
Finally, the differences between heading types, including standing
headings vs. jumping headings and linear vs. rotating headings,
are highlighted, with potential implications for the injury risks
associated with each heading type. For example, rotating headings
have been associated with an increased risk of injury compared to
linear headings [39], as certain regions of the brain, such as the
brainstem, are more susceptible to damage caused by rotational
forces [40, 41]. In the Snowden review [2], only experimental
studies examined the head-to-head impact. The reason for this is
twofold: first, this type of heading is comparable to what youth and
young adults may be exposed to in a single practice, and second, to
determine the direct effects of these incidents. While longitudinal
studies better address concerns about potential long-term effects
of the heading, it is important to understand all acute effects in
the brain and, if they are apparent, to find out how they may com-
pound later in life [2]. In addition, longitudinal studies have not
yet distinguished between heading during a match and heading
during training; This makes it difficult to determine whether
there are any risks associated with heading learning and training.
Until this is achieved, it will be impossible to know whether the
cognitive or physiological changes observed in longitudinal
studies are, in fact, due to total exposure to the heading, or rather
to the heading with inappropriate technique. If it’s the latter, then
preventing young people from learning and practicing headings
can, in fact, be detrimental. While neck strength is often studied
in the context of unanticipated impacts (e.g., concussions in other
sports), football heading involves a deliberate and coordinated
action aimed at controlling and maximizing ball velocity. This
distinction is critical when considering the implications of neck
strength for injury prevention in football. Most of the results of
the Kontos meta-analysis [19] are not easy to interpret due to the
small number of studies in the analysis. However, little research
has been conducted on the effects of the heading in soccer and
much of what has been published lacks scientific rigor. Another
fact of Konto’s study is the small number of studies with enough
data to be included in a meta-analysis. This issue is not unique
to soccer research and further high-lights the importance of the
need for additional high-quality research and to publish sufficient

data to enable such analyses. As neuroimaging, blood biomarker,
and more comprehensive and sensitive clinical markers are
developed, the results of a future meta-analysis on the effects of
soccer headers may result in different results. The study carried
out by Kontos [19] was limited to research conducted after 1979.
This time period was chosen to exclude studies criticized for not
taking into account a history of concussion and other factors
known to influence cognitive impairment and symptoms. in this
report we refer to our systematic review of systematic reviews as
a ‘metareview’ [42]. While the term “metareview” may not be as
commonly encountered as “systematic review” or “metanalysis,”
similar methodological approaches have been used in other fields
of research [43-46].

Limitations

This meta-review has some important limitations that are
worth highlighting. First, the review was carried out on an in-
dividual basis, which may have introduced some bias or gaps in the
selection and analysis of the included studies. In addition, there
was no formal assessment of the methodological quality of the
included studies, which could have affected the reliability of the
conclusions drawn. The inclusion criteria adopted were relatively
general and did not specifically focus on professional soccer
players, which may have influenced the relevance of the results
to this specific population. This approach, however, allowed us to
identify N = 3 systematic reviews that specifically met the criteria
of head-to-ball contact in soccer.

Conclusion

This meta-review examined existing systematic reviews
on the effects of head-to-ball contact in soccer on brain health.
However, it is important to note that this meta-review only
targeted systematic reviews and revealed a notable absence
of reviews specifically addressing the long-term effects of this
practice. Although there may be individual studies or long-term
randomised trials on the subject, our search did not include them
due to the methodology chosen. Based on current knowledge
from existing studies, however, we can suggest avenues for future
research, including greater standardisation of study protocols and
experimental designs. Future research should aim to fill the gaps
by using, where possible, randomised controlled trials or robust
comparative studies with matched control groups, in order to
better understand the effects of headings and prevent potential
cognitive impairment [2]. Additionally, it would be valuable to
conduct long-term comparative studies be-tween countries that
have implemented restrictions or bans on heading, such as the
USA and the UK, and those that have not adopted such measures,
like many European or South American nations. This could
provide insight into the effectiveness of these interventions in
reducing potential cognitive and neurological risks and offer a
broader understanding of the global im-pact of regulatory policies
on player safety. In addition, it is essential that the control and
experimental groups have similar levels of effort. This can be
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achieved by having experimental subjects perform headings while
control subjects simulate head movements without any impact [2].
In addition, experimental intervention factors such as the number
of impacts, ball velocity and distance from the target need to be
standardized. Studies should also include equal samples of men
and women, as women are at higher risk of concussion compared
to their male counterparts [47, 48]. Studies using biochemical
outcome measures should select assessment times based on
the specific biochemical marker of interest, preferably based on
empirical evidence to support this choice [2]. It is imperative that
more resources be allocated to research to assess potential risks
in youth and young adults, as well as to identify ways to mitigate
those risks. Studies have found that young athletes are more likely
to experience severe effects and experience prolonged recovery
periodsafteraconcussion, likely due to the continued development
of their brains [49]. There is a need to re-evaluate heading training
methods to better understand how to reduce the risks associated
with this practice. Further research is needed to determine the
appropriate time for young people to start learning headings,
taking into account their age and experience. Next, it is necessary
to explore the design, standardization and implementation of
pedagogical tools to teach proper heading technique, given the
current lack of standards in this field. The development of bad
technical habits from an early age, combined with inappropriate
technique during repeated heading, could worsen the risks.
Additionally, the introduction of exercises to strengthen the neck
muscles could potentially reduce the risks and warrant further
investigation in this area [2]. Finally, it is important to note that
studies that include a youth or student population cannot be
generalized to the population of professional players. There is
a growing interest in this area among healthcare professionals,
highlighting the increased need for specific information on
risk prevention and the use of neuroimaging, which should be
incorporated into future guidelines. Although it may be difficult
to monitor every heading event, regular assessments could be
considered to better understand and prevent long-term effects.

Despite this, UEFA launched an awareness campaign on
concussions in 2018 [50] which focuses on three key principles:
RECOGNIZE, REPORT and REMOVE in the event of concussions.
A concussion charter has also been introduced to reinforce the
importance of good practice in the recognition and management
of concussions and to raise awareness of concussions. “UEFA
recognizes the challenges of their awareness campaigns and the
complexity of influencing stakeholders”. A concussion charter has
also been introduced to reinforce the importance of good practice
in the recognition and management of concussions and to raise
awareness of concussions [51] and a “heading guidelines” are used
for young players, and a Head Injury Group has been established to
examine concussion prevention and management issues in detail
[52]. As soccer is a popular sport, future researchers should work
to conclusively determine the existence of the effects of heading,
their nature, their on-set, and their potential duration, in order to

better inform decision-making and prevention practices.
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