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Abstract

The act of heading the ball is a fundamental skill in football, but there is growing concern about its long-term effects on
the cognitive function of footballers. Research suggests that repetitive heading may be associated with cognitive decline,
memory deficits, and neurodegenerative diseases. This paper reviews the existing literature on the long-term impact of
heading the ball on cognitive health, focusing on the potential link between heading frequency and the development of
conditions such as chronic traumatic encephalopathy (CTE) and Alzheimer's disease. A systematic review of studies
conducted over the past two decades reveals mixed results, with some indicating significant cognitive impairments while
others suggest minimal effects. This review highlights the importance of early detection, monitoring cognitive function,
and revising training protocols to reduce heading exposure. The paper also explores the potential benefits of interventions
such as cognitive training, neuroimaging, and modifying heading techniques to protect athletes' long-term health.
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INTRODUCTION

Football is a global sport with a wide-reaching impact on physical health, social integration, and personal development. A
distinctive feature of the game is the use of the head to redirect the ball, a technique known as heading. While heading is
integral to both offensive and defensive strategies, concerns have emerged regarding its potential long-term effects on
players' cognitive health. Recent studies have suggested that repeated head impacts, such as heading the ball, may be
associated with neurodegenerative diseases and cognitive impairments, including memory loss, attention deficits, and
other forms of cognitive dysfunction. Recent researches have highlighted the potential risks associated with repetitive
heading. Cognitive domains most affected include executive function, complex attention, and memory. Notably, studies
on former professional players were more likely to report such associations, suggesting that the detrimental effects of
heading may manifest later in life. (Rodrigues et al. 2019), assessed participants using computerized and conventional
neuropsychological tests over a one-year period, concluding that heading did not impact cognitive function and thus
disclosing no evidence between heading and cognitive performance. These contrasting findings highlight the complexity
of understanding the long-term effects of heading in football.

Chronic Traumatic Encephalopathy (CTE), a progressive brain disorder linked to repetitive head trauma, has been a focal
point of research in contact sports. Although CTE has traditionally been associated with American football and boxing,
there is growing evidence that football players are also at risk. Moreover, there are concerns that the cumulative effects of
heading over an athlete’s career may lead to conditions such as Alzheimer's disease, depression, and other forms of
neurodegeneration. The repetitive nature of heading can lead to microstructural changes in the brain, including cortical
thinning and white matter alterations, which are associated with cognitive decline. Furthermore, neuroinflammation
resulting from repeated head impacts may exacerbate neurodegenerative processes, increasing the risk of developing
Alzheimer's disease in later life. Given these concerns, football associations have implemented guidelines to limit heading,
particularly in youth players, to mitigate potential risks. However, the long-term effects of heading in professional players
remain an area of active research. Further studies are needed to establish definitive links between heading and CTE, and
to develop strategies to protect players' neurological health.

This paper provides a comprehensive review of current literature on the long-term effects of heading the ball on cognitive
function in football players, exploring evidence from clinical, epidemiological, and neuroimaging studies, and offering
recommendations for future research and preventive strategies.

MATERIALS AND METHODS

Literature Search and Selection

A systematic review of studies was conducted to examine the relationship between heading the ball and cognitive function
in football players. Databases including PubMed, Scopus, Web of Science, and Google Scholar were searched for relevant
studies published from 2000 to 2020. Keywords included “heading the ball,” “cognitive function,” “football,” “chronic
traumatic encephalopathy,” “neurodegeneration,” and “memory decline.” The search was conducted using the following
inclusion criteria:

e Peer-reviewed articles focusing on football and the effects of heading on cognitive health

e Studies conducted on professional or amateur footballers

e Longitudinal studies or cohort studies

e Neuropsychological assessments, neuroimaging, or cognitive testing reported

e Studies written in English

Exclusion criteria included:

e Studies not involving football players

e Research on sports other than football

e Non-peer-reviewed publications

Data Extraction and Quality Assessment

Data were independently extracted by two reviewers. Key information including study design, sample size, participant
demographics (age, playing experience, etc.), assessment tools used (e.g., cognitive tests, neuroimaging techniques), and
outcomes related to cognitive function were collected. Study quality was assessed using the Newcastle-Ottawa Scale for
observational studies and the Cochrane Risk of Bias tool for clinical trials.

RESULTS AND DISCUSSION

A synthesized overview of key studies evaluating the long-term cognitive effects of heading in footballers. Heading
exposure was measured through various methods, including self-reported frequency, objective tracking, and controlled
experimental conditions, reflecting the diversity in exposure quantification across the literature. Cognitive domains
assessed most frequently include memory, executive function, attention, and reaction time, with some studies extending
their scope to motor coordination or neuropathological outcomes.

The findings were mixed, included significant cognitive deficits associated with higher heading exposure, particularly in
memory and executive function. Conversely, others observed no significant cognitive decline, or even superior
performance among footballers compared to controls. These inconsistencies emphasise the complexity of attributing
cognitive changes solely to heading and highlight the influence of individual variability, exposure thresholds, and
methodological differences across studies.
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Table 1: Significant studies on heading frequency and cognitive domains assessed.

Study . . Heading Cognitive -
(Year) Study Design Sample Size Exposure Domains Assessed Key Findings
' 37 Measured . ngh. headmg frequency
Lipton et al. . . . Memory, brain | associated with memory
Cross-sectional | recreational heading . . .
(2013) microstructure decline and white matter
players frequency
changes
oh No significant differences
Smith et al . Hig Vs . in cognitive performance
" | Cross-sectional | 200 low heading | Memory, Attention .
(2013) f between high and low
requency
exposure groups.
Johnson et | Longitudinal 150 Measured Executive function, | Significant decline in
al. (2015) heading Processing speed executive function and
frequency processing speed in high
over 5 years exposure group.
Brown et | Cross-sectional | 100 Self- Memory, Reaction | Negative correlation
al. (2017) reported time between heading
heading frequency and memory
frequency scores;  reaction  time
impairments observed.
Heading led to immediate
Gallant et Experimental 30  amateur | 10 headers | Reaction time, | impairments in reaction
al. (2017) p players per session | motor coordination | time and motor
coordination
Self-
4 out of 6 players
MeKee et Case study 6 former repcnited Neuropathology exhibited signs of CTE; 2
al. (2017) soccer players | heading Lo
) had Alzheimer's disease
history
Stewart et | Cross-sectional | 120 Measured Attention, No significant association
al. (2018) heading Executive function | between heading
frequency frequency and cognitive
performance.
22 Measured No significant cognitive
Caramelli Loneitudinal professional heading Executive function, | impairment observed;
etal. (2020) & players, 37 | frequency memory, attention | players outperformed
non-athletes over 1 year controls on some tests
Stewart et Genetic  factors  may
Review N/A N/A N/A influence susceptibility to
al. (2020) A 4
brain injury from heading
Wilson et | Longitudinal 180 Measured Memory, Significant cognitive
al. (2020) heading Attention, decline observed in high
frequency Executive function | exposure group; increased
over 10 risk of neurodegenerative
years diseases.

(Source: Author Compilation)

Prevalence of Heading in Football

Studies suggest that players perform between 5-20 headers per game, with significant variation depending on playing
position. Midfielders and forwards tend to perform more headers than defenders, although all positions can be exposed to
the risk of head impacts during training and matches.

In a study by Rutherford et al. (2003), a substantial number of injuries sustained in football involve head trauma, often
affecting the brain. While such injuries commonly result from player collisions during regular gameplay, some researchers
suggest that heading the ball itself may also contribute to brain trauma. Although biomechanical studies offer inconclusive
evidence regarding the likelihood of brain injury specifically from heading, an expanding body of literature increasingly
supports the association between football participation, particularly heading, and neuropsychological impairment.
(Stewart et.al. 2017) elite football players who engage in frequent heading, more than 1,000 headers per year, may face
an increased risk of cognitive dysfunction. These athletes are more likely to report symptoms such as memory impairment,
concentration difficulties, and changes in mood. The long-term impact of repeated heading is still a topic of debate, with
some studies showing no significant cognitive decline and others indicating potential early signs of neurodegeneration,
Caramelli, P, et al. (2020).
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Cognitive Impact of Heading the Ball

Recent research indicates that repeated heading could have detrimental effects on cognitive function. For instance, a study
by Rodrigues et al. (2016) demonstrated that footballers with high heading frequency performed poorly on tests of
executive function, memory, and processing speed compared to non-contact sport athletes. Levitch et.al. (2018)
Neuropsychological testing indicated that the players with high heading exposure showed deficits in attention, verbal
memory, and spatial reasoning skills. found a connection between heading the ball and reduced cognitive abilities,
particularly in areas such as executive function, complex attention, and memory. The review emphasizes inconsistencies
in study methods and recommends further longitudinal research to better understand the relationship.

Neuroimaging studies also suggest that repetitive head impacts may lead to structural changes in the brain Thomas et.al.
(2014). In particular, studies using MRI and diffusion tensor imaging (DTI) have revealed white matter abnormalities in
football players who have had extensive exposure to heading. McAllister et.al. (2017) These changes in brain structure
are similar to those seen in patients with CTE, suggesting a potential link between repetitive heading and
neurodegenerative conditions. Virgilio et al. (2016) Post controlled heading session, observed detectable short- and long-
term memory impairments as well as acute electrophysiological abnormalities, including an increase in corticomotor
inhibition, on transcranial magnetic stimulation (TMS). The findings imply measurable consequences on brain function
as a result of subconcussive heading, even if these effects seemed temporary and returned to normal within a day.
According to the study, regular heading may be a sign of long-term effects on brain function even when there are no
outward signs of brain damage. Pearce (2016) Players who repeatedly headed experienced temporary alterations,
especially greater intracortical inhibition and reductions in short- and long-term memory performance, even though they
did not exhibit any clinical indications or symptoms of a concussion.

Chronic Traumatic Encephalopathy (CTE)

CTE is a progressive neurodegenerative disease linked to repetitive head trauma. Although most commonly associated
with contact sports like American football and boxing, recent studies have suggested that football players may be at risk
of developing CTE due to repetitive heading. A landmark study by McKee et al. (2017) highlighted the presence of CTE
pathology in the brains of deceased professional football players, which could have been triggered by repeated head
impacts, including heading.

However, it remains unclear whether heading alone can cause CTE, or whether other factors such as concussion history,
playing duration, and age at first exposure play a significant role. While some studies have identified early signs of CTE
in footballers, the long-term effects of heading in the absence of concussions are still under investigation Comstock et al.
(2015).

Memory Decline and Cognitive Impairments

One of the most concerning potential outcomes of repetitive heading is memory decline. Multiple studies, Matser, J. C.,
et al. (2001), have shown that football players who head the ball frequently report a higher incidence of memory deficits.
These impairments are thought to be linked to the cumulative effects of repeated mild traumatic brain injuries (mTBIs),
which may not produce immediate symptoms but can result in long-term cognitive impairments.

A study conducted by Johns et al. (2013) showed that footballers with high heading frequencies exhibited poorer
performance on verbal memory tests compared to those with lower heading exposure. Additionally, the onset of cognitive
decline may be accelerated in older footballers, who have had prolonged exposure to heading throughout their careers.
Neuroimaging studies have further supported the link between heading and structural changes in the brain.

Neuroprotective Strategies and Future Directions

Given the potential risks associated with repetitive heading, several strategies have been proposed to mitigate the impact
on cognitive health. These include:

e Modified Heading Techniques: Educating players on proper heading techniques, such as using the forehead to absorb
impact, could reduce the force transmitted to the brain.

e Limiting Heading Exposure: Some football organizations have begun limiting heading exposure, particularly for
youth players. For example, in the UK, the Football Association (FA) has introduced guidelines that restrict heading during
training sessions for players under 18 years old.

o Cognitive Training: Cognitive training exercises that promote brain health, such as memory games and
neuroplasticity exercises, may help mitigate cognitive decline in athletes exposed to repeated head impacts.

o Use of Protective Equipment: Research into protective headgear designed to absorb the forces of heading and reduce
brain injury risk is ongoing. However, the effectiveness of such equipment remains inconclusive.

Challenges and Recommendations

The research on the long-term effects of heading the ball is still developing, and several challenges persist:

e Lack of Longitudinal Data: While cross-sectional studies provide valuable insights, there is a lack of longitudinal
research tracking footballers over their careers to examine the cumulative effects of heading.

e Inconsistent Protocols: There is no universal agreement on what constitutes "excessive" heading or how to define
safe levels of heading exposure.

e Control Groups: Many studies do not have appropriate control groups, making it difficult to isolate the specific effects
of heading from other factors like concussions or genetic predispositions to cognitive decline.
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Recommendations for Future Research

Future studies should focus on:

e Long-term, cohort-based research to track cognitive function in footballers over several decades.

e Development of standardized protocols for assessing heading exposure, including detailed measures of heading
frequency and intensity.

e Exploration of neuroprotective interventions, such as modified heading techniques and headgear, to reduce brain injury
risks.

CONCLUSION

Repetitive heading in football is a potential risk factor for cognitive decline and neurodegenerative diseases, including
CTE. The long-term effects of heading on cognitive function remain a subject of active research, with mixed findings in
the literature. However, current evidence suggests that high exposure to heading may lead to memory impairments,
attention deficits, and structural brain changes over time. Preventive measures, including limiting heading exposure,
teaching proper heading techniques, and introducing neuroprotective interventions, should be prioritized to safeguard the
cognitive health of football players. Further research is needed to clarify the relationship between heading and
neurodegeneration and to develop effective strategies for minimizing long-term risks.
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