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ABSTRACT

Introduction: An area of growing interest, the neuropsychological impact of
sporting traumatic brain injuries has received considerable attention. Research
has centred on boxing and the National Football League, with associations
between sporting concussions and cognitive functioning widely acknowledged.
The cumulative effect of mild sporting head injuries remains largely neglected.
As the only sport incorporating head impacts (heading) as an integral part of the
game, the world’s most popular sport, football (soccer), has received limited
research. To date, social cognition remains entirely neglected in the footballing
literature, despite recent media attention regarding the potential long-term

neuropsychological impacts.

Aims: To explore associations between football-related behaviours, cognitive

functioning, and the novel addition of social cognition, in a UK-based sample.

Method: A quantitative cross-sectional design, enabled twenty-five male
footballers to complete a neuropsychological assessment battery of premorbid

functioning, cognitive functioning, and social cognition.

Results: Weaknesses relative to the norm were revealed for cognitive
measures of visual attention, verbal functioning, and verbal memory, and social
cognitive measures of theory of mind (ToM) and affective empathy. Results
emerged in a highly educated sample, with above average optimal functioning.
Associations between football-related behaviours, verbal memory, visual
attention, and all measures of social cognition were revealed. Associations
between quantified and cumulative career football-related concussions, verbal

memory, ToM, and emotion recognition are highlighted.

Discussion: Findings indicate precautionary adjustments in assessment,
monitoring, and management processes where football head-impacts are
apparent. Deficits in verbal memory and social cognition should be held in mind,

with future confirmatory research and preventative care recommended.
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1. INTRODUCTION

1.1 Overview

Within the traumatic brain injury (TBI) literature, cognitive, behavioural,
emotional, and social impairments have been widely acknowledged. Over the
past two decades, the impact of TBI in sport has received considerable
attention, particularly in boxing and the National Football League (NFL). Whilst
we have witnessed a rapid transformation in how the scientific community,
sporting organisations, athletes, legislative bodies, and the public view sporting
concussions (McAllister & McCrea, 2017), an area of more recent interest is the
impact of mild TBI (mTBI). Athletes participating in contact sports appear at
significant risk, due to exposure to repeated mTBI throughout their career.
However, the cumulative effect of mTBI in the most popular contact-sport
worldwide, football (soccer), has received limited research. The limited studies
available regarding the impact of football-related behaviours and head injuries
on cognitive functioning have yielded conflicting results, which is often attributed

to methodological short-comings.

Growing media attention regarding the long-term impact and possible
association with neurodegenerative conditions suggests this area requires
further consideration. Thus far, no research has been conducted exploring the
impact of football-related behaviours on social cognition, even though
concussive and subconcussive impacts have been shown to be associated with
altered prefrontal cortex (PFC) functionality (Slobounov & Sebastianelli, 2006),
a key regulator in social cognition (Bicks et al., 2015). With this in mind, a
systematic review of the literature using search terms displayed in Appendix A
was attempted. This however yielded no results across four databases (Cinahl,
Psychinfo, Science Direct and PubMed), indicating a lack of research in this
area. As such, a narrative review was conducted, which subsequently informed
a systematic approach to the literature and provided the rationale for the current

study.
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1.2 Traumatic Brain Injury

1.2.1 Definitions

Over the past 50 years, there has been a shift in the field away from terms such

as “head injury” and “concussion”, concerned with trauma induced transient
disturbance of brain function, and complex pathophysiological processes, that
result in loss of consciousness and permanent brain damage (Bailes & Cantu,
2001; Harmon et al., 2013; Kutcher & Eckner, 2010; Richardson, 2000). The
field of neuropsychology has shifted towards the more precise term “traumatic
brain injury” (TBI). This umbrella term for all neurological sequalae, reflects the
improved understanding of damage to brain matter as opposed to injury to the
skull (Menon et al., 2010).

Defined as “an alteration in brain function or brain pathology caused by an
external force” (Menon et al., 2010, p.1637), TBI has been shown to have short-
term effects resulting in physiological symptoms and long-term impacts on
cognition (i.e. language, memory) behaviour, sensation, personality, and
emotion (Bailes & Cantu, 2001; National Institute of Health [NIH], 2020). How a
person is impacted is dependent on several factors including history, location,
severity, and number of previous TBls (Harmon et al., 2013). Individual
contributing factors, such as age, further impact duration and severity of deficits
seen within hours, days, or weeks, with TBI exacerbating the natural cognitive
decline associated with the ageing process (Moretti et al., 2012). The current
view of TBI has thus broadened to understand the effects of injury across the
life span, not simply during acute injury and recovery (McAllister & McCrea,
2017).

TBI results in one million patients attending accident and emergency
departments in the United Kingdom (UK) each year and remains a leading
cause of disability and mortality worldwide (Goldstein & McNeil, 2012). A
leading charity in the field (Headway, 2017), highlight the ten-fold increase in
associated hospital admissions across the past decade, with men one and a
half times more likely to be admitted than women. Validation of such numbers is
however hindered by accuracy of diagnoses, in the ever-changing definition of

TBI, and the range of injuries this encompasses. In particular, mTBI are often
13



overlooked, as people affected may not present at hospital. This may therefore

result in this group experiencing mTBI being missed in the statistics.

1.2.2 Classification of Traumatic Brain Injury

Historically, road-traffic accidents, falls, and assaults have been reported as
major causes of TBI (Goldstein & McNeil, 2012), whilst the last 20 years has
highlighted the added significance of sporting injuries. TBI are often categorised
into either, penetrating or closed. Penetrating head injuries involve a tearing of
dura mater and subsequent exposure and damage of the skull, such as that
seen in the famous case of Phineas Gage (Damasio et al., 1994; Richardson,
2000). This results in a lack of protection of the brain and damage localised to
the area of penetration, that is often fatal. Closed head injuries refer to injuries
that do not expose the contents of the skull, with the primary mechanism of
damage a blunt impact to the head (Levin et al., 1976). Closed head injuries are
the most common type, often impacting consciousness and resulting in diffuse
cerebral damage (Richardson, 2000). Such injuries align with those most often

seen in sporting TBI.

1.2.2.1 Primary and secondary damage

The mechanisms that cause TBI are multiple and complex, thus are often
divided into primary and secondary forms of damage (Goldstein & McNeil,
2012). Primary brain damage occurs at the time of injury and includes
haemorrhagic abrasions, lacerations, and contusions. Haemorrhagic contusions
occur due to the biomechanical forces and dynamics that produce coup (point
of impact damage) versus contra coup (directly opposite) injuries, most often to
the frontal and temporal lobes (Cantu, 1992). Primary brain damage typically
produces an immediate loss of consciousness, while secondary changes
produce enduring coma and focal neurological signs, depending on the site and
extent of injury. Secondary brain damage can occur in both extracranial and
intracranial form, caused by extra and intradural haemorrhage and oedema,
with cerebral ischaemia and intracranial hypertension most sensitive to
therapeutic interventions (Werner & Engelhard, 2007). Most haemorrhages
occur in, or near, the dura, in association with skull fracture, and constitute 3%
of head injuries, with the highest incidence seen between ages 10 to 30

(Goldstein & McNeil, 2012).
14



1.2.2.2 Measuring severity of traumatic brain injury

TBI range in severity from “mild” (i.e. a brief change in mental status or
consciousness) to “severe” (i.e. an extended period of unconsciousness or
amnesia after the injury) (Centers for Disease Control and Prevention [CDC],
2020). To address issues around ambiguous definition of severity and to enable
professionals to communicate effectively, three measures of TBI severity are
commonly used. Firstly, the Glasgow Coma Scale (GCS) was originally devised
by Teasdale and Jennett (1974) and updated by Sternbach (2000) to rate the
length of time and complexity of altered consciousness, as soon as possible
following a TBI. The GCS combines motor responses, verbal response, and eye
opening, to score an individual from mild (15) to severe (3) TBI. Whilst often
used for clinical interpretation, one may note that the GCS can be difficult to
administer, is often time-consuming, and may fail to acknowledge the role of

verbal comprehension.

Secondly, Loss of Consciousness (LOC), is often utilised to categorise severity
of TBI, by focusing on the duration of time taken for the individual to regain
consciousness (Kelly, 2001). Mild TBI are categorised as LOC lasting 30
minutes or under, whereas moderate TBI exceeds this time, with individuals
regaining consciousness within 24 hours. TBI is categorised as severe when
LOC exceeds 24 hours.

Thirdly, the Post-Traumatic Amnesia measure (PTA) (Richardson, 2000;
Werner & Engelhard, 2007), focuses on the severity of memory alteration or
period of confusion following TBI. Mild TBI are categorised as PTA lasting under
one hour; moderate TBI exceeds one, but is less than 24 hours, and severe TBI
is categorised when PTA exceeds 24 hours. While one may critique the
arbitrary nature of these cut-offs, such measures exist due to a lack a of
universally accepted definition of TBI in the field. Such measures are therefore
necessary to aid the clinical classification of severity, when used in combination.

Clinically, severe TBI are often seen to result in physical, neuropsychological,
behavioural, and emotional deficits, with impairment across all cognitive

domains impacting across an individual's life (McDonald, 2013). Severe TBl is a
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rare injury in which the pathology often centres in the ventrolateral and orbital
frontal lobes. Damage to the ventromedial temporal lobes can also be seen,
due to abrasion against the anterior and middle fossa of the skull (Bigler, 2007;
Courville, 1945; Gentry et al., 1988; Hadley et al., 1988). Additional medial
frontal damage arises, as these surfaces are compressed against the dorsal
bone and collide with the cerebral falx (Bigler, 2007). Whilst a rare occurrence,
those who survive a severe TBI, can often remain comatised (Teasdale, 1995).
Moderate TBI are often characterised by physical symptoms including
headaches, alongside difficulties with memory, planning, thinking, attention, and
concentration (Bailes & Cantu, 2001; NIH, 2020). Alternatively, mTBlI, is often
referred to as a ‘silent epidemic’, with symptoms rarely reported and thus
resulting in limited research identifying acute effects (Karr, et al., 2014,
McCauley et al., 2014).

1.2.3 Mild Traumatic Brain Injury

Now recognised as a major public health concern, mTBI has gained
considerable attention in recent years. Accounting for around 75% of TBI that
occur each year (CDC, 2003), mTBI exerts both primary and secondary effects
on individual nerve cells (neurons), connected networks (neural networks) and
cognition (NIH, 2020). This results in immediate and long-term effects including
acute neuropsychological deficits in memory, verbal retrieval, and attention
(Binder et al., 1997; Cicerone, 1997; Esselman & Uomoto 1995; Karr et al.,
2014; McCauley et al., 2014). Early symptoms of headaches, dizziness,
nausea, diplopia, tinnitus, irritability, fatigue, and disrupted sleep are often

underestimated and underreported (Ponsford et al., 2000).

While the literature suggests children have a good prognosis post-mTBI, with a
quick resolution of symptoms, adults reportedly experienced cognitive deficits
and symptoms in the acute stage, with recovery ranging from 3-12 months, or
sometimes longer (Carroll et al., 2004). This may result in persisting post-
concussive syndrome (PCS), the aetiology of which remains controversial
(Binder et al., 1997; Broglio et al., 2011). PCS can be defined as a cluster of
physical, cognitive, and emotional symptoms, linked to measurable

neuropsychological deficits (Ingebrigtsen et al., 1998; Leininger et al., 1990;
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World Health Organisation [WHO], 2020), alongside neurobehavioural

symptoms (i.e. emotional disturbances); (Levin & Robertson, 2012).

Sporting athletes are not only at risk of PCS, but those who return to play
following a sustained head injury are at further risk of second impact syndrome
(SIS) (American Psychiatric Association [APA], 2013; Saunders & Harbaugh,
1984). This rare yet, fatal condition is characterised by a second head injury
sustained following return to play, which results in brain herniation, cerebral
swelling, and subsequent death (APA, 2013; Bey & Ostick, 2009). This was
recently demonstrated by Matser et al. (2004), who reported the case of a junior
footballer in the Netherlands who had died after heading a ball when returning
to play, following a previous head collision with another player. Alongside this,
athletes who survive mTBI, are often at an increased long-term risk of
neurodegenerative conditions, such as Alzheimer’s disease (AD),
Parkinsonism, and other brain disorders (CDC, 2003). As such, it has recently
become apparent that the repetitive nature of mTBI that the sporting population
are subjected to, may be a potential causal factor and thus result in long-term

emotional and cognitive impairment.

1.2.3.1 Cumulative traumatic brain injury

Attention thus turns to the potential long-term cognitive, emotional, and
subsequent economic consequences of cumulative TBI which, at present, lacks
sufficient research (Barth et al., 1983; Brooks et al., 2016; Rimel et al., 1981;
Ruchinshas et al., 1997). Whilst TBI is the most common cause of death in
athletes, it remains one of the least understood sporting injuries (Cantu, 2003;
Slobounov & Sebastianelli, 2006). Research suggests mTBI commonly occur
during contact sports, where severe symptoms of neurological dysfunction may
not develop. This is in addition to athletes often being exposed to repeated TBI,
which may accumulate to produce chronic neuropsychological sequelae
(Gronwall & Wrightson, 1975). Together, this results in a cumulative burden
over the course of an athlete’s career (Bailes et al., 2013), with many now
stressing the cumulative effect of subtle yet, permanent damage in those

exposed to repeated mTBI.
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This is supported by functional impairment, neuropsychological deficits, and
abnormalities of brain function, often observed through functional magnetic
resonance imaging (fMRI), in the absence of observable symptoms (Bailes et
al., 2013; Richardson, 2000). Impairment on tests of visual spatial attention and
short-term memory suggest mechanisms contributing to cognitive performance
are affected by multiple TBI, even in low-conflict situations (De Beaumont et al.,
2013; Thériault et al., 2011). The limited data available thus indicate repetitive
subconcussive impacts in sport have the potential to increase the long-term risk
for cognitive decline, neurobehavioural changes, and neurodegenerative
conditions (Bailes et al., 2013; McAllister & McCrea, 2017).

1.3 Sporting Traumatic Brain Injury

Over the past two decades, there has been a rapid transformation in how the
scientific community, sporting organisations, athletes themselves, legislative
bodies, and the public view sporting concussions (McAllister & McCrea, 2017).
Sporting concussions refer to any TBI occurring in a sporting context, with the
potential for head injury existing in almost all sports (Daneshvar et al., 2011;
Nelson et al., 1984). Sporting TBI that result in a loss of consciousness have
been widely studied in the NFL and boxing (Spiotta et al., 2011). Such studies
suggest that the sporting population are at a heightened risk of chronic
traumatic encephalopathy (CTE) (Mez et al., 2017; Omalu et al., 2005).

First highlighted in the boxing population in the 1920s, CTE was historically
referred to as ‘punch drunk syndrome’ (Martland, 1928) or ‘dementia pugilistica’,
translating to ‘boxer’s dementia’. A form of CTE involving impairment of
cognitive and motor functioning, ‘dementia pugilistica’ is specific to boxing-
related head impacts (Caron & Bush, 2015; McCrory, 2002). It was not until the
1940s that the now favoured term in the literature ‘CTE’ was coined (Montenigro
et al., 2015), due to an improved understanding that exposure to any sporting
TBI, may increase the risk of neurodegenerative disease.

A progressive degenerative disease, CTE is characterised by topographic and
cellular patterns of tau neurofibrillary pathology (Montenigro et al., 2015; Stein

et al., 2014). Recent evidence suggests CTE to be caused by cumulative
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repetitive impacts to the head, sustained over a period of years (Martland, 1928;
McAllister & McCrea, 2017; McKee et al., 2015; Mez et al., 2017; Omalu et al.,
2005; Slobounov et al., 2017). This implies that repetitive subconcussive
impacts that are common in some sports, are a main causal factor of CTE.
Neuropsychological alterations have been displayed including altered executive
functioning, memory, speech, mood, behaviour, personality and gait, with CTE
frequently resulting in dementia (Karr et al., 2014; Ling et al., 2015; Manley et
al., 2017; Spiotta, et al., 2011; Stein et al., 2014, Stern et al., 2013).

Whilst CTE remains most commonly associated with boxing and more recently
the NFL, an inquest following the death of Jeff Astle (a former England
footballer), implied repeated ‘heading’ to have contributed to a diagnosis of
dementia and subsequently, CTE-related death (BBC News, 2016). As detailed
later, recent media interest in such football-related deaths has led to recent
research which suggests footballers may experience a higher mortality rate
from neurodegenerative disease, than the general population (Mackay et al.,
2019). Whilst such research sheds light on the potential clinical implications of
sporting TBI, cases of mTBI are estimated to account for 95% of sporting TBIs
and do not result in loss of consciousness (McCrory et al., 2013). Although
mTBI evidently account for the vast majority of sporting head injuries, they
continue to be vastly overlooked in the literature. Furthermore, the impact of
cumulative mTBI on cognitive functioning remains debated. The most popular
sport worldwide, football (soccer) (Spiotta et al., 2012), appears widely
neglected in the literature, with a scarce number of studies investigating mTBI in
this population. Furthermore, of the limited studies conducted to date, the
methodology and underreporting of symptoms has resulted in the field being
critiqued (Hobbs et al., 2016; McMillan et al., 2017; Meier et al., 2015;
Rutherford et al., 2005).

1.3.1 Definitions
The terms TBI, head-i