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ABSTRACT

This study sought to investigate the incidence and severity of disniptions of cognitive
functioning in children following exposure to soccer play, A group of 49 soccer players (who
are subdivided into club players and school layers, the latter constituting a quasi-control group)
and a group of 21 nen-soccer playing control subjecis were assessed three times ovet the course
of a soccer season of approximately six months in duration. A battery of neuropsychological
tests was used that was compiled to elicit practice effects from the subjects, as the hypothesis of
the study was that exposure to soccer play may reduce the practice effects owing to repeated
minor head trauma suffered on the field of play. On some of the tests in thé study, such a
reduction in practice effects was noted, although this reduction did not always tend to
discriminate control subjects from soccer playing subjects. The club soccer players mostly

performed slowest on the tests tequiring most cognitive processing,
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CHAPTER 1.

INTRODUCTION

Sport 1s a very physical activit “nd as such the participant in any sport runs the risk of
sustaining a form of injury. The paris of the bod « most Jikely to be injured ate those that arc
most utilised by the participant in the sport. These are likely to be infries of the muscles,
ligaments and bones of the limbs, back and torso. Soine sports may pose more of a risk to certain
parts of the body than do others. Foi example, weight Lifters generally wear kidney-belis to

protect their lower back and kidney areas,

Injuries are intrinsically likely to differ in severity depending on the circumstanices surrounding
how the injury was sustained. Prior injurics are likely to predispose a sport participant to further,
sggravated injuries. Injuries would also differ in terms of how serious their repetcussions would
be on the person. Possibly the most serious infury a participant in spott may sustain is a head
injury, particularly of a high degree of severity, given the implications thersof on the

participant's future cognitive functioning,

Mild head injury in sport has been investigated by Barth, Alves, Ryan, Macciocchi, Rimel, Jane,
and Nelson et al, (1989), who make the point that in most sports, great efforts are made to
evaluate and eliminate the potential for what is viewed as significant or severe head trauma
(their emphasis). This has net, however, been the case with most spotts-related mild head
injuries (their emphasis). Wilberger (1993) has found that the most common head injury in
sporis is the minor head injury or concussion - estimated to occur at a rate of 250 000 per year it
contact sports. Association football, or soccer, is a contact sport, but is one of the sporis in

which to date little research has been done to determine the effects of mild head injury on its



participants. However, Schneider and Zemiicke (1988), have expressed concern over the

potential for head injury in soccer.

Soccer is a very popular spectator and participant sport. In 1989, there were over 40 million
registered players alorie world-wide (Tysvaer and Storli, 1989), and these figures were
confirmed in 1992 (Dailey and Barsan, 1992). Subseguent studies have suggested an increase in
' the popularity in soccer since the World Cup townament held in the USA in 1994 to
approximaiely 42 million (Jordan, Green, Galanty, Mandelbaum and Jabour (1996). Like most
sports, soccer poses a risk of injury to its participants, although the risk of serious head injury
slmului not be as great #s in sports such as boxing. Most soccer-related injuries would involve
bruises, lacerations, muscular strains and spraing, torn ligaments and occasionally broken bones,
and the areas of the body most affected would be the legs (particularfy the knees) and groin. But
since players' heads come into contact with the ball, and there is a chance of high speed
collisions (including clashes of heads) and rotational injuries. These may place soccer players at

risk of suffering subtle impairment of neuropsychological functioning,

The plastic-coated football that is currently used by soccer players has when inflated a weight of
between 396 and 453 grams (Smodlaka, 1984) and a kicked football can reach speeds of 60 to
120 km/h (Fields, 1989). Adams (1976) suggests that soccer players are more aware of the
likelihood of sustaining blows to the head than are rugby players, and are consequently more
prepated fo receive blows to the head in such a way as to minimise the risk of injury, than are
their counterpatts in rugby. But is this foreknowledge sufficient ke the player is required to

head a ball weighing 450 grams and travelling at the speeds mentioned above?

The current study will explore the incidence of head injury in soccer, and investigate the

incidence of hr:ad injury-related symptoms, which may not necessarily follow a concussive



injury. The study will investigate the evidence obtained thus far in sports-related
netropsychological and neurological research, Other sports that are termied "corfact sports” will
be considered, as well as theories of mild head iriuty in children and in spoits participants.
Concerns regarding head injuries in sport, such as the second impact syndrome, and the

guidelines for returing to sport participation will be considered.

The literature review will consider the aspects of mild head injury in terms of its causes and
effects, as well a3 copsideriog mild head injury in the relevant populations, ie. spors
participants and children. In the third chapter (Research Methodology) there is @ discussion, of
the aims, liypotheses and research questions, as well as the rationale behind the choice of
subjects and test muterials. Procedural considerations are also discussed in that chapter.
Thereafter in Chapter 4 the results will be presented and briefly summarised, ant these will be
discussed in Chapter 5. Chapter 6 concludes the dissertation and considers limitations of the

study as well as future implications,



CHAPTER 2.

LITERATURE SURVEY

2.1, Closed Head Injuty

Closed head injury resulfs in two categories of injury: primary and secondary (Pang, 1989).
Primary injury occurs instantaneously at impact, and is usually permanent. It does not respond to
therapeutic measures, and genegally constitutes the limiting factor for neurological recovery.
Primary injuries may take twy forms (McLatchie & Jennett, 1994), of which contusions are the
commonest, and divided into two types: focal undemeath the fracture resulting from focal
impact, be it blunt or penelrating; and diffuse usually following deceleration of the head (ibid.).
The other form of primary injury involves diffuse axonal injury, which consists of widespread
tearing of white matter fibres in subcortical areas of the brain. This may occur without
pronounced contusions or a fracture of the skull, and it wsually causes immediate

unconscioustess (McLatchie and Jennett, 1994).

Secondary injury ocours as a result of epiphenomena causally related to the primary injury, such
as oedema or brain swelling resulting from vascular engorgement, and acute intracranial
haematoma (McLatchie and Jennett, 1994; Pang, 1989). These epiphenomena may result in an
increase in intracranial pressure, and causc brain shift and cerebral ischaemin, which in tum
produce further ¢~ sions such as hypoxia (lack of oxygen to the brain). Intracranial
infection is also 1" saen the dura mater is penetrated. Hypoxia and ischaemia are onfy likely

in a sporting sense when the whole body has suffered violence, such as in climbing, horse-

riding, or motorspori-related accidents (McLatchie and Jennett, 1994), Management of head



injuries affects outcome through minimisation of occurrence of the secondary brain injuries as

onposed to repaiv of the primary injury (Pang, 1989).

Primary brain injury can be induced by both acceleration-dependent and nonacceleration-
dependent mechanisms (Pang, 1989). Forces that produce acceleration to the head tend fo
generate much more severe brain injury than equivalent forces delivered to the fixed skull (ibid.),
with studies showing a blow of modesaie intensity to a moveable head inducing devastating
cerebral contusion, and a blow twenty times as strong causing extensive fractures but remarkably

Tittle neurological deficit (ibid.).

Patker and Rosenblum (1996) define traumatic brain injury as a process in which
netrobehavioural dysfunctions change over time, and therefore add two more classifications of
brain injury to the aforementioned two, namely tertiary and quaternary injuries. Tertiary brain
injury includes Lite physiological effects, & lack of physiological development of children due to
damage to the hypopituitary-thalamic axis, impaired homeostasis (compensatory adjustments to
meet any threat to the personality) and impaired brain autoregulation. Quaternary bruin injuries
are longer-term injuries and include late neurological symptoms that occur yeais later such as
premature senility and dystonia, post~traumatic epilepsy, and premature copnitive ageing. It
would seem that tertiary injuries are important with regard to the present study, since the subjects
in this study would be entering a ctitical stage of cognitive as well a3 educational development in
the next four to five years after their present stage of development. At present they would be in

their eleventh year, and therefore approaching the end of Elementary School education.

Traumatic brain injuty is determined by factors that include the point of impact and its direction,
velocity, and accelerating or decelerating effect; whether the neck is braced; whether the rotation

is accelerated or steady; the relative strength of the head-neck junction; the ratio of brain mass to



injuries affects outcome through minimisation of occurrence of the secondary brain injuries as
opposed to fepair of the primary injury (Pang, 1989).

Primary brain injury can be indueed by both acceleration-dependent and nonacceleration-
dependent mechanisms (Pang, 1989). Forces that produce acceleration to the head tend to
generate much more severe brain injury than equivalent forces delivered to the fixed skull
(ibid.). with studies showing a blow of moderate intemsity o a moveable head inducing
devastating cerebral contusion, and a blow twenty times as strong causing extensive fractures

but remarkably little neurological deficit (ibid.).

Parker and Rosenblum (1996) ¢'~fine irawmatic brain injury as a process in which
neurobehavioural dysfunctions chany = over time, and therefore add two more classifications of
brdin injury to the aforementioned two, namely tertiary and quaterhary injuries. Tertiary brain
injury includes late physiological effects, a lack of physiological development of children due to
damage to the hypopituitary-thalamic axis, impaired homeostasis (compensatory adjustments to
meet any threat to the personality) and impaired brain autoregulation. Quaternary brain injuries
are longer-term injuries and include late neurological symptoms that occur years later such as
premature senility and dystonia, post-traumatic epilepsy, and premature cognitive ageing. It
would seem that tertiary injuries are important with regard to the present study, since the
subjects in this study would be entering a critical stage of cognifive as well as educational
development in the next four to five years after their present stage of development. At present

they would be in their eleventh year, and therefore approaching the end of Elementary education,

Traumatic brain injury is determined by factors that include the point of impact and its direction,
velocity, and accelerating or decelerating effect; whether the neck is braced; whether the rotation

is accelerated or steady; the relative strength of the head-neck junction; the ratio of brain mass to



head mass; the duration of the impact impulse; and the characteristics of thie scalp (Parker and

Rosenblum, 1996),

Acceleration injuries are divided into two types, translational and angular (Pang, 1989). The
former may be described as lineat, and are produced by a force vector applied through the centre
of gravity of a rigid body, and no intermolecular stress is sustained since all individual particles
within this body travel at the same acceleration and in the same direction (ibid.). If the force
vector does nof pass through the cenire of gravity of a body, the body will rotate around its own
centre of gravity and assume an angular acceleration (ibid.). Most impact forces produce a
combination of franslational and angular acceleration, and result in shearing injuries (Pang,
1989). This would suggest that translational acceleration would result in more focal coup
(situated beneath the site of impact) and contre coup (lesions at some distance from the site)

injuries, while angular acceleration is more likely to result in diffuse injuries.

Traumatic brain injury needs only sufficient angular rotation (without impact) to occur (Parker
and Rosenblum, 1996). Rear-end impact causes the head on the relaxed neck to be left behind
momentarily, while front-end collision causes the head to be propelled forward. The head moves
in a combination of pianes (lateral and sagittal) and torsion around the tethering neck, which
changes the brain's position and movement relative to the enclosing skull and often causes
impact within the confining space. Parker and Rosenblum (1996) contend that it is
unpredictable which structures will be over-stressed and damiaged, and postulate that reduced
cohcentration and memoty are compatible with darmage to basal frontal and upper brainstem

activities,

In terms of primary injuries, soccer players' heads are more likely to be accelerated than fixed,

although the speed of impaot is not likely to be substantial, especially when compared to the

10



b2w

- commoniy found acceleration and deceleration of the head that ocours during motor vehicle

accidents.

2.2. Mifd Head Injury

Rutherford (1989) takes issue with the term minor (mild) head injury, in that it is not confined to
brain injuries, but refers also to facial wounds, or dislocation of the jaw, inter aliq. He proposes

the term "concussion” and defines it as follows:

Concussion is an acceleration/deceleration injury to the head almost always associated
with a period of amnesia, and followed by a characteristic group of symptoms such as

hendache, poor memory, and vertigo.

Concussion has been contrasted with contusion, lacerations and haemorrhage, whete the lesion
could be cleatly seen (Tan and Kakular, 1981), although Oppenhsimer (1968) has demonstrated
microscopic damage to be present, Rutherford (1989} maintains that all
acceleration/deceleration injuries, regardless of severity, result in the sanie type of brain damage,

and afl the symptoms following the mild cases are seen in the major cases also.

Walsh (1987) defiues a simple concussion as a brief clouding or temporary loss of
consciousness, and he postulates that this is probably due to injury to the brain-stem reticular

formation,

Beers {1992) defines a concussion as oceutting with a disruption of neurclogical function caused

by a blow to the head or a rapid acceleration and deceleration. Loss of consciousness is not

11



always pregent, which ¥ confirmed by Jennett (1989) who claims that impairment of
congciousness is indicative of diffuse brain damage, but there can also be marked local damage
without either alteration in consciousness or amnesia. Beets (1992) claims that an exiremely
mild head injury may produce cognitive and/or information processing deficits that manifest as
failure to benefit from practice effects that can be demonstrated through neuropsychelogical

assessment within 24 hours of injury.

2.2.1. Severity of Concussion

Concussion has been graded in terms of severity into mild, moderate and sovere, and althetgh
this grading system is not ideal (van Veldon, 1990), it is useful in terms of triggering a saft

clinical approach to concussion.

Grade I (mild) concussion may not present with obvious signs, There may be a brief period of
slight mental confusion, some dizziness, minimal unsteadiness, and a br_ief loss of judgement,
typically with no loss of consciousness (Reid, 1992), Not clearly remembeting recent events and
difficulty interpreting new infotmation ate considered the hallmarks of this level of concussion

(Yamell and Lynch, 1973).

Grade I (imoderate) concussion is characterised by a transitory loss of consciousness of up to
five minutes (van Veldon, 1990; Reid, 1992). Subsequent mental confusion, dizziness of a
moderate severity and at times a transient headache are reported. Minimal retrograde amnesia is

evident, which has been noted to be petsistent for a significant period post-injury (Reid, 1992).

12



Grade II (severe) concussion produces a period of unconsciousness of more than two minutes
(Reid, 1992; Yarnell and Lynch, 1973). Prolonged and significant retrograde ammesia may

follow this type of injury.
3. Major catses of Mild Head Inj
Five major causes of mild head injury have been identified  he following {in order of

frequency)

1. Motor vehicle crashes {sic) - victims including occupants of the vehicle, motorcyelists,

bieyclists and pedestrians,
2 Falls
3. Assaults

4, Cycling accidents not involving motor vehicles

5. Sparts and recreation injuties. (Kraus and Nourjah, 1989)

The incidence of these injuries varies with age and gender distributions, as well as with times of
injury (Kraus and Noutjah, 1989), with eighty per cent of the mild brain injury diagnoses in this
study comprising concussion. Brain injuties from recreation or sports activities are generally
higher for males than for females (ibid). More important for this study, however, is their
finding that the sporé-related injury rates for males peak between the ages of 10 and 14 years
(Kraus and Nourjah, 1989), The distribution of times of brain injurics shows that brain injuties
from sports and recreation activities do not display a pronounced weekend excess in terms of

distribution, unlike assaults and motor vehicle aceidents, whith occur primarily on weekends,

13



2.3.1. Classifving Mild Head Injury

Jennett {1989) argues that the definition of mild head injury is problematic, and that the Glasgow
Coina Scale has limited nse in this regard, since it is not intended as a means of distinguishing
among different types of mild head injury. The Glasgow Coma Scale {G.C.8.) score examines
three areas of behaviour: eéye opening, response to vuive and motor responses (Australian
National Health and Medical Research Council, 1993, henceforth referred to as NNHAMR.C,,
1993). The degree of spontaneity of these behaviours determines the score, with more
spontaneous responses scoring higher, The score can therefore be quantitative, with 3 being the
lowest scare and 15 niormal, while a score of 8 or less implies a severe head injury. Sinice many
patients are orientated by the time they are first assessed, they are likely to Score at the top of the
G.C.8. (Jennett, 1989}, i.e. between 13 and 15. Vet some post-concussive patients have had a
period of altered consciousness (which is an additional means of evaluating the severity of head
injury), either witnessed or evidenced by their being amnesic for events immediately following

injury (fennett, 1989Y.

2.3.2, Post-Traumatic Ainnesia (PTA)

The term post-traumatic amnesia refers to auy disturbance of memory for events that occur in
the period immediately following head injury (Ruff, Levin, Mattis, High, Marshall, Eisenberg
and Tabaddor, 1989). It is recognised ss one of the most distinctive markers of closed head
injury, and is frequently encountered in patients with mild head injury (Ruff et al., 1989),
Patients are characteristically disotiented and demonstrate confusion. Anterograde memory
seems most affected in these cases (Ruff et al,, 1989). PTA has been demonstrated to last from a

few minutes to several howrs, although inconclusive results have been found on

14



neuropsychological studies on the subject (Barth, Macchiochi, Boll, Giordani, Jare and Rimel,
1983; Gentilini, Nichelli, Schoenhuber, Bortolotti, Tonelli, Falasca and Merli, 1985; Dikmen,

MeLean and Temkin, 1986).

The concept of PTA has evolved over the years, initially using the length of time from injury to
the time when the patient became aware that he had regained consciousness (Walsh, 1987). This
was later modified to include anterograde ammesic conditions. Newcombe (1982) cautions that
there is no siinple relationship between length of PTA and severity of defect. Therefore length
of PTA is not a reliable indicator of severity of injury, since some individuals who appear to _
demonstrate lengthy PTA have been found to manifest little impairment, while others who were

perceived as having had shorter PTA have been left with considerable deficit (Walsh, 1987).

2.4, Effects of Mild Head Injury

2.4.1, The Post-Concussion Syndrome

Mild head injuries exhibit more subtie symptoms than most people would associate with damage
to the brain, These symptoms include headaches, dizziness, nausea, diplopia, tinnitus,
personality change (patticularly iritability), attentional deficits, and information processing
impairment (Barth et al., 1989). Leininger, Gramling, Farrell, Kreutzer, and Peck (1990) report
that minor head injury patients who report post-concussive symptoms possess measurable
neuropsychological deficils, and the severity of these deficits is independent of the neurclogical

status of the patient immediately following the injury.

15



Headaches and dizziness are typically the most prominent components of this syndrome
{Wilberger. 1993). Headaches tend to be diffuse and aggravated by movement, anxiety and
stress, while the dizziness is usvally described as a feeling of unsterdiness exaserbated by
movement and changes in position (ibid.). Carlsson, Sviirdsudd, & Welin (1987) found a strong
correlation between the degree and extent of post-concussive symptoms and the number of
previous head injuries, and conjectured that the cumulative effects of repeated head injury play a

significant role in this syndrome.

Research indicates that information processing ability is more severely affected and takes longer
to recover in patients after second or third conctissive injuries than in patients with a single mild
head injury (Gronwail & Wrightson, 1975). Information processing capacity can be described
as the number of operations the brain can carry out at the same tinie {Gronwall, 1989), and after
mild head injury, patierts have difficulty in all areas that require them to analyse more items of

information than they can handle simultaneously.

The residual effect that follows apparent full recovery after a mild head injury has been shown to
result in increased vulnerability to a second CNS stressor (Ewing, McCarthy, Gronwail and
Wrightson, 1980). As a result, doctors recommend that following fhree repeated concussions,
participation in the offendiiig sctivity should be discontinued (Barth et al., 1989). Shutileworth-

Jordan, Balarin and Puchert (1993) suggest that this may be too late.

2.4.2. Duration of post-concussive symptoms.

Rutherford (1989) argues that "postconcussion” symptoms would be more accurately termed

“concussion symptoms", and distinguishes early and Iate concussion symptoms. However, for

16



the purposes of clarity in this dissertation, the term post-concussive symptoms will be retained.
Early symptoms are those of which the patient complaing immediately after regaining full
consciousness, as well as on the morning after the injury, These include headache, dizziness,
vomiting, drowsiness and blurred vision, Late symptoms ovetlap to a degree with early
symptoms, but may last up to three years post-trauma. hritability, anxiety, depression, memory
and concentration difficulties and insomnia are examples of late symptoms (Rutherford, 1989;

Baichelot, Harvey and Bryant, 1995).

Mild head injury patients tested at 3 months post-trauma performed more poorly on interference
tests, such 2s the modified Stroop Word-Colour test, compared to control subjects (Bohnen,
Jolles and Twijnstra, 1992), Patients with lingering post-concussive symptomatology were found
to be slower on interference conditions than concussion patients who were subjectively well

recovered (Bohmen, Twijnstra and Jolles, 1993). This included sports accident victims,

2.5. Mild j Chi

Jennett (1989) reports that children of less than 15 years comprise a latger proportion of mild
than severe injuries. Neuropsychological testing on children whe have suffered traumatic brain
injury has indicated that continuing, serious post-traumatic intellectual impairments remain long
afier electroencephalograras and neurological -airinations have returned to normal (Fuld and
Fisher, 1977). Personality changes were tound to have occurred to some extent, although these
appear to have disappeared after cognitive, language and motor functions had improved (Fuld
and Fisher, 1977). Adams (1990} also points out that, "following mild head injury, persistent

cognitive deficits remained long past the expected 3-month recovery period. The most apparent

17



deficits were found on a complex mathematics fask requiring reading, calculation and novel

problem-solving."

Children and young adults make up more than 50% of all new head injury cases, with incidence
rates estimated between 185 and 230 per 100 000 population for children 14 years of age and
younger (Greenspan and MacKenzie, 1994). Regardless of head injury severity, head injured
children are more likely to have lirnitations in physical bealth, have a greater number of
behaviotral problems and be enrolled in a special education programmie than children from the
general population (Greenspan and MacKenzie, 1994), which was ascertained up to 2 year post-
injury. Greenspan and MacKenzie (1994) found greater functional limitations for children with
mtinor to moderate head injuries (as classified on the Glasgow Coma Scale and Abbreviated
Injury Scale) than was previously reporied. They conclude that though children with minor o;
moderate head injuries may not exhibit any frank neurclogical signs, they may demonstrate
minor limitations, that although not clinically apparent, nevertheless may affect the children's

daily function and performance.

An imporiant finding of Greenspan and MacKenzie (1994) is that socio-economic digparities
may have an impact on pre-injury functioning, and that children from poor or near-poor families,
and those with lower extremity injuries or pre-injury chronic health problems may be at risk of
inipairment. Since the present study sought to test athletically inclined children, chronic health
problems are perhaps less likely to be a factor, as children with chronic heaith problems are less
likely to play sport, especially competitive sport. Children with lower extremity injuries are also
unlikely to participate in soccer. However the curent stady comprised children of a middle-to-
higher socio-economic bracket, and futurs studies may seek to investigate nenropsychological

dysfunction in people belonging in different incoms brackets.
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Chadwick, Rufter, Brown, Shaffer, and Traub (1981) report that ihe test performances most
affected afier head injury in children are those dependent upon the child's ability to respond
quickly, particularly on tasks requiring motor responses. However, this referred to head injury in

general, and was not confined to mild head injury.

Levin, Ewing-Cobbs and Fletcher (1989) caution that test-tetest intervals as brief as six months
may normally be associated with improved performance on cognitive and memory tests, owing
to maturational chariges (apart from the practice effects, which accrue from repeated testing in
adulis) whereas a relatively stable cognitive level may be assumed in newrvlopically normal
adults. This would suggest that improvement in performance over time is attributable to fwo

factors, whicl: are likely to be mutually reinforcing.

2.6, Head injury and Sports Participants

Most sport-related injuries are musculoskeletal, affecting the limbs or the trunk and related fo
specific risks associated with particular sports (McLatchie and Jennett, 1994). Head injuries by
contrast can oceur in many sports, and, except for those incurred during boxing, are accidental
(ibid.). Unlike other injuries, the effects of which are usually maximal at onset, injuries to the
head may precipitate a process of intracraniat disorder that can convert & mild initial injury into a
life-threatening condition from secondary complications. Moreover, even mild injuries are oftes
associated with considerable temporary disabi'ity and repeated mild injuries can result in

cumulative brain damage (McLatchie and Jennett, 1994).
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Sport-related head injury accounts for approximately one tenth of &l) head injuries presenting to
hospitals and specialises! neurosurgical units (Lindsay, McLatchie and Jennett, 1980). Mostly the

patients referred to newosurgical units have sustained more serious injuries (N.H.M.R.C., 1993).

If a player sustains a concussion during the course of a sport session, be it practice or match, he
would be expected to show deficits in performance and reduced learning effect, possibly even
regression in performance until the etfects of the concussion have worn off. Psychometric tests
have shown clear evidence of impaired information processing for two to three weeks aiter
injury (Shutticworth-Jordan et al,,1993), Shuttleworth-Jordan et al, (1993) reported similar
findings with rugby players, even finding that some neuropsychological impairment may be
present for as long as three montus after injury. For this reason, sports administrations impose
varying tirie periods for recovery following injuries on the players associated with the code

(NH.MR.C,, 1993).

Barth et al. (1989) postulate that athletes iypically do ot complain about the symptoms
associated with "minor injuties" because doing so would be a sign of weakness, and worse,
might result in elimination from participation in upcoming competition. This may result in the
incidence of such injuries being reported being lowered, and it may be that these injuries are
mote widespread than has been reported to date. It is postulated that childe:n would be as
reticent about disclosing the symptoms associated with minor head injuries to their coaches as
adults would, particularly those childrent who regarded participation in games as very important,
Alternatively, with the world-wide increase in professionalism in sport, it may be that adult
sports participants who have incurred minor injuries are not likely to report them, as elimination

from competition would distupt their livelihood.
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2.0.1. Second Impact Syndrome

Repeated minor head injuries occurring in short succession may result in a fatal ouicome
(Wilberger, 1993). This is known as the Second Impact Syndrome, and it is generally felt that
this syndrome occurs because of a sensitivity of the cerebral vasculature induced by the first
injury. The second injury would lead to autoregulatory dysfunction, cerebral vascular
congestion and subsequent intracranial hyprrtension, and potentially to death. Kelly, Nichols,
Filley, Liltehei, Rubinstein, and Kieinschmidt-DeMasters (1991) emphasise that this syndrome

may occur even in the setting of a mild bead injury with no loss of consciousness.

The typical pattern of Second Impact Syndrome in a sporting sphere starts with postconcussive
symptoms, including visual, motot or sensory changes and difficulty with thought and memory
(Cantu and Voy, 1995). Before these symptoms resolve the athlete returns to competition and
receives a second blow to the head. This second blow may be remaikably iminor, psthaps
involving a blow to the chest, side or back that can “snap" the athlete's head and impart
accelerative forces to the brain (Cantu and Voy, 1995). The athlete may appear stunned, but
usually does not lose consciousness. Within the period from about 15 seconds to sevetal
minutes of the second impact the athlete, initially conscious though stunned, quite precipitously

collapses with rapidly dilating pupils, loss of eye movement and respiratory failure.

The aetiology of Second Impact Syndrome is thought to be a disruption of the brain's blood
autoregulatory system (Cantu and Voy, 1995). Vascular engorgement within the cranium
markedly increases intracranial pressure and gives rise to herniation. The usual time from the

second impact to brain stem failure is rapid, usually two to five minutes,
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2.6.2 Classifying mild head injury in sports participants

Several attempls have been made to classify cerebral concussion in athletes (Barth et al.., 1989).
Nelson, Jane and Gieck (1984) have postulated a concussion classification system for sports
participants that would focus on five grades of mild head injury, froin grade 0, indicating no loss
of consciousness but confusion and subsequent difficulty concentrating, to grade 4, characterised
by loss of consciousness for more than otie minute (yet no coma), headache, cloudy sensations,
possible itritability, confusion and dizziness during recovery. Cantu and Voy (1995) utilise the

three grade system, and propose the following symptoms and measures for sports physicians.

CONCUSSION SEVERITY SCALE (Cantu and Voy, 1995)

Grade Symptoms

1. (mild) No ioss of consciousness, PTA of less than 30 minutes.

2. {(moderate) Loss of consciousness of lesy than 5 minutes or PTA preater than 30
winutes but less than 24 hours,

3. (severe) Loss of consciousness of 5 minules or mote or PTA of 24 hours or more.

On the basis of these definitions, they have established the following guidelines for head-injured

Ainerican football players in tetms of resuming their participation in the sport.
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GUIDELINES FOR RETURNING TO FOOTBALL PLAY AFTER CONCUSSION

{Cantu and Voy, 1995)

Grade First Concussion Second Concussion ‘Third Concussion
1 (Mild) - Retwn to play if Refwn to play in 2 weeks if  ‘Terminate season; inay
asymptomatic asgymptomiatic for ! wk return to pldy next season if
agymptomatic
2. (Moderate)  Retum to playif 1 month minimum Terminate season; may
asymptomatic for [ wk restriction, may theo retun - return to play next season if

to play if asymptomatic for I asymptomatic
week; and consider
terminating season.
3. (Severe) 1 month minimum Tearminate season; may
restriction; may thenveturn  return to play next year if
to play if asymptomatic for I asymptomatic

week.

As may be seen from these considerations, it is considered important for a sports physician to
monitor post-concussive gymptoms, as mirior head trauma in a player who still has symptoms
from a previous concussion may have extremely setious consequences, Leblanc (1994) provides
almost identical puidelines to Cantu and Voy, but adds the necessity for a CT scan in addition to

the observation of the individual being agymptomatic,
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2.6.3 Paediatric Sporis-related Head Injury

Genuardi and King (1995) consider the most important factor in preventing serious sequelae
from a sports-related closed head injury to be an adequate amount of recovery time before
refurning to athlétic participation. They found, howevet, that children who had been discharged
from hospital following head injuries had been given inappropriate instructions about returning
to their sporis. This was most noticeable for children with grade 1II concussions, which given
the possibility of Second Impact Syndrome, appears to be particularly negligent. They do
contcede, however, that an important issue in this regard is excessive ptessure from both outside
sources and young sports participants themselves to allow ptemature return to play. This was
found even for junior high sthool and high school level children. This study was conducted in
the USA, but there seems no renson to suggest that similar incidents have not taken place in

South Africa,

2.6.4. High Risk Spotts for Mild Head Injury

Certain sports are more prone to producing head injury. These aie discussed below.

2.64.1. Boxing

In a sport such as boxing, the isual target of the blows that may result in injury is the head, as
boxing seeks to render the opponent unconscious and helpless by means of successive blows to

the head (Barth et al.., 1989). It stands to reason therefore that boxers ate at risk of sustaining

hesd injuries of varying degrees of severity,



Extrapolating from boxing findings, Lampert and Hardman (1984) have identified four types of

injury to the brain likely to be sustained by sports participants. These are;

(1}  Rotational acceleration: sudden acceleration of the head with subsequent rotational
movethent of the brain inside the gkull, leading to the strefching and snapping of blood

vessels.,

{2)  Linear acceleration: which may result in focal cerebellar ischaemic lesions.

(3)  Carotid artery injuries: causirig hypotension and dizziness due to diminished blood flow

to the brain.

(4)  Deceleration upon impact: which typically results in occipital coup and frontotemporal

contre coup lesions,

The writer argues that (1), (2) and (4) would be most applicable to soccer players, with (3) being
less plausible. This would be likely given the reduced likelihood of contact between the ball and
the player's neck, With the prescribed heading technique in soccer, linear acceleration is more
likely than rotational acceleration, although in high-pressure situations, faulty heading

techniques may be employed resulting in rotational acceleration.

2.6.4.2. High-speed sports

Participants in ecuestrian sports are also at risk of head injury, head trauma being the most

common and most severe form of sport-related injury to be sustained by these enthusiasts
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{(Bixby-Hammniett, 1983). Riders who do not wear helmets are considered at additional high risk
for sustaining significant head trauma (Bart_h et al.., 1989). Jockeys were found o be exposed to

frequent and often unrecorded concussive head injury (Foster, Tilley and Leiguarda, 1976).

Other sports in which the participant is moving at high speed, such as the motor sports and even
syclitig require their participants to wear helmets in order to protect the head. Barth et al.. (1989)
point out that competitive motorcyclists wore protective helmets long before the genetal
population deemed it necessary to do s50. Traditional winter sports, such as skiing, are included
in this field (Borth et al., 1989), i.e. they place the participant at risk of sustaining head injury

and also require participants to wear protective headgear.

2.6.4.3. Other codes of Football

Rugby football (League and Union) and American (gridiron) football are also noted as spotts
that are characterised by violence and hard contact between bodies (Shuttleworth-Jordan et al.,
1993). Australian football (Australian Rules, or as it is colloquially known, "Aussie Rules”) is
also a sport in which concern has been raised regarding the possibility of head injuties

(MN.HMR.C., 1993),

American (Gridiron) football: The risk of serious head injury in American football is reflected
by the fact that at all levels of the sport, participants are now required to wear protective helmets
(Barth et al., 1989). Nevertheless, it has been estimated that in high school American football
players, there is a 20% risk of minor head injury every year of play and that an athlete who has
sustained one concussion is at a fourfold risk for sustaining repeated head injuries (Gerberich,

Priest, Boen et al., 1975). Leblanc (1994) repotts that head injuries account for approximately
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two-thirds of all direct deaths in American football, with the estimated incidence rate of head
injury of high school football players being 250 000 concussions per year, despite regulations
introduced into the game to reduce this risk,

Ruighby football: The nature of rugby football is such that rughy players are exposed to head and
neck injuries, and the risks involved in head-to-head contact in rugby appear to be greater than in

gridivon since rugby playets do not wear helmets (Shuttleworth-Jordan et al., 1993).

Rugby football is played at high speeds, and involves much siringent physical contact, It has
been termed a collision sport, rather than a contact spott by the Australian National Health and
Medical Research Council (1993). Players in rugby, particularly forwards, are susceptible to
head injury when contesting for the ball, particularly in a ruck situation, where a number of
players may fall on top of one another player, and kicks directed at the ball may (inadvertently or

sotnetimes intentionally) strike a player on the head.

Incidence studies reveal that concussion accounts for the single most common injury in rugby
{(Nathan, Goedeke and Noakes, 1983; Roux, Goedeke, Visser, van Zyl and Noakes, 1983), and
blows to the head and neck are responsible for most rughy-related on-field or off-field deaths.
However, statistics obtained by the South African Rugby Football Union dispute this finding
(S.ARF.U. injury statistics, 1994 and 1995, unpublished - personal communication), in that
concussion accounts for six to ten per cent of injuries in rugby, and lags behind ligament strains,
muscular strains, and lacerations in this regard. Despite these findings, it is certain that

concussion may be considered one of the most sérious injuries to the player.

The rugby players most prone to injury (as reported in South Africa and tabulated by the South
African Rugby Football Union) are loose forwards, locks and prop forwards. Injuries come most
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frequently during tackles, in rucks and mauls, and in set scrums (S.A.RF.U. injury statistics,
1994 and 1995). The nature of prop forward play in particular exposes the player to neck and

fiead injuries in the set scrums,

In terms of the coghitive effects of head injury in rugby union, Shuttleworth-Jordan et al. (1993)
report that the incidence of practice effects found when comparing pre-season and post-season
assessments was greater in their control group than in their group of rugby players, suggesting
that riugby players are sustaining some form of neuropsychological impairment. A practice
effect is an improvement in performance following repeated exposure to the tests. The concept
of the practice effect and more specifically any observed teduction of practice effects is central
to this study. The battery of tests used in this study was designed to elicit practice effects, at

least in the control groups.

2.7. Mild head injury and Soccer Players

Conflicting findings have been reported with respect to head injury and soccer players, and
medical opinion is divided concerning this subject. The study by the N.HIM.R.C. (1993) reveals
that concussioit 15 less prevalent in soccer than in tugby (league and union) and Australian
football. They do, however, caution that soccer may cause cerebral atrophy owing to repeated

heading of the ball.

Soccer is considered to have a significantly low risk of head injuries, in spite of the fact that
"heading the ball" is an essential part of the game (N.H.M.R.C., 1993). However, the procedure
of heading the ball may expose the "headet" to a risk of a clash of heads with another player
competing for the ball (Dailey and Barsan, 1992). Concussion rates as calculated by the
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American National Collegiate Athletic Association (N.C.A.A.} injury surveillance report for the
1993-94 sporting seasons are that men's soccer shows a concussion incidence of 0.15 per 1000
exposures, while women's soceer has a slightly higher incidence, viz. 0.16 per 1000 exposures
(Cantu and Voy, 1995). This was compared to collision spoits such as ice hockey (0.49) and
American football (0.31). Kujala, Taimela, Antti-Poika, Orava, Tuominen and Myllynen (1995)
found a lower rate of injuties, viz. 25 injuries per 1000 person years of experience in children
under the age of 15 years, with the greatest risk being between the ages of 20 and 24 years. They
also found that fhere was a bias toward being injured in competition (games) as opposed to |

during training, with a 56% to 44% ratio.

2.7.1. The football

The modern soccer ball is made of waterproof, synthetic leather covered with urethane (Dailey
and Barsan, 1992). By repelling water, they decrease the possibility of adding weight to the ball
and thus decrease the potential for injury (ibid.). However, Fields (1989) cautions that despite
improvements in the construction of the ball, pasticularly the addition of a plastic coating, the
ball remains a factor that may contribute to injury. On average, the ball travels at 23 metres per
sec (approximately 80 kilometres per hour) and exerts an impact of 116 k.p.m, and wet
conditions can add significantly to this impact, especially if the plastic coating has become badly
worn (Fields, 1989). In addition, even correct heading of the ball can cause headaches that may

1ast for several days (ibid.).

2.7.2. "Heading the ball"

Controlled head contact with the soccer ball, or heading, is considered as valuable a skill as

shooting on goal with the feet (Dailey and Barsan, 1992). The football is generally "headed"

29




with the frontal area of the skull, and wher heading correctly, the ball is struck with the frontal
bone. Muscle tension keeps the cervical spine rigid, and linear, as opposed to rotational
acceleration is imparted to the ball. This does not apply if the ball is struck incorrectly or if the
head receives a glancing blow. The wootball could impact the head at as much as 200 kP of

pressure (NHLM.R.C., 1993},

At senior level of soccer, players tend to have well-developed cervical strap muscles, and at alf
levels, tightening the muscles in the cervical area during the action of "heading the ball" appears
to be responsible for the minimal number of neck injuries in soccer, since this would distribute

the "shock” of the impact around the shoulder muscles (NJH.M.R.C., 1993).

Players hed the ball on an average of six times in a match, and more often during training
(Corrigan, Personal Communication to the NNHMR.C., 1993), Since playets differ in the
degree of their heading skill, some players will seek to head the ball more often than others. For
example, a player in a defensive position may be required to head the ball more frequently than a

player in a more advanced position on the field.

Mathews {1972) illusttated that classical migtaine, including incapacitating visual field defects,
tepeatedly developed in five young men immediately after blows to the head arising fiom
heading the ball and in no othet circumstances, An isolated attack of classical migraine in young
boys following a blow on the head at soccer is ot uncommon (ibid.). It is unclear, however, to
what extent the subjects of Mathews's study were trained in formal heading techniques, and
faulty heading technique may have increased the severity of the injury where the risk would
ordiriarily have been minimal. Fields (1989) repoits that a player who heads the ball with the
neck flexed or extended may experience increased head motion, which has been cited as a

ctitical factor ir concussion.
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2.7.3. Retrospective studies

Haglund, Edman, Murelius, Oreland, and Sachs (1990} failed to demonstrate any signs of
serious chronic brain damage in soccer players who headed the ball, and Haglund and
Bergstrand (1990} found no morphological brain changes it soccer players. However, there is
speculation as stated previously (N.HLMLR.C., 1993) that -wonic encephalopathy may ocour in
soccer players, with neuronal damage <‘milar to that seen in the traumatic chronic

encephalopathy of boxers, and which is assumed to be due to repeated heading of the ball.

Tysvaer and Storli (1989) reported significant incidence of electroencephalogram (EEG)
di;turbances among soccer players copnpared to non-soccer playing conirols. They suggested
that this was a resvlf of repeated minor head traumas. However, Tysvaer, Storli and Bachen
(1989) reported that there was no increased inc’d2nce of EEG disturbance in headers of the ball
compared to players V1o do not head the ball. Tysvaer and Lechen (1991) report that
neuropsychologic examination demonstrated mild to severe deficits regarding attention,
concentration, memory and judgement in 81 % cf players, which they conclude may indicate
some degree of permanent organic brain damage, probably a cumulative result of repeated
traumas from heading the ball. Since Tysvaer's studies are refrospective, howevar, their results
must be-viewed with caution, as the pattern of deficits noted ate also consistent with aleokiwe-
related brain impairment, which was not considered as a variable in their studies NJLMR.C,,

1993).

A study by Thomassen, Juul-Jensen, Olivarius, Braemer, and Christensen (1979) found
nonsignificant differences between the performances of a group of 53 amatewr boxers and a

contrel group of 53 amateur soccer players on neuropsychological, neurological and EEG
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examinations, On the other hand, a series of stodies conducted in Scandinavia (Haglund &
Bergstrand, 1990; Haglund, Edman, Murelius, Oreland, and Sachs, 1990; and Haglund &
Persson, 1990) aimed specifically at investigating the effects of boxing on the cranial matter
used soccer players as a reference group on different measures of brain dysfunction. On these
mieasures, soccar players showed markedly less significant brain dysfunction than their boxing

counterparts, but some evidence of dysfunction was noted.

Jordan, Green, Galanty, Mandelbaum and Jabour (1996) suggest that the possible cause of
enicephalopathies in older players is the different nature of the ball. The older ball was made of
leather, and tended to become waterlogged with an increase of up to 20% in weight when wet,
wheteas the modemn balls are water-resistant and do not become heavier in wet and muddy
conditions (ibid.). This may account for the findings of the retrospective studies, whose subjects
would have been exposed to the older balls and conditions and may also have been less aware of

the need to take adequate precautions against injury when heading the ball.

2.7.4. Studies on current players

Jordan, Green, Galanty, Mandelbavm and Jabour (1996) used magnetic resonance imaging
(MRI) and a questionnaire on head injury symptoms on a sample of 20 US national soccer team
players to ibvestigate acute and chronic brain injury in soccer. They used a control group of 25
track athletes. They report that soccer is classified as a contact or collision sport by the
Ametican Academy of Paediatrics. Their study concludes that “evidence of encephalopathy in
soccer players relates more 0 acute head injury received playing soceer than from repetitive
heading." They also conclude that "soccer exposes the player to a substantial risk of acute head

injury but not eumulative brain injury related to repetitive contact with a soccer ball" (Jordan et
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al., 1996). A possible difficulty in this study is that the subjects inivolved belong to an elite
group of soccer players, and no consideration was given in their conclusion to other, possibly
less skilled soccer players who may not have received the same degree of training in correct

heading techniques.

Abtean, Templer, Schuyler and Hutchison (1990) found evidence of significantly greater

incidence (based on self-teport) of post-concussive symptoms in soccer players than in a control

group of tennis players,

2.1.5. How may a head injuty occur in soccer?

Heading the bail alone may not be the only way int which a soccer player places himself a risk of
sustaining head injuries, Injuties to other limbs may cause a player to alter his heading technique
in ordet to avoid further injury to the injured pait (Fridjobn, personal commumnication to the

writer, 1994), Such modifications to heading technique may prove to be harmfisl,

Although acute head injuries are rare in soccer, probable causes of bratn injury on the fieid have

been identified as the following (N.HM.R.C,, 1993):
1 The cumulative effect of the player's head colliding with the ball,

2) High speed collisions befween the player and other players, or between the player

and the goal posts.

3)  Rotational injury cavsed by faulty heading technique.
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4).  The player's head striking the ground following a tackle (whether a legal tackle ot

involving foul play).

This is partly echoed by Jordan et al. (1996) where they contend that playing soccer has the
potential for head injury in two distinct ways. These are that injury may occut through major
impact with another object (e.g. foot, head, elbow, ground or goal post) that causes ai acute
injury; of that injury may occtir through chronic injury due to repetitive, minor head impucts
with the ball that may lead to cumulative encephalopathy (Jordan et al,, 1996.) ‘They do not
elaborate on a potential for higher ﬁsk of the latter owing to incorrect heading technigue and the

possible concomitant rotational injuries.

Most fatalities in soccer are related to player impact with the goal post (Janda, Bir, Wild, Olson
and Hensinger, 1995), and head and facial injuries have been found to account for 11.3% of
soccer injuries. They investigated padding the goal posts to reduce injuries, and fouird that
horizontal impact was reduced by 31% and vettical impact was reduced by 63%. No adverse
effects were found in reference to the rebound of the ball off the padded post {(as repotted by
referees), and spectators who had not been informed of the padding were not even aware that it
was there (Janda et al,, 1995). These findings are important and would constitute a viable

method of injury reduction it soccer.

Witol and Wabbe (1994) investigated the ptesence of neuropsychological deficits associated
with differing exposure to heading, which they conceptualise as "repeated subconcussive blows
to tive head”, While much of their battery measured verbal abilities, they found that 40% of the
"high-heading" group {fitequent headers of the bal) ieceived impaired scores specifically on the

Trail-Making Test, which is a visual sequencing task with a psychotiotor component, and thata
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substantial proportion of soceer players showed deficits on other neuropsycholo;, .al tests. They
conclude that, "the presence of consistent main effects due to heading, and the high levels of
clinical impairment suggest that the practice of heading the ball in soccer needs to be re-
examined in light of potentially perimanent impairment i brain function," (Witol and Webbe,
1994). Tt must be noted that Witol and Webbe had a comparatively small sample (N= 60), as

well as no control group, and their conclusions may therefore need to be viewed with caution.

Shuttleworth-Jordan et al. (1993) point out with regard to rugby that motor dexterity is intrinsie
to performance in the sport itself, and impairmnent in this area may predispose players to further

injury. It is argued that this also applies to soccer.

2.7.6 Children's soccer

Tysvaer and Storli (1989) noted that younger soccer players who had less experience of heading
the ball showed greater EEG changes, leading them fo conclude that proper techmique is
important to injury prevention. However, they acknowledge that the high incidence of EEG
changes may also be due to the young players' higher susceptibility to trauma, A greater
incidence of acute head injuries is reported among children, which may be explained by their
lack of experience and the increased tatio of ball weight to their head weight (Tysvaer and Stoxli,

1989).

The game of soccer as played by children would not appear to expose its patticipants to injuries
as serious as those likely to be sustained by adults, in that it is not played at comparable speeds,
and the level of commitment displayed by the younger participants is not generally as high as

that seen in adults, aithongh Tysvaer and Storli (1989) would appear to suggest otherwise.
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These factors were observed during the course of matches and practices by the piesent writer.
Curiously, it seemed that more commitment to heading the ball was shown in practices, when
competing with team-mates, than during matches, when competing with opponents. Players in
the age group of this study were observed by the researcher to avoid heading the bali as much as
possible, preferring fo let an aerial ball bounce and try to control it with the chest or foot.
Players who headed the ball frequently were remarked upon as being unusval compared {0 the
others by casual observers, who did not comprise coaches or people with any expertise in soccet

techniques.

Precautions are taken in Australia (NHL.M.R.C., 1993) to modify the rules of the game in junior
level soccer in order to minimise injury. These include using smaller, lighter footballs and
slightly under-inflated balls to minimise tranma to the head and neck. This suggests that during
childhood soccer, relatively minor injuries could be sustained which foim the beginnings of later
deficits that may only manifest in aduithood, and may seem unrelated to what happened on the

field of play many years before.

2.7.7 Wha is at risk?

At this point a consideration of the four types of soccer playing positions is necessary.

The poalkeeper is the primary («forsive player, and the only player in the téam who is allowed
to use his hands, provided he is in the 18-yard area at the time. As such he is unlikely to head
the ball with any great frequency unless he finds himself outside his area, in which case he may
not touch the ball with his hands, The position of goalkeeper has inherent: dangers, in that the

player is sometimes required to place his body at risk in attempting to prevent the opposition
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from scoring a goal. He will sometimes throw his body in front of oncoming players in order to
claimt the ball, and would dlso be particularly at risk of colliding with the goal-posts. The
goaikesper may also be requited to jump inte *le aiv to cate. - .- % ball and would run the
risk of a collision with anothet player while in the air., Keterees tend to be especially protective
of goalkeepers and tend to penalise infringements on the goalkeeper that may not be penali- &d if

perpetrated on another player.

Tysvaer and Storli (1989) excluded goalkeepers from their sample, but it is suggested that it is
dangerous to exclude any position from a study investigating head injury in soccer players.
Dailey and Barsan (1992) consider goalkeepers to be at risk of head injury although they are
perniitted to use their hands rather than their heads to field shots on goal. They recomumend that
goalkeepers be allowed to wear helmets since goalkeepers are at risk of head injury from other
players' boots or knees when they go to ground to field the ball, Daily and Barsan (1992) do not
recormmend that other playeis adopt protective headgeat since this would change the character of
the game. Since goalkeepers are at great risk of colliding with the goal post, they have actually
been found to account for 18% of all soccer injuries (Janda et al,, 1995) despite making up only

6% of the total soccer playing population.

Defensive players are often required to head the ball since many teams favour the "long-ball"
approarh to attacking in soccer, i.e. they tend to kick the ball as high and as far as they can in the
ﬁimction of the opposition's goal hoping that the opposition defenders make an error in
judgement and miss the header, thereby allowing their own teams' forwards to capitalise.
Mostly defensive players tend to be sslected on a good ability to head the ball as well as to
tackle well. A defender may therefore be at risk of the more cumulative effects of heading.
Since defenders often have to challenge other players for the aerial ball, they too are at risk of

high-speed collisions, A defender would usually be expected to have to head the ball in a
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straiglit live (with translational acceleration). Illegal tackles (fouls) on defenders are less

common than on other positions, although they are seen and may result in severe injuries.

The ntidfield players tend to be the creative players on the field. They tend to have a high work
rate on the field, meaning that they cover a lot of ground in assisting both the forwards on aftack
and the defenders in defence. They would also be required to make many tackles, although this
would perhaps not be as much a pari of their job description as of a defender's. The midfielder
inay head the ball on many occasions during a maich, and since they are creative, they run the
risk of being tackled illegally, which may tesult in a hard collision with the ground. High-speed
collisions are also a probability with this position. A midfield player may also modify his
learned heading technique in order to create an opportunity to score a goal, which may result in

rotational injuties,

Attacking players, or forwards, also tend to be creative players, and as such run the risk of
sustaining injuries from illegal tackies. Since their primary requirement on the field is to attempt
to score goals, they too may modify heading techniques and run the risk of sustaining rotational
injuries as they may utilise rapid sideways flicking motions of the head in order to direct the ball
toward the goal. High speed collisions, particularly with the goalkeeper and defenders, are a

possible risk on the field.

Any player on the field may be hit on the head inadvertently by a fast-moving ball, and thisis a

risk that would be impossible to eliminate.
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The evidence accumulated is controversial and contradictory, although it appears that there is
enough evidence of potentially problematic bead injuries in soccer to justify concern regarding
the game. Taking all the evidence inte consideration, it can be seen that there iz inconclusive
evidence that soccer players are al greater risk of sustaining disruptions of neuropsychological
functioning than non-sporting controls, but whenn their perforimance on measures of
peuropsychological fanctioning is compared to participants in mote violent sports, no significant
discrepancies have been reparted. Details of damage to the brain and how it ocourred have not
been determined. Few studies thus far have attempted to identify likely causes of injury on the
field of play, nor players most likely to sustain head injury. For this teason, the present siudy
aims not anly to investigate the incidence of neuropsychological Impairment, but to investigate

the possible canses of head injury and positions most at risk.
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CHAPTER 3.
RESEARCH METHODOLOGY
3.1 AIMS OF THE STUDY

The study aims to investigate the incidence and severity of neuropsychological dysfiinction in
soccer players by comparing the performances of two groups of soccer players and-a group of

equivalent controls on a battery of neuropsychological tests.

The object of the study is to Jook for improved performance on the battery of
neuropsychological tests as a result of a practice effect. If no such improvement is noted, it may
be postulated that soccer players are sustaining subtle disruptions of neuropsychological
functioning affecting their learning ability.

No alternate forms of any of the tests were used and therefore the subjects would be expected to
show practice effects following repeated exposure to the same test material. Other reasons for
expecting an improvement in speed on subsequent administratiotts of the test battery comprise
mahational effects in that the subjects will have aged chronologically between administrations.
However, this study expected to find evidence of a reduction in practice effects, particularly in
the subjects who are exposed to most soccer play, The lack of an improvement, or even a
1. g2ssion in performance following repeated exposure to the fest material may be seen fo be
indicative of the possibility of subtle neuropsychological or cognitive dysfunction resulting from

éxposure to soccer play.
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3.2. HYPOTHESES

1Y)

2)

3)

Children who have played soccer over the cousse of a soccer season will display reduced

learning effects compaii.d to those who have not.

Childten who have been exposed to move soccer play will perform mote poorly or slower

than those who have been exposed to less soccer play.

Deficits in performance are not the result of one or more identifiable concussive

(heading) injury sustained on the field of play.

3.3 RESEARCH QUESTIONS

1

2)

3

4

Is there evidence of disruption in neuropsychological functioning over the course of a

soccer season?

W s this disruption sustained following an injury to the head?

Do soccer players show reduced practice effects on neuwropsychological tests compared fo

their controls?
Do school soccer players {(who would play less frequently than their club counterparts

and may not have been exposed to comparable levels of coaching) shew reduced practice

effects on neuropsychological tests compared to club soccer players?
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3.4 SUBJEC

Children were selected as the subjects of this study in order to minfinise the possibility of
extraneous variables interfering with the results, as may be found in an adult sample. With adult
subjects, the possibility exists of such factors as; disparities it education levels, head injuries
previously susiained (especially in childhood) of which the subject may be unaware; and
language barriers. Children may be considered beiter subjects as parents would have access to
the child's medical records and be able to confirm head injuries sustained previously.

The sample used in this study was derived from 3 primary schools, namely St David's and St
Peter's Preparatory schools and Bryandale Primary School, as well as 2 football clubs, Wits
University and Mark's Parkhurst, both based in Emmarentia. The subjects were all in the under-
11 age group, ie. born in 1984-1985 (Mean age 10.6 years, S.D. 2.76 months, at initial
assessment). Players at club level were chosen as a high-frequency soccer-playing group, while

the school players were chosen as a comparison group of lower-frequency soceer players.

Permission to conduct assessment on the experimental subjects was obtained from the clubs and
schools involved, as well as from each prospective testee’s parents, The latter was done by
means of a permission slip sent home with each tearn member at the first practice of the soccer
season, and testing commenced within two weeks of that date. Since most early season training
would be devoted to fitness training, it is unlikely that the time needed to obtain the responses

parents would adversely influence performance on the tests. Most parents were very co-
uperative, particularly at the end of the season when some testing had to take place at the

subjects' homes.
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Permission to conduct assessments was also obfained from the parents of the control subjects in
this mannet. They too were very co-operative. Controls included pupils of Bryandale Primary
school as well as other privately seen individuls (i.e. independently of that school), who do not

peaticipate in soccer.

Players of all soccer positions have been included in this study. The sample of school players
excluded players who played for a club in addition to playing at scheal. The sample of school
players comprised 28 boys. The school players were largely devived from the higher-skilled
teams in their age group, which suggests that their skill Jevels approximate those of the club
players. Each subject was questioned before assessment as to whether they had sustained a
concursion within the Iast five years, and those that indicated that they had sustained concussion
were to be excluded from the sample. None of the school players was excluded on this basis.

The soccer.players who played for club teams plaf soccer both at school and at their ¢lubs and
would therefore played more often, both at practices and at games, thus increasing their chances
of sustaining injuties, The sample of club players comprised 24 boys. This group was slso
questioned as to any prior history of cencussion, with the same exclusion considerations as the

school players. No boys were excluded fiom this sample for these reasons.

Tn addition to the experimental groups, 2 group of 21 equivalent controls was tested. These were
selected according to age end gender, and were persons with minimal experience of playing
soccer. In addition, the controls were screened in terms of not having sustained concussion
previously, and not having been involved in activities in which there exists a risk of sustaining

an injury to the head, such as equestsian 211 motor sports.



Subjects whio have had repeated neuropsychological tests administered to thern should register
improved performance on the tests as a result of practice effects, or repeated exposure to the
same material, If such improved performance were not seen in the soccer playing subjects, in the
at nee of an identified concussive injury, it may be postulated that this lack of a practice effect
occurs as a result of possible neuropsychological dysfunction. It is conjectured that this results

from cumnlative blows to the head.

Six of the subjects were lost to the sample owing to emigration. In all these cases, the subjects
emigrated after the initial testing, but before mid-season tests could be administered, Their

results were consequently not used in this study.
3.5. TEST MATERIALS

Brain trauma genefally spares verbal IQ relativs to performance I, (Parker and Rosenblum,
1996) and "hold" as opposed to "non-hold" sub-tests «f inteHigence scales. For this reason, non-
verbal tests were used in compositg the battery of tests used ir this study. Another difficulty
that was eliminated by using non-verbal tests was the difficulty inherest in testing people of
diverse preferred first languages, as are found in South Africa. The battery of tests was also
composed to somprise tests that were considered fo afford the best opportunity to investigate the

incidence of practice effects. Shuttleworth-Jordan et al, (1993) administered # similar battery of

tests on a group of adult rughy players.

The testing procedures had to be designed to fit in with the sport practices and to ensure the co-
operation of the coaches. As a result, time constraints were a significant rationale behind vsing
only selected items of longer tests, such s the items from the Block Design sub-test of the
Wechsler Intelligence Scale for Children (Revised), as well ag only the first four items of the
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Clinical Neuropsychological Evaluation Instrument (Majovski, Tanguay, Russell, Sigman,
Crumliey and Goldenberg, 1979).

The individual tests within this battery of neuropsychological tests were delineated as highly
speeded or moderately speeded test following the example of Bawden, Knights and Winogron
(1985). This study classified neuropsychological tests into three categories according to the
degree of speed required for sticoessful performance. For example, tests placed in the low speed
category {which do not form part of this battery) require that subjects perforin slowly in order to
do well, or ate those for which speed is an unimportant factor for successful perforinance. The
Bawden, Knights and Winogron (1985) study found that severely head injured children
performed very poorly on highly speeded tests compared to moderately speeded tests, while
children with mild head injury performed at roughly the same level on both kinds of speeded

test.

While the highly speeded tests are psychomotor in nature, they do not require as much cognitive

processing as the moderately speeded tests, The battery of tests administered on the subjects

consists of the following tests:

3.5.1. HIGHLY SPEEDED TESTS

1) The Denckla Finges-tapping Test: a test iv which the subject is required to tap the index
finger and thumb together of each hand 21 times as rapidly as possible. This test measures
manual (psychomator) speed and fine-motor control. Norms have been established for children
and adults on this test, Finger-tapping tests have been used extensively by neuropsychologists in

studies of head injuries in children, (Bawden, Knights and Winiogron, 1985; Gulbrandsen, 1984).

45



2) The Amnett's Peg Moving Task. A test in which ten pegs are transferred from holes on one
side of a peghboard with the ipsilateral hand to holes on the contralateral side. The pegboard
consists of two paraliel rows of ten holes 1.27 ¢m in diameter and 2.54 cm apart, the rows being
20.32 om apart, and 10 doweling pegs: 5.08 em long by 0.95 cin wide (Annett, 1992b). This test
measures manval dexterity and speed, as well as visuomotor co-ordination, Norms have been

genetated for adults and children on this test.

3) Selected items from the Clinical Neuropsychological Evaluation Instrument (Majovski,
Tanguay, Russell, Sigman, Crumley and Goldenberg, 1979) in order to evaluate motor fusictions
(simple movement and dynamic organisation). This test was designed specifically for use with
children and adolescents, Only the first four items of the test were used in this battery, since
there was g need for brevity in testing time to avoid conflict with the coaches. Furtherinore, the
other items of the test relied more on verbal comprehension, which raised the possibility of

language bias.

3.5.2. MODERATELY SPEEDED TESTS,

1} The Trail-Making Test (Parts A and B): A test in which the subject mu-t connect circles
containing numbers in numerical order (Part A), and Part B in which cirzles, some of which
contain numbers and others of which contain letters, must be connected in combined numerical
and alphabetical order (1-A-2-B, etc.). This test provides 2 measure of divided attention (van
Zomeren and Brouwer, 1992), flexibility and speed, and it requires sequential problem-solving
abilities. It is also a test of information processing and working memory, and is sensitive to

diffuse brain damage effects. The tes* is supposed 10 measure functions such as ability to
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perceive a double relaticuship, fo plan, and to "shift* (Tysvaer and Lechen, 1991) and a good
performance on this test tequires power of concentration, alertness and attention to the task. The
test is a complex test that subsumes aspects of both abstraction and visual scanning or attention

{O'Donneli, MacGregor, Dabrowski, Cestreicher and Romero, 1994).

Because of its brevity and simplicity of administration, the Trail-Making Test has been
extremely popular both as a screening and as & diagnostic test of cognitive impairment (Vickers,
Vincent and Medvedev, 1996). The two parts of the Trail-Making Test may be differentially
sensitive to impairment in the left and right cerebral hemispheres (ibid.), and trail-making
performance is considered to be a sensitive test of cognitive impairment not beceuse it measures
an important part of what the brain does, but because it effectively involves most (perthaps alf)
of the important kinds of function that the brain performs (Vickers, Vincent and Medvedev,
1996 - their emphasis). Franzen, Paul and Iverson (1996) point out that the Trail-making test is
sometimes employed serfally to evelvate cognitively impaived patients, but that the setial
application of the Trail-Making Test is problematic hecause of the sxistence of practice effects.
The Trail-Making Test shares this characteristic with other neuropsychological assessment

instruments.

This test has been used extensively in newropsychologival assessment of children and of sports
participants (Barth et al,, 1989; Guibrandsen, 1984; Martini ef al,, 1990; Witol and Webbe,
1994). Tysvaer and Lochen (1991) used specifically this test in their retrospective study and
particularly significant ditferences (p < 0.01) between the soccer players in theit sample and
controls were found using the Man-Whitney U test. Apatt from its use as a speeded visuomotor
test, it has been reported thal patients with frontal (particulatly basomedial) lesions have
difficulty with the flexible contrel of ihibition needed for the task, and are differentially slower

on Part B (Walsh, 1985),
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2) Selected designs (1,3,6 and 9) from the Block Design task of the Wechsler Intelligence Scale
for Children (Revised). This test was used to provide a measure of non-verbal reasoning, but is
also a test in which the subject's performance is timed, and thus would provide a measure of
manual dexterity and speed. This test also measures the analysis and synthesis of visual-spatial
information. The Block design sub-test hag also been widely used in the assessment of children
with head injury {(Bawden et al., 1983; Gulbtandsen, 1984; Martini, Beers and Ryan, 1990;

Ruttet, Chadwick, Shaffer and Brown, 1980).

The reason for abbreviating this test lay in the aforementioned time constraints imposed on the
testing session. The designs were deliberately chosen to comprise 50% non-embedded items (1
and 3) and 50% embedded items (6 and 9), In addition, item 9 was selected as a more complex
task in that more blocks are needed to reproduce the design. An embedded item is one where
the elements of the item are not iinmediately obvious perceptually, Thus these items [...} prove

differentially difficult for those with analytical or problem-solving disorders (Walsk, 1985, p15).

To date, South African norms are not available for all of these tests, but since most of the tests
are non-verbal and do not require complex lingwstic provessing, {he American norms can be
applied meavingfully to South Afiican subjects. Apart from this, it facilitates the application of

a pass/fail approach and time scales.

3.5.3. QUESTIONNAIRES

In addition to the aforementioned tests, the initial testing wiilised an aduptation o1 ..e Annett's

Handedness Questionnaire (1970 - of Appendix 2) in order to establish lateralisation of
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functioning. Laterality has been associated with "cerebral dominance”, which may be deseribed
(Annett, 1992a) as the "cerebral hemisphere with main responsibility for speech”, or language
processing (Cimino, 1994) and is therefore importaut to note the laterality of the subjects.
Handedness will also influence the interpretation of data from motor tasks (Cimino, 1994),

Segalowitz and Brown (19YI) have established that there is a relationship between mixed
handedness and head injury, in that there is an increased likelihood of head injury with mixed
handedness, as opposed to either left- or right-handedness. Annett (1992a) presents the problem
that since sinistrality is not a salient characteristic for most right-handers, it seems likely that
left-handedness will be under-reported, and therefore people who tend toward mixed-
handedness may be misclassified as right-handers,

Two other self-administered questionnaires were to have been given to the subjects who
sustained 'injuries in which concussion was present: the Post-concussion Checklist or PCL
(Oddy, Humphrey and Uttley, 1978-cf. Appendix 4) and the Post-concussion Syndrome
Checklist or PCSC (Gouvier, Cubic, Jones, Brantley and Cutlip, 1992-¢f Appendix 3).
Appended to the former was a brief section aimed at ascertaining exactly how the injury was

sustained, with a space left for the subject to fill in any alternative not provided.

3.6. PROCEDURE

The subjects were tested on the aforementioned battery of tests three times over the coutse of
one season, teking into account the average rumber of games played per player). All of the
subjects were tested at the beginning of the season, at a point approximatety halfway throngh the
season, i.e. at approximately 3 months after the initial assessment, and again at the conclusion

thereof, i.e, at approximately 6 months. The reason for the mid-season testing was to obtain
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a gaupe of practice effect over the course of a period of time, in order to avoid the potential fot

an extraneous variable (such as emotional trauma’ “terfering with the results of the retest.

Each subject who sustained an injury on the field that jnvolved concussion was to have been
retested, using the same battery, as close as possible to 24 hours after sustaining the injury, then
agait within 72 hours after the injuty and finally ten days following the injury, to monitor

recovery from the injury. As it happened, none of the players in the sample incurred such an

injury,

Players who sustained other injuries wete aisu w have been noted and monitored, as they run the
risk of both head injuries, and of injuries that affect the speed with which they are able to
perform the tasks. To this end, coaches were requested to note which, if any, player sustained an
injury, and to note how the injury was sustained. None of the playets in this sample was

. reported to have sustained injuries.

The controls were likewise fested at points approximating those of the players. If they wete to
hiave sustained injuries of whatever nature, they were also required to notify the writer, in terms

of the rationale given previously.
Two tesearch assistants assisted in the administration of the tests. Each is a registered
psychometrist, and each was briefed to administer the test instructions verbatim to the subjects

in order to avoid interviewer bizs, and to ensute reliability.

Testing took approximately fifteen minutes to complete per subject. This time decreased slightly

during the later assessments,
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Problems encountered during the testing were minimal. It was found necessaty to test as far
from the practice fields as possible, in order to minimise distraction for the players. The subjects
were genetally co-operative, and interested in the tests. The parents of the subjects also
sxpressed interest in the study, and were very accommodating when circumstances dictated
conducting testing at their homes. The coaches were co-operative and fairly enthusiastic about
the study. In order to minimise the time taken to complete testing at the various stages of the
season, it was found necessary to have two testers and two copies of the test material, since the

codches expressed reservation about the number of players they would spare from practices.
Future studies may find it useful to ensure that as many matches and practices as possible are

attended in oider fo monitor subjects for possible injuries that the coaches or {rainers may

consider unimportant,
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CHAPTER 4

RESULTS

This research employed a pretest-posttest research design with an equivalent control group.
Using the SAS statistical package, analysis of variance was used fo make pre-season, mid-season
and posi-season comparisons between performances of the soccer playing and control groups,
and between the school and club players. Analysis of variance also differentiated among playing
positions, as well as dominant hand, eye and foot. Post-hoc enalysis of variance was used to
determine whether improvements or regressions over time discriminated players friom controls,
as well as to determine whether there was any significant difference between players and
conirols at a given stage (pre-season, mid-season or post-season), Analysis of covariance was
used to investigate the relationship between player/control and the time of season when the tests

were administered.

The club players played approximately three times as many games as the schocl players (means
of 25 and 9 games respectively) and would have played soccer at practices and games
approximately 2)% times more frequently than the school players. This would suggest that the
club players are more at risk of sustaining mild head injuries or other demonstrable

neuropsychological deficits.

HIGHLY SPEEDED TESTS.

Finger Tapping

Tables 1 and 2 provide the means and standard deviaticus fo. dic iwo administrations, as well as

the F-values calculated for main effects over the course of the season.
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TABLE 1. Finger-tapping (right-hand administration)

* NOTE *: In all the following tables, the MEAN score refers to time in seconds.

CLUB SCHOOL CONTROLS

(N=23) (N=26) N=21) Fovalue

MEAN SD. |MEAN S8D. [MEAN §8D. | 25las
PRE-SEASON 5.39 1.25 5.05 0.96 5.50 1.01
MID-SEASON 508 1.23 4,92 1.02 5.22 0.9%
POST-SEASON | 446 0.68 5.13 1.55 5.02 0.91

l +Club

—-—Schﬂ_ +Cnnhds[

85

4.5

Figure 1, Finger tapping (Right Hand)

Right-hand administration: No sigpificant overall main effect was found for time, and no

significant difference was found between players and controls, ntor among the distribution of
positions, However, the club players demonstrated a significant improvement over time (F ==

4,26, p < 0.02), which was signifizant in pre-season/post-season comparisons.

On this tight-hand administration, the goalkeepers demonstrated a significant improvement over
time, both on pre-season/mid-season and or. pre-season/post-season comparisons (F = 10.58, p <

0.01). These results may need to be viewed with caution, since goalkeepers comprized only

X

ason
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theee subjects in this sample, Otherwise, no position as a whole demonstrated a significant
increase in speed. While no overall effect was found for midfieiders, the club midfielders
showed a significant increase in speed (F = 4.41, p < 0.03), but snly in pre-season/post-season

comparisons.

Post-hoc analysis of variance reveals no significant difference between players and controls at
any stage during the testing (pre-season to post-season), ANCOVA using the mid-season test as
the covariate and post-season test as the dependent variable demonstrate thal the pre-season
score has a significant effect on the mid-seasen score (F = 21,70, p < 0.0001), while no

significant effect was found for players vs. controls.

TABLE Z. Finger-tapping (left-hand administration)

CLuUB SCHOOL CONTROLS

(N =23) (N =26) N=121) Fevalue
MEAN S.D. |MEAN 8D, | MEAN 3D 4,79 =%
PRE-SEASON 5.72 1.27 5.47 1.05 5.58 1,18
MID-SEASON 533 0.98 5.36 0.95 5.37 1.12
POST-SEASCN | 480 066 | 5.13 (.93 5,18 1.02

*+ 5 < 0,009
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Figure 2, Finger-tupping (Jeft hand)

Left-hand administration: .A significant overall main effect wag found for time (F = ‘..Q, p<
0,009), though only in pre-season/post-season comparisons, while no significant difference was
found between playets and controls, nor among the distribution of positions. Again it was only
the club players who demonstrated a significant improvement over time (F = 4.55, p < 0.02),

which was significant in pre-season/post-season comparisons.

On the Jefi-band administration, the midfield players as 2 whole constituted the only group that
showed a significant increase in speed over time (¥ = 4.05, p < 0.03) in pre-season/post-seazon
compatison, although on closer analysis, it was again only the club midfieiders that showed »

significant increase in speed over time {(F = 5.68, p < 0.01).

Post-toc ANOVA revealed no significant difference between piayers and controls at any stage
during the testing (pre-season to post-sessen), ANCOVA using the mid-season test as the
covariate and post-season fest as the dependent variable demonstrate that the pre-season score
has 2 significant effect on the mid-season score (F = 21.70, p < 0.0001), while no significant

effect was found for players vs. controls.
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Clinical Neuropsychological Evaluation Instruinent (Majovski et al., 1979)

Item 1

In item 1 of the C.N.E.L, the subject is required to touch erch finger in turn with the thumb of
{he same hand, This is repeated 20 times for each hend in furn, and then with both hands

together, Tables 3, 4 and 5 pirovide the means and standard deviations for the three

administrations of this test.

TABLE 3, CN.EL Item 1 (right-hand administration}

CLUB SCHOOL CONTROLS
(N=23) N =26) (N=21) P-value
MEAN §D. |MBAN SD. |MEAN §D. | 1257%+
PRE-SEASON | 3883 1228 | 3919 913 | 3872 803
MID-SEASON | 33.03 605 | 3438 418 | 3395 616
POST-SEASON | 3097 657 | 31.86 447 | 3518 896

*ikk p < 0.0001
e [ —dmw  —E—schosl ~——controls|
38 4
5+
3‘ -
12
a0 ‘ + e —

re-seiaan wikd-zenson pasi-scason

Figure 3. CNE.L Item 1 - Right-hand

56



Right-hand admitsistration: A significant overall main effect was found for time (F= 1257, p <
0.0001), which was found in pre-season/mid-season and pre-season/post-season comparisons.
- Position was found to have a significant main effect (F = 2.78, p < (.03), with midfielders
performing significantly mote slowly than defenders (p < 0.05), while no significant difference

was found betwesn players and controls.

Both the club (F = 4.21, p < 0.02) and school (F = 7.89, p < 0.0609) players demonstrated a
significant improvement over time, which was significant in pre-season/post-season
comparisons. Among the positions, it is notewoithy that both midfielders (F = 4.15, p < 0.02)
and defenders (F = 3.82, p < 0.04) démunstrated significant improvements over fime, although
the earlier result indicates the latter fo have performed significantly slower fhan the former.
Closer analysis reveals that the club defenders (F = 5.16, p < 0.02), school forwards (¥ = 6,55, p
< 0,01) and school midfielders (F = 4.26, p < 0.03) showed a significant improvement in speed

over time on this administration.

Post-hoc ANOVA revealed no significant difference between players and controls at any stage
during the testing (pre-season to post-season), although the post-season results approached
gighificance, ANCOVA using the mid-season test as the covariate and post-season test as the
dependent variable demonstrate thar the pre-season score has a significant effect on the mid-

geason score (F= 9.40, p < (.004), while no significant effect was found for players vs. controls.
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TABLE 4. CN.EI Ttem I (left-hand administrrtion)

CLUB SCHOOL CONTROLS
(N=23) (N = 26} N=121) F-vilue
MEAN 8D, | MEAN SD. | MEAN SD, | 13.70 %h##
PRE-SEASON 39.61 11.41 40.24 10.07 40.92 6.89
MID-SEASON 36.03 5.81 38.35 7.60 37N 494
POST-SEASON | 32.06 471 34.07 4.16 35.35 3.37
ke o < (0.0001
[—®—cls —§—achool —k—controls|
40
a4
36 1
34
a3z
30 + |
pre-gaason mid-season post-2eason

Figure 4, CN.EL Item 1 - Left-hand,

Left-hand administration: A significant overall main effect was found for time (F = 13.70, p <
0.0001), which was found in pre-season/post-season and mid-season/post-season comparisons.

No significant main effect was noted for positions, and no significant discrepancy was seen

between players and controls.

On thiz administration, the controls (F = 5,06, p < 0.01), club {(F = 4.55, p < 0.01), and school
(F = 432, p < 0.01) players demornstrated a significant improvement over time, The midfield
players as a whole (F = 4.47, p < 0.02) demonstrated a significant increase in speed over time

(pre-season/post-season compatison), while closer analysis revealed that club defenders (F =
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4,85, p < 0.02) and ~chool forwards (F = 4.11, p < 0.03) showed a significant improvement in

speed over time on this administration.

Post-hoc ANOVA revealed no significant difference between players and conirols at any stage
during the festing (pre-season to post-season), although the post-ceason results approached
sipnificance, ANCOVA using the mid-season test as the covariate and post-season test as the
dependent variable demonstrate that the pre-season score has a significant effect on the mid-
season score (F = 11.46, p < 0,002), while no significant effect was found for players vs.

controls.

TABLE 5. CN.E.IL Item 1 (both-liands administration)

CLUB SCHOOL CONTROLS

(N =23) (N = 26) MN=21) Faalue
MEAN SD. {MEAN S8D. |MEAN 8. | 833%+k
PRE-SEASON | 42.83 13.62 | 46.57 1251 | 4630  9.26
MID-SEASON | 3968 876 | 4426 788 | 43.08 6.80
POST-SEASON | 36.07 7.52 39.52 6.89 41.22-  6.75

*EEE 13 < 0.0003

) W —scholl —k— contrals]

47 ;

41
3
3
a5

pre-season mid-season post-season

Figute 5. CN.EL Item 1 - both hands.
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Both-hands administration: A significant overall main effect was found for time (F = 833, p <

0.0003), which was found in pre-season/post-season comparisons. A significant main effect (F =
5.07, p < 0.004) was noted for positions, with midfelders performing significantly slower than
both defenders and forward player (p < 0.05) and no significant discrepancy was seen between

players and contrals.

The only group to show a significant improvement over time was the school players (F=3.51, p
< .04). None of the positions demonstrated practice effects, ror did the breakdown of positions

by club or school,

Post-hoc ANOVA revealed no significant difference between players and controls at any stage
during the testing (pre-season to post-season), althoush the post-season results approached
significance. ANCOVA using the mid-season test as the covariate and post-season test as the
dependent variable demonstrate that the pre-season score has a significant effect on the mid-
season score (F = 33.35, p < (.0001), whils no significant effect was found for players vs.

controls.

The controls were the only subjects on the CN.EL item | who showed a significant
improvement over time i terms of performance quality (F = 8.42, p < 0.001), which was rated
on a scale from 0 = no disco-ordination to 2 = greater disco-ordination. This was true for both
pre-season/mid-season and pre-season/post-season comparisons. This is more likely to be
indicative of a pooter quality first performance (pre-season testing) on the part of the controls

than a lack of improvement by the players.



Item 2

In item 2 of the CN.EL, the subject is required to place bands palit down on the table, and then
alternatively spread and converge the fingers. This is done 20 times, Table 6 provides the means

and standard deviations from this 5. ™.

TABLE 6. CN.EL Lem 2

CLUB SCHOOL CONTROLS
N =23) (N=26) (N=21) F-value
MEAN SD. [ MEAN SD. | MEAN S8.D, | 935 %%

PRE-SEASON | 20.07 7.58 18.72 5.26 16.93 6.30
MID-SEASON 17.51 4.56 18.73 492 13.98 4,16
POST-SEASON | 15.72 5.06 1512 3.30 1349 4.8

+41% p < 0.0001
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Figure 6. C.N.E.L Item 2

A significant overall main effect was found for time (F = 9.35, p < 0.0001), which was found in
pre-season/post-season comparisens. A significant main effect (F = 3.85, p < 0.005) was noted
for positions, with midfielders performing significantly slower than controls, and a significant

discrepancy was seen between players and controls (g < 0.05), with controls significantly faster
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than both school and club players. No significant discrepancy was found between club and
school players. The controls' improvement over time approached sigpificance (F =299, p <
0.06), while the school players demonstrated a significant improvement over time (¥ = 4,99, p <

.01} in pre-season/post-season comparisons.

Among the positions, the midfielders as a whole demonstrated a significant increase in speed
over time (F = 3.68, p < 0.04), which oi: closer analysis seemed to result from the club

midfielders’ performance, who demonstrated a significant improvement (F=4.31, p <0.03)

Post-ioc ANOVA revealed a significant difference between the school players and controls at
the mid-season testing, in favour of the latter, although these resuits wers not reflected at any
other stage during the testing (pre-season to post-season). ANCOVA using the mid-season test
as the covariate and post-season test as the dependent variable demonstrate that the pre-season
score has a significant effect on the mid-season score {(F = 59.74, p < 0.0001), as well as a

significant effect (F = 11.70, p < 0.0001) when school players and controls were contrasted,

The dominant hand was found to have a significant effect on speed, with left-handers

performing slower than their right-handed counterparts (p < 0.05).

From the graph, it is interesting to note how the controls started faster than the experimental

subjects, and performed quicker throughout the course of the season.

Ttem 3

Item 3 of the CN.EL requires the subject to place one hand palm down on the table, with the

other int a fist, and then alternate between left-hand clenched, right-hand flat, and lefi-hand flat,
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tight-hand clenched. This is done 20 times. Table 7 provides the means and standard deviations

from tliis Hem,

TABLE 7. CN.E.L Item 3

CLUB SCHOOL CONTROLS
N=23) (N=26) (N=21) Fivalue
MEAN _ SD. | MEAN oD, | MEAN SD. | 7.37%%
PRE-SEASON | 2324 951 | 2019 640 | 1860  7.85
MID-SEASON | 1872 629 | 1959 505 | 1513 542
POST-SEASON | 17.61  6.50 | 17.05 434 | 1513 6.9

k< 0.0008
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Figure 7. CN.E.I Itetn 3

A significant overall main effect was found for tilme (F = 7.37, p < 0,0008), which was found in
pre-season/mid-season and pre-season/post-season comparisons. A significant main effect (F =
3.51, p < 0.01) was noted for positions, with midfielders and goalkeepers performing

significantly slower than controls, and a significant discrepancy was seen between club players
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and controls {» < 0.05), with controls performing significantly faster. No significant discrepancy

was found in the overall performance of the three groupé of subjects.

None of the groups of subjects (playe.. . controls) demonstrated a significant improvement in
speed ~ver time. The midfield players demonstreied a significant increase in speed over time (F
= 3.87, p < 0.03), sithough on more detailed analysis, the club midfielders were the only

subgroup found to show a significant improvement over time (F =4.02, p < 0.04).

Post-hoc ANOVA revealed no significant difference between players and control. at any stage
during the testing (pre-season fo post-season). ANCOVA using the mid-season test as the
covariate aid post-season test as the dependent variable demonstrate that the pre-season scorge
has a significant effect on the mid-season score (F = 21,25, p < 0.0001), while no significant

effect was found for players vs. controls,

Item 4

Item 4 of the Clinical Neuropsychological Evaluation Instrument: Subject is required to place
both hands on the table, and alternate fist with knuckles flat, then fist on edge, then palm down.

Subject does this 20 times. Table 8 provides the means and standard deviations from this item.
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TABLE 8. CN.EI ltem 4

CLUB SCHOOL CONTROLS
(N=23) (N = 26) N=21) F-value
| MEAN S.D. |MEAN S.D. [ MEAN SD. | 18.2§%%.%
PRE-SEASON 3532 8.86 34.25 6.40 3370 10.11
MID-SEASON 26.70 6.45 28.63 4.71 29,33 845
POST-SEASON | 26.81 7.12 27.11 3.78 2837 7.43
k¥ o <0.0001
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Figure 8. CN.EL Item 4,

A significant overall main effect was found for time (F = 18.28, p < 0.0001), which was found

in pre-season/mid-season and pre-geason/post-season comparisons. No significant main effect

post-
seaaon

was noted for positions, nor for players as opposed to controls.

The soccer playing subjects, both club (F= 8.35, p < 0.0007) and school (F'= 13.62, p < 0.0001)

players, demonstrated a significant improvement in speed over time, as did defenders as a whole
(F = 9.86, p < 0.0004), This was most notable in the school defenders (F = 10,18, p < 0.001).

Midfielders were also found to have improved in terms of speed (¥ = 5.00, p < 0.01), although

this dud siot discriminate club from school midfielders.
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Post-hoc ANOVA revealed no significant difference between players and controls at uny stage
during the testing (pre-s¢ason to posi-season). ANCOVA using the mid-season test as the
covariate and post-season test as the dependent variable deruonstrate that the pre-season score
has a significant effect on the mid-season score {F = 46,17, p < 0.0001), while no significant

effect was found for players vs. controls.

Annett's Pegmoving task

Table 9 ;irdvides the means and standard deviations from the right-hand administration of this

item.

TABLE 9: Anneti's Pegmoving task right-hand

CLUB SCHOOL CONTROLS
(N=23) (N =26) N =21) F-value
MEAN SD. |MEAN SD. |MEAN SD. | 6.87*
PRE-SEA®IN | 1263 189 | 1162 122 | 1228 173
MID-SEASON | 1252 168 | 1115 144 | 1149 186
POST-SEASON | 1129 152 | 11.04 113 | 1113 1n

% p<0.001
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Figure 9: Pegmoving right-hand

Right-hand admiunistration: A significant overall main effect was frund for time (F = 6.87, p <
0.001), which was found in pre-seazcn/post-season comparisons. No sianificant main effect was
noted for positions, but & significant main effect (F = 6.22, p < 0.02) was found between the
soccer playing groups, with school players performing significantly faster than their club

counterparts.

The club players (F = 3.85, p < 0.03) demonstrated a significant improvement in speed over
time, which may be accounted for by the club midfield players, who showed a significant
improvement (¥ = 4.95, p < 0.02) from pre-season to post-season testing, Midfielders as a whole
demonstrated a significant improvement over time (F = 6.20, p < 0.005), both in pre-

seasoni/post-season and mid-season/post-season comparisons,

Post-hoc ANOVA revealc:l no significant difference between piayers and controls al any stage
during the testing {(pre- 1 to post-seasan). ANCOVA using the mid-season test as the
covariate and post-sus 5t as the dependent variable demonstrate that the pre-season score
has a significant effect on the mid-seagon score (F' = 31.32, p < 0.0001), while no sipnificant

effect was found for players vs. controls.
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Table 10 provides the means and standard deviations from the lefi-hand administration of this

itern,

TABUE 10. Anneit's Pegmoving task left-hand

CLUB SCHOOL C'ONTROLS
(N=23) N =26) ¥ =21) Fevalue
MEAN $D. |MEAN S.D. [ MEAN SD. | 503%
PRE-SEASON | 1358 1.63 | 1232 136 ! 1235 173
MID-SEASON | 1324 158 | 1262 141 | 11.96 135
POST-SEASON | 1219 171 | 12.09 143 | 11.57 134

¥ 5 < 0,008
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Figiwe 10. Pegmoving left-hand.

Left-hand administration: A siguificant overall main effect was found for time (F = 5.03, p <
0.008), which was found in pre-season/post-season comparisons, A significant main effect was
noted for positions (F = 6.22, p < 0.02), with midfield players performing significantly slower
than defenders, forwards and controls, A significant main effect (¥ = 4.89, p < 0,03) was also
found for players vs. controls, with club players performing significantly slower than the school

players and controls, although no signific it discrepancy was found between school players and

controls,
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The club players (F = 4.08, p < 0.02) demonsttated a significant improvement in speed over

time, though only in pre-seasen/post-season comparisons,

Post-hoc ANOVA revealed a

significant difference between club players and the other two groups in favour of the latter (F =

4.93, p < 0.01} at the pre-season stage of thie testing, with a difference approaching significance,

in favour of the controls, at the mid season stage. ANCOVA using the mid-season test as the

covariate and post-seasor. test as the dependent variable demonstrate- that the pre-senson score

has a significant effect on the mid-season score (¥ = 26.41, p < 0.0001), while no significant

effect was found for players vs. co *

MODERATELY SPEEDED TESTS
Trail-Making Test

Patt A,

Table 11 provides the means and standard deviations from this item.

TABLE 11. Trail-Making Test Part A

CLUB SCHOOL CONTROLS
(N=23) (N =26) N=21 Fvaloe
MEAN 8D. | MEAN S.D. |MEAN S.D. 6.13 #wkk
PRE-SEASON 3995 1231 | 39.59 1341 | 38.53 9.59
MID-SEASON 38.52 1376 | 3349 7.89 34.38 8.35
POST-SEASON | 32.73 8.81 33,75 7.94 33.74 7.54
*HkE ) < 0,003 )
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Figure 11, Trails Part A

A significal:_lt overall main effect was found for time (¥ = 6.18, p < 0.003), which was found in
pre-season/post-season comparisons. No significant main effect was noted for positions, nor for

players as opposed o controls.

Neither the controls nor the club nor school players as a group demonstrated a significant
improvement over time. Post-hoc ANOVA revealed no significant difference between players
and controls at agy stage during the testing (pre-season to post-season). ANCOVA using the
mid-season test as the covariate and post-season test as the dependent variable demonstrate that
the pre-season score has a significant effect on the mid-season score (F = 66.58, p < 0.0001),

while no significant effect was found for players vs. controls.
The graph (figure 11) clearly shows a regression in performance from mid-season to post-

season, albeit a slight improvement overall, for the school players, with a fairly dramatic

improvement by the club playets from mid-season to post-season testing.
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Part B.

Table 12 provides the means and standard deviations from this item.

TABLE 12, Trail-Making Test Part B,

CLUB SCHOOL CONTROLS

(N=23) (N =26) N=21) F-valus
MEAN SD. {MEAN SD. | MEAN S.D. | 13.19 %%+
PRE-SEASON | 106.53 38.66 | 9221 1852 | 20.59

22.36
MID-SEASON | 80.65 2584 | 75.07 1553 | 8533 19.56
POST-SEASON | 77.92 2668 | 7418 19.70 | 7825 1459

khkE p < 0,0001
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Figure 12. Trails Part B.

A sipnificant overall main effect was found for titne (F = 13,19, p < 0.0001), which was found

in pre-season/mid-season and pre-season/post-season comparisons. No significant main effect

was noted for positions, nor for playets as opposed to controls,
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Both the club (# = 5.14, p < 0,409} and school (F = 7.20, p < 0.002) players demonstrated a
significant improvement over time, the former on pre-season/post-season comparisons, and the
latter on both pre-season/mid-season and j;re-seasolﬂpostuseason comparisons. Defenders
demonstrated a significant improvement in speed ever tﬁne (F = 6.88, p < 0.003), which was
largely accounted for by the school defenders (F = 5.50, p < 0.01), Club midfielders also

demonstrated an improvement over time (F=4.28, p <0.03)

Post-hoe ANOVA revealed no significant difference between players an- - - - -
during the testing (pre-season to post-season). A_NCOVA using the mid-sc,

tovariate and post-season test as the dependent variable demonstrate that the ;ve-seasor. scor.
has 2 significant effect on the mid-season score (F = 82.26, p < 0.0001), while no significant

effect was found for players vs. controls,

Block Design

Design 1.

Figure 13. Block Design 1




Int this design the subject must place two blocks with the white sides facing up above two blocks
with the red sides facing up. This is considered a non-embedded design since guidelines are
present in the design, Table 13 provides the means and standard deviations from this item, with

the dependent variable being time taken to completion.

TABLE 13. Block Design Jtem 1

CLUB SCHOOL COrILS

N=23 (N =26) (N=—21) F-value
MEAN SD. |MEAN SD. |MEAN SD. | L.69(N.S)
PRE-SEASON 8.35 5.07 8.39 7.94 7.79 3.95
MID-SEASON 9.03 5.52 0.43 4.19 6.90 2.64
POST-SEASON 8.02 3.82 6.82 3.72 592 1.93
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Figure 14 W.1.S.C.-R. Block Design 1

No significant ovarall main effect was found for time, nor for players as opposed to controls. A
significant main effect was noted for positions (F = 4.18, p < 0.003), with midfielders

performing significantly slower than both the coitrols and the defenders,

Neither the players rior controls demonstrated & significant increase in speed over times, which

also held true for the distribution of players. Post-hoc ANOVA revealed no sigaificant
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difference between players and controls at any stage duting the testing (pre-season to post-
season). ANCOVA using the mid-season test as the covariate and post-season test as the
dependent variable failed to demonstrate that the pre-season score has a significant effect on the

mid-season score, and no sigrificant effect was found for players vs. controls,

The grapii suggests that club and school players actually regressed from first to second testing

before improving at post-season testing.

Design 3

Figure 15: Block Design 3
Design 3 requires the subject to use three red sides and one red-and-white side to create the
design, Guidelines are still presented on the design, and it may therefore be considered non-

embedded, Table 14 provides the means and standard deviationg from this item,

TABLE 14, Block Design Item 3

CLUB SCHOOL CONTROLS
(N =23) N =126) (N=2]) F-value
MEAN SD. |MEAN SD. |MEAN sD. | t43ns.
PRE-SEASON | 1290 669 | 1114 731 | 1170 289
MID-SEASON | 1322 237 | 1064 240 | 1041 194
POST-SEASON | 1111 363 | 1064 388 | 1001 217
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Figure 16 W.L8.C.-R. Block Design 3

No significant overall main offect was found for time, nor for playets as opposed to confrols,
although the latter approached siguificance at the 5% level. No significant main effect was

noted for positions.

Neither the players nor controls demonstrated a significant increase in speed over time, although
the Istter's increase in speed approached significance, also at the 5% level. This was also found
for the distribution of plavers. Post-hoo ANOQVA revealed a significant diffetence between the
club players «nd both the controls and the school playets at the mid-season stage of testing, with
the club players performing significantly slower than both groups, No significant difference was
found between the school players and the controls. ANCOVA using the mid-season test as the
covariate and post-season test as the dependent variable failed to demonstrate that the pre-season
scare has a significant effect on the mid-season score, but confirmed the significant discrepancy

between club players and the other two groups (#=7.09, » <0.002).
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Design 6

Figure 17: Block Design 6

This design requires the subject to reproduce a diamond-shaped figure using four blocks. No
guidelines are appatent it the design, which is therefore considered embedded. The design is
reprodiiced using all four blocks' red-and-white sides facing up, although an organic subject may
atteinpt to use only one block's red side and rotate the block in an attempt to reproduce the

design.
On this item, the school players (who may be considered guasi-controls) were found to slow
down over time before an improvement found in post-season testing. Table 15 provides the

means and standard deviations from this item.

TABLE 15, Block Design Ifem 6

CLUB SCHOOL CONTROLS
@ =23) (N =26) O =21) Fevalue
MEAN SD. |MEAN SD. |MEAN §D. | 1.78(N.S)
PRE-SEASON | 27.75 2014 | 2826 2605 | 1981 998
MID-SEASON | 2648 1229 | 3017 2574 | 1856  10.62
POST-SEASON | 2420 1625 | 21.05 1629 | 1535 721
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» The very large standard deviations found for the soccer playing subjects indicate that there
were subjects who were unable io complete the design by the time limit. even in the mid-

season and post-season administrations.
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Figure 18: W.LS.C.-R. Block Design 6

No significant overall main effect was found for time, nor for positions, although forwards were
found to have performed significantly slower than controls (» < 0.05). Controls were found to

have performed significantly faster than both club and school players (p < 0.05).

Neither the players nor controls demonstrated & significant increase in speed over time, which
also applies to the distribution of players. Post-hoc ANOVA reveajed no significant difference
between the players and controls at any stage of te~t . ANCOVA using the mid-season test as
the covariate and post-season test as the deps- leit variable demonstrated that tl-le pre-season
score has a significant effect on fhe mid-season score (F = 26,19, p < 0.0001), but no

discrepancy was found between players and controls,
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Design 9

Figure 19: Block Design 9

This design employs nine blocks, and is considered to be an embedded design., Table 16

provides the means and standard deviations from this item.

TABLE 16. Block Design ftem 9

CLUB SCHOOL CONTROLS
(N=23) (N=26) (N=21) F-value
MEAN 8D. |MEAN SD. |MEAN 8D. | 644 #
PRE-SEASON 0528 34.25 62.92 33.63 75.26 33.43
MID-SEASON | 79.81 4044 | 6030 3281 | 6445 27.56
POST-SEASON | 6845 3519 | 4949 2503 | 56.98  23.64

e 1 < 0,002
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Figure 20. W.15.C.-R. Block Design 9

A significant overall main effect was found for time (F = 6.44, p < 0.002), in pre-season/post-
season comparisons. A significant main effect (F = 16;05, 2 < 0.0001) was also found for
players vs. controls, where club players performed significantly slower than boeth school players
and controls. No significant difference was found between controls and school players, and no.

significant main effect was noted for positions.

Only the club players demonstrated a significant increase in speed over time (F = 4.05, p <
0.02), which also applies to the distribution of players. Post-hoc ANOVA revealed a significant
difference between the club and school playets (with the former significantly slower) at the pre-
season stage of testing. ANCULVA using the 1aid-season test as the covariate and post-season
test as the dependent variable demonstrated that the pre-season score has a significant offect on
the mid-season score (F = 50.36, p < 0.0001), but no discrepancy was found between players

anet corntrols.
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SUMMARY OF RESULTS
HIGHLY SPEEDED TESTS:

Finger-tapping: Club players were the only subjects who sliowed a significant increase in speed
over time on both administrations, but nio significant discrepancy was found between the ciub
players, school players and controls at apy stage during the three testings, The club players

performed fastest overall, alihough they were ot the quickest at the first testing.

C.N.EJ

Item 1: Only the school players showe.' a significant increase in speed over fime oi all three
administrations {right-hand, lefi-liatnd and both-hands). The club players showed a significant
increase in speed on the single-hand administrations, while the confrols increased their speed
only on the left-hand administration. The club players generally performed quickest on this task,
although no significant discrepancy was found between any group at any stage during the
teating,

Item 2: Here the controls perfornsed significently fastet than the players, while the school
players constit ited the only group to shows a significant increase in speed over time, During the
mid-~eason testing the controls were found to be performing siguificantly faster than ' school
players.

Item 3: No subjects demonstrated a significant increase in speed over time on this item..
However, the confrols performed significantly faster than the club players, and generally
performed quickest,

Item 4: The club and school players showed a significant increase in speed over time, although

they did not perform significantly faster than the controls. Despite starting slowest, the club
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players performed quickest at post-season assessment. No significant difference was found
between players and controls at any stage duing the testing,

Pegmoving: Only the club players demonstrated a significant increase in speed over time,
although they performed significantly slower than their schoo! counterparts on both
administrations, and significantly slower than the controls on the left-hand administration. On

the whole it was the school players who performed quickest.

MODERATELY SPEEDED TESTS

Trail-Making: Part A: No group of subjecis demonstrated a significant inorease in speed over
time, neither did any group perform significantly faster than any other. The school players
actually showed a slight regression from mid-season to post-seasgn testing, although overall they
performed quicker from first fo last testing.

Part B: Thz club and school players demonstrated a gignificant inicrease over time, although
both performed slower than the controls initially. No significant difference was found at any

stage during testing between players and controls.

Block Design: Item 1: No group of subjects demonstrated a significant increase in speed over
titne, although the controls performed quickest on all three tests, In eddition, the controls
demonstrated a faitly uniform improvement while both club and school players tegressed from
pre-seasont fo mid-season testing, after which they improved.

Ttemr 3: No group of subjects demonstrated a significant increase in speed over time, although
the controls® increase in speed approached significance. The controls were the quickest on the
post-season testing, while the school players were quickest initially. At mid-season testing the
club players performed significantly slower than the other two groups, and they showed a slight

regression at this point.
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Ttern 6: On this item the conirols out-performed both soccer-playing groups, while no group
showed a significant increase inn speed over time. The schoot players actually showed a slight
regression in performance at mid-season, but an overall improvement.

Item 9‘.: On this item tise school players performed consistently fastest, and club players were
found to hava performed significantly slower than both other groups. However, the club players

were the only ones to show a significant increase in speed over time,



CHAPTER 5

DISCUSSION

The subjects in all the samples were expected to have demonstrated an improved performance
over the course of the tesiing, if not as a result of practice effects, then as a result of maturation.
This twofold nature of improvement in performance is likely to render differentiation difficult,
in terms of which was more likely to have resulted in such an improvement, but it would cause a

fack of improvement over time to be viewed with some concern.

There were slight discrepancies between the length of time that comprised the club and school
soccer seagons, with the latter being approximately two-thirds of the length of the former. The
peticds over which the controls were tested were arraiged to correspond exactly to those over

which the club players were tested.

Since none of the subjects in the sample used was concussed during the course of the season,
any deficit in performence is more likely to have resulted from the cumulative effect of contact
between ball and head, following the hypotheses stated earlier, Other head injuries incurred
outside soccer were not reported, although the possibility does exist that minor head injuries
were incurred but these were thought not to be noteworthy by parents and as such were not
teported to the present writet. If we may discount this as a possibility, and no signiffcant
improvement is found in soccer players but indeed in controls, we may hypothesise that soccer
play exposes its participants to the risk of minor head injury effects and sequelae without the

necessity of an overt concussive injury being sustained.
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Soccer played by the subjects in the age level of this sample is not played with the same sort of
intefisity as it is in older players. As such, players in this age group ate less likely to "head" the
ball if this eventuality can be avoided, whereas older players in seeking to maximise their
advantage on the playing field will be more likely to "head" the ball than allow it to drop to &
level where an opponent may successfully compete for possession of it. Therefore, the players
in this study may be rated in a lower-intensity "heading" group, and if deficits are found in this
group, they may point to the possibility that older players are susceptible to more serious

disruptions of cognitive functioning.

THE HIGHLY SPEEDED TESTS

The highly speedgd tests seemed to favour the soccer playing subjects ove< the conrols, which
may be a result of the former possessing more manual dexterity given their ability to excel in
spott. As a result, these tests may have limited usefulness for future research in this field, since
all the subjects tended to show roughly equivalent practice effects. The controls and quasi-
controls were even observed to show smaller practice effects than the club players on certain

fests.

On the highly speeded tests, which may be considered to require less cognitive processing than
the moderately speeded tests, significant improvements were found for most of the tests, which
mostly applied to the soccer playing subiects rather than the controls. In some instances, the
conlrols were seen to have performed faster than the players, which would suggest that they
reached the ceiling level of their speed earlier than the other groups, although post-hoc analysis
of variance demonstrated that differences were not significant at the earlier stages, On most of

the highly speeded tests the players demonstrated a significant improvement over time. The club
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players showed such improvements mote than the school players, but mostly would have started

out performing more sfowly than their counterparts.

The Finger tapping test showed a fairly consistent pattern of the players performing faster than
the controls, and improving their speed to ronghly the same degree. This may have been
expected given the nature of the tests, being more psychomotor in nature, with the likelihood

that more gifted sports participants may be naturally more dextrous than other children,

On the CNEI, it is noteworthy that on items 2 and 3, the control subjects performed
significantly faster than both playing groups, while on il-:el'n 2 the controls' improvement
appl;cac':had significance. Therefore here the controls reached their ceiling almost immediately
while the others performed slower. The controls were actually found to have performed
significantly faster than the school players at the mid-season stage, pointing to a reduced
learning effect in the latter proup at this stage. Only the schoo! players demonstrated a
significant improverrent on one of these two jlems, namely item 2, which indicates that not only
did the playing subjects generally perform slower than the conirols, but they were unable to
register a significant improvement in speed over time. QOn the most complex component of item
1, (the both-hands administration) the club players were again unable to register 4 significant
practice effect. This may suggest the possibility of subtle impairment that is already present in
the club players, who may be considered to have been exposed to more soccer play before the

study even began, as well as more soccer play during the course of the preserit study.

Tho peg tnoving task results were interesting in that the club players comiprised the only group to
register a significant improvement in speed over time. This notwithstanding, they performed
significantly slower than the quasi-controls and controls. This is suggestive of a possibility that

these subjects have already suffered some form of impairment owing to previous exposure to the
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game, which is confirmed by the finding that the club players performed significantly slower
than the school players and controls at the pre-season stage of testing, while the controls

performed faster than both groups at the mid-season stage.

On the majority of the highly speeded tests, the control subjects did not perform any better over
time, which gives cause for concern pivet that they were not demonstrated to have out-
performed the players sipnificantly initially and therefore by doing so did not deny themselves
adequate scope for improvement. Tests designed to elicit practice effects should differentiate
between experimental groups and confrol groups in terms of the presence or abseiice of these
practice effects, or alternately if practice effects are found for both groups, in terms of the
magnitude of these effects. In some studies the practice effects on experimenial subjects would
be expected to exceed those of the control groups, while in studies of this natute, the reverse is
expected, This may suggest that the tests that did not find such results have limited differential
usefulness i this sort of research, and other tests with a more cognitive component may be
included in future batteties investigating these type of phenomena. The battery of tests used in
the Shuttteworth-Jordan ef al. (1993) consisted of more cognitive tests, but these particular tests

were not used in the present study becanse of their verbal nature.

THE MODERATELY SPEEDED TESTS

On most of the moderately speeded tests, where wnote cognitive processing was required, very
few significant increases in speed over time wers found, and when so wete noted in the
performances of the club players. Diminished practice effects were seen from club players on
practically all the modetately speeded tests, which accords with the initial hypothesis, and school

players demonstrated similar results, Again here the failure of the control subjects to register
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sighificant practice effects is of concern given that they performed better than the playets, but

not significantly so.

Tlte Trail-Making tests elicited no significant discrepancy between the speed of performance
between players and controls, although on part B, the soccer playing subjects demonstrated a
significant practice effect. Compared to the results in a study by Leckliter, Forster, Klonoff and
Kniphts (1992) conducted on children in the USA, all the subjects in this study performed
slower, but it must be noted that the subjects in this study were assessed on the adult Trail-
Making Test, which is nearly twice as long as the test for older children administered in the

Leckliter et al. study.

The Block design items were utilised because of their cognitive component, as opposed to the
psychomotor speed component that may be considered the sole impertant component of the
highly speeded tests. Nou-verbal problem-solving skills are assessed with this test, in terms of
the analysis ﬁnd gynthesis of non-verbal information. Lowered scores or practice effects on
these items may be the precursor to academic difficulties owing to impaired concentration or

reduced leaming ability.

Block design 1 would appear t¢ have use for this type of research only as an example or a
“warm-up" item for the rest of the test. No statistical significance was registered on this test in
terms of players vs. contrals, nor in terms of practice effects, which suggests that the item may
not have had sufficient discriminative abilities, However, it may not be prudent to discard this
item- from futute research, as its value as an introduction to the requirements of the test seerus to

be high.
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On block design 3, the controls were the only group to register results approaching significance
both in terms of speed of performance and in terms of practice effect. Club players were also
found to be performing significantly slower than the controls and quasi-controls at the mid-

season stage of testing,

On block design 6, players performed worse than controls. This particular design is one of those
comprising a figure desctibed as "embedded” (Walsh, 1985) and therefore more sensitive to
brain damage, which means that persons with cognitive dysfunction or cognitive limitations may
find this desipn particularly difficult to reproduce. Ofien a tendency to rotate oie solid coloured
block in order to achieve a diamond shape, as opposed to using four half-coloured, half-white

blocks, is seen, and this response set is ofien perseverated in cases of brain damage.

On design 9, the club players performed significantly slower than the school players and
controls, which qualifies their significant practice effect. I pre-season testing particularly the

club players were found to have performed significantly slower than their school counterparts.

It was seen that for some tests, players performed significantly quicker than the controls, which
may have had an influence over the reduced practice effects found for these players, It may be
that children who are capable of playing sport at a fairly high level are naturally more dextrous
than others, viz. the controls in this study, as alluded to earlier. Unfortunately, no access to the
individua! subjects’ academic records was available, which would have increased understanding
of particularly the petformances on the moderately speeded tests. It is plausible that the control

gtoup was cognitively more "competent” from the start than weze the soccer players.
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SCHOOL vs. CLUB PLAYERS

School players penerslly performed better than club players, although on more detailed post-bac
analysis, different positions among school and club players showed poorer performances in
turms of practice effects. This trend was particularly found in the more cognitively challenging
tests, such as block desigh. Bince school players may be considered to be quasi-control subjects,
these resuits would appear to be very significant. The imiplication of these results is that less
impainnent of performance is noted with players who ate exposed to less soccer play. it must be

neted that no grossly defective results were found in this study.

Another reason why club players may have been more at risk is that their clob practices were
held duting the evenines, This might resuit in impaired concentration as fatigue sets in after a
full day of activities, and possible lapses of judgement and a Jowered adherence to "safer"
heading techniques, While this may be less of a concem for children than for aduits, it would
appear to be a necessary considetation for the adult game, particularly at amateur level where
patticipants have other careers. It may be argued that had matches been held during the evening
rather than practices, this risk would increase owing to the more competitive environment of a
sport match. However, competition between the club subjects in this study for places in their
respective teams for matches was of a moderate-to-high intensity, since there is only one club
team per age group, and practices would seem to have been tantamount to matches in terms of
intensity. Most club players would be likely to play soccer at school as well as at their clubs,

thereby being expected to play almost double the amount of the game.

The school players, on the other hand, would have been able fo play soccer, albeit for a lower
team, if not selected for the premier {eams. Ho vever, some sort of social censiire may follow

being "dropped”, and the infensity of the soccer play in school may net be far short of that in
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¢lub players. 1t is therefore likely that the amount of soccer played is an important factor in this

study.

On some tests, however, it was the school playess who showed a deterioration over time. The
incidence of this was very limited, and confined to pre-season/mid-season comparisons,

although it may be significant.

THE POSITIONS

Among the distribution of positions, the midfielders, who were observed to "head" the ball more
frequently than imost other players, showed poorer performances of varying degrees of
significance on many of the tests, The players were generally loath to head the ball, which
seems fo be common to most younger soccer players. While this result may suggest that
midfield playets are most likely to sustain disruptions of neuropsychological fimetioning, this
would need to be verified on older subjects to ascertain whether or not there is a positional risk
in addition to the risk incurred by frequent "headers” of the ball, in a study similar to that of
Witol and Webbe (1994). In soccer played by older individuals, there would geem 1o be a fairly
general distribution of "headers”, although defenders appear to have mote work to do in heading

the ball than do other playets,

Club midfielders showed faiily anomalous performances. They tended to be the most likely of
the soccer-playing subjects to show a significant improvement in speed. However, it would
appear that they are the subjects whose performances had a negative impact on the midfielders’
overall scores, especially initially. This suggests that they showed a significant improvement

largely because thiey performed vesy slowly initially. This therefore brings into question whether
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Lt me: it is possible to describe these improvements as true practice effects, and may therefore
indicate that what damage there is had been done before the study started, and that these frequent
headeis of the ball may experience subtle difficulties in learning and aﬁapting to new tasks and
information. The players theinselves were not observed to have demonstrated any form of test
resistance initiafly, merely cusiosity, and most of the club subjects tended to be competitive and

wighing to “out-de" their feam-niates,

The number of goalkeepers (N = 3) included in this study was smaller than desirable, and
therefore their results may not have been likely to reach significance. This was inevitable given
that testing four teams would only provide a maximum sample size of four @alhwem. The
club teams may have been expected to have more than une goalkeeper, but this was not found to
be the case. Since this is a specialist position, reserve goalkeepers would be scatce at this level
as they would not get to participate in matches unless the first choice 'keeper was injured.
Alternatively, one of the outficld players may assume the role of reserve goalkeeper, but would

then have to be considered as a player in his regular position rather than as a goalkeeper,

DO SPORTS PARTICIPANTS HAVE AN ADVANTAGE ON CERTAIN TESTS?

On some of the tests, the club players and school players performed not only better than controls
initially, but improved at the same or a better rate. This was especially noted for the tests termed
"highly speeded”, and may imply that these sorts of tests may have limited usefictuess for studies
involving testing people of varying degrees of dexterity. Thus it may be presupposed that a
gifted sport participant would perform better on a test of psychomotor speed than a gifted

scholar. This may mean that the school players in this study, representing perhaps a more all-
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romnd iridividual who was capable of excelling in sport and academics, may be more

representative of children in South Afiica.

The present writer observed that the school players in this study understood what was required
" of them in the moderately speeded tests more quickly than their club counterparts in the initial
testing. It may be that the school subjects are functioning at a "higher” level cognitively than the
club players, but without the longitudinal academic performances available for scrutiny, it is
unclear whether or not both groups statted at the same academic achievement levels and one has
improved more than the other over time (or one has regressed or remained static). This may be
important to consider in further studies in order to attempt to chart subtle neuropsychological

deficits resulting from more soccer play.

OTHER VARIABLES

Handedness was found to have a significant impact on some of the test petformances. Some
significant discrepancies were fotnd with respect to dominant hand, although the number of lef-
handers in the saraple was small, Specific tests where these discrepancies were found were
mostly on the single-hand administration of the highly speeded tests, although some of the block
design tests showed similar results.  Generally it was found that right-handed subjects
pes formed significantly more quickly on the task using the right-hand, as did left-landers on
those with the left-hand. However, the right-handed subjects wete observed to perform better on

the block design tests than their left-handed counterparts.
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CHAPTER 6
CONCLUSIONS

From the results of this study, we may conclude that there is no unequivooal evidence that soccer
play exposes its patticipants to a significant risk of disruptions to their cognitive
neuropsychological functioning. However, there are indications that in the more cognitive tests,
the players who have the most exposure to soccer play show a reduction in practice effects that
‘nay adumbrate cognitive difficulties later in [ife, Midfield players in this age group appear to be

at more risk than players in other positions.
6.1, LIMITATIONS OF THE STUDY

This stody was limited in that the number of subjects used is fairly small, In addition, the tests
of psychomotor speed, ie. fingertappng, the Clinical Neuropsychological Evaluation
Instrument and the Anneit's peg-moving task, did not demonstrate a usefulness in terms of

differentiating practice effects found between controls and soccer playing subjects,

Socio-economic variables were not taken into account, in that all the subjects in the study come
from families in the middle to upper socio-economic brackets, which are considered less likely

to be susceptible to head injury and neuropsychological dysfunction,
More uniformity in testing petiods of the quasi-control subjects and the club players may have

been advisable, in that the club nlayers and controfs were tested and retested over a slightly

longer period thar were the school playes,
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6.2. FUTURE IMPLICATIONS

Future studies may study the incidence of disruptions of neuropsychological functioning at
different levels of football-playing proficiency, as well as in different countries, which may
eniploy different styles of soccer. In English soccer, for example, the ball is played in the air
much of the time (known as the "long-ball" approach), while in countries such as Brazil, the
skills of the plsyers are such that the ball is not played in the air fo the same extent. This would
soggest that players in England may be more at risk of sustaining concussive injuries and

disruptions of neuropsychological functioning than those in Brazil,

Future studies may also consider employing longitudinal investigations of neuropsychological
disruptions. Pilot studies of padding the goal posts would seem to be imporiant, although this
may be more applicable to the adult soccer game as opposed to children in terims of the speed of
impact with the goal post. Nevertheless, a safety precaution such as this should be applied to all
levels of the game, Another potentially more fruitful method of approaching such a study is to
arrange to test the subjects exclusively in more suitable test venues, such as at their own homes.
This would afford the opporiunity to use a more extensive battery of tests, as well as reduce the
possibility of the subject bscoming distracted and losing concentration because he fears he is

losing out on the chance to ptactice, albeit for only a short time, with his team-mates,

It is recommended that the rules of soccer be modified to prevent children up tv a certain age
(possibly early teens) from heading the ball. This would mean that kicking the batl above a
certain height off the ground, when players are nearby, be made an infringement to reduce the
possibility of the head bitting the ball, These rules presontly apply to field hockey where if
players are not in proximity to the ball, it i3 permissible to lift the ball above knee height, while

lifting the ball is an infiingement if other players are in immediate proximity.
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APPENDIX 1
CLINICAL NEUROPSYCHOLOGICAL EVALUATION INSTRUMENT
(MAJOVSKI ET AL,, 1979)

A. Tou* each of your fingers in turn with the thumb like I'm doing. Now the other hand.
Then both hands, [Then test] Now I want you to touch all the fingers of your right hand with
your tight thumb 20 times as quickly as you can. Now the left hand. Now both hands.
Score: 0- perfect performance until speed (both hands)

1- Mild discoordination; frouble with one hand,

2- Greater discoordination; both hands

B. Put both of your hands on the table with your fingers together, Now spread your fingers, and
close them. Keep on doing this until [ say stop. Now do it as quickly as possible, 20 times.
Score: 0- Dong perfectly even when "faster”

1- Done perfectly at slow speed-not at "fast"

2« Discoordination both slow and fast

C. Put your hands on the table in the ssme position as mine (one flat palm down, other clenched
closed). Now alternate the positions, till I tell you to stop. Now do it as quickly as you can, 20
times.
Scor-+ ' 0-  Main ains even alternating movements, at speed,
' 1-  Mild loss of rhythm at speed.
2- Major loss of thythm at speed.

D, Watch m» and do as I do, {fist, with knuckles flat, edge, palm down) until I tell you to stop.
Now do it as quickly as you can, 20 times.
Score: 0- Maintains smooth sequence at speed

1-  loses sequence afier "faster”, improves after prompting / practice.

2- Unable to meintain sequence after "faster” even with practice.
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APPENDIX 2
ANNETT'S HANDEDNESS INVENTORY

NAME: __ . AGE:

DATE OF TESTING:

| HAND: Which hand do youuse to. ..

LEFT

RIGHT

Write legibly

Throw g ball to hit a target

Hold a racquet in tennis or squash

Hold a match when you strike it

Cut with scissors

Thread a nesdle

Hold the top of a broom when sweeping

Hold the top of a spade when using it

Deal a deck of playing cards

Hammer 4 nail into wood

Hold a toothtbrush when brushing your teeth

Unscrew a jar

FOOT: Which foot do you prefer to use when ...

Kicking a football

HOEEi“E on one foot

EYE: Which eye do you use when . . .

Focusing & camera

f Looking through a telescope

107




APPENDIX 3

- POST-CONCUSSI-N SYNDROME CHECKLIST
(GOUVIER ET AL., 1992)

NAME: . DATE:

Please rate the frequency, intensity and duzation of each of the following symotoms based on

how they have affected you foday dccording to the following scale:

FREQUENCY INTENSITY DURATION

1 =Not at all 1=Not at all 1 =Not at all

2 = Seldom 2 = Vapuely present 2= A few seconds

3 =0ften _ 3 = Clearly present 3 = A few minutes

4 = Very often 4 = Interfering 4= A few hours

5= All the time 5 = Crippling 5 = Constant
- HEADACHE 12345 | 123435 12345
DIZZINESS 12345 12345 12345
]RRITABIIJTY . 12345 12345 12345
MEMORY PROBLEMS 12345 12345 12345
DIFFICULTY CONCENTRATING 12345 12345 12345
FATIGUE 12345 12345 12345
VISUAL DISTURBANCES 12345 12345 12345
AGGRAVATED BY NOISE 12345 | 123435 12345
JUDGEMENT PROBLEMS 12345 12345 12345
ANXIETY 12345 12345 12345
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APPENDIX 4

POST-CONCUSSION CHECKLIST

(ODDY ET AL., 1978)

This is a list of difficulties and feelings which people somefimes have. Please tick in the YES
column for the difficulties or feelings which you have had during the Iast week, and in the NO
column for those which you have not.

YES | NO

QOften feel uiwell
Have blackouts _
Sometimes start to put clothes on backwards
Sometimes knock things over
‘Often have headaches
Have trouble remembering things
Find difficulty in becoming interested in anything
QOfien lose temper
Have felt unwanted
Feel the need to keep things tidy
_Sometimes suffer from noise inside the head
Often feel anxious or tense
Suffer from dizzitiess _
Suffer from ringing in the ears .
Have difficulty concentrating when reading
Have been in trouble with the law
Sometimes bump into things
Talk too much _
Very easily affected by alcohol
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