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ABSTRACT

The present study comprises part of an ongoing research study investigating the
effects of cumulative mild head injuries on Rugby Union players. The aim ofthe
study was to ascertain whether there are neuropsychological effects of cumulative
mild head injuries sustained during the rugby-playing careers of senior schoolboy
rugby players. Participants were top-level rugby players from high schools in
Grahamstown and Cape Town (n = 79) and non-contact sport controls of top-level
field hockey players from the same schools (n = 58). Group mean comparisons across
a battery of neuropsychological tests were carried out between the Total Rugby versus
the Total Field Hockey group, and the Rugby Forwards versus the Rugby Backs
group. Comparisons between Total Rugby versus Total Field Hockey revealed
impaired performance by the rugby players on two tests of visuoperceptual tracking,
namely Digit Symbol Substitution and Trail Making Test (Part A). For Rugby
Forwards versus Rugby Backs, there were no consistent d ifferences to support the
expectation that forwards would perform worse than backs. Forwards performed
more poorly than backs on WMS Associate Leamning Subtest — Hard (Delayed
Recall), whereas backs performed more poorly than forwards on Digits Backwards.
This suggests that some individuals in the cohort were starting to exhibit verbal
memory deficit, albeit not clearly in association with forward positional play.
Overall, results of the present study provide tentative support for the hypothesis that
school level rugby players are more susceptible to the effects of cumulative

concussive and sub-concussive head injuries than are non-contact sport controls.
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CHAPTER ONE: INTRODUCTION

1.1 RESEARCH CONTEXT

The present study forms part of a larger and ongoing research study investigating the
effects of c umulative mild head injuries on Rugby Union players. The study was
initiated in 1996 by Rhodes University, the South African Rugby Football Union
(SARFU) and the Sports Science Institute in Cape Town. Initially, professional rugby
players were targeted, and the Springboks versus a comparison group of national
cricket players were assessed using a wide neuropsychological test battery and a self-
report measure of post-concussive symptoms. Results were analysed via direct
comparisons of rugby versus cricket group mean scores (Ancer, 1999). However, it
was decided that cricket controls were not an ideal non-contact sport group in that
many of these individuals had played rugby as their winter sport. Therefore, a
national field hockey group was assessed via the same procedures and was used as an
alternative control group, and Springbok rugby versus field hockey group mean scores
were compared (Finkelstein, 1999). In addition, the national Under 21 rugby squad
was assessed via the same procedures and the test results of the two rugby cohorts
(Springbok and Under 21) were combined to enlarge the sample size. This enlarged
sample was then compared to the same group of national field hockey players (non-
contact sport controls), also via direct comparisons of group mean scores (Finkelstein,
1999). Results of the above research consistently revealed poorer cognitive test
performance by the rugby group compared to the control group on tests sensitive to
the effects of diffuse brain damage, as well as impaired cognitive performance by the

rugby forwards relative to the rugby backs on the same tests.

Next, an analysis at the school level was conducted using the same basic assessment
procedure to compare the cognitive test performance and post-concussive symptoms
of top-level schoolboy rugby players from rugby-playing schools in Cape Town to
top-level schoolboy field hockey players (non-contact sport control group) from the
same schools. In this study, as with the analyses for the professional players, rugby
versus field hockey group mean scores were compared (Ackermann, 2000). Results
provided much less support for the presence of cognitive deficit in a high school
rugby-playing population than was evidenced for professional players (Ackermann,
2000). A review of all the Rhodes University studies on Rugby Union at both the



professional and school levels suggests that the effects of mild head injury are
additive such that older players at the professional level show greater deficit than the
younger players at school level (Shuttleworth-Edwards, Border, Reid & Radloff, in
press). However, the apparent absence of effects at the school level requires further

investigation to confirm this observation.

Thus, it was decided to initiate a second phase at the school level in order to enlarge
the school sample, which is the aim of the present study. To maintain continuity
within the ongoing research study, the present project utilised the same basic
methodology as was used by Finkelstein (1999) and Ackermann (2000) to assess a
cohort of schoolboy rugby players from a top rugby-playing school in Grahamstown,
and a comparison group of field hockey players from the same school. Grahamstown
rugby and field hockey samples were then combined with the Cape Town samples to
create enlarged samples that produced the basis for the present study: rugby players
were compared to field hockey players and rugby forwards were compared to
backline players. Data collection and data analysis for this second phase were
identical to those of the first phase, except that one-tailed as opposed to two-tailed t-
tests were used to compare the group means in an effort to conduct more powerful

statistical analyses.

1.2 RESEARCH QUESTION

The necessity of research into the effects of sports-related mild head injury becomes
apparent in light o f the high incidence of such injury at both the professional and
school levels (Bennett & Raymond, 1997; Garraway, Lee, Hutton, Russell &
Macleod, 2000). Additionally, mild head injury is often accompanied by residual
cognitive symptomatology that may interfere with the cognitive skills necessary for
academic success at school (Rimel, Giordani, Barth, Boll & Jane, 1981; Bernhardt,
2000). Furthermore, although much research has investigated the sequelae of single,
uncomplicated mild head injury, there is a lack of consensus regarding the chronic
effects of cumulative mild head injuries (Binder, Rohling & Larrabee, 1997; Satz,
Zaucha, McClearly, Asarnow & Becker, 1997).

Players of contact sports are particularly exposed to mild head injuries (Wojtys et al.,

1999). Research into the cumulative effects of mild head trauma in the contact sports



suggests that diffuse brain damage may be present amongst these players. This
includes research on boxers, soccer players, American footballers, Australian Rules
footballers, and Rugby League players (for example, Jordan, Matser, Zimmerman &
Zazula, 1996; Matser, Kessels, Lezak & Troost, 2001; Barth, Alves, Ryan,
Macciocchi, Rimel, Jane & Nelson, 1989; Maddocks & Saling, 1996; Hinton-Bayre,
Geffen & McFarland, 1997). Research into the neuropsychological effects of
cumulative mild head injuries in Rugby Union is sparse, with the only apparent
research being that conducted at Rhodes University (Shuttleworth-Jordan, Balarin &
Puchert, 1993; Shuttleworth-Edwards et al., in press). Furthermore, as most of the
research on contact sport has focused on adult players, there is a particular paucity of
research examining the effects of multiple concussive and sub-concussive blows at
the school level, which may have implications for rugby-playing scholars attempting
to write examinations. The present research study aims to address the lack of research

on schoolboy players of Rugby Union.

Thus the basic question that is posed by this study is whether there are
neuropsychological effects of cumulative mild head injuries sustained during the
rugby-playing careers of top-level schoolboy Rugby Union players. As indicated
above (see section 1.1), this question is addressed via direct group comparisons of the
cognitive performances of top-level schoolboy rugby players and non-contact sport
controls across a battery of neuropsychological tests shown to be sensitive to the
effects of mild closed head injury. It is hypothesised that rugby players relative to
field hockey players, and rugby forwards relative to rugby backs, will perform more
poorly on certain neuropsychological tests that are particularly sensitive to the effects
of diffuse brain damage. T o elucidate the findings, results of the present research
study are theoretically c ontextualised within Satz’s (1993) theory o f Brain Reserve

Capacity.



CHAPTER TWO: LITERATURE REVIEW

2.1 CLASSIFICATION OF TERMS

This section will contextualise mild traumatic head injury within the greater range of
head trauma in general. A definition of mild head injury will be provided, followed
by a discussion of the epidemiology and pathophysiology of mild head injury, as well
as of the typical symptoms with which it is associated.

2.1.1 Dominant Types of Head Trauma

Traumatic head injuries can be classified into two types: open and closed. An open
head injury is commonly caused by gunshot or exploding shell fragments, and it
results in tearing of the scalp, penetration or fracture of the skull, and focal laceration
of brain tissue. Damage from an open head injury is usually localised along the path
of the intruding object, resulting in relatively circumscribed and predictable cognitive
losses, the severity of which depends upon the depth of penetration of the intruding
object, as well as the amount of brain tissue damaged (Levin, Benton & Grossman,

1982; Lezak, 1995).

In contrast, a ¢losed head injury is the result of blunt trauma to the head, causing
linear or rotational acceleration of the brain (when a moving object collides with a
stationary or slower moving head), or deceleration (when a moving head and body are
impacted upon by a stationary or slower moving object). The damage caused by a
closed head injury is primarily diffuse, where tearing or s hearing o f axons occurs.
This is the primary mechanism of injury in closed head trauma, and it occurs at the
moment of impact. However, localised e ffects are sometimes e videnced in closed
head injuries, which are the result of coup (the point of impact) and contrecoup (the
area opposite the point of impact) lesions, the latter resulting from the brain bouncing
back after striking the opposite side of the skull. The severity of closed head injury
ranges from mild to moderate to severe, depending on the amount of diffuse damage
sustained (Levin et al., 1982; Selby, 2000). The focus of the present research study is

on mild traumatic closed head injury.



2.1.2 Mild Head Injury Classification
The classification of mild head injury is a controversial and unresolved issue.
According to Satz et al. (1997, p. 126):

This determination represents one of the most fundamental measurement

and definition problems confronting researchers of head injury across the

age span.
Uzzell (1999) maintains that the difficulties and scepticism in defining and classifying
mild head injury have arisen out of initial definitions that were unclear and
incomprehensible.  Classification criteria are usually based on alterations in
consciousness (Glasgow Coma Scale), duration of unconsciousness, changes in
orientation and memory (length of posttraumatic amnesia), length of hospitalisation,
and neurological status (Satz et al., 1997; Uzzell, 1999). Recently, any alteration in
cerebral function, caused by rotational forces exerted onto the head, is referred to as
mild traumatic brain injury or concussion (Baker & Patel, 2000; Wojtys et al., 1999).
While loss of consciousness usually indicates more severe head injury, loss of
consciousness is no longer seen as a prerequisite for classifying mild head injury
(Lezak, 1995). Flanagan (1999) describes the definition for mild traumatic brain
injury (MTBI) recently developed by the Head Injury Interdisciplinary Special
Interest Group of the American Congress of Rehabilitation Medicine, asserting that it
has the most specific criteria thus far (see table 2.1). Like prior definitions, this too
includes an assessment of consciousness, alterations in mental status, neurological
status, a GCS score, and the presence of posttraumatic amnesia. However, it only
includes those individuals who sustain either a direct blow to the head or acceleration-
deceleration brain injuries (excluding those who meet the criteria due to anoxia,
stroke, infection, tumour or seizures), which differentiates this definition from other
mild head injury definitions. Additionally, Flanagan (1999) asserts that this definition
better distinguishes mild from more severe head trauma than do other definitions of

its kind.



Table 2.1: Definition of Mild Traumatic Brain Injury as Developed by the Head
Injury Interdisciplinary Special Interest Group of the American

Congress of Rehabilitation Medicine

Definition
A traumatically induced physiological disruption of brain function, as manifested by at
least one of the following:

1. any period of loss of consciousness;

2. any loss of memory of events immediately before or after the accident;

3. any alteration in mental state at the time of the accident (e.g. feeling dazed,
disorientated, or confused); and

4. focal neurological deficit(s) that may or may not be transient.

but where the severity of the injury does not exceed the following:
1. loss of consciousness of 30 minutes;
2. after 30 minutes, a Glasgow Coma Score of 13-15; and
3. posttraumatic amnesia not greater than 24 hours.
This definition includes:
1. the head being struck;
2. the head striking an object; and
3. the brain undergoing an acceleration-deceleration movement without external

trauma to the head.

This definition excludes stroke, anoxia, tumor, encephalitis, etc.

Source: Flanagan (1999)

The lack of consensus in defining mild head injury has proven problematic for
research into this area. Evans (1992) postulates that strict criteria are e ssential to
classify mild head injury and to eliminate the effect of confounding variables. He
defines mild head injury as a closed head injury where the duration of loss of
consciousness is 30 minutes or less, or a sense of being dazed without loss of
consciousness; an initial GCS score of 13 to 15, without subsequent deterioration; an
absence of focal neurologic deficits; and no evidence of depressed skull fracture,
intracranial haematomas, or other neurosurgical pathology. Evan’s defining criteria
were adopted in the prior rugby head injury studies conducted with professional and
school level players (Finkelstein, 1999; Ackermann, 2000), of which this study is a
continuation. When comparing the above two definitions, it is evident that Evans’
(1992) definition and that described more recently by Flanagan (1999) are identical
with regard to the core features that comprise a definition of mild head injury, namely
alterations in consciousness should yield a GCS score of 13 to 15, and duration of

unconsciousness should be 30 minutes or less. Further, Evans’ definition specifically




stipulates criteria for a milder range (i.e. a sense of being dazed with no loss of
consciousness and an absence of neurologic deficits), and this form of mild injury is
also indicated by the definition posed by Flanagan (1999). Hence, the critical features
of Evans’ definition are commensurate with current definitions of mild head injury as
detailed by Flanagan (1999), and therefore the continued use of Evans’ (1992)
definition in the current rugby research study is considered appropriate. The
important point for the current research purposes is that, according to these critena,
any individual with a GCS score of less than 13 to 15 and with loss of consciousness
for longer than 30 minutes would be considered to have sustained a head injury of

greater severity than mild, that is, falling outside the mild head injury category.

2.1.3 Epidemiology of Mild Head Injury

Studies on the incidence of mild head injury reveal that it constitutes a serious health
concern. According to Kraus and Nourjah (1989) who conducted an epidemiological
investigation on victims in California, USA, probably more than 70% of individuals
who sustain traumatic head injuries have what would be classified as mild brain
injury. However, according to the National Centre of Health Statistics, approximately
85% of all brain injuries are classified as mild (Bennett & Raymond, 1997). Other
authors estimate that 2 million persons in the USA experience closed head injuries
annually (Brown, Fann & Grant, 1994). In a more recent epidemiological
examination of mild and moderate head injury in the USA (Sosin, Sniezek &
Thurman, 1996), it was discovered that an estimated 1.5 million non-institutionalised
civilians sustain a non-fatal brain injury annually, a rate of 618 per 100 000 person-
years. Furthermore, motor vehicles were involved in 28% of the brain injuries, and
sports and physical activity were responsible for 20%. While motor vehicle related
brain injuries tended to be the most severe, most of the mild head injuries were caused
by sports and physical activity. In 1989, a study in Auckland, New Zealand revealed
an annual incidence of mild head injury of 511 per 100 000 population (Wrightson,
1989). More recently, Wrightson and Gronwall (1998) carried out a study on the
incidence of mild head injury in New Zealand, estimating the incidence to be 1769
per 1000 000 population per year for people aged 15 and over. For those under 15
years of age the incidence was putat 2920 per 1000 000 population per year. A
prospective cohort study conducted in the United Kingdom revealed that an estimated

1400 young people and adults were still disabled one year after head injury, 90% of



whom had mild brain injuries. This corresponds to a rate of 154 per 100 000

population (Thornhill et al., 2000).

2.1.4 Pathophysiology of Mild Head Injury

Research suggests that a continuity o f brain damage exists in closed head injuries,
ranging from mild to severe, based on the idea of a spectrum of diffuse axonal injury
(DAI) (Gennarelli, 1996; Satz et al., 1997). DAI, the proposed primary mechanism of
damage and subsequent cognitive and behavioural difficulties in mild head injury,
arises from rotational acceleration forces that produce changes in brain
pathophysiology.  Rotational acceleration/deceleration forces produce swirling
movements of the brain within the rigid skull, resulting in rotational stresses that
cause diffuse shearing, stretching or tearing of axons and small vessels, mainly within
the central white matter of the hemispheres, the corpus callosum and the long tracts in
the brain stem (the latter associated with loss of consciousness).  Linear
acceleration/deceleration forces usually result in minor focal injuries (coup and
contrecoup), and no DAL, as these forces are not accompanied by rotation of the skull
relative to the brain. Although loss of consciousness may accompany linear
acceleration/deceleration, this is due to profound circulatory disturbances associated
with this type of force, and not to high levels of inertial loading that produces DAI
and the accompanying disturbances in consciousness (as in rotational acceleration).
Both linear acceleration (translational impact) and rotational acceleration (arced
impact) are usually present, either simultaneously or successively, in closed head
injury, and it is difficult to disentangle the linear and rotary components after the
event (Levin et al.,, 1982; Richardson, 1990). However, DAI can occur in situations
involving a freely moving head, such as in whiplash injuries, and does not necessarily

involve direct impact to the head (Richardson, 1990).

The presence of DAI after mild head injury has been supported by research. Strich
(1956, 1969, cited in Binder, 1986) first described neuronal changes in humans who
had died subsequent to sustaining mild head injuries. In 1968, Oppenheimer
performed postmortem e xaminations of five patients who had sustained mild head
injuries, but whom had died from other injuries. He discovered microscopic lesions
in what appeared, in all other respects, to be normal brains. Blumbergs et al. (1994)

documented the topography of axonal injury in five mild head injured patients whom



had died from other causes. By conducting immunostaining for the amyloid precursor
protein (APP), which undergoes fast axonal transport, they were able to show

multifocal axonal injury in all five patients.

2.1.5 Mild Head Injury Across Various Age Groups

According to Satz et al. (1997), the etiology and subsequent pathophysiology of
closed head injury in children differs from that of adults, Traumatic cerebral insults
in children are more likely the result of falls, whereas in adolescents and adults
vehicular accidents are often a major cause of head injuries (with greater
acceleration/deceleration forces to the head). The resulting trauma from falls (as in
children) involves less rotational sheering than trauma incurred through vehicular
accidents (as in adolescents and adults). Consequently, the e ffects of closed head
injury may be different in children compared to adults. Additionally, diffuse brain
swelling, which is more common in pediatric head injury (mild or severe, regardless
of coma), may lead to different patterns and levels of neuropsychological or
academic-psychosocial outcomes from that expected by adults (Snoek, Minderhoud &
Wilmink, 1984). Where children do sustain closed head injuries that are qualitatively
similar to those sustained by adolescents and adults (e.g. vehicular accidents),
children may be more vulnerable to the subsequent effects of the injury, as children’s
brains are still in the process of development (Donders & Strom, 2000; Satz et al.,
1997). As different cognitive skills have different developmental rates and ages of
acquisition, it is possible that those skills that are undergoing rapid cognitive change
at the time of the head injury are particularly vulnerable to negative effects due to a
lowered critical threshold for impairment in the future (Satz, 2001). For these
reasons, It is imperative to be aware of the developmental stage of participants in a
target group, as the implications of findings on neuropsychological tests may differ
according to this developmental stage. Additionally, test results may be different
between adults and children of differing developmental ages (Oddy, 1993). Such an
awareness is therefore important when considering and comparing research outcomes

during the process of interpretation of research results.

A difficulty arises, however, in defining the dividing point between the age
categories: children; adolescents; adults. In a recent study conducted by Donders and

Strom (2000), the sample consisted of individuals aged 9-16, whom the authors



referred to as “children and adolescents™ (p. 796). A study by Boll and Barth (1983)
labelled the ages ranging from 16 upwards as “adults” (p.266). In 1999, Daniel et al.
conducted a study on “adolescents” (p. 167) aged between 13 and 18, to examine
improvement in cognitive functioning due to natural developmental processes (in the
absence of head injury). The authors stated that a period of rapid cognitive change
occurs at approximately 14-16 years of age. Their findings supported this
phenomenon, revealing how the older subjects (17-18 years old) consistently
performed better on all tests, possibly indicating that maturation had already occurred
in this age group. On the basis of the afore-mentioned information, the age group of
the participants in the present study (aged 15-19) is a bridging group. Incomplete
cognitive maturation may be a phenomenon of the younger participants, whereas full

cognitive development should have occurred for the older participants.

2.1.6 Section Summary

Mild head injury refers to a closed head trauma wherein there is brief or no loss of
consciousness, where the posttraumatic amnesia is relatively short, and where there is
an absence of focal neurologic deficit and skull fracture. The epidemiology of mild
head injury is high, with the primary mechanism of injury involving diffuse axonal
damage. The etiology and pathophysiology of mild head trauma differs between
children, adolescents and adults. It is therefore important that the developmental
stages o f participants in a target group is known prior to interpretation of research
results, as the implications of findings on neuropsychological tests may differ

according to these developmental stages.

2.2 NEUROPSYCHOLOGICAL SEQUELAE OF MILD HEAD INJURY

That mild head injury may result in neuropsychological and behavioural dysfunction
has been recognised for decades. Sir Charles Symmonds, in 1962, made the
following remark, “It is, I think, questionable whether the effects of concussion,
however slight, are ever completely reversible” (p. 4). It is not uncommon for mildly
head injured patients to complain of a variety of cognitive, emotional, somatic, motor
and sensory difficulties for a while after sustaining their head injury (Anderson, 1996;
Cullum & Thompson, 1997). While the numerous signs and symptoms that are
subjectively reported following mild head injury are referred to as the Post-

Concussive Syndrome (PCS), various objective neuropsychological measures have

10



been d evised to assess the c ognitive functioning o f individuals subsequent to mild
head trauma (Bohnen & Jolles, 1992). The neuropsychological sequelae of
cumulative mild head injury have also been assessed (Erlanger, Kutner, Barth &
Barnes, 1999; Maroon et al., 2000), the effects of which can be conceptualised within
Satz’s (1993) theory of Brain Reserve Capacity.

2.2.1 The Post-Concussive Syndrome (PCS)

Although there is no consensus as to the definition of PCS (Binder, 1997), the most
regularly occurring symptoms that constitute PCS are headaches, dizziness,
irritability, anxiety, depression, blurred vision, insomnia, fatigue, noise sensitivity,
attention and concentration difficulties, and memory problems (Binder, 1986; Evans,
1992; Lezak, 1995). While some PCS symptoms may disappear within a few days of
the injury, the cognitive symptoms in particular may persist for weeks, months or

years in a small number of individuals (Anderson, 1996).

PCS was initially viewed as psychological in origin as there was insufficient evidence
to suggest an organic basis (Uzzell, 1999). The idea of secondary gain cast further
doubt upon the existence of PCS (Cullum & Thompson, 1997). Bemnhardt (2000)
postulates a multifactorial etiology, involving both psychological as well as organic
components. Some authors believe that it is inadequate to deny the existence of PCS
on the basis of insufficient evidence and lack of instruments sensitive enough to
detect it, as has been done in the past (Gronwall & Wrightson, 1975; Uzzell, 1999). A
recent study of patients with persisting PCS symptoms utilised a functional imaging
technique (evoked and event-related potentials) to determine changes in cognitive
functioning subsequent to mild head injury (Gaetz & Weinberg, 2000). Results
revealed evidence of electrophysiological changes in brain function, which the
authors concluded indicates that PCS *“has a substantial biological, as opposed to
psychological, basis” (Gaetz & Weinberg, 2000, p. 815).

2.2.2 Objective Neuropsychological Sequelae of Mild Head Injury

Although the deleterious effects of mild head injury have been acknowledged since
the 1800°s (Erichsen, 1882; Walton, 1883), it was not until the Rimel et al. (1981)
study that the morbidity associated with mild head injury was truly recognised. In

spite of the numerous studies that have subsequently been conducted on mildly head

11



injured patients, the outcome following mild brain injury is not well established and
the presence of cognitive-behavioural sequelae due to mild head trauma remains
controversial (Barth et al., 1983; Bohnen & Jolles, 1992; Raskin, Mateer & Tweeten,
1998).

Research investigating the neuropsychological sequelae of mild head injury has
shown that mild head injury results in measurable cognitive deficit. I n adults, the
following cognitive domains have shown to be predominantly affected subsequent to
mild head injury: speed of information processing, memory, concentration, reaction
time (Binder, 1986; Evans, 1992) and attention (Binder et al., 1997; Evans, 1992). A
review of the literature on children and adolescents yields varied results. In
adolescents, objective cognitive deficit has been identified in the areas of abstraction,
reasoning, verbal memory (Spear Bassett & Slater, 1990) and learning (Leathem &
Body, 1997, Spear Bassett & Slater, 1990), as well as in language, motor speed,
somatosensation and visuospatial functioning (Levin & Eisenberg, 1979). In children
and adolescents, memory and attention have often been found to be impaired in the
mildly head injured (Anderson et al., 1997; Anderson, Catroppa, Morse & Haritou,
1999; Catroppa & Anderson, 1999; Ewing-Cobbs et al., 1998; Satz, 2001). Numerous
researchers investigating mildly head injured children and adolescents have also
revealed language impairments and frontal lobe dysfunction (Lord-Maes & Obrzut,
1996).

2.2.3 Neuropsychological Recovery Following Mild Head Injury

The process of recovery following mild head injury is controversial, particularly with
regard to the presence and etiology of persisting neuropsychological dysfunction
(Binder, 1986). It appears that the majority of mildly head injured patients may not
suffer persisting symptomatology (Binder et al., 1997). However, evidence exists to
support the fact that a minority of individuals are certainly affected (Anderson, 1996;
Leininger, Gramling, Farrell, Kreutzer & Peck, 1990).

2.2.3.1 Recovery of function within three months post-injury: Neuropsychological
studies of mildly head injured patients have demonstrated that recovery of cognitive
functioning, although perhaps incomplete, occurs within a 5-10 day period

immediately post-injury (Barth et al., 1989; Macciocchi, Barth, Alves, Rimel & Jane,
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1996). Evidence of full recovery within one month also exists (McLean, T emkin,
Dikmen & Wyler, 1983; Newcombe, Rabbitt & Briggs, 1994). The majority of
studies, however, indicate that recovery of neuropsychological functioning can take as
long as up to three months (Dikmen, McLean & Temkin, 1986; Gronwall &
Wrightson, 1974; Hugenholtz, Stuss, Stethem & Richard, 1988; Levin et al., 1987).

The University of Colorado conducted an ongoing study (cited in Cullum &
Thompson, 1997) exploring the presence of residual symptomatology subsequent to
mild head injury, which compared patients with mild head trauma (with and without a
previous mild head injury) and control patients who had also been involved in an
accident but who had no injury to the head, neck or back. The patients were
administered a brief neuropsychological battery of standard measures within one
week of their accidents and then again two months later. Preliminary findings
revealed no differences in performance at both intervals post-injury. However, this
study is weakened by the small sample size, making it difficult to generalise the

findings to the greater mild head injury population.

2.2.3.2 Persisting neuropsychological dysfunction: With regard to duration of
cognitive deficit following mild head injury, the seminal study by Rimel et al. (1981)
found persisting morbidity in 66% of 70 patients tested three months after sustaining a
single mild head injury. This study was furthered by Barth et al. (1983) who observed
measurable cognitive impairment three months after injury in a significant portion of
the same cohort of patients, primarily involving attention-concentration, complex
information processing, and memory.  Although these studies suggest that
neuropsychological deficit may persist beyond three months post-injury, they were

poorly controlled for age and there was no inclusion of matched control groups.

More carefully controlled studies illustrate that some mildly head injured patients do
in fact suffer from persisting symptomatology. Leininger and colleagues (1990)
examined mildly head injured patients between one and 22 months post-injury. The
patients were divided into two sub-groups (those who had lost consciousness and
those who were only disorientated or confused), and both patients and uninjured
controls were administered a neuropsychological test battery. Results revealed

measurable cognitive deficits involving reasoning, information processing and verbal
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learning, with no significant differences in neuropsychological functioning between
patients tested within three months post-injury and those tested beyond three months,
indicating the presence of residual cognitive dysfunction in this population. No
differences were found between the two mild head injury sub-groups. In a later study,
Bohnen, Jolles and Twijnstra (1992) compared symptomatic mild head injury patients
to non-symptomatic mild head injury patients and to uninjured controls, six months
post-injury. Findings demonstrated that symptomatic mild head trauma patients
performed less well than non-symptomatic patients on tests of divided and selective
attention, and information processing, again indicative of enduring

neuropsychological debility consequent on mild head injury.

In a more recent study on the differentiation of long-term differences on testing, two
groups of participants, 36 with a history of mild head injury and 36 without, were
administered a neuropsychological battery incorporating tests known to be sensitive to
the effects of mild head injury (Pinkston, Gouvier & Santa Maria, 2000). Overall, the
results failed to show significant differences between groups for the differentiation of
long-term mild head injury status. Although revealing, this study is limited by its lack
of baseline m easurement of functioning. A recent study aimed at d etermining the
incidence of mild head injury in New Zealand, found that referrals made by general
practitioners because of persisting symptoms occurred up to one year post-injury in

6% of the mild head injured population (Wrightson & Gronwall, 1998).

The controversy surrounding the duration of residual cognitive symptomatology is
further fuelled by studies such as those conducted by Gronwall and Sampson (1974)
and Ewing, McCarthy, Gronwall and Wrightson (1980). In the former study mildly
head injured patients who had returned to normal functioning approximately six
weeks post-injury, were tested again 3-4 years later. At ground level their cognitive
performance was essentially normal, but when placed under an hypoxic state (3800
feet in a hyperbaric chamber) they displayed deficits in memory and mental vigilance.
The same was evidenced in the Ewing et al. (1980) study where, 1-3 years post-
mjury, mildly head injured participants displayed deficit on vigilance and m emory
tests at a simulated altitude of 3800 metres. These deficits were not apparent in their

test performance at ground level, nor were they evidenced by the control group. The
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authors asserted that such decrement resembles the cognitive dysfunction seen

immediately after concussion and in old people.

With regard to children, Gulbrandsen (1984) revealed cognitive deficit in
schoolchildren (aged 9-13) tested at an average of six months post-injury. Other
researchers observed that at one year post-injury, 6-18% of 51 children and
adolescents who had sustained a mild closed head injury showed impairment on a
range of neuropsychological tests (Winogron, Knights & Bawden, 1984). The study
by Anderson et al. (1999) investigated functional memory skills in 44 pre-school
children with varying degrees of injury severity (mild, moderate and severe) using the
Rivermead Behavioural Memory Test for Children. Participants were evaluated
acutely and at 12 months post-injury. Results demonstrated that during the acute
phase of recovery (i.e. within three months post-injury) there was no clear dose-
response relationship between injury severity and memory function. However, this
relationship developed over time with mildly head injured children displaying
functional memory problems at 12 months post-injury, although to a lesser extent than
that displayed by the more severely injured children. Although utilising a fairly small
sample size, this study was strengthened by its inclusion of healthy controls that were

well matched with the participants with regard to age and socio-economic status.

Recovery of neuropsychological functioning following mild head injury is mediated
by a number of factors (Binder, 1986). Prognostic variables that affect vulnerability
to persisting morbidity following mild head injury include age, premorbid intellectual
level, premorbid personality, gender (females tend to recover better), the effects of
previous injuries, multiple mild head injuries, socio-economic status, alcohol abuse
and the presence of the apolipoprotein E (APOE) genotype ( Binder, 1 986; Kutner,
Erlanger, Tsai, Jordan & Relkin, 2000; Lishman, 1988; Selby, 2000; Wojtys et al.,
1999). Often there is no correlation between severity of injury and p ersistence of
symptoms, which is suggestive of a possible psychogenic etiology (Dikmen, Temkin,
& Ammsden, 1989). According to Cullum & Thompson (1997), psychological
variables, secondary gain issues, or both, may affect prognosis following mild head
trauma. These authors state, “the typical expectation following mild uncomplicated
[traumatic brain injury] is recovery” (Cullum & Thompson, 1997, p. 12), attributing

any subsequent deterioration of functioning in the absence of neurological
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complications to a psychogenic basis. Such a tenacious view is just one amongst
many in the ongoing controversy surrounding residual cognitive deficit consequent on
mild head injury. However, studies such as the one conducted by Tellier et al. (1999)
demonstrate the possible organic basis for persisting symptoms. These authors found
evidence of intracranial abnormalities (via computed tomography scans) in 31% of 48

mildly head injured patients one year post-injury.

2.2.3.3 Neuropsychological sequelae of cumulative mild head injury: Outside of
the sports arena, research investigating the residual cognitive deficit associated with
multiple mild head injuries is sparse. Gronwall and Wrightson (1975) tested 20 young
adults after a second concussion to determine the rate at which they processed
information. These authors observed that the rate was reduced compared to controls
who had been c oncussed only once, and that they took longer to recover than the
controls, concluding that the effects of concussion seemed to be cumulative. The
hypothesised explanation that they provided for their findings related to p ermanent
neuronal damage that leaves the patient more vulnerable to further head injuries and
that, with repeated mild head injury, eventually dips below threshold capacity,
permanently affecting rate of information processing to a measurable extent. These
results were corroborated by a study conducted by Gronwall (1989) who utilised the
PASAT to assess speed of information processing in a cohort of mildly head injured
patients. The author found that older patients (aged 40-49) and patients with a
previous head injury were impaired in this regard and that they took longer to recover

than those patients with a single episode of mild head injury.

A number of researchers within the sports arena have specifically focused on the
neuropsychological effects of cumulative mild head injury. In a recent study by
Collins et al. (1999), 393 male college football players were examined in an effort to
assess the relationship between history of mild head injury and leamning disabilities,
and the association between these variables and neuropsychological performance. Of
the sample, 129 players (34%) had a history of one previous mild head injury and 79
players (20%) had experienced two or more mild head injuries. The results of the
study suggested that history of mild head injury and leaming disability are
independently related to lower baseline neuropsychological functioning. With

particular reference to multiple mild head injuries, the authors observed that those
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players with two or more prior mild brain injuries displayed significant long-term
deficits in the domains of executive functioning and speed of information processing.
These players also showed a tendency to report PCS symptoms. In order to
understand their findings within a theoretical framework, the authors employed Satz’s
(1993) theory of Brain Reserve Capacity (to be described below) as it relates to
learning disability and multiple mild head injuries affecting neuronal functioning and

therefore cerebral threshold capacity.

In contrast to the above neuropsychological studies, all of which support deleterious
effects of cumulative mild head injury, a study by Maddocks, Saling & Dicker (1995)
demonstrated no residual cognitive deficit associated with repeated mild head injury
in a cohort of mildly head injured Australian Rules footballers. However, this study
was characterised by a number of methodological limitations. Firstly, only one
neuropsychological test was employed (i.e. the Digit Symbol Substitution Subtest
from the WAIS-R). Secondly, the control group comprised supposedly non-head
injured footballers, which is problematic due to the high prevalence with which
players of contact sport sustain sub-concussive head injuries that often go unnoticed
(Baker & Patel, 2000; Bernhardt, 2000). Thirdly, the researchers relied on players
accurately reporting their mild head injury histories when it is known that sports

players often underreport mild head injuries (Anderson, 1996).

Finally, it is relevant to report on a neurological study conducted by Gaetz, Goodman
and Weinberg (2000) on 271 junior hockey players. These authors investigated the
cumulative effects of concussion via electrophysiological indices. The players were
divided into four groups on the basis of prior concussion history: no previous
concussion, one concussion, two concussions, and three or more concussions.
Thereafter they were presented with visual stimuli in a variety of forms to which they
had to respond verbally. All responses were recorded and event-related potential
recordings were noted. The primary finding was that significantly longer P3 latencies
(P3 is a cognitive event-related potential) were observed in players who had three or
more concussions. This study is one of the first experimental demonstrations in
humans that cumulative cognitive damage can result from multiple mild head injuries.
The evidence therefore suggests that although some recovery of neuropsychological

function may occur subsequent to sustaining a mild head insult (as is evidenced in
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patients who return to work and/or school), some permanent residual neuronal

damage remains, with the effects of repeated mild head injuries being additive.

2.2.3.4 Commentary on neuropsychological dysfunction subsequent to mild head
injury: Although much research supports the existence of neuropsychological
sequelae following mild head injury, recent meta-analytic reviews have led to
opposing opinions. In 1997, Binder et al. conducted a meta-analytic review of
available prospective and quasi-prospective neuropsychological studies on residual
deficits in mildly head injured adults (which was narrowed down to eight studies).
Their data suggest that measures of attention may be the most sensitive indicators of
debility associated with mild head trauma. With regard to persisting
neuropsychological effects of mild brain injury, the meta-analysis provided support
for a reportedly w eak a ssociation between cognitive deficits and mild head injury,
with no definite causation being revealed. On the basis of their estimates of persistent
neuropsychological dysfunction, the authors assert that neuropsychological
assessment is likely to have a negative predictive value of over 50%. They conclude
that in cases of chronic debility after mild head trauma, clinicians are more likely to
be correct when diagnosing no brain injury than when diagnosing brain injury. In his
follow-up article, Binder (1997) provides alternative explanations for residual
complaints after mild head trauma (including medical and psychiatric illness,
malingering, and somatoform disorder), stating that, “Clearly, there is no robust
evidence of permanent traumatic brain dysfunction, and alternative explanations must

be considered” (Binder, 1997, p. 443).

Satz et al. (1997) conducted a comprehensive review of the literature on mild head
injury in children (comprising 40 studies from 1970 to 1995). Their results revealed
13 adverse, 18 null, and 9 indeterminate findings related to neuropsychological,
academic, or psychosocial outcome. With regard to the adverse outcomes, the authors
stated that the effects were merely alterations in neuropsychological performance (at
the more extreme tail of the mild injury distribution), and that they were subthreshold,
transitory and small (across the entire spectrum of mild head injury). They proceeded
to mention that such adverse outcomes should therefore be viewed with “cautious
scepticism” (Satz et al, 1997, p. 121). The authors found more variability in

neuropsychological outcome with increasing severity in the mild range. Satz et al.
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(1997) concluded that the null hypothesis should be accepted as it relates to

neuropsychological outcome in mild head injury in children.

In response to the Binder et al. (1997) and Satz et al. (1997) reviews, Shuttleworth-
Jordan (1999) comments that the reviews focus heavily on empirical findings of the
presence or absence of neuropsychological deficit, while paying little attention to the
meaning of such results within a theoretical framework. While Binder et al. (1997)
and Satz et al. (1997) fully acknowledge the lowering of brain reserve capacity (BRC)
due to other factors, Shuttlworth-Jordan (1999) draws attention to the fact that these
authors did not acknowledge that a mild head injury may constitute a new risk factor
in itself. Shuttleworth-Jordan (1999) utilises Brain Reserve Capacity theory (as
formulated by Satz, 1993, and described later under section 2.2.3.5) to explicate how
a subclinical mild brain insult may destroy neurons, thereby diminishing cerebral
reserve. It is therefore misleading to take null effects as a sign that full recovery has
occurred.  Furthermore, Shuttleworth-Jordan (1999) introduces the concept of
variability of results as an indication of the presence of cognitive dysfunction, as
variability invalidates the ‘null’ indications of average effects. She asserts that where
there are no differences between group mean scores, significant differences in
variability is an indication that some members of the cohort are displaying cognitive
deficit. This was observed in research conducted on professional rugby players, in
which significant variability was found between the rugby group and the control
group (on tasks sensitive to diffuse brain damage) in the absence of significant
differences in mean scores (Reid et al., 1999). This variability was taken as an
indication of neuropsychological dysfunction amongst some of the rugby players that
was being overlooked by the group mean comparisons. The research studies included
in the Binder et al. (1997) and Satz et al. (1997) reviews concentrate on group mean
comparisons, while ignoring significant variability between groups and the
implications thereof for the future functioning of mildly head injured individuals. In
this regard, Shuttleworth-Jordan (1999, p.25) concludes:

“...it1is fallacious to suggest that null functional outcome at a particular

point in time following mild head injury is equivalent to null brain injury,

in that different test conditions, other superimposed neurological stressors,

and merely the passage of time with respect to such asymptomatic findings

might ultimately transfigure into quite the reverse.”
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2.2.3.5 Brain Reserve Capacity theory: As indicated above by Shuttleworth-Jordan
(1999) and Collins et al. (1999), the theory of Brain Reserve Capacity (BRC), as
formally formulated by Satz (1993), is useful in conceptualising the
neuropsychological dysfunction associated with cumulative mild head injury.
According to Satz (1993), BRC is a hypothetical construct that refers to various
protective and vulnerability factors that may modify the clinical expression of brain
lesions, and which are therefore related to adaptive behaviour. BRC theory postulates
that there is a threshold of brain damage that must be sustained before an individual
will display functional impairment, with threshold being affected by factors such as
aggregate lesions, disease progression, and challenge. Satz (1993) hypothesized that
higher levels of BRC are associated with higher thresholds for exhibiting functional
impairment, and that individual differences in brain reserve probably exist that may
further alter symptom threshold. Therefore, brain insults of similar severity will more
readily become apparent in individuals with lower cognitive reserve than those with
higher BRC. Additionally, with cumulative brain insults over time, the risk of
worsening functional impairment will be greater in those people with lower BRC than
those with higher cognitive reserve. An assumption associated with the theory of
BRC is that general intelligence and educational level are indirect, although
imprecise, indexes of cognitive reserve. Other factors, namely neuronal attrition
associated with aging, (Coffey, Saxton, Ratcliff, Bryan & Lucke, 1999; Mortimer &
Pirrozolo, 1985), gender (Zhang et al., 1990), brain size (Di Sclanfani et al., 1998),
history of prior head trauma (Rothweiler, Temkin & Dikmen, 1998), or a combination
of these factors (Coffey et al., 1999; Fields, 1991) also affect brain reserve.

The value of BRC theory is saliently evidenced via the conceptualisation of individual
variability in patterns of cerebral dysfunction often observed in Alzheimer’s dementia
(Alexander et al., 1997; Schmand, Smit, Geerlings & Lindeboom, 1997; Unverzagt,
Hui, Farlow, Hall & Hendrie, 1998) and in persons infected with human
immunodeficiency virus (HIV) (Basso & Bornstein, 2000). Such research provides
evidence for BRC theory, showing how premorbid intellectual function and/or level
of education may serve as protective or vulnerability factors in the development of
functional morbidity associated with Alzheimer’s dementia or with HIV infection, the
principle of which can be extended to apply to the morbidity associated with

cumulative mild head injury. Early mild head trauma may lead to loss of neurons that
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1s insufficient to manifest as functional impairment. However, with the accumulation
of additional mild head injuries and gradual neuronal attrition associated with aging, a
prior head injured person may dip below critical threshold, resulting in clinically
diagnosable dementia. Satz (1993) illustrates this point by citing research on
professional boxers showing that, “the aging process probably accelerated by the
cumulative effects of relatively mild to severe head trauma over many years, would
summate and lower the temporal threshold of dementia” (p. 286). Similarly, evidence
exists that head injury functions as a risk factor in earlier onset Parkinson’s disease
(Quinn, Rossor & Marsden, 1986), as well as in symptom presentation associated
with Alzheimer’s Dementia (Mortimer & Pirozzolo, 1985) and multi-infarct dementia
(Roth, 1986). The theory of BRC is therefore highly pertinent for the interpretation
and conceptualisation of results obtained in mild head injury research, and especially

sports head injury that is characterised by multiple blows to the head.

2.2.4 Section Summary

Mild closed head injury is often accompanied by subjectively reported signs and
symptoms that are referred to as the Post-Concussive S yndrome (PCS), as well as
deficits that are objectively measurable using neuropsychological procedures (Binder,
1986). Although these deficits tend to resolve within three months post-injury in the
majority of mild head trauma patients, s ome patients (children and adults) tend to
present with residual cognitive debility. Some research has shown that such disability
is objectively observable up to three years post-injury in adults and one-year post-
injury amongst children (Gronwall and Sampson, 1974; Winogron et al., 1984).
Controversy exists, however, regarding the etiology of persisting symptomatology.
The available studies suggest that there is a mixed psychogenic and organic etiology,
with factors such as premorbid personality and intellectual level, age, effect of
multiple or previous injuries, and APOE genotype affecting prognosis subsequent to
mild closed head trauma (Binder, 1986; Kutner et al., 2000; Lishman, 1988; Selby,
2000; Wojtys et al., 1999). Researchers investigating permanent debility consequent
on cumulative mild head injury have revealed objective cognitive deficit in the
domains of information processing speed and executive functioning, and that residual
deficit is measurable using electrophysiological indices (Collins et al., 1999; Gaetz et
al., 2000; Gronwall, 1989; Gronwall & Wrightson, 1975). In the face of research that
supports the existence of residual cognitive symptomatology post-mild head injury,
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recent literature reviews of research conducted on children and adults maintain that
public health concemns regarding the long-term effects of mild head trauma are
unfounded as there is “no robust evidence of permanent traumatic brain dysfunction”
associated with mild head injury (Binder, 1997, p. 443; Binder et al., 1997, Satz et al.,
1997). However, the counterargument asserts that variability in the test results of
mildly head injured patients must be considered within Satz’s (1993) theoretical
framework of Brain Reserve Capacity, so as to avoid dismissing the potentially
hazardous effects of such injury on cerebral reserve c apacity (Shuttleworth-Jordan,
1999).

2.3 MILD HEAD INJURY IN CONTACT SPORT

Although few sports do not carry some risk of mild brain injury, the greatest risk is in
contact sports due to the very nature of these games, where blows to the head may be
expected or even intentional (Anderson, 1996). Although previously considered
benign, recent studies suggest that sports-related mild head injury is a serious public
health problem (Collins et al., 1999; Matser, Kessels, Lezak, Jordan & Troost, 1999).
The following section will examine the incidence of mild head trauma in contact
sports. Neuropsychological studies of mild head injury in boxing, soccer, Australian
Rules Football, and rugby, the latter being the focus of this research, will then be

presented.

2.3.1 Epidemiology

A relatively recent statement by the Centers for Disease Control and Prevention
(1997) proclaimed that athletic mild head injuries in the United States have reached
epidemic proportions. Nevertheless, researchers still have difficulty assessing the
prevalence of such injuries as most cases go unreported (Anderson, 1996). Besides
many mild head injuries being unnoticed due to their supposedly mild nature, athletes
often underreport mild head trauma for fear of letting down the team, being seen as
weak, risking losing playing time during a game due to medical disqualification,
and/or reducing their probability of playing in the next game (Baker & Patel, 2000;
Bernhardt, 2000; Ruchinskas, Francis & Barth, 1997).

Epidemiological research that has been conducted on sports-related mild head injuries

reveals that mild head injury occurs in all of the major sports, including American
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football, Australian Rules football, boxing, soccer and rugby, amongst others (Baker
& Patel, 2000; Erlanger et al., 1999; Maddocks et al., 1995), with an estimated
incidence of 300 000 mild head injury cases per year in the United States (Centers for
Disease Control and Prevention, 1997). Additionally, mild closed head injury is one
of the most frequently reported sporting injuries. It has been found that the sport
associated with the highest incidence of such injury in the United States is American
football (Bailes & Cantu, 2001). With 1.5 million annual participants, various
estimates suggest that 4-20% of these players sustain a mild head insult each season
(Collins et al., 1999). A study conducted at the high school level indicated that 40
000 per 1.1 million high school football players sustain a mild head injury per season
in the United States (Powell & Barber-Foss, 1999). Research on professional
Australian Rules football players found that 25% of all injuries were to the head and
neck, and that 5% of all injuries were concussions (Maddocks et al., 1995).
According to Ruchinskas et al. (1997), the rate of mild head trauma in boxing ranges
from 1-70%, in soccer from 4-22%, and in rugby from 2-25%. In soccer, the basic
incidence is 0.96 concussions per team per season, with the overall incidence being
0.6 per 1000 athlete exposures for men, and 0.4 for women (Boden, K irkendall &
Garrett, 1998). Of significance is that concussion rates per 1000 athlete exposures in

American football and men’s soccer are equal (Kelly & Rosenberg, 1997).

An epidemiological study on Rugby Union revealed that in rugby, the injury rate
varies according to gender and position (Bird, et al., 1998). While females exhibited a
rate of 6.1 injuries per 100 player games, males had a higher rate at 10.9 injuries per
100 player games. Positional variation primarily highlighted the differences between
forward and backline players, with forwards sustaining more injuries to the head/face
and neck, and backs suffering more lower body injuries. Furthermore, results showed
that injury rates for games were higher than that for practices. These findings are
similar to those of an earlier study that found the wing forward to be the player with
the highest rate of injuries, and that head injuries accounted for almost one quarter of
all injuries sustained (24%) (Ryan & McQuillan, 1992). According to Bird et al.
(1998), the tackle was the phase of play in which most of the concussions occurred
(64%). Rucks and mauls were responsible for the remainder of all injury types. A
recent epidemiological study found that the introduction of professionalism into

Rugby Union has coincided with a marked increase in injuries (27% to 47%) to both
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professional and amateur players, with the rise being particularly high in teenage
players (20% to 41%) (Garraway et al., 2000). The authors attribute this increase to
recent changes in the laws of Rugby Union that encourage more open play, which has
probably resulted in more tackles involving a higher degree of momentum or the use
of greater force. At the schoolboy level, the incidence of concussion in Rugby Union
is reportedly 20% (Roux, Goedecke, Visser, van Zyl & Noakes, 1987), with mild head
injuries being reported as the single most common injury sustained (Nathan,

Goedecke & Noakes, 1983).

2.3.2 Boxing

Boxing has been a focus of research into sports-related head injury since 1928, as the
aim in boxing is to render one’s opponent unconscious or helpless through successive
blows to the head (Barth et al., 1989; Martland, 1928). Phrases such as “punch
drunk”, “chronic boxers’ encephalopathy” and “Dementia Pugilistica” (DP) have been
coined to refer to the diffuse cerebral atrophy that often occurs in professional boxers
after retirement (Erlanger et al., 1999; Jordan, 2000). Such chronic traumatic brain
injury represents the additive effect of multiple concussive and sub-concussive blows
to the head, rendering boxing suitable for research into the cumulative effects of mild

head injury (Bailes & Cantu, 2001).

Neuropsychological testing of professional boxers has revealed the presence of
cognitive deficit associated with head injury in general (Haglund & Eriksson, 1993).
Cognitive deficiency has been detected in the areas of attention, concentration,
immediate and delayed memory, new learning, sequencing abilities, and speed of

information processing (Heilbronner, Henry & Carson-Brewer, 1991).

Other studies conducted on professional boxers have suggested a strong relationship
between length of career/number o f bouts and measurable c ognitive dysfunction, a
finding that indicates how neuropsychological functioning is d etrimentally affected
with successive blows to the head (Bailes & Cantu, 2001). Casson, Sham, Campbell,
Tarlau and Didomenico (1982) studied 15 former and active professionals, and three
amateurs via neurological examination, EEG, CT, and neuropsychological testing. Of
the 15 professionals, 13 had abnormal assessments in at least two measures, and all

the amateurs were normal except for mild impairments on one pair of
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neuropsychological tests — immediate and delayed verbal memory. Of particular
significance was the finding of a direct relationship between length of professional
boxing career and the presence and severity of neuropsychological damage. Similar
findings were replicated by Jordan et al. (1996) who discovered, via
neuropsychological testing of professional boxers, that deficit in attention,
concentration and memory was related to various indices of increased sparring
exposure, during which most traumatic head injuries occur (not restricted to mild head
injuries). Although research suggests that less cognitive damage occurs in amateur
boxers (Jordan, 2000), the most extensive study on mild head injury in amateur
boxing, which took place over four years, revealed a trend between memory,
visuoconstructional ability, and perceptual-motor functions and number of bouts
sustained pre-baseline testing (Stewart et al., 1994). The collection of these findings
provides evidence for the cumulative effect of multiple head injuries, as the trends
evident in research on amateur boxers develop into statistically significant findings at

the professional level.

In contrast, results on amateur boxers is in dispute (Lezak, 1995). In 1994, Butler
reviewed 10 studies that assessed 289 amateur boxers, finding that amateur boxers did
not exhibit any significant signs of neuropsychological d ysfunction. However, the
suggestion was made that a long amateur career may degrade fine motor movements.
This finding is consistent with that observed in the Heilbronner et al. (1991) study,
which found that boxers with more extensive fight histories had slower dominant and
non-dominant hand tapping speed. In the study by Brooks, Kupshik, Galbraith &
Ward (1987), 29 active amateur boxers were administered neuropsychological tests,
the results of which were compared to those of 19 controls matched for age, ethnicity
and educational level. F indings revealed no consistent pattern o f d eficit (although
three players did show significance at the p < 0.05 level), and no relationship between
cognitive functioning and duration of amateur career. The authors concluded that
their study provided no evidence that cognitive abnormalities result from well-
controlled amateur boxing. However, the effectiveness of this study was weakened
by the lack of baseline measurement, which, according to Jordan (2000), is
methodologically essential in research into boxing. Furthermore, no theoretical
context was utilised to understand the findings, which resulted in the three significant

scores being dismissed on an empirical basis. Butler, Forsythe, Beverly and Adams
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(1993) included b aseline testing, yet found no significant cognitive deficitat p ost-
fight testing, nor after six-month to two-year follow-up, and no correlation to number
of bouts. Besides utilising a relatively small sample size (n = 86), the follow-up

period may not have been long enough.

Cognitive deficits that have been elucidated by research into amateur boxing have
been found in the areas of verbal memory and verbal new learning (Heilbronner et al.,
1991; McLatchie et al., 1987), visual memory, visuo-spatial ability, complex reaction
time (McLatchie et al., 1987), and perceptual and motor ability (Stewart et al., 1994).
A recent study (Ramirez, 1998) examined the effects on attention of repeated mild
closed head injuries in amateur boxing. The participants were administered the Test
of Variable Attention (TOVA) one hour after the completion of the boxing
tournament and again eight weeks later. Results were compared with those of
amateur basketball players who were assessed while their tournament was in progress,
and matched for age, grade point average, and socio-economic status. Results showed
that variability of attention was the only significant mean result in the boxing group,
and that the boxers’ reaction time was significantly slower than that of the control

group, both at the end of the tournament and eight weeks later.

2.3.3 Soccer

Soccer, the most frequently played sport in the world (Statistics on Fifa, 1982), is
generally regarded as safe by the general public. However, soccer has been formally
classified as a contact sport by the American Academy of Pediatrics (1988). Research
into the chronic neuropsychological deficits associated with mild head injury in

soccer generally distinguishes between professional and amateur players.

The first research study to have found significant cognitive deficit in professional
soccer players utilised an extensive neuropsychological test battery, and compared 37
retired players (mean age 48.6 years) to matched (for age and education) hospitalised
patients with no history of head or neck injuries, or evidence of brain damage
(Tysvaer & Lochen, 1991). The findings revealed that 81% of soccer players had
some degree of cognitive deficit, compared with 40% of the controls. Furthermore,
49% of soccer players had moderate to gross impairment in attention, concentration,

memory and judgement, while none of the controls were more than mildly impaired.
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These findings were supported by the Witol and Webbe (1993) study that found
soccer p layers ( predominantly the older age group, and those who headed the ball
frequently or who had a history of frequent heading) to exhibit deficits in attention,
concentration, cognitive flexibility and general intellectual functioning. In 1998,
Matser, Kessels, Jordan, Lezak and Troost conducted a study to determine the
presence of chronic traumatic brain injury in professional soccer players, finding these
players to exhibit impairments in memory, planning and visuoperceptual tracking,
when compared with non-contact sport controls. Moreover, their findings revealed
the effect of a dose-response, where cognitive impairment was inversely related to the
number of concussions in soccer and the frequency of heading the ball. Furthermore,
neuropsychological test performance also varied according to field position, with
greater impairment being exhibited by forward and defensive players, who were more

likely to experience soccer-related concussions and to head the ball.

Ina more recent study, a group of these authors c onducted further research on 84
Dutch premier league professional soccer players to identify the specific contribution
of soccer-related concussions and headers to neurocognitive dysfunction in this
population (Matser et al, 2001). Participants underwent extensive
neuropsychological evaluation, and the dose-response relation between number of
headers in one professional season and the number of soccer-related concussions on
cognitive functioning was investigated. The test battery included measures of abstract
reasoning, executive functioning, attention and speed of information processing,
memory, visuoperceptual functioning, language, and fine motor behaviour. Results
revealed an inverse relationship between number of headers and verbal and visual
memory and focused attention, as well as an inverse relationship between number of
concussions and visuoperceptual processing and sustained attention — as the number
of headers and concussions increased, so cognitive functioning worsened. The
authors concluded that, amongst professional soccer players, a dose-response relation
exists between neuropsychological impairment and number of headers and
concussions, with headers and concussions separately contributing to cognitive
dysfunction. Although the study lacked a matched control group, the validity of
results was strengthened by the big sample size and by the manner in which the study
was well controlled for a number of variables (e.g. level of education, substance

abuse, number of non-sports related concussions, and medical and psychiatric
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conditions). The indication from the above research is that the effects of chronic mild
head injury are additive, with measurable deficit becoming apparent with increased
exposure to concussion. However, contradictory findings were revealed by a
neurological examination that found no differences between soccer players and track
athletes on MRI (Jordan, Green, Galanty, Mandelbaum & Jabour, 1996). The reason
for this discrepancy may be due to methodologic issues, as this study did not utilise
neuropsychological techniques known to be sensitive to mild head injury (Lezak,
1995).

In a retrospective neuropsychological study aimed at assessing the attention and
concentration of a mateur soccer p layers (Abreau, Templer, S chuyler & Hutchison,
1990), the authors found a significant negative correlation between number of games
played and performance on the PASAT, yet no measurable cognitive deficit on
neuropsychological tests in general. The researchers concluded that their findings
neither warrant a clean bill of neuropsychological health for soccer players nor
indicate any serious harm to the brain. According to the authors, their findings
suggest that soccer may in fact cause minor brain damage or dysfunction. In a more
recent, well-controlled cross-sectional study (Matser et al., 1999), 33 amateur soccer
players were compared to non-contact sport controls (swimmers and track athletes) on
the basis of neuropsychological test performance. Compared with controls, amateur
soccer players demonstrated mild neurocognitive impairment on tests of planning
(39% vs 13%) and memory (27% vs 7%). Additionally, cognitive performance on six
of the neuropsychological tests was inversely related to the number of concussions
incurred in soccer. From this study it is evident how, at the level of amateur soccer,
the dose-response relation between mild head injury and cognitive impairment that is
clearly evident in professional players, is already evident to a measurable degree. The
indication is that mild neuropsychological impairment that is evident in amateur
soccer players may be the forerunner to more pronounced impairment at the
professional level, as a result of the cumulative effect of successive mild head injuries

sustained during their careers.

28



2.3.4 American Football

Kutner and colleagues (2000) conducted a study on professional American football
players to determine whether the cognitive status of these players varies as a function
of age and apolipoprotein E (APOE) genotype (with age being an indication of the
extent of exposure to football related head injuries). Players completed a
computerised neuropsychological test battery that assessed attention, memory, spatial
processing, reasoning, and reaction time. Results revealed how older p layers who
possessed APOE genotype exhibited lower than expected cognitive performance
relative to all other players studied, including comparably experienced players
without APOE genotype and younger APOE genotype carriers. Memory was the
cognitive domain most severely affected. While the authors admitted that the findings
of their exploratory study revealed only modest support for their hypothesis, and that
more research is needed on APOE genotype-exposure interactions amongst this
population, they concluded that their study provided preliminary evidence that the
cognitive functioning of professional American footballers with repeated exposure to
head injury may be affected by age, by the presence of APOE genotype, and by

cumulative exposure to contact.

In 1989, Barth et al. carried out a four-year prospective study that determined the
neuropsychological deficits of injured college American footballers.  The
neuropsychological test battery was comprised of the Trail Making Test (Parts A and
B), the PASAT, and the Symbol Digit Test, which were administered to 2350 players,
as well as to a control group of 59 orthopaedic patients and 48 male college students.
Testing was conducted at 24 hours post-injury, at five days and ten days post-injury,
and at post-season, thereby allowing the researchers to establish a recovery curve.
Results revealed that measurable deficits were predominant at 24 hours post-injury in
the domains of attention, concentration and information processing, and that recovery
took place over the next five to ten days. The authors concluded that a single

uncomplicated mild head injury shows rapid resolution of symptoms.

The Collins et al. (1999) study (described in section 2.2.3.3) that researched the
effects of multiple mild head injuries on college football players demonstrated how
those players with two or more prior mild head injuries displayed significant long-

term deficits in the domains of executive functioning and speed of information
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processing. This research on mild head trauma amongst American footballers
demonstrates that while recovery from one uncomplicated mild brain injury may be
rapid, the effects of multiple mild head injuries are additive, with the presence of the

APOE genotype creating increased vulnerability to permanent deficit.

2.3.5 Australian Rules Football

The players of Australian Rules football run a high risk of sustaining mild head
trauma, as they are often involved in interceptions and tackles while the oval ball is
either kicked or punched around the field, frequently causing collisions between
players (Cremona-Meteyard & Geffen, 1994). A neuropsychological study
investigating whether the effects of such trauma are detectable utilised the PASAT,
the Digit Symbol Substitution Test and Four-Choice Reaction time to obtain baseline
measures (Maddocks & Saling, 1996). The sample consisted of 130 professional
players, 10 of whom sustained a mild head injury and were subsequently re-assessed
at five days post-injury (along with members of the control group). Results suggested
that persisting neuropsychological changes in information processing and decision
time are detectable at five days post-injury. Although the study focused solely on the
effects of a single mild head injury, which precludes any comment on the
neuropsychological sequelae of multiple mild head injuries, the results are still
valuable in demonstrating the deleterious effects of a mild head injury sustained as a

result of contact sport.

In an earlier research project investigating the acute and long-term effects of
concussion on professional Australian Rules footballers, players who had sustained a
mild head injury were assessed using cued reaction time tasks, at two weeks and one
year post-injury (Cremona-Meteyard and Geffen, 1994). A control group of elite
sportsmen with no history of concussion were used as the control group, and
potentially confounding variables were addressed and managed. Although there were
no test differences between players and controls during the acute phase, at one-year
post-injury the mild head injury group showed a reduced benefit of valid cueing
relative to controls. The authors concluded that their research provides convincing
evidence of persistent impairment in the ability to direct visuospatial attention
following mild head trauma in Australian Rules footballers. The implication is a

reduced ability to act quickly in response to expected spatial events (such as a ball
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looming towards a player), which puts players at risk of further (and hence multiple)

head injury.

2.3.6 Rugby League

The game of Rugby League is extremely physical where players are required to have
speed, stamina, strength and agility. Since the ball can only be carried or kicked
down the field, players often collide into each other or tackle each other (the latter
being an intrinsic part of the game), which result in players being repeatedly exposed

to head injury (Gibbs, 1993).

In 1999, Hinton-Bayre, Geffen, Geffen, McFarland and Friis conducted a follow-up
study on their 1997 report on the sensitivity of tests of speed of information
processing to impairment following mild head injury in professional Rugby League
players. They aimed at taking practice effects into account and at assessing individual
variations following concussion. To achieve the latter, they employed a Reliable
Change Index (RCI), which was an impairment criterion of decline. The following
measures formed their neuropsychological test battery: Speed of Comprehension,
Digit Symbol Substitution, and Symbol Digit Modalities Test. Players were assessed
pre-season, and up to three times post-injury: 1-3 days, 1-2 weeks, and 3-5 weeks.
Matched controls were also re-assessed at similar intervals towards the end of the
season. Group analyses of the data revealed significant decline in players’
performance on each test 1-3 days post-injury, but that functioning had returned to
baseline within 1-2 weeks post-injury. None of the controls were impaired. After
conducting individual analyses, which incorporated use of the RCI, it became
apparent that using only one test to measure impairment was insufficient, as it failed
to detect up to more than half of the concussed players at 1-3 days post-injury.
Furthermore, using the RCI on any one of the three tests improved the test’s
sensitivity to concussion. Results of the supposedly most sensitive test (Speed of
Comprehension) revealed impaimment in 1 1/20 concussed players at 1-3 days post-
injury. However, when all three tests were considered, 16/20 players showed deficit
on at least one of the three tests when re-assessed 1-3 days post-injury. When the RCI
was employed, 7/20 players were still found to be impaired 1-2 weeks post-injury,
particularly on Speed of Comprehension, but returned to baseline levels at 3-5 weeks

post-injury. This study was limited by a small sample size, by varying amounts of
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baseline and post-injury data across players, and by an impairment criterion also
based on a small sample. However, it reveals how, when utilising tests sensitive to
the effects of mild head trauma, residual symptoms become apparent, especially in
those individuals who are exposed to multiple mild head injuries, such as in the game

of Rugby League.

2.3.7 Rugby Union

Rugby Union is a full-body contact sport with many injuries resulting from extrinsic
forces, including impact and collision at speed. Mild closed head injury,
accompanied by joint dislocations and fractures, are the more serious injuries
sustained in rugby (Bird et al, 1998). Nonetheless, research into the
neuropsychological sequelae of cumulative mild head injury in Rugby Union is

sparse.

The first study to examine the effects of mild head injury in Rugby Union appears to
have been that conducted by Shuttleworth-Jordan et al. (1993) in South Africa.
Although restricted by a small number of concussed players, this study managed to
overcome some of the methodological weaknesses of other studies by employing a
more extensive test battery, by recording a recovery curve up to three months, as well
as by exploring the effects of previous concussive or unreported sub-concussive head
injuries. Shuttleworth-Jordan et al. (1993) compared 60 university rugby players to
non-contact sport controls on measures of hand-motor dexterity (Denckla Finger
Tapping and Purdue Pegboard), short-term verbal memory (Digit Span Forwards),
verbal new learning (Digit Supraspan Test) and working memory (Trail Making Test
Parts A & B and Digit Span Backwards). Baseline premorbid data was collected at
pre-season to allow for two levels of analysis: (i) pre- and p ost-season d ifferences
between non-head injured players and matched controls, and (ii) test differences
between players with a reported mild head injury sustained during the season and
matched controls at pre-season, five days, one month, two months, and three months

post-season.

The pre-season comparison between non-concussed players and controls revealed that
the non-head injured rugby players revealed a pattern of deficit similar to that seen in

diffuse brain damage, with deficits in verbal new learning, working memory, and
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hand-motor dexterity. The authors attributed these results to probable permanent
deficits in a rugby-playing population. Further indicative of diffuse brain damage, the
rugby players showed less capacity than the controls for practice effects between pre-
and post-season testing. Positional variation was also noted, with forward players
exhibiting greater impairment than backline players. This finding was associated with
the nature of play in the scrum that is likely to expose forward players to a high

potential for cumulative mild head injury.

Five of the 60 rugby players reported sustaining a mild head insult during the rugby
season. Relative to controls, these players displayed significant dysfunction in the
areas of verbal new learning, working memory, attention, and hand-motor dexterity at
three days post-injury. Although considerable recovery was evident at one month and
further recovery at two months post-injury, at three months post-injury the mild head
injury group was still not demonstrating a practice effect to the same degree as the
controls on Digits Backwards, Digit Difference, Digit Supraspan, and Finger Tapping.
The indication was that full recovery had not yet been reached. Furthermore, the
pattern of deficit among the head injured group was highly comparable to that

recorded among the non-head injured group.

The Shuttleworth-Jordan et al. (1993) research provided the thrust that initiated an
ongoing study of the neuropsychological effects of cumulative mild head injuries on
Rugby Union players. Initially, p rofessional rugby players (the S pringboks) and a
comparison group of national cricket players were individually assessed using a wide
neuropsychological test battery and a self-report measure of post-concussive
symptoms. Results were analysed via direct comparisons of rugby versus cricket
group mean scores (Ancer, 1999). National field hockey players were then assessed
via the same assessment procedures and used as an alternative control group to the
cricket players, and Springbok rugby versus field hockey group mean scores were
compared (Finkelstein, 1999). Additionally, the national rugby sample was enlarged
to incorporate the national Under 21 rugby squad, and results of a wide
neuropsychological test battery of the combined rugby sample (Springboks and Under
21 players) were compared to those of the national field hockey sample via direct

comparisons of rugby versus field hockey group mean scores (Finkelstein, 1999).
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At the professional level, results of visuoperceptual tracking tasks were consistently
low, with the rugby group demonstrating worse cognitive test performance than the
field hockey group. T he unstructured verbal fluency task also revealed significant
deficit amongst the rugby p layers relative to the field hockey players, whereas the
hand-motor dexterity task showed better performance by the rugby players relative to

the field hockey players.

With regard to rugby forwards versus rugby backs at the professional level, results of
visuoperceptual tracking tasks were also consistently low in the direction of poorer
cognitive test performance by the rugby forwards relative to the rugby backs. Rugby
forwards also displayed worse test performance than the rugby backs on the hand-
motor dexterity task, as well as on an attention and concentration task and a verbal
memory task. These results revealed the presence of significant cognitive deficit
associated with mild closed head injury amongst professional rugby players, with
impairment being particularly pronounced amongst the rugby forwards. Although
this research was considered methodologically rigorous due to the large sample size,
the inclusion of a matched non-contact sport control group, and the use of
neuropsychological tests known to be sensitive to the effects of diffuse brain damage,
the results only applied to top-level professional rugby players and consequently were

not representative of the total rugby-playing population.

As a result, an analysis at the school level was conducted using the same basic
assessment procedure to compare the cognitive test performance and post-concussive
symptoms of top-level schoolboy rugby players (from rugby-playing schools in Cape
Town) to top-level schoolboy field hockey players from the same schools (non-
contact sport controls). The neuropsychological test battery was a refined version of
that employed at the professional level, and included measures of general intellectual
functioning (Picture Completion, Vocabulary, National Adult Reading Test), attention
and concentration (Digit Span, Letter-number Sequencing, STROOP screening test),
visuoperceptual tracking (Digit Symbol Substitution, Trail Making Test Parts A & B),
memory (WMS Associate Learning, Digit Symbol Incidental recall — Immediate &
Delayed, WMS Visual Reproduction), verbal fluency (Words-in-One-Minute, “S”
Words-in-One-Minute) and fine hand-motor dexterity (Sequential Finger Tapping).
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In this study, as with the analyses for the professional players, rugby versus field

hockey group mean scores were compared (Ackermann, 2000).

Results of this school level research revealed only one significant finding on a verbal
memory task in the direction of poorer test performance by the rugby group relative to
the field hockey group. Unlike findings on professional rugby players, research at the
school level did not reveal statistically significant results on visuoperceptual tracking

tasks.

With regard to school level rugby forwards versus school level rugby backs, no
significant differences were noted on any of the neuropsychological tests. Such a
finding is counter to epidemiological research that indicates a higher incidence of
head injuries in rugby forwards compared to rugby backs (Bird et al., 1998).
However, this epidemiological researchis based on adults, and Ackermann (2000)
suggests that her contrasting findings may have been influenced by the fluidity of
school level positions, which are possibly not as entrenched as they are at the
professional level. Yet, due to the small number of participants in Ackermann’s
(2000) school sample, and the lack of school level research to corroborate her findings
on rugby forwards versus rugby backs, it would seem too premature to suggest that

school level forwards will not display more deficit than school level backs.

Ackermann (2000) concluded that the results of the group mean comparisons
provided only tentative support for the presence of cognitive deficits in a high school
rugby-playing population. =~ While the methodology of this research was an
improvement on research conducted at the professional level in that it utilised a more
sensitive method for calculating IQ and a more refined and updated version of the test
battery, it was limited by the small sample size, making it difficult to generalise the

findings to other school level rugby players.

It was therefore decided to initiate a second phase at the school level in order to

enlarge the school sample, which is the aim of the present study.
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2.3.8 Section Summary

The incidence of sports-related mild head injury is very high, particularly in contact
sports such as boxing, soccer, Australian Rules football, American football, Rugby
League and Rugby Union. Since the introduction of professionalism into Rugby
Union, injury rates have markedly risen, particularly amongst teenage players
(Garraway et al., 2000). In boxing, the trend between length of amateur boxing career
and presence and severity of cognitive dysfunction is visible as a direct relationship at
the professional level (Jordan et al., 1996; Stewart et al., 1994). Professional soccer
players have been found to exhibit neuropsychological deficit predominantly in the
areas of attention, concentration and memory (Tysvaer & Lochen, 1991). Amateur
soccer players also exhibit the dose-response relation between number of concussions
and cognitive performance, albeit to a lesser degree than in professional players, with
deficit being apparent in planning and memory (Matser et al., 1999). The few studies
conducted on American Footballers, Australian Rules Footballers, and Rugby League
players have consistently revealed patterns of cognitive deficit among players that are
typically associated with diffuse brain damage (Barth et al., 1989; Hinton-Bayre et al.,
1999; Maddocks & Saling, 1996). The Shuttleworth-Jordan et al. (1993) study of
Rugby Union players suggests that such deficits are likely to be permanent. Results
of ongoing research into the effects of cumulative mild head injury in Rugby Union
indicates that, at the professional level, neurocognitive deficits suggestive of diffuse
brain damage are marked and measurable (Finkelstein, 1999). At the school level,
research reveals no overall cognitive dysfunction amongst top-level rugby players,
although subtle indications point to incipient neuropsychological deficit in the area of

verbal memory function (Ackermann, 2000).

2.4 RESEARCH HYPOTHESES

From the e mpirical research presented a bove and the theoretical p ostulates o f Satz
(1993), as explicated by Shuttleworth-Edwards et al. (in press), the following
hypotheses were posed for the purposes of this study:

1. Top-level schoolboy rugby players, when compared with non-contact sport
controls, will exhibit greater neuropsychological impairment on tests sensitive
to the effects of diffuse brain damage, as evidenced by a significant difference

of group mean scores in the direction of poorer performance by the rugby
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players relative to controls. The rationale for this hypothesis is that rugby
players are more exposed to the potential for sustaining cumulative mild head
injuries due to the nature of the game, which in turn, would serve to lower
their brain reserve capacity, rendering them more vulnerable to
neuropsychological impairment, particularly on tests sensitive to subtle

neurocognitive dysfunction.

Top-level schoolboy rugby forwards, when compared with rugby backs, will
display greater neuropsychological impairment on tests sensitive to the effects
of diffuse brain damage, as evidenced by a significant difference of group
mean scores in the direction of poorer performance by the forwards relative to
the backs. The rationale is that the forwards’ positioning on the field, where
they are more exposed to play that involves physical collisions and impacts
(due to scrumming and tackling), increases their exposure to cumulative mild
head injuries (compared to the positioning of the backs). Such injuries serve
to lower cognitive threshold capacity, thereby rendering forwards more
vulnerable than backs to neuropsychological dysfunction on tests susceptible

to the effects of mild cognitive impairment.
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CHAPTER THREE: METHODOLOGY

The present study forms partofa larger and ongoing research study exploring the
effects of cumulative mild head injuries on rugby players. Initially, professional
rugby players were assessed using a wide neuropsychological test battery and a self-
report measure of post-concussive symptoms (Finkelstein, 1999). Next, an analysis at
the school level was conducted using the same basic assessment procedure to compare
the cognitive test performance and post-concussive symptoms of top-level schoolboy
rugby players (from rugby-playing schools in Cape Town) to top-level schoolboy
field hockey players from the same schools (non-contact sport controls) (Ackermann,
2000). Subsequently it was decided to initiate @ second phase at the school level in
order to enlarge the school sample, which is the aim of the present study. To maintain
continuity within the ongoing research study, the present project utilised the same
basic methodology as was used for the prior studies (Finkelstein, 1999 and
Ackermann, 2000) to assess a cohort of schoolboy rugby players from a rugby-
playing school in Grahamstown, and a comparison group of field hockey players from

the same school. Specifically, the methodology was as follows.

3.1 PARTICIPANTS

3.1.1 Selection Criteria

Participants were selected from top-level senior schoolboy rugby players (chosen due
to their lengthy rugby careers and a more intensive and competitive level of play) and
top-level senior schoolboy field hockey players from a top rugby-playing school in
Grahamstown. The field hockey players were equivalent to the rugby players in terms

of level of play (i.e. top teams), quality of school, educational level and age.

The participants included only currently active rugby players aged between 15 and 19
years of age. Field hockey players were used as the non-contact sport control group
as both field hockey and rugby are winter sports, which minimised the possibility of
athletes being involved in both sports and thereby confounding the research findings.
Field hockey players are not exposed to cumulative mild head injury to the same
extent as are rugby players. The incidence of mild head injury in field hockey has
been reported as 0.46 per 100 player-sessions, which is significantly lower than both
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football and Rugby Union (Powell & Barber-Foss, 1999; see earlier review, pp. 22-
23).

3.1.2 Exclusion Criteria

In order to control for potentially confounding variables, as well as to maintain
continuity between phases, the same exclusion criteria as for the first school phase
were applied. These included a reported history of substance abuse, any neurological
or psychiatric/psychological disorders, previous diagnosis of a learning disorder,
and/or any previous moderate to severe head injury sustained for any reason (such
head injuries were considered any injuries greater than mild as defined by Evans
(1992) and the Head Injury Interdisciplinary Special Interest Group of the American
Congress of Rehabilitation Medicine) (see earlier discussion, pp. 5-7). On the basis of
these exclusion criteria, two rugby players were excluded (leaming disorder: n = 2)
and one field hockey player was excluded (neurological disorder: n = 1). The final
Grahamstown sample included in the data analysis comprised 32 rugby players and 24
field hockey players. When Cape Town samples were combined with the
Grahamstown samples, the following groups and sub-groups were established: Total
Rugby (n = 79); Total Field Hockey (n = 58); Rugby Forwards (n = 45); and Rugby
Backs (n = 34). Participants were not excluded on the basis of previous mild head
injuries as doing so would have excluded the majority of the rugby players, given the
nature of the game. Furthermore, the aim of the study was to examine the effects of

cumulative mild head injuries.

3.1.3 Demographic Data

As performance on cognitive tests is known to be affected by variables such as age,
education level, and IQ (Lezak, 1995), group mean comparisons between the Total
Rugby group and the Total Field Hockey group, and within the Total Rugby group
(Rugby Forwards versus Rugby Backs), were calculated for these variables using a
pooled independent t wo-sample t-test. E stimated premorbid 1Qs were i ndividually
established and utilised for the a forementioned comparisons. A ccording to Lezak,
“The best p erformance method” for calculating e stimated premorbid IQ entails the
use of the single highest score of tests that are known to be good indicators of
premorbid IQ and that tend to be generally unaffected by brain damage (see
discussion in Lezak, 1995, pp. 106-108). Two recognised tests for this purpose
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(Lezak, 1995) are the Vocabulary Subtest and Picture Completion Subtest from the
Wechsler Adult Intelligence Scale — Third Edition (WAIS-III).

The estimated premorbid IQ of each rugby and field hockey player was calculated
using both these tests. As is evident from tables 3.1 and 3.2 below, groups (Total
Rugby versus Total Field Hockey; Rugby Forwards versus Rugby Backs) were
equivalent in terms of estimated premorbid IQ (p = 0.0823 and p = 0.213
respectively) as well as level of e ducation (p= 0.986 and p = 0.425 respectively).
From tables 3.1 and 3.2 it is apparent that the Total Rugby group was well matched
with the Total Field Hockey group in terms of age (p = 0.069), although a significant
difference for age was evident between the Rugby Forwards and the Rugby Backs (p
= (0.045) with the Forwards group being marginally higher (mean = 17.38) compared
to the Backs (mean = 17.03). Specifically, the ages ranged from 15-19 amongst the
Forwards and from 16-18 amongst the Backs. Clearly, these mean ages appear highly
equivalent and the statistical significance appears to be reflecting the wider spread of
scores within the Forwards group compared to the Backs. Substantial effects on
cognition would not be expected by virtue of this discrepancy in age ranges between
the Rugby Forwards and the Rugby B acks in that they are well within a five-year
span, which is less than is typically provided for the e stablishment of “normative”
data on cognition tests (Spreen & Strauss, 1991). Furthermore, both groups fall
within the same developmental stage of late adolescence as delineated by Santrock

(2002) (see earlier discussion, pp. 9-10).

Table 3.1: Comparison of Demographic Data for Rugby and
Field Hockey Players

Sport n Mean | SD t- p-
statistic | value

Age Rugby | 79 17.23 | 0.77 | -1.831 | 0.069
Hockey | 58 16.98 | 0.78

Education | Rugby | 79 11.10 | 0.69 | 0.017 | 0.986
Hockey | 58 11.10 | 0.81

Premorbid | Rugby 79 [114.22]17.13 | -0.224 | 0.823
1Q Hockey | 58 |[113.57]16.09

* Significant Difference (p < 0.05)
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Table 3.2: Comparison of Demographic Data for Rugby Forwards
and Rugby Backs

Position n Mean | SD t- p-
statistic | value

Age Forwards | 45 | 17.38 | 0.81 | -2.039 | 0.045%
Backs 34 17.03 | 0.67

Education | Forwards | 45 | 11.16 | 0.74 | -0.802 | 0.425
Backs 34 | 11.03 | 0.63

Premorbid | Forwards | 45 | 116.31 | 17.13 | -1.256 | 0.213
1Q Backs 34 11114411699

* Significant Difference (p < 0.05)

3.1.4 Mild Head Injury History

Group mean comparisons of the reported incidences of total sport and non-sport
related mild head injuries were conducted between the Total Rugby group and the
Total Field Hockey group, as well as between Rugby Forwards and Rugby Backs (see
tables 3.3 and 3.4).

With regard to Total Rugby versus Total Field Hockey, a significant difference was
evident (p = 0.000) in the direction of rugby players sustaining more mild head
injuries (both sport and non-sport related) than the hockey players. Rugby players
reported an average incidence of 2.29 mild head injuries, while hockey players
reported a mean incidence of 0.35. Furthermore, the Total Rugby group exhibited a
higher standard deviation (SD = 1.68) and a much wider range of incidence (Range =
0-7) than did the T otal Field Hockey group (SD = 0.48; Range = 0-1), suggesting

greater variability in the incidence of mild head trauma amongst the rugby players.

When comparing Rugby Forwards versus Rugby Backs, the analysis revealed no
significant differences between the groups with regard to mean incidence (p = 0.49)
and varability (p = 0.94). Therefore, there was no difference between the two groups
with regard to range of incidence (Range = 0-7 for both Rugby Forwards and Rugby
Backs).
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Table 3.3: Comparison of the Incidence of Previous Reported
Mild Head Injuries (both sport and non-sport related)
in Rugby and Field Hockey Players

Sport n Mean | SD | Range t- p-

statistic | value

Rugby 9 2.29 1.68 0-7 -9.766 | 0.000*

Hockey 58 0.35 0.48 0-1

* Significant Difference (p < 0.05)

Table 3.4: Comparison of the Incidence of Previous Reported
Mild Head Injuries (both sport and non-sport related)
in Rugby Forwards and Rugby Backs

Position n Mean SD Range t- p-

statistic | value

Forwards | 45 2.18 1.67 0-7 0.687 | 0.494

Backs 34 2.44 1.71 0-7

* Significant Difference (p < 0.05)

3.2 PROCEDURE

All the participants were assessed between May and June 2001 at the educational
institution from which they were selected. As in the first phase of the school study,
assessment took place during the rugby season, as opposed to pre-season, as this
allowed for the detection of permanent effects as well as any acute effects of
cumulative mild head injury in the rugby players. The core research team (who
conducted the assessment) included the current researcher and two post-graduate
students in psychology, under the supervision of a trained clinical psychologist
involved in earlier research aspects of the ongoing study. All received their training
from Rhodes University, and were trained in the administration and scoring of the
tests included in the neuropsychological test battery. To maintain continuity within

research phases, the test protocols and the questionnaires used were identical to those
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employed in the first phase. Furthermore, standardised test instructions, taken either

from the original manuals or from Lezak (1995), appeared on each test protocol.

Each participant was tested individually, in a private room, for a pproximately one
hour. All participants were English speaking and all interviewing and testing took
place in English. Prior to testing, each participant was provided with an explanation
of the nature and purpose of the assessment, and any concerns were clarified.
Furthermore, confidentiality was emphasised by informing the participants that
individual results would remain confidential and that only group analyses would be

conducted.

3.3 CONSENT AND QUESTIONNAIRES

As all the players in the sample were minors, consent for the research was provided
by the school principal acting in his role as loco parentis (see Appendix I). The
school principal subsequently informed the participants’ parents of the research
project. Before testing began, each participant was required to complete a
demographic questionnaire (see Appendix II) that provided information on
biographical details (age, level of e ducation, current 1evel o f functioning), s porting
history, previous head injuries (both sport and non-sport related), and history of
substance abuse. T his information w as employed for the purpose of matching the
groups and of making any necessary exclusions. A self-report post-concussive
symptomatology questionnaire was then administered to the participant to elicit any
residual post-concussive symptoms. As this questionnaire does not form part of the

database for this particular study, it was not included in the appendices.

3.4 NEUROPSYCHOLOGICAL TEST BATTERY

The neuropsychological test battery used in the present study was a reduced version
of that utilised in the earlier phase of the school research. In the interests of time
economy and more focused research, it was decided only to include tests across
cognitive modalities that consistently showed deficit in the prior professional and
school level research, namely visuoperceptual tracking and memory. Tests used for
the estimation of premorbid IQ were also included. Specifically, the
neuropsychological test battery consisted of the following tests: WAS-III Vocabulary
Subtest; WAIS-III Picture Completion Subtest; Wechsler Memory Scale (WMS)
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Associate Learning Subtest (Immediate and Delayed Recall); South African Wechsler
Adult Intelligence Scale (SAWAIS) Digit Symbol Substitution Subtest (Incidental
and Delayed Recall); SAWAIS Digit Span Subtest; and Trail Making Test (Parts A
and B). These tests measured functioning across major cognitive modalities,
including g eneral intelligence, visuoperceptual tracking, verbal memory, and visual
memory. Each test will be discussed in more detail under the respective cognitive
modality (see Appendix III for the assessment schedule as well as for the

aforementioned neuropsychological tests in order of administration).

3.4.1 General Intellectual Functioning

As a consistent relationship has been found between premorbid intellectual ability and
level of impairment subsequent to brain injury (Lezak, 1995), it was necessary to
establish the participants’ premorbid IQs. This allowed for matching of the groups so
that accurate group comparisons could be conducted on the basis of
neuropsychological test results. As mentioned in section 3.1.3, two WAIS-III
subtests, namely Vocabulary and Picture Completion, were utilised for the purpose of

determining estimated premorbid IQs.

WAIS-III Vocabulary Subtest — this test consists of a list of 33 words arranged in
order of increasing difficulty. As per the WAIS-III manual (1997) instructions, the
participant was required to state the meaning of the word. Vocabulary assesses an
individual’s established semantic knowledge, language development and general
verbal ability, and it correlates highly with general intelligence (Groth-Marnat,
Gallagher, Hale & Kaplan, 2000). According to Zillmer, Waechtler, Harris and Kahn
(1992) (in Lezak, 1995), Vocabulary tends to be among the least affected tests
subsequent to diffuse brain injury, and is therefore a good indicator of premorbid

intellectual functioning.

WAIS-III Picture Completion Subtest — this test comprises 15 incomplete pictures
arranged in order of increasing difficulty. As per the WAIS-III manual (1997)
instructions, the participant was to identify an important missing visual component in
each picture, within a time limit of 20 seconds per card. Picture Completion assesses
visual alertness, visual recognition (long-term visual memory), visual organisation

and reasoning abilities, as well as the ability to differentiate essential from irrelevant
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or inessential stimuli (Groth-Marnat et al., 2000). Similar to Vocabulary, Picture
Completion is a good indicator o f premorbid ability as it is minimally affected by

brain damage (Crosson, Greene, et al., 1990, in Lezak, 1995).

3.4.2 Visuoperceptual Tracking

SAWAILS Digit Symbol Substitution Subtest — this is a timed task involving
perceptually pairing symbols with corresponding digits, followed by rapidly recording
the symbols with the corresponding digits. As per the SAWAIS manual (1969)
instructions, the examiner first demonstrated by filling in the first eight blank spaces
with the symbol corresponding the digit printed above the blank space. The
participant was then instructed to do the same by filling in as many of the remaining
67 blank spaces as possible, as quickly and as accurately as possible, without omitting
any blocks. The number of blocks completed after a 90 second period was recorded
for scoring purposes. Good performance on this test requires a complex interaction of
cognitive functions, mnamely visuoperceptual tracking, sustained attention,
psychomotor speed, short-term visual memory, sequencing ability, response speed,
visuomotor co-ordination, and mental flexibility (Groth-Marnat et al., 2000; Lezak,
1995). As a result, Digit Symbol Substitution is very sensitive to even subtle
cognitive impairment and is therefore a good indicator of diffuse brain damage
associated with mild closed head injury (Erlanger et al., 1999; Lezak, 1995). The 90
second SAWAIS version of this test was used rather than the more recent WAIS-III
120 second version, as it is shorter and therefore recommended for economical use in

research settings (Shuttleworth-Edwards, in press).

Trail Making Test (Reitan, 1956) — this is a test of complex visual scanning, motor
speed, and sustained attention and concentration that requires sequential problem
solving (Barth et al., 1989; Spreen & Strauss, 1991). The test consists of two parts (A
and B) that will be presented separately. According to Spreen and Strauss (1991), this
test is sensitive to the effects of brain damage, with Part B being particularly sensitive

to even mild cognitive impairment.

Trail Making Test (Part A): This test comprises a sheet of paper with 25 encircled
numbers randomly arranged on the page. The participant was required to draw pencil

lines connecting the numbers in numerical order, and to do so as quickly as possible
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without lifting the pencil off the paper. The score was the time taken to complete the
test. Prior to commencement of the task, the participant was provided with a mini

version of the test to complete for practice purposes.

Trail Making Test (Part B): The administration of Part B was similar to that of Part
A, with the exception that the participant was required to connect encircled numbers
and letters in alternating order. Part B requires complex conceptual tracking, working
memory, more mental flexibility and more information processing than Part A. It is
therefore more difficult than Part A as well as more susceptible to the effects of

diffuse brain damage (Lezak, 1995; Spreen & Strauss, 1991).

3.4.3 Verbal Memory

SAWAIS Digit Span Subtest — this test consists of two separate tests, namely Digits
Forwards and Digits Backwards, which involve different cognitive abilities and are
differentially affected by brain damage (Lezak, 1995). F or these reasons, they are

examined individually.

Digits Forwards: As per the SAWAIS manual (1969) instructions, the p articipant
was to repeat a fixed random series of numbers of increasing length, verbalised by the
tester. For each digit span, there is another span of equal length (different numbers).
When the participant was unable to recall both trials of a span, the test was
discontinued. The score was the highest span number achieved. This test assesses
immediate auditory and verbal memory, but it is primarily a test of attention or
freedom from distraction (Kaufman, McLean & Reynolds, 1991). Digits Backwards
is a far more difficult task than Digits Forwards, rendering it more likely to
impairment following diffuse brain damage. Hence, Digits Forwards is more likely to

hold in such instances (Lezak, 1995).

Digits Backwards: As with Digits Forwards, the participant was to repeat a fixed
random series of numbers of increasing length. Although also similar in instruction
and scoring to Digits Forwards, this test required the participant to recall the numbers
in reverse order. Digits Backwards assesses auditory and verbal memory, and it

further requires that the participant store the information in memory while actively
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manipulating it. The latter task taps working memory function, which is highly
sensitive to diffuse brain damage (Lezak, 1995).

WMS Associate Learning Subtest (Immediate Recall) — the original Wechsler
version (Form 1) of the WMS manual (Wechsler, 1945), including the delayed recall
task, were used. The participant was read a list of 10-paired words, consisting of six
“easy” pairs that are readily associated and four “hard” pairs that are less readily
associated. The participant was then cued with the first word of each pair (one pair at
a time), and required to recall the corresponding word. This procedure was repeated
three times. The “easy” pairs assess the recall of old verbal associations, while the
“hard” pairs rely on new verbal learning ability. As a result, the “hard” pairs are more

susceptible to the effects of diffuse brain damage (Lezak, 1995).

WMS Associate Learning Subtest (Delayed Recall) — As delayed memory is more
vulnerable than immediate memory to the effects of diffuse brain damage (Lezak,
1995), the participant w as required to recall the “easy” and “hard” pairs p resented
earlier, after a 20 minute delay. Again the participant was cued with the first word of

each pair (one pair at a time), and expected to recall the association.

3.4.4 Visual Memory

SAWAIS Digit Symbol Incidental Recall (Immediate) — the short form method of
this test was used (Shuttleworth-Jordan & Bode, 1995) as originally described by
Kaplan et al. (1991, in Lezak, 1995, p. 463). The tester allowed the participant to
continue to the second last row, but noted how many blocks the participant had
managed to fill in after 90 seconds. The participant was then provided with a sheet of
paper on which the digits were printed and was required to draw as many of the
corresponding symbols as could be recalled. This is a test of recent memory that has
been shown to be susceptible to the effects of diffuse brain damage. Studies point to
the diagnostic potential of Digit Symbol incidental recall in the evaluation of
cumulative mild head injury in contact sport (Heilbronner et al., 1991; Pettersen &

Skelton, 2000; Shuttleworth-Edwards, in press).
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SAWAIS Digit Symbol Incidental Recall (Delayed) — after a 2 0-minute d elay, the
participant was handed another sheet of paper with the digits printed on it and was
requested to fill in as many of the corresponding symbols as they could remember.
Although most people remember as many or almost as many digit-symbol pairs on
delayed recall as on immediate recall, this is not usually the case in instances of
diffuse brain damage, as delayed memory tends to be more sensitive to the effects of

such damage than immediate memory (Lezak, 1995).

3.5 DATA PROCESSING

Scoring of test protocols was conducted by the core research team according to
standardised methods (stated in section 3.2). To ensure inter-rater reliability, the
scores were crosschecked amongst the core research team and then randomly checked
by the supervising trained clinical psychologist to ensure accuracy of scoring and
continuity of scoring standards within the ongoing research study. Cape Town rugby
and field hockey samples were then combined with the Grahamstown samples to

create enlarged samples.

Data analysis involved a direct comparison of group mean scores across each
neuropsychological test for: (i) Total Rugby versus Total Field Hockey (non-contact
sport control group); and (ii) Rugby Forwards versus Rugby Backs.

3.6 STATISTICAL ANALYSIS

For each neuropsychological test, means were calculated to allow for comparisons to
be made between the groups ( Total Rugby versus T otal Field Hockey; and Rugby
Forwards versus Rugby Backs). As opposed to using two-tailed t-tests to compare the
means of the groups (as was done in the earlier s chool research), one-tailed t-tests
(which predicted poorer performance by the Rugby players and the Rugby Forwards)
were utilised in this research project. One-tailed t-tests are contingent upon the
researcher’s decision, regarding directionality of findings, prior to running the tests.
Where this is possible, one-tailed t-tests are more powerful than two-tailed t-tests as
the probability of a difference in one specified direction is half that of the same
amount of difference in either direction (Runyon & Haber, 1980). Hence, use of one-
tailed t-tests reduces the possibility of a Type II error (i.e. the failure to detect real

differences when there are differences). The prediction of poorer performance by
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Rugby players and the Rugby Forwards is based on: (i) theoretical postulates of BRC
theory (Satz, 1993) that each mild brain insult lowers cognitive reserve, thereby
rendering Rugby players and Rugby Forwards more vulnerable to cognitive
impairment than Field Hockey players and Rugby Backs respectively, and (i1) results
of previous Rugby Union research, which revealed the presence of significant
cognitive deficit among Rugby players, specifically Rugby Forwards, on those
neuropsychological tests known to be sensitive to mild head injuries (Shuttleworth-

Edwards et al., in press).

Finally, the t-test analysis used pooled sample variances if homogeneity of the
variances was appropriate, and separate sample variances if heterogeneity of the
variances was appropriate. The latter required the use of the Smith-Satterthwaite
Procedure t-test so that the means could be validly compared (Runyon & Haber,

1980).
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CHAPTER FOUR: RESULTS

Statistically significant results of the group mean comparisons will be presented in the
following order: Total Rugby versus Total Field hockey, and Rugby Forwards versus
Rugby Backs.

4.1 COMPARISON OF GROUP MEANS ACROSS ALL NEUROPSYCHO-
LOGICAL TESTS

As described in the methodology chapter, data were analysed using one-tailed t-tests,
which predicted poorer performance by the rugby players versus the field hockey
players, and the forwards players relative to the backs. The t-test analysis used pooled
sample variances if homogeneity of the variances was appropriate, and separate
sample variances if heterogeneity of the variances was appropriate. The results of the
statistical analyses conducted for the present study are presented at the end of this

chapter (see tables 4.1 and 4.2, pp. 51-52).

4.1.1 Total Rugby Versus Total Field Hockey (see table 4.1, p. 51)

For the group mean comparison of Total Rugby versus Total Field Hockey (non-
contact sport control group), a significant difference was found on the Digit Symbol
Substitution Subtest (p = 0.049), as well as on Trail Making Test (Part A) (p = 0.011),
both in the direction of poorer performance by the Total Rugby group. Trail Making
Test (Part B) showed a tendency to be slower for Total Rugby c ompared to Total
Field Hockey, but was not statistically significant (p = 0.267).

4.1.2 Rugby Forwards Versus Rugby Backs (see table 4.2, p. 52)

For the group mean comparison of Rugby Forwards versus Rugby Backs, a
significant difference was found on Digits Backwards (p = 0.047) in the direction of
poorer performance by the Rugby Backs. In contrast, comparisons of group mean
scores of WMS Associate Learning Subtest — Hard (Delayed Recall) revealed
significantly poorer performance by the Rugby Forwards (p = 0.046) compared to the
Rugby Backs. In addition, Digit Symbol Substitution Subtest and Trail Making Test
(Part A) are both lower in the direction of poorer performance by the Rugby Forwards
relative to the Rugby Backs, although not reaching significance (p = 0.126 and p =
0.065 respectively).
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Table 4.1: Comparison of Means across Total Rugby and Total Field Hockey

Test Rugby Field t-statistic p-value
Hockey
n Mean SD n Mean SD

DF 78 7.18 1.36 58 6.85 112 -1.523 0.065

DB 78 5.22 1.45 58 5.28 157 0.248 0.403
ALE (I) 78 8.70 0.55 58 8.69 0.41 -0.076 0.470
ALH (I) 78 9.01 2.63 58 9.19 237 0.406 0.343
ALE (D) 78 5.95 0.27 58 5.97 0.18 0.390 0.349
ALH (D) 78 3.56 0.86 58 3.57 0.96 0.077 0.470

DSS 78 50.20 8.64 58 52.66 8.49 1.659 0.049 *
DSS (IR) 78 T21 1.60 58 6.79 1.86 -1.614 0.055
DSS (D) 78 7.02 1.78 58 6.60 1.88 -1.318 0.095
TMT A 78 27.78 7.74 58 24.85 6.56 -2.332 0.01]1 *
TMT B 78 56.40 16.31 58 54.66 15.83 -0.624 0.267

* Significant Difference (p < 0.05)




Table 4.2: Comparison of Means across Rugby Forwards and Rugby Backs

Test Forwards Backs t-statistic p-value
n Mean SD n Mean SD
DF 45 7.33 1.28 33 6.97 1.45 -1.180 0.121
DB 45 5.44 1.57 33 4.91 122 -1.697 0.047 *
ALE (D 45 8.62 0.67 33 8.79 0.33 1.380 0.086
ALH (I) 45 8.67 2.86 33 9.47 2.25 1.353 0.090
ALE (D) 45 5.91 0.36 33 6.00 0.00 1.665 0.052
ALH (D) 45 3.42 0.97 33 3.74 0.67 1.705 0.046 *
DSS 45 49.22 8.99 33 51.49 8.09 1.156 0.126
DSS (IR) 45 7.30 1.37 33 6.97 1.85 -1.462 0.074
DSS (D) 45 7.21 1.55 33 6.76 2.04 -1.106 0.136
TMT A 45 26.63 6.77 33 29.30 8.74 1.529 0.065
TMT B 45 55.70 16.34 33 57.32 16.46 0.433 0.333

* Significant Difference (p < 0.05)
Italicised t-statistic values reflect use of separate sample variances.




CHAPTER FIVE: DISCUSSION

5.1 CONTEXT OF THE STUDY

The present study forms part of a larger and ongoing research study investigating the
effects of cumulative mild head injuries on rugby players. Initially, professional
rugby players and a comparison group of national cricket players were individually
assessed using a wide neuropsychological test battery and a self-report measure of
post-concussive symptoms. Results were analysed via direct comparisons of rugby
versus cricket group mean scores (Ancer, 1999). National field hockey players were
then assessed via the same assessment procedures and used as an alternative control
group to the cricket players, and Springbok rugby versus field hockey group mean
scores were compared (Finkelstein, 1999). Additionally, the national rugby sample
was enlarged to incorporate the national Under 21 rugby squad, and results of a wide
neuropsychological test battery of the combined rugby sample (Springboks and Under
21 players) were compared to those of the national field hockey sample via direct

comparisons of rugby versus field hockey group mean scores (Finkelstein, 1999).

At the professional level, results of visuoperceptual tracking tasks were consistently
low, with significant deficit being apparent on Digit Symbol Substitution Subtest
(Copy and Delayed Recall), as well as on Trail Making Test (Part B), with the rugby
group demonstrating poorer cognitive test performance than the field hockey group.
The unstructured verbal fluency task (Words-in-One-Minute) also revealed significant
deficit amongst the rugby players relative to the field hockey players, whereas the
hand-motor dexterity task (Finger Tapping Test — non-preferred hand) showed better
performance by the rugby players relative to the field hockey players.

With regard to rugby forwards versus rugby backs at the professional level, results of
visuoperceptual tracking tasks were also consistently low in the direction of poorer
cognitive test performance by the rugby forwards relative to the rugby backs. These
tests included the Digit Symbol Substitution Subtest (Copy and Delayed Recall) and
Trail Making Test (Parts A and B). Rugby forwards also displayed worse test
performance than rugby backs on the hand-motor dexterity task (Finger Tapping Test
— non-preferred hand), as well as on one attention and concentration task (Digits

Backwards) and on one verbal memory task (WMS Associate Learning Subtest —
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Hard — Delayed R ecall) (Finkelstein, 1999). These results provide support for the
presence of significant cognitive deficiency associated with mild closed head injury
amongst professional rugby players, with impairment being particularly pronounced

amongst the rugby forwards.

Next, an analysis at the school level was conducted using the same basic assessment
procedure to compare the cognitive test performance and post-concussive symptoms
of top-level schoolboy rugby players (from rugby-playing schools in Cape Town) to
top-level schoolboy field hockey players from the same schools (non-contact s port
controls). Data analysis was the same as that conducted at the professional level,
where rugby versus field hockey group mean scores were compared (Ackermann,
2000). Results of this research revealed one significant finding on a verbal memory
task (WMS Associate Learning Subtest — Hard — Delayed Recall) in the direction of
poorer test performance by the rugby group relative to the field hockey group
(Ackermann, 2000). Unlike findings on professional rugby players, this research at
the school level did not reveal statistically significant results on visuoperceptual
tracking tasks (Digit Symbol Substitution Subtest and Trail Making Test — Parts A
and B).

For rugby forwards versus rugby backs at the school level, there were no significant
differences. Ackermann (2000) suggests that her contrasting findings (compared with
the professional players where forwards performed more poorly than backs) may have
been influenced by the fluidity of school level positions, which are possibly not as
entrenched as they are at the professional level. Yet, due to a relatively small number
of participants in Ackermann’s (2000) school sample, and the lack o fschool level
research to corroborate her findings on rugby forwards versus rugby backs, it was
considered premature for the purposes of the present study’s hypotheses to suggest

that school level forwards would not display more deficit than school level backs.

5.2 REVISITING THE AIMS, METHODS AND HYPOTHESES OF THE STUDY
The present study introduced a second phase at the school level in order to enlarge
the size of the original school sample. The aim of the study was to ascertain whether
a high school rugby-playing population would be susceptible to the effects of rugby-

related cumulative mild head injuries, as was evidenced by prior research on

54



professional rugby players. The study employed a neuropsychological test battery
comprised of tests known to be sensitive to the effects of diffuse brain damage
associated with mild closed head injury. In particular, those tests that were revealed
as particularly sensitive in the prior studies were targeted, namely visuoperceptual
tracking and memory tests. Participants were selected from a rugby-playing school in
Grahamstown and exclusion criteria were applied on the basis of a reported history of
substance abuse, any neurological or psychiatric/psychological disorders, previous
diagnosis of a learning disorder, and/or any previous moderate to severe head injury
sustained for any reason. The exclusion procedure minimised the possibility of any

differences between the groups being attributable to these factors.

With regard to demographic data, no significant differences were noted on estimated
premorbid IQ and level of education between Total Rugby and Total Field Hockey, or
between Rugby Forwards and Rugby Backs. Although Total Rugby and Total Field
Hockey were equivalent with regard to age, a significant difference was noted on this
variable between Rugby Forwards and Rugby Backs, with the Forwards group being
marginally older (meanage = 17.38) compared to the Backs (mean age = 17.03).
However, considering that age norms tend to span a decade, substantial effects on
cognition would not be expected by this discrepancy since the age ranges are well
within a five-year span (age range for Rugby Forwards = 15-19; age range for Rugby
Backs = 16-18). As a result, any observed differences between the groups cannot

easily be accounted for by the variable of age.

Data analysis for this study involved a direct comparison of group mean scores across
each neuropsychological test for Total Rugby versus Total Field Hockey, and for
Rugby Forwards versus Rugby Backs. These groups represent the combined
Grahamstown and Cape Town school rugby and field hockey samples. Data were
analysed using one-tailed t-tests that predicted the directionality of findings based on
the results of prior Rugby Union research, as well as on the theoretical postulates of
Brain Reserve Capacity (BRC) theory (Satz, 1993), as follows.

It was hypothesised that top-level school rugby players would perform more poorly
on certain cognitive tests known to be sensitive to the effects of diffuse brain damage

compared to matched non-contact sport controls. This hypothesis was based on
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results of prior Rugby Union research that consistently revealed significant cognitive
impairment amongst professional rugby players compared to non-contact sport
controls (Shuttleworth-Edwards et al., in press). The rationale for this hypothesis is
contextualised within the theory of BRC (Satz, 1993). Due to the nature of the game,
rugby players are potentially more likely to be exposed to sustaining concussive and
sub-concussive head injuries than are field hockey players. These injuries in turn are
likely to cause neuronal damage that serves to lower the critical threshold at which
functional symptomatology manifests. This is likely to lead to lowered BRC,
rendering rugby players more vulnerable to neuropsychological impairment,

particularly on tests sensitive to subtle neurocognitive dysfunction.

Additionally, it was hypothesised that rugby forwards would perform more poorly on
certain cognitive tests known to be sensitive to the effects of diffuse brain damage
compared to rugby backs. This hypothesis was based on the premise that research
supports that the positioning o f rugby forwards on the field (who tend to be more
involved in physical collisions and impacts) are more susceptible to sustaining
concussive and sub-concussive blows than are rugby backs. Such injuries serve to
lower the critical threshold at which functional symptomatology becomes apparent,
which in turn lowers BRC, thereby rendering rugby forwards more vulnerable to
neuropsychological dysfunction than rugby backs, particularly on tests sensitive to
mild cognitive impairment. This hypothesis was proposed on results of prior Rugby
Union research that showed significant neuropsychological deficit amongst
professional rugby forwards relative to rugby backs at university and professional
levels (Shuttleworth-Edwards et al., in press; Shuttleworth-Jordan et al., 1993).
Although the finding was not replicated by preliminary research at the school level
(Ackermann, 2 000), this study still adopted the original hypothesis (i.e. that rugby
forwards are likely to show more cognitive deficit than rugby backs) based on the
above-mentioned research results and on epidemiological findings that forwards

sustain more head injuries than backs (for example, Bird et al., 1998).
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5.3 DISCUSSION OF RESULTS
Results o f the group mean c omparisons will be separated into T otal R ugby versus
Total Field Hockey and Rugby Forwards versus Rugby Backs, and discussed

accordingly.

5.3.1 Group Mean Comparisons for Total Rugby Versus Total Field Hockey

The analysis of group mean comparisons revealed significant findings on two tests of
visuoperceptual tracking, both in the direction of poorer test performance by the Total
Rugby group relative to the Total Field Hockey group. These tests include the Trail
Making Test (Part A) and the Digit Symbol Substitution Subtest, both of which
require information processing at speed. These findings show a measure of
consistency with the findings of both national studies, where in both instances results
of these two tests of visuoperceptual tracking were impaired, displaying poorer test
performance by the rugby players compared to the field hockey players
(Shuttleworth-Edwards et al., in press). Although at the national level it was Trail
Making Test (Part B), and not Part A, that was significantly lowered, results of the
present study reveal a trend in the same direction (i.e. Total Rugby showing worse test
performance compared to Total Field Hockey on Trail Making Test — Part B). The
significance of results on Trail Making Test (Part A) is an unexpected finding as it
would be anticipated that cognitive d eficit would show up earlier on Trail M aking
Test (Part B) as it is more difficult than Part A as well as more susceptible to the
effects of diffuse brain damage (Lezak, 1995; Spreen & Strauss, 1991).
Consideration of the mean scores on Trail Making Test (Part A) reveals that the
differences are subtle, rendering it possible that the lack of significance on Part B may
be an artefact of fairly subtle differences that are obscured by more elaborate standard
deviations on this timed task. Additionally, it may be possible that the young cohort
of the present study would be more affected by the novelty of the task than would
older professional players, and potentially vulnerable people tend to show up sooner
on an easier novel task than on a more difficult task like Trail Making Test (Part B)
(Lezak, 1995).

The significant result on Digit Symbol Substitution Subtest, which is lower in the
hypothesised direction, is consistent across all the national studies (Shuttleworth-

Edwards et al., in press). Furthermore, this test has been shown to be sensitive across
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all severities of brain injury (Russell, 1979). Research has shown that Digit Symbol
Substitution Subtest is consistently the single most sensitive indicator of diffuse brain
damage for a wide spectrum of neuropathological conditions, a finding that has been
replicated specifically in sensitivity to traumatic closed head injury (for example,
Correll, Brodginski & Rokosz, 1993; Crawford, Johnson, Mychalkiw & Moore,
1997). Moreover, neuropsychological studies into mild head injury in rugby and/or
football-related sports have consistently found impaired performance in mild head
injured players relative to controls on the Digit Symbol Substitution Subtest (or
similar tests of speed of information processing) (for example, Barth et al., 1989;
Hinton-Bayre et al,, 1997; Macciocchi et al.,, 1996; Maddocks and Saling, 1996).
That this test has elicited the presence of neurocognitive impairment amongst the
Total Rugby group relative to the Total Field Hockey group not only provides support
for the original hypothesis, but it corroborates the sensitivity of the Digit Symbol
Substitution Subtest in detecting diffuse brain damage in a mildly head injured

population.

Of note is that results of the earlier school research reveal trends in the same direction
as those revealed by the present study, on both Trail Making Test (Parts A and B) and
Digit Symbol Substitution Subtest, albeit not statistically significant (Ackermann,
2000). This suggests that even with a small sample, deficits in visuoperceptual
tracking that involves working at speed are already becoming evident at the school
level, a finding that has been corroborated via the enlarged sample of the present
study. According to research, information processing at speed has shown to be a
cognitive function readily a ffected by mild head injury and a mong those functions
imperative for academic success (for example, Barth et al., 1989; Collins et al., 1999;
Erlanger et al., 1999; Evans, 1992).

Whereas Ackermann (2000) elucidated a significant difference on W MS Associate
Learning Subtest — Hard (Delayed Recall) in the direction of worse test performance
by the rugby players compared to the field hockey players, this was not corroborated
by the findings of the present extended study in respect of the Total Rugby group.
Further research therefore needs to be conducted to confirm whether WMS Associate
Learning is indeed a test sensitive to the effects of diffuse brain damage in a high

school rugby-playing population.
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5.3.2 Group Mean Comparisons for Rugby Forwards Versus Rugby Backs

With respect to group mean comparisons, the analysis revealed a significant finding
on WMS Associate Learning — Hard (Delayed Recall), lower in the direction of the
hypothesis (i.e. Rugby Forwards worse than Rugby Backs), and a significant finding
on Digits B ackwards in the o pposite direction to the hypothesis (i.e. Rugby Backs
worse than Rugby Forwards). Both these tests assess verbal memory and both are
particularly susceptible to diffuse brain damage. The ability to recall hard pairs is
related to new learning ability and is therefore more sensitive to the effects of brain
damage than the recall of easy pairs. Digits Backwards taps working memory
function, which is known to be highly sensitive to diffuse brain damage (Lezak,
1995).

In keeping with the hypothesis that forwards players are more likely to exhibit
cognitive deficits than backline players, the finding on WMS Associate Learning —
Hard (Delayed Recall) of forwards worse than backs is consistent with previous
Rugby Union research at the national level, where rugby forwards were found to
perform more poorly than rugby backs (Finkelstein, 1999). Although at the school
level in the present extended study this test did not show up as defective in the rugby
group as a whole, it does appear that there were problems for a substantial proportion
of forwards players in this regard. The result on this test is congruent with literature
stating that delayed memory is more vulnerable than immediate memory to the effects
of diffuse brain damage and 1is therefore more likely to manifest on

neuropsychological tests (Lezak, 1995).

However, the finding on Digits Backwards is not in the direction of the hypothesis of
the present study (of forwards worse than backs) in that Rugby Backs performed more
poorly than Rugby F orwards. This result p oints to the c onclusion that, for Rugby
Forwards versus Rugby Backs, the predicted directionality of findings cannot be
sustained. Furthermore, itis of note that Rugby F orwards and Rugby B acks were
equivalent with respect to concussion incidence (see table 3.4, p. 42), which suggests
very similar exposure of the two positions to mild head injury on the rugby field.
This is in contrast to the comparison between Total Rugby and Total Field Hockey,
where the rugby group had a significantly higher concussion incidence than the field
hockey group. Taken together, the contradictory findings on the cognitive tests,
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implying that neither group are exclusively performing worse, as well as reported
equivalence of concussion incidences between the forwards and backs, may be
understood as follows. First, as Ackermann (2000) suggested, it is possible that at the
school level positions are not well established (i.e. groups will change positions over
time as they find their strengths) and therefore positional variation is not yet
distinguishable on the basis of neuropsychological test results as there is no consistent
direction in respect of the identified deficit across the tests. Second, it is feasible that
the nature of the game at the school level is different compared to that at the

professional level, as follows.

In personal communication with a former school level rugby coach and former Border
provincial rugby player, it was made apparent that school level rugby players are less
heavy than university level or professional players, which renders schoolboy players
more mobile and the game more fluid as they do not use their weights for competitive
advantage, but rather pass the ball frequently. Hence players are less involved in
physical collisions and impacts. A dditionally, at the school level there is minimal
difference between the weights of the forward and backline players, so both groups
are equally mobile and forwards are not necessarily used for physically abrasive play.
In contrast, university level and professional players are heavier, with forwards
weighing considerably more than backs. As a result, the game is slower and players
“use their weight” to “wear down” their opponents, with forwards being utilised for
“crash balls” and backs being kept for mobility. This playing strategy is mostly
absent amongst school level players who are all (regardless of position) coached to be
mobile and to pass the ball rather than to hold onto it and to “crash” into other players
as is done at the university and professional levels. The result is that both forwards
and backs at the school level are possibly exposed to the potential for sustaining mild

head trauma.

Of note, however, is that for the only two tests that revealed deficits for the total
school rugby versus the field hockey players, namely Digit Symbol Substitution
Subtest and Trail Making Test (Part A), forwards showed a strong tendency to be
worse than backs (p = 0.126 and p = 0.065 respectively, see table 4.2, p. 52).

Therefore, one explanation for the fact that performance on Digits Backwards goes in
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the opposite direction to the hypothesis (of forwards being worse than backs) is that

this result was an artefact of chance.

Thus, in sum, it is feasible that the significant findings on WMS Associate Learning —
Hard (Delayed Recall), in the direction of forwards worse than backs, and on Digits
Backwards, in the direction of backs worse than forwards, may be a reflection that
some individuals in the cohort are starting to exhibit subtle cognitive deficit, which is
being tapped by both these tests of verbal memory that are known to be sensitive to
the effects of diffuse brain damage (Lezak, 1995), but that these individuals are
neither exclusively forwards nor backs. According to Leathem & Body (1997), verbal
memory ability is claimed to be the only discriminator of mild cognitive impairment
in a mostly mild head injured adolescent population. Moreover, a neuropsychological
study on amateur versus p rofessional b oxers revealed how verbal memory was the
only impaired cognitive modality amongst the amateur players (Casson et al., 1982).
However, the fact that several tests showed strong trends in the direction of forwards
being worse than backs (WMS Associate Learning — Hard — Delayed Recall, Digit
Symbol Substitution Subtest and Trail Making Test — Part A) raises the possibility
that forward players are more susceptible to cumulative mild head injury already at
the school level, and that the contradictory finding on Digits Backwards is an isolated
result due to chance. Therefore, at this stage there is still not enough evidence to rule
out the hypothesis that the c ognitive functioning of forward players may be w orse

than that of backline players at the school level, and needs to be further researched.

5.4 CONCLUSIONS AND THEORETICAL IMPLICATIONS OF THE
RESEARCH FINDINGS

Results of the present extended school study provide tentative support for the
hypothesis that school level rugby players are more susceptible to the effects of
cumulative concussive and sub-concussive head injuries than are non-contact sport
controls. This support gains strength by virtue of the fact that, although only two tests
revealed significant deficits for rugby players versus field hockey players, one of
these tests was the Digit Symbol Substitution Subtest that is typically the most
sensitive to diffuse brain damage. However, results do not entirely support the

hypothesis that cognitive deficit is more readily observed in the cognitive test
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performance of school level rugby forwards compared to rugby backs. These findings

are explicable in terms of Satz’s (1993) theory of BRC.

Taking into consideration the fact that all the participants in the study were equivalent
with respect to estimated premorbid IQ and level of education, and arguably broadly
equivalent with respect to age (see discussion on p. 40), and that these variables can
function as protective or vulnerability factors that may differentially affect
neuropsychological functioning (Satz, 1993), it can be assumed that the observed
differences between Total Rugby and Total Field Hockey cannot be attributed to these
factors, but rather to the additive effect of concussive and sub-concussive head
injuries incurred while playing rugby. According to Satz (1993), there is a critical
brain threshold that must be sustained before an individual will display functional
impairment. It would appear that the measurable cognitive impairment amongst the
rugby players relative to the field hockey players is a manifestation of the rugby
players’ lowered cognitive reserves, as they have begun to dip below the critical
threshold at which impairment becomes visible, with each blow having had a
deleterious effect on functioning. The fact that this cognitive dysfunction was only
identified by two tests, Trail Making Test (Part A) and the particularly sensitive Digit
Symbol Substitution Subtest, may suggest that at the school level the young age of the
players, or the high quality of education being received, may act as protective factors
in the face of repetitive cerebral insults that appear mild, but the effects of which
manifest on tests that provide sufficient challenge so as to force cognitive functioning
below critical threshold limits (as pointed out on p. 56 that Trail Making Test — Part A
may be more sensitive in the y ounger age group than Part B). The Digit S ymbol
Substitution Subtest and the Trail Making Test are both timed tasks, with the timed
element providing a considerable degree of challenge. Moreover, the Digit Symbol
Substitution Subtest is particularly challenging, as superior performance on this test
requires a complex interaction of cognitive functions (Groth-Marnat et al., 2000;
Lezak, 1995).

A study by Gronwall, Wrightson & McGinn (1997) on the effects of mild head injury
on preschool children showed how, immediately after injury, there were no
differences between the cognitive functioning of children and that of controls.

However, four to eight months later deficits became visible. The authors suggested
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that their results were an indication that mild brain injury had not affected the
children’s already e stablished skills, but that mildly head injured children failed to
develop specific skills (such as visuospatial skills) consequent on mild head trauma.
Such a finding is pertinent in that, although the participants in the present study are
older than the participants in the Gronwall et al. (1997) study, they represent a
bridging group of ages 15-19 (see earlier discussion, p. 10). As a result, some of the
younger participants of less than 17 years of age may not have reached full cognitive
maturation and may consequently experience cognitive skills deficit due to lowered
BRC subsequent to mild cerebral insults incurred while playing rugby. As there were
insufficient numbers of participants to examine age groups separately, it is not
possible to say with certainty, on the basis of the current research results, whether age
did play a significantrole. Therefore, further research needs to be c onducted that
investigates the specific effects of age on the cognitive test performances of

schoolboy rugby players.

The lack of consistent observable differences between the Rugby Forwards and the
Rugby Backs on neuropsychological test results suggests that, at the school level, the
differential effect of positional variation that was clearly evident at the professional
level was not apparent. Hence, itis not possible to state that, at the school level,
rugby forwards are more exposed to cumulative mild head insults than are rugby
backs, which would have implications for their cognitive reserves. T herefore, any
observed cognitive impairment between rugby forwards and rugby backs on
neuropsychological tests cannot be distinguished along these lines. The differences
that were noted on WMS Associate Learning — Hard (Delayed Recall) and on Digits
Backwards may be a reflection that some individuals in the enlarged cohort are
starting to manifest mild deficit as a result of repetitive concussive and sub-
concussive blows sustained as a result of rugby, but not necessarily as a result of their
playing positions, with the former serving to lower their c erebral reserve capacity.
However, the findings on WMS Associate Learning — Hard (Delayed Recall) together
with strong trends on Digit Symbol Substitution Subtest and Trail Making Test (Part
A) that reveal worse cognitive test performance by the forwards compared to the
backs, may be an indication that the finding on Digits Backwards (of backs worse

than forwards) was an artefact of chance. Therefore, with regard to future research at
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the school level, the comparison of differences between rugby forwards and rugby

backs needs to be further researched.

5.5 EVALUATION OF THE RESEARCH STUDY
The methodological strengths of the study include the following:

1

The present study utilised an enlarged sample size (n= 79) of school level
rugby players that combined existing Cape Town schoolboy rugby and field
hockey samples with Grahamstown samples. The larger sample size served to
strengthen the internal validity of the research design, as well as the
generalisability of the findings of the present study and the indications of
similar studies on the effects of cumulative mild head injuries in rugby players
(see Shuttleworth-Edwards et al., in press).

The neuropsychological test battery employed in the present study was a
reduced version of that utilised in the earlier phase of the school research,
while still measuring abilities across a focused spectrum of cognitive
modalities. The tests included were those used for the estimation of
premorbid IQ as well as those that were shown to be particularly sensitive to
the effects of diffuse brain damage associated with mild closed head injury in
prior research on Rugby Union (Shuttleworth-Edwards et al., in press).

The effects o f potentially c onfounding variables were c ontrolled for via the
application of exclusion criteria (these included a reported history of substance
abuse, any neurological or psychiatric/psychological disorders, previous
diagnosis of a learning disorder, and/or any previous moderate to severe head
injury sustained for any reason).

The calculation of estimated premorbid IQ was based on two
neuropsychological tests, namely the WAIS-III Vocabulary Subtest and the
WAIS-III Picture Completion Subtest. This served to strengthen the research
design in that estimated premorbid IQs were utilised in matching the groups,
which eliminated IQ as a potentially confounding variable.

Data analysis involved direct comparison of group mean scores between a top
rugby-playing group and matched top non-contact sport controls. The
comparative nature of this study where participants were compared to matched

controls rather than to normative data is considered preferential, as norms are
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usually derived from a more general population of individuals. Therefore, for
the purposes of this study, norm comparisons may not have been ideal.

6. As opposed to using two-tailed t-tests to compare the means of the groups (as
was done in the earlier s chool research), one-tailed t-tests (which predicted
poorer performance by the Rugby players and the Rugby Forwards) were
utilised in this study. This prediction was based on theoretical postulates of
BRC theory (Satz, 1993) as well as on results of previous Rugby Union
research (Shuttleworth-Edwards et al., in press). Where such a prediction is
possible, one-tailed t-tests are more powerful than two-tailed t-tests as the
probability of a difference in one specified direction is half that of the same
amount of difference in either direction (Runyon & Haber, 1980). Hence, the
use of one-tailed t-tests reduced the possibility of a Type II error.

7. Research findings were contextualised within a sound theoretical framework,
namely BRC theory (Satz, 1993), thereby specifying indications of the

outcome and providing a framework for understanding the results.

The methodological limitations of the study include the following:

1. As the study focused solely on group mean comparisons, individual variations
were necessarily obscured. In other words, there may have been a small
population of individuals with deficit that would go undetected in this mode of
analysis.

2. It is not possible to generalise the findings of the study to younger or lower
level schoolboy rugby players, nor to the South African high school rugby-
playing population as a whole. The participants in the study were adolescents
drawn from top-level high school rugby teams affiliated to elite, advantaged
schools.

3. The cross-sectional nature of this research design is limiting in that it is not
possible to completely rule out pre-existing differences. However, it is
unlikely that the differences on Digit Symbol Substitution Subtest, showing up
virtually in isolation with the groups being equivalent (with regard to 1Q,
education and broadly to age), are due to pre-existing differences as this test is

typically one of the most sensitive tests to diffuse brain damage.
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5.6 RECOMMENDATIONS FOR FUTURE RESEARCH

The recommendations for future research are the following:

i

A prospective study is necessary to investigate the persisting and long-term
effects of cumulative mild head injuries on the cognitive functioning and
development of schoolboy rugby players. This should entail
neuropsychological screening at the high school level to obtain baseline
measurements of cognitive functioning, with follow-up of the same
individuals throughout their rugby playing careers to ascertain whether
clinically evident deficits manifest over time with the addition of further
injuries and increased age. Such a study would also assist in determining at
which point, during a player’s career, positional variation becomes visible on
the basis of neuropsychological test results.

Studies examining the effects of secondary stressors, such as hypoxia (Ewing
et al., 1980) or fatigue (Jordan, 1997), on mildly head injured schoolboy rugby
players should be conducted to further determine the impact of concussion on
the cognitive functioning of these individuals.

Neuropsychological studies need to be carried out on younger and/or more
disadvantaged schoolboy rugby players from lower level teams to ascertain the
extent to which repetitive concussion affects the cognitive functioning of these
populations.

A study in which rugby players with a history of learning d isability and/or
previous moderate to severe head injuries are analysed as a separate group
relative to similarly compromised non-contact sport controls is necessary, as
the BRC of these individuals is already vulnerable, leaving them at greater risk
for the deleterious effects of subsequent cumulative mild head injury.

Recently developed computerised tests of cognitive functioning have shown to
be more sensitive to subtle cognitive impairment (particularly in reaction time)
caused by mild head injury than traditional paper and pencil
neuropsychological tests (Bleiberg, Kane, Reeves, Garmoe & Halpern, 2000).
The use of such tests in the evaluation of concussed school level rugby players
would possibly be beneficial in detecting subtle cognitive impairment that may
be missed by traditional neuropsychological tests. Additionally, since
computerised testing is 1 ess time- and labour-intensive than traditional tests

(Wojtys et al., 1999), a larger number of participants may be tested via this
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method than is usually the case using paper and pencil tests, which in turn may
serve to strengthen the generalisability of the research findings.

. Qualitative research studies are recommended in order to explore the extent to
which the nature of the game of rugby (at various levels of play) affects the
exposure of forwards and backs to mild head trauma. This would facilitate an
understanding of playing strategies at the school level that appear to prevent

increased exposure of forwards to head trauma.
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Demographic Questionnaire



RHODES UNIVERSITY PSYCHOLOGY CLINIC
Pre-assessment Questionnaire

NAME: FIRST LANGUAGE:

AGE: D.O.B:

SCHOOL STANDARD: SPORT: RUGBY / HOCKEY
TEAM: CURRENT POSITION:

MOST FREQUENTLY PLAYED PAST POSITION:

GENERAL HISTORY

QUESTION 1
Have you ever failed a standard at school? Yes

If Yes, when? For what reason?

What was your overall grade in 2000?

How many of your subjects did you take on Standard Grade / Higher Grade?

QUESTION 2

Have you ever experienced learning difficulties or required remedial classes? Yes

If Yes, what was the problem?

QUESTION 3

Have you ever experienced neurological problems (e.g. seizures, tremors, stroke)?
Yes

If Yes, what was the problem?

QUESTION 4

Have you ever suffered from a psychological/psychiatric disorder (e.g. depression, anxiety, attention deficit or

hyperactivity) which needed the help of a psychologist/psychiatrist? Yes No
If Yes, what was the problem?

QUESTION §

Are you currently taking any form of medication? Yes No

If Yes, please specify:




QUESTION 6
Do you smoke? Yes No

If Yes, how much?

QUESTION 7

Do you drink alcohol? Yes No

If Yes, how much?

Have you ever fell that you should cut down on your drinking? Yes No
QUESTION 8
Do you use any other substances? Yes No

If Yes, specify type and frequency of use:

QUESTION 9

Have you ever sustained a head injury or concussion that was not related to sport (e.g. motor vehicle accident)?
Note to examiner: DO NOT INCLUDE SPORTS-RELATED INJURIES HERLE.
Yes No

1f Yes, date/s? Injury 1 Injury 2

Injury 1

What caused the injury/concussion?

Did you lose consciousness? Yes No
¥

If Yes, for how long?

Did you lose your memory? Yes No

If Yes, for how long?

Were you hospitalised? Yes No

If Yes, for how long?

Injury 2

What caused the injury/concussion?




Did you lose consciousness? Yes No

If Yes, for how long?

Did you lose your memory? Yes No

If Yes, for how long?

Were you hospitalised? Yes No

If Yes, for how long?

SPORTS HISTORY

QUESTION 10
Rugby Players

At what age did you first start playing rugby?

For how many consecutive years have you been playing rugby?

Have you ever used protective headgear while playing rugby? Yes No

If Yes, specify type and duration

Hockey Players

At what age did you first start playing hockey?

For how many conseculive years have you been playing hockey?

Rugby and Hockey Players

What made you choose the sport you are currently playing?

Have you ever played any other sport for a lengthy period of time?
(For rugby players, check whether they have participated in BOXING and SOCCER)
(For hockey players, check whether they have participated in RUGBY, BOXING and SOCCER)
Yes No

If Yes, specify sport and time period played:

QUESTION 11 (Rugby players only)

How many times can you remember sustaining a head injury or concussion during a game of rugby, including
occasions when you were knocked or “dinged” so hard that you felt dazed, confused and/or disorientated, even
though you continued to play in the game? (Note to examiners: Try to ascertain the specific incidents of injury,

beginning with the most recent, followed by other incidences in as consecutive an order as the subject can recall.)

If Yes, specify dale/s: Injury 1 Injury 2

Injury 3 Injury 4 Injury 5




Injury 1

What caused the injury/concussion?

Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you taken off the field? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No
If Yes, please specify:

Injury 2

What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you taken off the field? Yes No
If Yes, for how long?
Were you hospitalised? Yes No



Il Yes, for how long?

Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No

If Yes, please specify:
Injury 3

What caused the injury/concussion?
Were you dazed, confused and/or disorientated? B No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you taken off the field? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No
If Yes, please specify:

Injury 4

What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No

If Yes, for how long?




Did you lose your memory? Yes No
If Yes, for how long?
Were you taken olf the field? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No
If Yes, please specify:

Injury 5

What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you taken off the field? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No

If Yes, please specify:

QUESTION 12

What other injuries have you sustained while playing rugby (e.g. hand injuries, sprains, fractures)?

Please specify:




QUESTION 13

Have you ever sustained a head injury or concussion while playing sport other than rugby?

Yes No
If Yes, specify which sport/s and date’s:
Injury 1 Injury 2 Injury 3
Sport Sport Sport
Injury 1
What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you losc your memory? Yes No
If Yes, for how long?
Were you removed from the game? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?
Yes No
If Yes, please specify:
Injury 2
What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No

If Yes, for how long?




Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you removed from the game? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No
If Yes, please specify:

Injury 3

What caused the injury/concussion?
Were you dazed, confused and/or disorientated? Yes No
If Yes, for how long?
Did you lose consciousness? Yes No
If Yes, for how long?
Did you lose your memory? Yes No
If Yes, for how long?
Were you removed from the game? Yes No
If Yes, for how long?
Were you hospitalised? Yes No
If Yes, for how long?
Did you have any other neurological symptoms (e.g. seizures, weakness of limbs, tremors)?

Yes No

If Yes, please specify:
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NEUROPSYCHOLOGICAL TESTING
ASSESSMENT SCHEDULE

Name: Date:

Tester:

Time Test

1. Demographic Questionnaire

2. Postconcussive Symptom Checklist

3. Neuropsychological Tests:
3.1 WMS Associate Learning — Immediate Recall
3.2 Digit Symbol Substitution
3.3 Digit Symbol Substitution Incidental Recall — Immediate
3.4 Trail Making Test — Parts A and B
3.5 Picture Completion
3.6 WMS Associate Learm'lllg — Delayed Recall
3.7 Digit Symbol Substitution Incidental Recall — Delayed
3.8 Digit Span — Forwards
3.9 Digit Span — Backwards
3.10 Vocabulary



W : A IATE LE - IMMEDIATE RECALL

Testee's Name:

Requirements:
NOT TIMED

Instruction:

SCORE:

First Recall
TOTAL

Easy: 1.
2,
3,
A Total

Score: A/2 + B =

Lists of words [below, or on answer sheet]

“I am going to read you a list of words, 2 at a time, Listen carefully,
because after I am finished I shall want you to remember the words that
go together. For example, if the words were EAST-WEST; GOLD-

SILVER,; then when I would say the word EAST, I would expect you
to answer (pause) WEST. And when I say the word GOLD, you would
of course, answer (pause) SILVER. Do you understand?”

“Now listen carefully to the list as I read it.” P.T.0O. for list of words.

Second Recall Third Recall
TOTAL TOTAL
— Hard: 1. ——
- 2 -
—_— 3' —_—
B Total



Read 1 pair every 2 seconds.

First Presentation Second Presentation Third Presentation
Metal - Iron Rose - Flower Baby - Cries
Baby - Cries Obey - Inch Obey - Inch
Crush - Dark North - South North - South
North - South Cabbage - Pen School - Grocery
School - Grocery Up - Down Rose - Flower
Rose - Flower Fruit - Apple Cabbage - Pen
Up - Down School - Grocery Up - Down
Obey - Inch Metal - Iron Fruit - Apple
Fruit - Apple Crush - Dark Crush - Dark
Cabbage - Pen Baby - Cries Metal - Iron

Wait 5 seconds before beginning to test the recall and then wait at least 5 seconds before
moving onto the next pair.

First Recall Second Recall Chird Recall
Easy Hard Easy Hard Easy Hard
North o Cabbage L Obey .
Fruit . Baby . Fruit .
Obey L Metal . Baby .
Rose L School L Metal _
Baby L Up L Crush L
Up _ Rose L School L
Cabbage - Obey o Rose o
Metal . Fruit _ North -
School o Crush . Cabbage -
Crush L North L Up o
TOTAL TOTAL TOTAL
Easy: 1. . Hard: 1. -
2. o ¥, o
8 L 3 -
A Total - B Total _

Score: A/2 + B =



Test 10
DIGIT-SYMBOL SUBSTITUTION

Directions

This test was originally taken from the Army Performance Test, but altered as to the directions
and time allowed. Wechsler set a time limit of 1%2 minutes.

Place the Digit-Symbol sheet before the subject and indicate the key at the top.

"“Look at these little boxes or squares. You will notice that each has a number in the upper
part and a sign or mark in the lower part. Every number has a different sign” (indicate).
""Now, down here" (point to the sample) “‘there are some more of the boxes, but this time
they have only the numbers at the top and the spaces underneath are empty. You have to
put into each of the spaces the mark that belongs (corresponds) to the number at the top.
The first number is 2, so we have to put in this mark"” (pointing to the key — examiper then
fills in the 2-sign). “The next is a 3, so we put in this mark"” (indicating the sign ahd filling
itin). : ‘

The examiner then fills in the rest of the examples personally, asking the subject in each case to
point out the appropriate symbol. Do not permit the subject to do the examples, as he must be
shown the correct substitutions in the examples.

When all the examples have been filled in, say:

“"Now | want you to go on from here yourself and put into each space the sign that belongs to the
number at the top. Take each in order as it comes and do not leave any out. Work as quickly as
you can and see how many you can do in 1%2 minutes.” ;

If the subject begins erasing or correcting an incorrect solution tell him to leave it and go on with
the next. : i
Record on the score-sheet the time taken for each five symbols, as an indication of variability in
speed of performance. Also make a note of the subject’s method of work, etc.

Say:

Test 10
DIGIT:-SYMBOL SUBSTITUTION

Scoring

The score is the total number of symbols correctly entered. Precision and neatness are disre-
garded, but recorded symbols must be identifiable.
For the symbol A , subjects sometimes use the letter “N". Grant Vz-point for each such rever-

sal.

On the other ﬁand, .
L

L for
V or U for U‘
u for M

do not score,

and3’>or- 7 _ for j

Maximum Score: 67

87



DIGIT SYMBOL SUBSTITUTION

Testee’s Name:

Requirements:

TIMED
Time Limit:

Instructions:

Test sheet
Pencil
Stop Watch

90 seconds (1 minute 30 seconds)

Place the Digit Symbol sheet in front of the subject and indicate
the key at the top.

“Look at these little boxes or squares. You will notice that cach
has a number in the upper part and a sign or mark in the lower
part. Every number has a different sign (indicate). Now, down
here (point to the sample) there are some more boxes, but this
time they only have the numbers at the top and the spaces below
are empty. You have to put into each of the spaces the mark that
belongs (corresponds) to the number at the top. The first number
is 2, so we have to put in this mark (pointing to the key — examiner
Jill in the 2-sign). The next is a 1, so we put in this mark (indi-
cating the sign and filling it in).”

The examiner then fills in the rest of the examples personally,
asking the subject in each case to point out the appropriate sym-
bol. Do not permit the subject to do the examples, as he must be
shown the correct substitutions in the examples.

When all the examples have been filled in, say:

“Now I want you to go on from here yourself and put into each
space the sign that belongs to the number at the top. Take each
in order as it comes and do not leave any out. Work as quickly
as you can and see how many you can do in 1% minutes.”

If they subject begins erasing or correcting an incorrect solution
tell him to leave it out and go on with the rest.

IMPORTANT:

Make a note of how many the subject completes in 1% minutes
but allow him to finish up to the end of the second last horizontal
line (or 42 blocks from the beginning of the test). If the subject

has passed this point during the test then carry on with incidental
recall.



- NIPR 8

X.. SYFERS VERVANG DEUR SIMBOLE.
X. DIGIT SYMBOL SUBSTITUTION.

NAAM Dalum
PYPY 1 (N, S TR IRES S S RIE—_" i S R — R o irerisniinomemmiin GO s o sss
SLEUTEL
KEY
1 2|1 3| 4|5 6 7 | 8 |9

"- YOORBEELD TOETS BEGIN
SAMPLE TEST BEGIHS ' _
2l113|1(2|4|3|583|1]|2(1|302|1|4|2(305]|2|3[1|4)6]3.

TOTAAL 120°

Aantal korrex 120° Aanlal hall korrex 12)°
TOTAL 90°

Number correct 80~ Humber hall correcl =




DIGIT SYMBOL SUBSTITUTION — INCIDENTAL RECALL

Testee’s Name:

Requirements:

NOT TIMED

Instructions:

SCORE:

Number remembered correctly:

Test sheet
Pencil

Place the Digit Symbol Incidental recall sheet in front of the
subject.

“See how many of the symbols used in the previous test you are
able to remember. There is no time limit and you can do them
in any order you wish.”




A. SYFERS VERVANG DEUR SIMBOLE.
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TRAIL MAKING TEST RHODES UNIVERSITY PSYCHOLOGY CLINIC
Adult and Child

Name: Clinician: _ Date:

Requirements: test sheets (4 pages: adult or child)

pencil
Stop watch
TIMED Time to complete each trail
Time Limit: No
Instructions:
TRAIL A:
SAMPLE:
“Draw a line to connect the circles consecutively from 1 to 8, without lifting your pencil,
as fast as you can.”
TES T

Showing the subject the test sheet and pointing out the first 3 or 4 circles which must be joined give

the following instruction:
“Now draw a line to connect the circles consecutively from 1 to 25 (children: 1 to 15),

without lifting your pencil, and do it as fast as you can.”

Record time taken to join all the circles in the correct order.

TRAIL B:
SAMPLE
“Draw a line to join the circles consecutively by alternating between nuinbers and letters
starting with 1 then A. Do it as fast as you can.”
TEST:

Showing the subject the test sheet and pointing out the first 3 or 4 circles which must be joined give

the following instruction:
“Draw a line to join the circles consecutively by alternating between numbers and letters

starting with 1 then A and finishing with 13 (children: finish with 8). Do this as fast as you

”

can.

Record time taken to join all the circles in the correct order.

Note: If subject makes mistake, don't stop timing; point out mistake and subject corrects the error and
carries on.

SCORE:
Adult/Child

Trail A:

Trail B:



TRAIL MAKING

Part A

SAMPLE

End

Begin

@
' ©
® |




Begin



TRAIL MAKING

Part B

SAMPLE

&5 ®
@







PICTURE COMPLETION

Testee's Name:

Requirements: Picture Completion Items
' Pencil
Stopwatch
Time limit: 20" per card to respond
Instructions: I am going to show you some pictures in which there is some important part missing.”
Look at each picture and tell me what is missing?”
Start: Start on Item 6. If subject obtains perfect scores (1 point) on Items 6 and 7, give full credit

for Items 1-5. If subject scores 0 on either Items 6 or 7, administer Items 1 - 5 in reverse
sequence until the subject obtains perfect scores (1 point) on fwe consecutive items.

Place Picture C'omplenon Items in front of subject, starrmg at Item 6 and say:

“Now, look at this picture. What important part is missing?”

Continue with succeeding items saying:

“Now, what is missing in this one?”

If the participant fails Items 6 or 7, point and say:

“You see the doorknob/the bridge or nose piece is missing.” No orher !eachmg may be

offered on any other item.

Each of the following prompts may only be used once:
If the subject merely names the object pzcz‘ured rather than the mzssmg parr say:

“Yes, but what’s mxssmg”

If the subject mentions a part that is off the page (e.g., the hand that holds the pitcher in
- Item 8), note the response on the Record From and say:
“Something is missing in the picture. What is it that is missing?”’

If the subject mentions an unessential missing part (e.g., the life jacket in Item 18), note the

response on the Record Form and say: -
“Yes, but what is the most important part that is missing?

Record the response verbatim on the response form below. “
Discontinue:  Discontinue after five consecutive scores of 0.

. Score Score Score
llem  Response (Oorl) Item Respense (Oorl) ltem Response (Oorl)
Comb 10, Leaf 9. Buasket :

rB Tuble . Pic ). Ciothing

B Face 12 Joaging 2. Lockers
Briefcase 13, Fireplace 22 Cow
Train 4. Mirror 23, Teanis Shees
Door 13. Chair 2y, Woman
Glasses 16. Roses 75. Bum
Pitcher 17, Knife Total Raw Score
Pliers 13. Boat | (Maximum = 25)




W IATE LEA ELAYED RECALL

Testee's Name:

Requirements: Lists of words [below, or on answer sheet]
NOT TIMED
Instruction: “Remember the pairs of words I read you earlier. I want you to see

how many pairs you remember.”

First Recall Easy Hard
North )

Fruit
Obey
Rose
Baby

Up
Cabbage
Metal
School
Crush

TOTAL
SCORE:

Delayed recall =



DIGIT SYMBOL SUBSTITUTION — DELAYED RECALL

Testee’s Name:

Requirements: Test sheet
Pencil

NOT TIMED

Instructions: Place the Digit Symbol Incidental recall sheet in front of the
subject.

“I would like to see how many of the symbols used in the earlier
test you are still able to remember. There is no time limit and
you can do them in any order you wish.”

SCORE:

Number remembered correctly:




A. SYFEHS VEHVANG DEUR SIMBOLE.
- X. DIGIT SYMBOL SUBSTITUTION. - peLAYED

AAM . Datum

- 4 1 e T B T e D T et T T T, Dat2 cevveeiiiiiiieennnn.




Testee’s Name:

Requirements: SA WAIS Manual, p 29 [or below]
SA WAIS record form [or below]
pencil

Not timed

Instruction: DIGITS FORWARD:
“I'am going to say some numbers. Listen carefully and when I haye finished

say them right after me.” Say the numbers in an even tone, one number per
second.

They fail the test after the incorrect repetition of both trials of a span. At this
point the Digits Forward test is complete and the score is the best span number
achieved. Thus if they fail both sets of 5 but passed one set of 4, their score is
4. If they get one set of 9 correct but fail both sets of 10, their score is 9. If
they get 12 digits forward correct - then improvise until you have established
their span - ie. until they fail twice in a row.

3, 58,2 6,9, 4

4, 6,4,3,9 7,2; 8,6

5. 4,2,7,3, 1 7,585,836

6. 6,1,9,4,7,3 3,9.2,%, 8,7

7. 59, 1,7,.4,2,3 4 1,7, 9,3,8,6

8. 5,8,1,8,2,6.4,7 382,95 L7.4

9. 7:5,8;3,6;,3,2, 7. 9 e B 1s 3 1, 8,1 2,6

0. 6,1,9,4,7,3,.5,2.9. 4 A 7039 1:2:8: 3,2, 7
I 7:4:8:6:4.9,5,8:5,3, 1 2,6,4,9,7,3,6,1,8,5,3

12. 8,25,3,7,4,6,9.2,5,3,6 1,7,3,6,9,5,7,2,8,4,1,8

P.T.O. for Digit Supraspan A and B.



DIGITS BACKWARD
“l am going to say some more numbers. This time I want you te say them to
me backwards. For example, if [ say 6 - 2 - 9, you say ...... (wait for them to

say 9-2-6)."

The test is failed after 2 consecutive failures of a span on Digits Backwards,
and the score is the highest backwards span achieved.

2, (2, 4) (5, 8)

3. 2,83 4,1,5

4. 3,2,7,9 4,9,6,8

5. 1,5,2,8,6 . 6,1,8,4,3

6. 52,9418 7.3,4.8,56

7. 8,1,2,9,3,6,5 4,7,3,9,1,2,8
8. 4,7,2,6,91,5,8 7,2,8,1,9,6,5,3

2. 2,8,4,1,7,9,5,4,6 5.6,9, 300,142

SCORE:

Digits Forwards:

Supraspan A:

Supraspan B:

Digits Backwards:

Digits Difference: (Forwards minus Backwards)




VOCABULARY

Testee's Name:

Requirements:

Instructions:

g

Discontinue:

Vocabulary Cards
Sample responses
Record Form
Pencil

“In this section, I want vou to tell me the meaning of some words. Now listen
carefully and tell me what each word I say means. Are you ready?”

Start on Item 4. If subject obtains perfect scores (2 points) on Items 4 and 5, give full
credit for Items 1-3. If subject scores 0 or 1 on either Items 4 and 5, administer Items
1 - 3 in reverse sequence until the subject obtains perfect scores (2 points) on fwo

consecutive items.

Locate Vocabulary card with Item 4 on it and place it in front of the subject.
Simultaneously point to and say: “Tell me what means.”

Record the response verbatim on the Record Form. Use the Sample Responses as
scoring guidelines. If the subject’s response is unclear or too vague you may say:
“Tell me more about it” or “Explain what you mean”,

Discontinue after six consecutive scores of 0.

Score

Response (0, 1,0r2)

5. Breakfast

6. Repair

7. Assemble




2. VOCClbUIGI'y (continued)

Item

Response

Score
0,1,0r2)

8. Yesterday

9. Terminate

10. Consume

11. Sentence

12. Confide

13. Remorse

14. Ponder

15. Compassion

16. Tranquil

17. Sanctuary

18. Designate

19. Reluctant

20. Colony

21. Generate

22. Ballad

23. Pout

24. Plagiarize

25. Diverse

26. Evolve

27. Tangible

28. Fortitude

29. Epic

30. Audacious

31. Ominous

32. Encumber

33, Tirade

Total Raw Score

(Maximum = 66)
ugle oredlr for items on previous page.)




