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ABSTRACT 

A study was conducted on the self-reported symptoms of Mild Traumatic Brain Injury 

sustained in Rugby Union at the pre- and post-season stages.  A full  sample of 30 rugby 

players at  Rhodes University was compared to 27 non-contact sport controls. A reduced 

sample of 20 rugby players and 9 control participants provided improved control for 

education and IQ and was compared. Measures included the WAIS-III Vocabulary and 

Picture Completion Sub-tests to estimate IQ level, the symptom checklist on a widely 

used computer-based program (ImPACT), and a paper and pencil self-report 31-Item 

Post-Concussion Symptom Questionnaire. Independent and Dependent T-Test 

comparisons were conducted on the full and reduced samples.  The symptoms reported 

by the rugby group appeared to be more pronounced on both the ImPACT Symptom 

Scale and the 31-Item Post-Concussion Symptom Questionnaire when compared to the 

control group at both the pre-and post-season stages. It  was concluded that the rugby 

players demonstrated evidence to support the hypothesis of having sustained more 

previous concussions and reporting more symptoms at the pre-season stage when 

compared to comtrol  participants. No prevalent changes for either the rugby or control 

groups were seen in dependent comparisons from pre-to post-season.  
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1. INTRODUCTION 

“No head injury is  too trivial to ignore” 

(Hippocrates 460-377 BC, in King, 2003). 

 

The aim of this research is to contribute to the growing literature which deals with 

sports-related Mild Traumatic Brain Injury (MTBI), typically referred to as a 

concussion, and the consequences thereof. Specifically this project focuses on a 

comparison between the self-reported symptoms of MTBI at the pre- and post-season 

stages in Rugby Union players at university level versus non-contact  sport  controls, 

using a widely used computer-based program and a supplementary Post-Concussion 

Symptom Questionnaire. Participation in sporting activities and events is often a 

daily ritual for many children, adolescents and young adults. Contact sports are by 

their very nature, likely to produce injuries, and this includes head injuries. When 

assessing athletes who have sustained a concussion, in the acute phase a variety of 

somatic and cognitive symptoms are spontaneously reported (Iverson, Gaetz, Lovell, 

& Collins, 2002b).  Consequently, pre-season baseline testing is important to 

establish an athlete’s “normal” pre-injury performance and level of functioning. 

This test ing provides a benchmark with which to compare post-concussion recovery 

(Guskiewicz et .al.,  2004). At the pre-season stage, after a break from participation 

in contact sports, symptoms displayed by sportsmen were interpreted by Iverson, 

Gaetz, Lovell , and Collins (2002a) to be suggestive of cumulative, l ingering effects 

of multiple concussions.  The first  section of this thesis therefore sets out to 

contextualise sports-related MTBI within the realm of head injury in general.   

 

 

1.1.  OPEN AND CLOSED HEAD INJURIES 

Head injuries are classified into two types: open and closed. An open or penetrating 

head injury is commonly caused by a gunshot or exploding shell fragments,  and 

results  in tearing of the scalp, penetration or fracture of the skull,  and focal  

laceration of brain tissue (Lezak, 1995). A closed head injury is the result of blunt 

trauma to the head, causing linear or rotational acceleration of the brain (when a 

moving object encounters a stat ionary or slower-moving object), or deceleration 

(when a moving head and body are impacted upon by a stationary or slower-moving 

object). Lesions at the coup (the point of impact) and contrecoup (the area opposite 
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the blow) account for the specific and localised behavioural changes that  

accompany closed head injuries (Lezak, 1995). Diffuse damage in closed head 

injuries arises from rotational sheer stresses within the brain (Lishman, 1999).  

Lezak (1995) notes that sheering or strain due to rotational forces resulting in 

damage to axons in the brain-stem is the most prominent mechanism of injury in 

mild head trauma resulting in what is  known as a concussive head injury.  According 

to Kohler (2004) concussions may result in intracranial  space occupying lesions, 

impact convulsions and the potential exists that repetitive minor head injuries will 

result in “chronic brain injury” (p.123). Metabolic autoregulation as a result of an 

MTBI (characterised by an increased demand for glucose and a reduction in blood 

flow) may create a vulnerable state within the brain cells  (Wojtys et al. ,  1999). If  

players return to play prematurely,  they run the risk of developing second impact 

syndrome which was defined by Bowen (2003) as a “rapid cerebral edema and 

herniation after a second head injury” (p. 288). Closed head injuries may be divided 

into three categories of severity,  namely Mild, Moderate and Severe. Dacey and 

Dickman (1987) used a Glasgow Coma Scale (GCS) score in isolation to determine 

the severity of a head injury. A GCS score of less than 8 indicated a severe head 

injury, a score between 9 and 12 referred to a moderate head injury and a score 

above 13 suggested a mild head injury.  The focus of this research is on mild 

concussive head injury,  a term that is used synonymously with MTBI.  

 

 

1.2.  DEFINITIONS OF MILD TRAUMATIC BRAIN INJURY/CONCUSSION 

In the sports arena MTBI tends to be termed ‘concussion’, a word that has its origin 

in the Latin verb concultere ,  “to shake violently” (Maroon et al. ,  2000).  Over the 

past decade, recognition of the potential  danger of concussion in the contact sports 

such as rugby, soccer and football has led to the development of many different 

concussion management guidelines that have stressed in varying degrees the 

importance of the presence/absence and duration of different markers of concussion, 

such as loss of consciousness, amnesia or disorientation (Lovell, Collins, Iverson, 

Johnson, & Bradley, 2004). Consequently, MTBI may be further subdivided into the 

subcategories of Mild (Grade 1 concussion); Moderate (Grade 2 concussion) and 

Severe (Grade 3 concussion). More than 15 grading systems and return-to-play 

parameters have been published since 1973 to assist team physicians, athletic  
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trainers and coaches in the evaluation and management of concussion (Collins,  

Field et al.,  2003). Examples include the guidelines proposed by Cantu, the 

Congress of Neurological Surgeons Guidelines for Cerebral Concussion, the 

American Academy of Neurology Concussion Grading Scale, and the Colorado 

Guidelines (Maroon et al.,  2000). For i llustrative purposes the American Academy 

of Neurology Concussion Grading Scale (adapted from Maroon et  al .,  2000) follows 

in Table 1.1.  

 

Table 1.1:  

The American Academy of Neurology Guidelines  

Grade The American Academy of Neurology Guidelines 

Grade 1 – Mild Transient Confusion 

No Loss of Consciousness 

Symptoms resolve in less than 15 minutes 

Grade 2 – Moderate Transient Confusion 

No Loss of Consciousness 

Symptoms last longer than 15 minutes 

Grade 3 - Severe Any Loss of Consciousness (brief or prolonged) 

(Adapted from Maroon et al. ,  2000) 

 

However, as pointed out by Schatz, Pardini , Lovell , Collins, and Podell (2005),  

although these grading scales were beneficial , they were not empirically based and 

the management and return-to-play strategies that were recommended were largely 

based upon subjective clinical experience rather than on objective research.  

 

In order to discuss concerns regarding concussion diagnosis and management,  the 

First International Conference on Concussion in Sport was held in Vienna in 2001. 

The Concussion in Sport Group proposed the definition of concussion to be a 

‘complex pathophysiological process affecting the brain,  induced by traumatic 

biochemical forces’ (Aubry et al .,  2002).   In terms of the definition several common 

features incorporating clinical , pathological and biomechanical injury concepts are 

used to explain the nature of a concussive head injury,  including: (1) Concussion 
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may be caused by a direct blow to the head, face, neck, or elsewhere on the body 

with an ‘impulsive’ force transmitted to the head, (2) concussion typically results  in 

the rapid onset of short-lived impairment of neurological functions that resolves 

spontaneously,  (3) concussion may result  in neuropathological changes but the acute 

clinical symptoms largely reflect functional disturbances rather than structural  

injury,  (4) concussion results in a graded set  of clinical syndromes that may or may 

not involve loss of consciousness. Resolution of the clinical and cognitive symptoms 

typically follows a sequential course, (5) concussion is typically associated with 

grossly normal structural neuroimaging studies (p.6).  

 

McCrory and Johnston (2002) comment on the agreement of the above definition, 

but point out that no definit ion is able adequately to reflect  the importance of the 

different post-concussive symptoms.  

 

The Second International Conference of Concussion was held in Prague 2004 

(McCrory et al. ,  2005) here it  was decided to endorse the earl ier definition of the 

Vienna Conference,  with one important  addition: special note was made that, in 

some cases,  post-concussive symptoms may be prolonged or persistent . This most 

recent definition will be utilised for the purpose of the present research. Despite 

previous grading scales being criticised and found to be inadequate, a further 

proposal was introduced at the Prague (2004) Second International Conference of 

Concussion, which was the sub-division of a concussion into either a simple or 

complex concussion. (McCrory et  al .,  2005).  It  was argued that this sub-division, the 

parameters of which are summarised in Table 1.2, takes into account prolonged post-

concussive symptoms, which prior grading scales had overlooked.  

 

 

1.3.NEUROPSYCHOLOGICAL OUTCOME FOLLOWING MTBI/CONCUSSION 

Concussions may involve immediate (acute) effects as well as long-term (chronic) 

effects (Grindel,  Lovell, & Collins, 2001). Acute effects include the cognit ive 

sequelae, and self-reported symptoms which usually resolve up to three months post-

injury. Effects that  persist for longer than three months post-injury may be 

considered chronic and relatively permanent (Barth et  al .,  1989).  Specifically,  with  

regard to post-concussive symptoms (which is the focus of this study), although 

most individuals reportedly make a complete recovery after a mild head injury,  a 
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Table 1.2:  

Classification of a Concussion according to the Prague Conference, 2004  

Categorisation of Concussion: Description: 

Simple Concussion Injury resolves progressively in 0-7 days 

(without complications) 

Complex Concussion Athletes suffer persistent symptoms for 

longer than 7 days 

Specific sequelae (convulsions) 

Prolonged loss of consciousness 

Prolonged cognit ive impairment 

 (Adapted from McCrory et al .,  2005).  

 

small minority continues to report symptoms for an extended period after injury 

(Macciocchi, Barth,  & Lit tlefield, 1998). These are frequently termed ‘late 

symptoms’ as they are often reported days or weeks after an injury (Ryan & Warden, 

2003).  Such symptoms are commonly known as post-concussive symptoms ,  and will 

be discussed in more detail  below. 

 

1.4.  POST-CONCUSSIVE SYMPTOMS  

 
The post-concussive symptoms associated with head trauma are considered to be 

among one of the most common and perplexing neuropsychological syndromes (Fox, 

Lees-Haley, Earnest  & Dolezalwood, 1995). The concept of a post-concussive 

syndrome is in itself controversial , and has been identified in the American 

Psychiatric Association’s (2000) Diagnostic and statistical manual of mental  

disorders, fourth edition, text revision (DSM-IV-R) as an area for further study for 

possible inclusion in future manuals. According to the DSM-IV-R (2000), the 

essential feature of the proposed Post-Concussional Disorder is an acquired 

impairment in functioning, accompanied by specific neurobehavioural  symptoms that  

occur as a result of a closed head injury of sufficient  severity to produce a 

significant cerebral concussion. As stated in the DSM-IV-R (2000), cri teria for the 

diagnosis of a Post-Concussional Disorder at present include documented cognit ive 
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deficits in either attention or memory. Accompanying the cognitive disturbances, 

there must be three or more symptoms present for at least three months following 

the closed head injury (American Psychiatric Association, 2000).  These include: 

becoming fatigued easily; disordered sleep; headache; vertigo or dizziness;  

irritability or aggression on little or no provocation; anxiety; depression; or 

affective lability; apathy or lack of spontaneity;  and other changes in personali ty 

(e.g. , social or sexual inappropriateness). The symptoms develop after the head 

trauma has occurred, or represent a significant worsening of pre-existing symptoms.  

 

Although most clinicians agree that there is  a potential constellation of symptoms 

(Barth, Diamond, & Errico,  1996), the term post-concussive syndrome is used 

inconsistently in the literature and within clinical settings. It  is not  clear whether or 

not such a syndrome exists (McAllister & Arciniegas,  2002). Accordingly,  the 

presence of a specified cluster of symptoms that warrants a diagnosis of a post-

concussive syndrome cannot be assumed. Therefore, for the purposes of this 

research the mere presence or absence of post-concussive symptoms will be the 

focus of investigation, rather than any attempt to contribute to the debate of whether 

the presence of particular symptoms supports the concept of the elusive post-

concussive syndrome. To facilitate discussion within this thesis, symptoms will be 

discussed in terms of categories of physical/neurological, cognitive and 

emotional/behavioural symptoms, as utilised by Shuttleworth-Edwards, Border, Reid 

& Radloff (2004) when reporting on post-concussive symptoms within the sporting 

context.   

 

1.5.  POST-CONCUSSIVE SYMPTOMS IN THE GENERAL POPULATION 

 

1.5.1. Incidence of Post-Concussive Symptoms  

 

Although much is known about the incidence of traumatic head injury,  less is known 

about the frequency and duration of post-concussive symptoms. (Bohnen & Jolles,  

1992). Bohnen and Jolles (1992) reviewed a number of studies whose estimates on 

the incidence of post-concussive symptoms varied, ranging from 20% to 80%. These 

discrepancies were considered to be due to differing definitions of mild traumatic 

brain injury,  post-injury time, and the measures used to assess post-concussive 

symptoms. Binder (1997) states that 8% of individuals who have suffered a mild 
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head injury experience significant symptoms at one-year post-injury,  and that these 

symptoms are potentially permanent. Although most individuals reportedly make a 

complete recovery after a head injury, a small minority continues to report  

symptoms for an extended period after injury (Macciocchi et al. ,  1998). King (2003) 

states that a significant number of individuals who suffer a mild head injury 

experience no discernible symptoms whatsoever,  but  at  least half sustain some post-

concussive symptoms. Most recover completely within 3 months post-injury,  but 

approximately one-third have persisting symptoms. 

 

A study conducted by Callaway et  al. (1999) examined the incidence and predictors 

of post-concussive symptoms after minor head injury.   A sample of adult patients 

who presented to an emergency department with transient changes in consciousness 

and a GCS of 13-15 was compared to a control group of 22 emergency department 

patients with isolated trauma. Results showed that the mean number of new 

symptoms was greater in mild head injury patients when compared to control 

participants. They found post-concussive symptoms to be common, and likely to be 

associated with objective memory defici ts, and also to be more l ikely in patients 

suffering from headaches at  the emergency department.   

 

According to Bazarian and Atabaki (2000),  up to 50% of patients who suffer a minor 

head injury will develop post-concussive symptoms. Davis (2002) concurs, pointing 

out that of the two million individuals who suffer a brain injury in the United States 

annually, over 80% suffer a mild traumatic brain injury.  Of these,  50% are at risk 

for persistent post-concussive symptoms, and 10-15% may suffer post-concussive 

symptoms for months or years after injury. According to Satz et al. (1999), most 

patients with a mild traumatic brain injury recover within weeks or months without 

specific interventions, but approximately 15% of patients stil l  experience disabling 

symptoms twelve months after injury.  

 

1.5.2. Risk Factors for Post-Concussive Symptoms 

 

Despite much discussion within the literature, there is still  controversy regarding 

the precise aetiology of post-concussive symptom complaints (Fox et  al.,  1995).  

Recent studies show that symptoms may be affected by various aspects of the injury 

(Sotir, 2001). A postal survey conducted by Bohen et al . (1994) indicated that vague 
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everyday complaints were more prevalent and severe in patients who had suffered 

an MTBI than in patients who had not suffered an MTBI. It was found that factors 

increasing the likelihood of developing persist ing post-concussive symptoms were:  

“evidence of pre-existing emotional problems, co-morbidity,  neurological 

complication at  the time of the trauma, female sex, orthopaedic fracture,  

hospitalisation, age, education and intoxication at the time of the trauma” (p.707).  

 

More specifically psychosocial and injury-related factors that have been implicated 

in the development of persistent post-concussive symptoms include: a previous 

history of mild traumatic brain injury (Ryan & Warden, 2003; Sotir,  2001; Lishman, 

1999),  initial injury severity (Iverson, Lovell,  & Smith, 2000) and evidence of 

neurological signs (Ryan & Warden, 2003). The extent of brain damage incurred 

may be important (Lishman, 1999;  Davis, 2002) yet  problematic because available 

technology can not always be expected to detect neuronal loss or focal brain 

dysfunction (Lishman, 1999).  When positive findings do emerge it  may be difficult 

to determine causal relationships to the varied aspects of the clinical presentation. 

According to Lishman (1999),  a head injury is likely to highlight special  

vulnerabilities within one’s personality.  It  appears likely that specific personali ty 

factors will influence the characteristics of post-traumatic disabili ty. There appears 

to be a greater number of post-concussive symptoms and therefore,  an increased risk 

for post-concussive symptoms among individuals suffering a pre-existing psychiatric 

disorder. There are high rates of co-morbidity of anxiety and depression symptoms 

with those reported as post-concussion symptoms (King, 2003). Patients with a prior 

history or a family history of depression may be at greater risk of developing 

depressive symptoms after injury (Iverson, Lovell , & Smith, 2000; McAllister & 

Archiniegas, 2002), although the majority of depressive episodes arise in patients 

with no such vulnerabilities (McAllister & Archiniegas, 2002).  

 

Lees-Haley and Brown (1993) argue that the litigation process increases the rate of 

endorsement of various psychological and neuropsychological symptoms through 

response bias. The increase of symptoms may be attributed to over-reporting, as 

litigants believe that  it  will help their case. This is supported by Davis (2002), who 

found that, at one-week post injury, individuals involved in litigation or who were 

seeking compensation were at  a high risk for post-concussive symptoms. Lishman 

(1999) notes that lit igation can strongly motivate the aggravation and prolongation 
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of disability. However, Sotir (2001) notes that many patients who develop post-

concussion symptoms are not influenced by l itigation, and the resolution of legal  

action does not result in symptom resolution. King (2003) supports this, commenting 

that , although twice as many patients seeking compensation have post-concussive 

symptoms when compared with those who are not,  few show significant 

improvement after a settlement. Older age (over age 40) has been implicated as a 

factor that may be related to the development of post-concussive symptoms (Ryan & 

Warden, 2003). According to Davis (2002), being female was predictive of post-

concussive symptoms one week after injury. This is supported by King (2003) who 

found a higher prevalence of post-concussion syndrome in women. In addition King 

(2003) stresses that, when post-concussion symptoms persist,  psychological features 

will entirely account for the symptoms in some individuals, whilst organic or quasi-

organic features will  entirely account for the symptoms in others.  

 

1.5.3. Outcome studies on Post-Concussive Symptoms 

 

A literature search within the Rhodes University Electronic Information resources 

on PubMed and PsycARTICLES using various combinations of the keywords ‘mild 

traumatic brain injury’ and/or ‘concussion’ and/or ‘post-concussive symptoms’ 

yielded 5 articles that appeared to focus specifically on the presence or absence of 

post-concussive symptoms following an MTBI in the general  population. Additional  

material was resourced from the internet and reference lists. A summary of the 

available studies is presented in Appendix A, Table 1.3.  

 

Of the studies reviewed three studies describe symptoms identified in the acute 

phase following an MTBI (Callaway et al. ,  1999; Evans, 1996; Kumar et al.,  2005) 

and five studies focus on the chronic sequelae of MTBI (Bohen, Jolles, & Twijnstra, 

1992; Chamelain & Feinstein, 2004; Chan, 2002; Mickeviene et al. ,  2005 ; 

Necajauskaite, Endiziniene,  & Jureniene, 2005). Many studies do not report on 

specific symptom profiles (Bohen, Jolles, & Twijnstra, 1992; Chan, 2002; Iverson & 

Lange,2003; Kumar et al. ,  2005), other studies report  on isolated specific symptoms 

(Callaway et al .,  1999; Chamelain & Feinstein, 2004; Chan, 2001; Evans, 1996; 

Mickeviene et al.,  2005 ; Necajauskaite et  al .,  2005) 
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Syntheses of specific symptoms which have been noted in the acute phase include a 

number of physical/neurological symptoms (fatigue, sleep disturbances) cognitive 

symptoms (problems with memory, concentration, and taking a longer time to think),  

and emotional or behavioural symptoms (anxiety,  irritability and personality 

changes).  Syntheses of specific symptoms which have been noted in the chronic 

phase include a number of physical/neurological symptoms (headaches, dizziness,  

fat igue), and emotional/behavioural symptoms (irritability and personality changes).  

Of note are two studies which looked at post-concussive symptoms in a non-MTBI 

population (Chan 2001; Iverson & Lange, 2003) that also found the presence of 

physical/neurological symptoms (fatigue and sleep disturbances) and cognitive 

symptoms (longer time to think, poor concentration and forgetfulness).  

 

As highlighted by Iverson and Lange (2003), many symptoms which are reported 

following a concussion are present in the general  population. For example, although 

depression is a common consequence of traumatic brain injury in general , many 

post-concussive symptoms such as subjective slowing, irri tability,  fatigue and sleep 

disturbance may misleadingly suggest an active depressive syndrome, even when 

individuals do not endorse items such as depressed mood (McAllister & Archiniegas,  

2003). It  is therefore important to identify post-concussive symptoms separate from 

symptoms of other psychiatric disorders.  

  

 1.6. POST-CONCUSSIVE SYMPTOMS AMONGST THE SPORTS  

POPULATION 

 

1.6.1 Incidence of Post-Concussive Symptoms on a Sports Population 

 

With reference to the sporting population, i t  would appear to the researcher that  

there are no studies which have specifically targeted the incidence of self-reported 

post-concussive symptoms. Rather the presence of post-concussive symptoms 

appears to be embedded in the very definition of a concussion within this context, 

that post-concussive symptoms are indicative of an MTBI. This suggests that post-

concussive symptoms are common in the acute phase following a concussion. For 

example,  McCrory and Johnston (2002) state “by its very nature, a concussion is 

diagnosed by its  presenting symptoms” (p.17).  
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Accordingly at the Second International Conference for Concussion in Prague 

(McCrory et al .,  2005), the Concussion in Sport Group Initiative noted that  

specifically in the acute phase a number of signs and symptoms might indicate a 

head injury. These may be clustered into the physical/neurological, cognitive and 

emotional/behavioural domains as mentioned previously p.6.  Physical/neurological 

symptoms described are headache or pressure in one’s head; balance problems or 

dizziness; nausea; confusion; visual problems like seeing stars; ringing in the ears; 

fat igue; coordination or balance; gait unsteadiness or loss of balance; slowness in 

answering questions or follow directions; vomiting; a vacant stare or glassy-eyed 

look and slurred speech. Cognitive features that were denoted include: feeling 

“dinged”, “foggy”,  “stunned” or “dazed”; easily distractible or poor concentration 

and subjective feelings of slowness. Emotional/behavioural  signs delineated include: 

displays of inappropriate emotion (laughing or crying); irritability or emotional 

changes and personality changes (p.50). It  is clear that as stated by McAllister and 

Archiniegas, (2002) “there is an unquestionable discrepancy between the message 

typically given to the individual who suffers from a mild traumatic brain injury in 

the emergency department ‘You’ve had a very mild injury or concussion, you’ll be 

fine…’) and the reali ty that these individuals experience” (p.270).  

 

1.6.2. Risk Factors for Post-Concussive Symptoms in a Sports Population 

 

Iverson, Lovell, and Collins (2003a) emphasise that a concussion is a highly 

individualised injury.  They point out that, whilst some athletes experience 

immediate,  pronounced problems, others experience mild problems that  resolve 

quickly (p. 465).  Putukain and Echemendia (2003) stress that many of the factors 

that relate to the athlete’s response to injury are dependent on his or her role (or 

perceived role) within the team. Whether the athlete is a starter versus a back-up or 

reserve may also change the way that he or she is treated by the medical team and 

coaching staff, and may in turn determine how much impact their injury will have on 

the team’s success. In addit ion, the amount of self-identi ty that the athlete places 

within his (or her) role as a team player can affect how he (or she) responds to 

injury. Coping resources that might affect how an athlete handles an injury may 

include the particular strategies that the athletes employ to cope, as well as the 

social  support that is  available to them.  
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Other risk factors that have been implicated in the development or maintenance of 

post-concussive symptoms are: “problems with relationships, job or family that  

cause life changes” (Putukain & Echemendia, 2003, p.619). Further risk factors for 

athletes as noted by Webbe and Barth (2003) include cumulative concussive and 

sub-concussive blows, the APOE genotype, age, gender, and a prior history of 

concussion. Thus personality factors that may influence a response to injury, as 

noted by Putukain and Echemendia (2003),  include competit ive trai t anxiety,  

toughness and achievement motivation. A study conducted by Ferguson, Mittenberg, 

Barone, and Schneider (1999) attempted to examine the role of expectations in the 

symptom reports of athletes who sustained a MTBI in contact sports.  They noted 

that the symptom increases that were perceived by the MTBI group appeared to be 

direct results of the expectation that post-concussion symptoms will be experienced 

following an MTBI.  

 

Many cases of mild head injury in sport  are not reported as such an injury might be 

perceived as a sign of weakness and may result in exclusion or elimination from 

competi tions (Ruchinskas,  Francis, & Barth, 1997). According to Lovell (2002),  

various research studies have suggested that the symptom reporting by athletes is 

highly inaccurate due to the minimisation of symptoms. Guskiewicz et al. (2003) 

noted that concussed players are unlikely to sit out unless they are forced to by a 

physician or a trainer.  

 

1.6.3. Outcome Studies on Post-Concussive Symptoms on a Sports Population 

 

A literature search reveals that there do not appear to be any studies within the 

sports arena which have attempted to establish the effects of MTBI with specific 

regard to post-concussive symptoms in players of sports. Many studies have targeted 

the incidence of MTBI in general in the sporting context, or have focused upon the 

neuropsychological consequences including both cognitive and post-concussive 

symptoms. To the authors knowledge there is no review of the studies in sport and 

their findings with regard to post-concussive symptoms. The present review attempts 

to isolate those studies which have specifically included post-concussive symptoms 

as part of the study,  for athletes in general , boxing, american football, soccer and 

rugby union.  
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Athletes in General 

 

A literature search within the Rhodes University Electronic Information resources 

on PubMed and PsycARTICLES Using various combinations of the keywords ‘mild 

traumatic brain injury’ and/or ‘concussion’ and/or ‘athletes’ and/or ‘post-

concussive’ symptoms, a literature search yielded no articles. Additional  material  

resourced from the internet and reference lists yielded eleven art icles. A summary of 

the available studies are presented in Appendix A, Table 1.4.   

 

All eleven of the studies reviewed focus exclusively on acute rather than persistent  

(chronic) symptoms (Asplund, McKeag & Olsen, 2004; Coll ins, Field et al.,  2003; 

Collins, Iverson et  al. ,  2003; Erlanger et al. ,  2003; Field, Collins, Lovell,  & 

Maroon, 2003; Iverson, Gaetz, Lovell & Collins, 2002a; Iverson, Gaetz, Lovell ,  & 

Collins, 2002b; Kaut, DePompei, Kerr, & Congeni, 2003; Lovell et al. ,  2003; Lovell,  

Collins, Iverson, Johnston & Bradley, 2004, Killam, Cautin, & Santucci,  2005). 

Many studies do not report  on specific symptom profiles (Collins, Iverson et al. ,  

2003; Erlanger et al .,  2003; Field et al. ,  2003; Lovell et al .,  2003; Lovell et al.,  

2004, Killam et al. ,  2005) other studies report on isolated specific symptoms 

(Asplund et al. ,  2004; Collins, Field et al. ,  2003; Iverson, Gaetz, Lovell & Collins,  

2002a; Iverson, Gaetz, Lovell , & Collins,  2002b; Kaut et  al.,  2003).  

 

In respect of these studies,  symptoms which have been noted in the acute phase 

include a number of physical/neurological symptoms (headaches and dizziness),  

cognitive symptoms (difficulty concentrating, memory problems, difficulty thinking 

and feelings of fogginess). All of these are commensurate with post-concussive 

symptoms reported in the general population, with the exception of feelings of 

subjective fogginess (Iverson, Gaetz,  Lovell, & Collins, 2002b).  Aside from the 

important contribution of noting the prevalence of this symptom in the sports 

concussion context, Iverson, Gaetz, Lovell, & Collins (2002a) investigated the 

symptomatic profile for athletes with a history of cumulative (3 or more) 

concussions, revealing that at the pre-season stage, athletes who had sustained 

previous concussions reported more post-concussive symptoms than matched control 

participants. A further contribution by Lovell  et  al . (2003) was to highlight the 

incongruence between formal memory testing and the number of self-reported 

symptoms. They note that  this gives rise to some concern,  as many sporting 
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activities rely solely on the self-reports of players and not on objective 

neuropsychological  testing. 

 

Boxing 

 

The nature of boxing includes direct impact, rotational forces and multiple sub-

concussive and concussive blows (Barth,  2000). These normal activities in a boxing 

match place the part icipant at risk of incurring a head injury.  There appear to be no 

studies which have attempted to establish the effects of MTBI with special regard to 

the post-concussive symptoms reported by boxers. Rather, many studies have 

commented on CT scan evidence of cerebral atrophy in professional boxers,  and 

impaired cognitive functions following long boxing careers. A relationship between 

the incidence of abnormalities and the number of fights has been established, 

supporting the evidence of cognitive dysfunction as a result of cumulative head 

injury (Barth et al. ,  1989; Butler,  Forsyth, Beverley,  & Adams, 1993).  The terms 

punch drunk ,  chronic boxer encephalopathy ,  traumatic boxer’s encephalopathy ,  and 

dementia pugilist ica  have been used to describe the long-term or severe effects in 

some boxers (Barth, 2000; Ruchinskas et  al. ,  1997).   

 

Ruchinskas et al .,  (1997) have described the symptoms of punch-drunkenness as 

tending to occur in three stages, comprising elements that fall within each of the 

physical/neurological, cognitive and emotional/behavioural  domains. The first 

disturbances that  appear are physical disturbances (co-ordination),  and 

emotional/behavioural changes (affect and emotion). These may be followed by 

physical problems such as dysarthia (speech problems) and a tendency to tremor.  

Finally the boxer may experience further physical/neurological symptoms (difficulty 

in hearing, increased tremors, worsening co-ordination) and cognitive symptoms (a 

decreased ability to think clearly,  and memory problems). Further in accordance 

with Ruchinskas et al. ,  (1997) description, these changes may occur in conjunction 

with the emotional/behavioural disturbances  (changes in personality and decreased 

social  skil ls).  
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American Football  

 

Vigorous body contact has always occurred in American Football, but in spite of 

wearing helmets that provide both padding and a suspension system, the athlete is 

not completely protected as the mechanism of most MTBI’s is the sudden 

deceleration combined with rotation of the players head (Wilberger, 1988). The type 

and severity of injury in American Football appears to be directly related to the 

number and recency of previous blows to the head or acceleration/deceleration 

injuries (Barth et al . ,  1989). Despite many studies, whenever the presence of post-

concussive symptoms as a general phenomenon is mentioned, a specific breakdown 

of these symptoms are usually not described in detail.  A literature search within the 

Rhodes University Electronic Information resources on PubMed and PsycARTICLES 

using various combinations of the keywords ‘mild traumatic brain injury’, and/or 

‘concussion’ and/or ‘american football’, and/or ‘post-concussive symptoms’ yielded 

1 article that appeared to focus specifically on the presence or absence of post-

concussive symptoms following an MTBI in American Football. Additional material  

was resourced from the internet and reference lists yielding two art icles. A summary 

of the available studies are presented in Appendix A, Table 1.5.  

 

All three of the studies reviewed focus exclusively on acute rather than persistent 

symptoms (Collins, Grindel, Lovell , et. al. ,  1999; Pellman, Powell, et. al .,  2004; 

Pellman, Viano, Casson, Arfken, & Powell, 2004). One study does not report on 

specific symptom profiles (Collins, Grindel, Lovell, et. al.,  1999), but merely 

indicates that generally there is an increase in post-concussive symptoms in 

particular associated with a history of concussion. It was noted that a non-verifiable,  

self-reported history of concussion, and the self-reporting of concussions during the 

season may have resulted in the under reporting of post-concussive symptoms. Two 

other studies report  on a profile of symptoms (Pellman, Powell, et. al .,  2004; 

Pellman, Viano et al.,  2004). A synthesis of symptoms noted in the acute phase 

include a number of physical/neurological symptoms (headaches, dizziness, blurred 

vision, double vision, photophobia and fatigue) and cognitive symptoms (memory 

problems and cognitive problems).   

 
Soccer 
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Head injuries in soccer tend to occur either though impact with another object (e.g. 

foot, elbow, head, ground or goalpost) resulting in an acute injury, or through 

repetitive minor head injuries caused by heading the ball resulting in chronic injury 

(Jordan, Green, Galanty,  Mandelbaum, & Jabour, 1996). A literature search within 

the Rhodes University Electronic Information resources on PubMed and 

PsycARTICLES using various combinations of the keywords ‘mild traumatic brain 

injury’, and/or ‘concussion’,  and/or ‘soccer’, and/or ‘post-concussive symptoms’ 

yielded no articles that appeared to focus specifically on the presence or absence of 

post-concussive symptoms following an MTBI in soccer players. Additional Material  

was resourced from the internet and reference lists yielding four articles.  A 

summary of the available studies are presented in Appendix A, Table 1.6.  

 

Of the four studies reviewed two studies describe symptoms identified in the acute 

phase following an MTBI (Barnes et al. ,  1998; Putukain, Echemendia, & Mackin,  

2000),  and one study focuses on the chronic sequelae of MTBI (Jordan et  al.,  1996). 

In addition, one study examined both the acute and chronic symptoms following an 

MTBI (Tysvaer & Stoli, 1981).  One study does not examine specific symptom 

profiles (Putukain,  et al. ,  2000) other studies report on specific symptoms (Barnes et  

al. ,  1998; Jordan et al. ,  1996). A synthesis of symptoms which have been noted in 

the acute phase include a number of physical/neurological symptoms (headaches, 

being dazed, dizziness, neck pain, insomnia, and difficulty hearing), cognitive 

symptoms (weakened memory) and emotional or behavioural symptoms (irritabili ty).  

Two studies do not report on specific symptom profiles (Jordan et al. ,  1996; 

Putukain et al .,  2000) but indicated that generally post-concussive symptoms did not 

correlate with the number of times that  a soccer player headed the ball.   

 
Rugby Union 

 

Due to bodily collisions Rugby Union is classified as one of the world’s most 

dangerous sports (Hillis, McIntyre, Maclean, Goodwin, & McKenna, 1994; Wekesa,  

Asembo, & Njororai, 1996) and is  considered to be one of the sports with the 

highest dynamic and static demands (Hillis et  al .,  1994).  Rugby Union accounts for 

the highest rate of sports-related brain injury in New Zealand.  In one season of New 

Zealand club rugby,  30% of players reported at  least one Central Nervous System-

related head injury (Willis & Leathem, 2001). Rugby Union appears to be more 
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dangerous than American Football, Rugby League and Australian Rules Football. It  

is also the most susceptible to concussion (Shuttleworth-Edwards et  al.,  2004).  

 

Despite being one of the most dangerous sports, there is limited published research 

which has targeted the effects of concussion amongst rugby players,  or specifically 

targeted post-concussive symptoms. A literature search within the Rhodes 

University Electronic Information resources on PubMed and PsycARTICLES using 

various combinations of the keywords ‘mild traumatic brain injury’, and/or 

‘concussion’, and/or  ‘rugby’, and/or ‘post-concussive symptoms’ yielded no articles 

that appeared to focus specifically on the presence or absence of post-concussive 

symptoms following an MTBI in the general population. Additional material was 

resourced from the internet and reference lists. There appear to be two studies on 

Rugby Union available for the purposes of this review (Shuttleworth-Edwards et al.,  

2004; Shuttleworth-Jordan, Puchert, & Balarin, 1993). A summary in respect of 

these studies their outcome on post-concussive symptoms is presented in Appendix 

A, Table 1.7.   

 

The first study by Shuttleworth-Jordan et al. (1993) focuses on post-concussive 

symptoms identified in the acute phase following an MTBI.  This study which was 

conducted using university students tracked the profile of post-concussive symptoms 

amongst concussed players until the end of the rugby season. A synthesis of 

symptoms been noted by the researchers include a number of physical/neurological  

symptoms (headaches, visual problems, insomnia, fatigue, vomiting, restlessness, 

loss of appetite, sensitivity to noise, weakness of limbs, clumsiness and speech 

problems) cognitive symptoms (poor attention and concentration) and emotional or 

behavioural symptoms (anxiety). Findings from this study showed that post-

concussive symptoms resolved within three months.  

 

The more recent study by Shuttleworth-Edwards et al. (2004) appears to be the study 

which provides the most detail,  than all  other studies reviewed thus far within the 

sporting population, regarding the chronic post-concussive symptoms following a 

concussion. For the purposes of this study a 31-Item Post-Concussion Symptom 

Questionnaire was used at the pre-season stage in an attempt to tap residual 

(chronic) symptoms, that was clearly sensitive in identifying a cluster of symptoms 

which may again be divided into the three categories of physical/neurological,  
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cognitive and emotional/behavioural  being utilised in this thesis, as mentioned 

previously (p. 6). Symptoms noted by these researchers include a number of 

physical/neurological symptoms (speech problems, sensitivity to noise, clumsiness, 

fat igue,  and sleep difficulties) cognitive symptoms (poor sustained attention and 

concentration) and emotional or behavioural symptoms (argumentativeness, short  

temperedness, aggressiveness and becoming easily angered).  

 

This study, despite being the most detailed with regards to post-concussive 

complaints, appears to be tentative in nature. A greater number of self-reported 

post-concussive complaints were found in rugby players when compared to controls.  

However,  the same symptoms are not reported across all groups of professional, 

under 21 and schoolboy rugby players (Refer to Appendix 1, Table 1.7).  

Furthermore university level players were not targeted within this study. This is 

clearly a gap in the research literature in respect of Rugby Union and hence was 

chosen as the target population for the present research. 

 

Summary  

 

Overall , the research on post-concussive symptoms in the sports arena tended to 

focus on acute outcomes of concussion, although there are a number of isolated 

studies which focus on the residual effects following a concussion. As noted at the 

Prague Conference,  2004, generally in either the acute or chronic phase,  the 

presence of post-concussive symptoms is clearly an established consequence of 

sports concussion (McCrory et al.,  2005), comprising symptoms that have been 

identified after sustaining an MTBI in the general population. These include a 

number of physical/neurological symptoms (headaches, feeling dazed, dizziness 

including vert igo, insomnia, difficulty in hearing double vision, photophobia,  

appetite problems, sleeping difficulties, restlessness, acute sensitivity to noise, 

clumsiness and slurred speech), cognitive symptoms (difficulty in concentrating, 

memory difficulties) and emotional/behavioural symptoms (irritability,  worry,  

anxiety,  argumentativeness, short-temperedness, aggressiveness, becoming easily 

angered, and depression).  

 

It  is of interest is that ‘subjective feelings of fogginess’ is a symptom that appears 

to have arisen part icularly within the sport-related context and does not appear in 
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reports of the general population. Either this symptom does not appear in the 

general population or this is a term coined possibly by athletes who are fit  and 

generally thinking clearly,  within the sports arena, being a colloquial term rather 

than a medical term, in the same way concussion is favoured over MTBI amongst the 

sport population. Of importance to consider is that athletes are often assessed on-

field immediately following an MTBI, whereas in the general  population assessment 

of a head injury usually occurs at the hospital department a few hours following the 

injury by which time the symptom of subjective feelings of fogginess may have 

resolved or may not be so prevalent. Of further difference is the potential for over-

reporting of symptoms amongst the general  population, in particular in cases of 

litigation (Lees-Hayley & Brown, 1993). This is in contrast  to the sporting context 

where athletes have a tendency to under-report their symptomotology due to a 

number of factors (see earl ier discussion p.12). Despite the problem of the under-

reporting of symptoms, it  appears that within the sports literature reviewed a 

substantial number of symptoms have been noted, and this has important  

implications for the management of sports-related MTBI. 

 
1.7.  MANAGEMENT OF SPORTS CONCUSSION 

 
It  is important to monitor the symptoms that follow a concussion in order to manage 

the concussed player accurately.  The management of sports related MTBI is 

controversial and at present there are no universally-accepted recommendations for 

concussion management (Aubry et al.,  2001). The past approach to concussion 

management has been criticised and a number of management guidelines have been 

devised such as that by McCrory (2002), and Kohler (2004) which highlight the need 

for an individualised approach to concussion management (Guskiewicz et .al .,  2004).  

Post-concussion recovery rates vary between individuals (McCrory, 2002; Kohler,  

2004).  Consequently, differences in individual recovery,  together with the demands 

and risks of a particular sport , need to be taken into account when making the 

medical decision to return-to-play (McCrory, 2002). More recently,  a number of 

computer-based measures have been developed especially for concussion 

management in the acute phase (Schirring, 2001). Computer-based programs are 

both cost-and time-effective as well as reliable, allowing response variability and 

thus eliminating practice effects (Kohler, 2004; Guskiewicz et al. ,  2004). A further 

advantage is ease of administration (Guskiewicz et al. ,  2004). Programs already in 
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use include CogSport (originating in Australia), The Concussion Resolution Index 

(also referred to as HeadMinder) and ImPACT (both from the United States).  

 

Current recommendations discussed at  the Second International Conference of 

Concussion, in Prague 2004 (McCrory et al.,  2005) indicated that 

neuropsychological testing is not required for a simple concussion, but may be 

necessary for complex concussions. However, researchers have reported that 

neuropsychological  testing is regarded as the most sensitive method for the 

evaluation of both acute and chronic effects following concussion (McCrea, Kelly,  

Randolph, Cisler, & Berger, 2002). With specific regards to the tapping of self-

reported symptoms, following a concussion, CogSport  does not appear to include a 

symptom checklist and seemingly focuses only on the cognit ive outcome following 

an MTBI. HeadMinder attempts to assess the presence and intensity of self-reported 

neurophysiologic symptoms. Fourteen post-concussive symptoms are included: 

headaches, vomiting, dizziness, nausea, fatigue, weakness, sleep problems, 

difficulty in concentrating, memory problems, irritabil ity, depression, photophobia,  

diplopia and sensory abnormalities,  these appear to be assessed only following a 

trauma, not at the baseline phase (Erlanger et al .,  2002). The ImPACT measure 

contains a more comprehensive post-concussive symptom scale comprising the 22 

symptoms which are incorporated into the program at all  testing intervals. The 

ImPACT measure is  utilised in the present study and will  be discussed in greater  

detail below. 

 

1 .7.1. ImPACT (Immediate Post-concussion Assessment and Cognitive Testing)  

 

ImPACT in its  original version was developed between 1999-2000, and was designed 

specifically for sports-related concussions. The ImPACT battery is a computer-

administered neuropsychological  assessment tool that consists of seven individual 

modules which measure aspects of cognitive functioning (Maroon et al.,  2000; 

Iverson, Gaetz, Lovell & Collins, 2002a; Guskiewicz et al.,  2004; Lovell & Collins,  

2002a). The ImPACT program may be administered with minimal supervision by a 

technician, trainer or even someone who is only slightly familiar with the software.  

It  takes 20-25 minutes to complete (Maroon, Field, Lovell , Collins,  & Bost,  2002).   

 

 



 

 
 

 

21 

The ImPACT Symptom Scale, has 22 symptoms commonly, associated with 

concussion. These include physical/neurological symptoms (headaches,  nausea,  

vomiting, balance problems, dizziness,  fatigue, trouble falling asleep, sleeping more 

than usual, sleeping less than usual, drowsiness, sensitivity to light, sensitivity to 

noise, numbness/tingling, and visual problems), cognitive symptoms (feeling slowed 

down, feeling mentally foggy, difficulty concentrating and difficulty remembering),  

and emotional/behavioural symptoms (irritability, sadness, and feeling more 

emotional). This scale was originally developed for use with the Pittsburgh Steelers 

(a professional American football  team) and is now used throughout professional 

and amateur sports (Iverson, Gaetz, Lovell , & Collins, 2002a; Iverson, Lovell,  & 

Collins, 2003a; Aubry et al. ,  2002). ImPACT taps into all the symptoms mentioned 

in section (1.6.3), with the exception of a small cluster of symptoms that have been 

included on the 31-Item Post-Concussion Symptom Questionnaire (Shuttleworth-

Edwards et al .,  2004) namely: aggression, language difficulties, restlessness, worry,  

depression, and anxiety.  Of these symptoms: aggression/argumentative behaviour 

and language difficulties were reported at relatively high frequencies across the 

professional, under-21 and schoolboy rugby groups in Shutt leworth-Edwards et al. 

(2004). Despite these omissions, ImPACT, in its recently updated version (Lovell & 

Collins, 2002b), is clearly the most comprehensive of the three computer-based 

systems with regard to the post-concussive symptoms following a concussion.  

 
1.8.  RATIONALE FOR THE CURRENT RESEARCH 

 

As noted at the Second International Conference for Concussion in Prague (McCrory 

et al .,  2005), in the acute phase a number of signs and symptoms might indicate a 

head injury, in addition post-concussive symptoms appear to be a common persistent 

outcome of concussion. However,  very few studies have exclusively targeted the 

outcome in respect  of post-concussive symptoms following a concussion within the 

sports context. It  was therefore decided to examine the specific symptom profile in a 

university rugby player population compared with non-contact-sport controls, 

making use of what appears to be the most comprehensive of the computer-based 

systems with regards to self-reported post-concussive symptoms (ImPACT Symptom 

Scale). This will be combined with the self-reported 31-Item Post-Concussion 

Symptom Questionnaire, which was found sensit ive to the effects of concussion in 

prior Rugby Union research in rugby players versus non-contact sport controls 
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(Shuttleworth-Edwards et al.,  2004), amongst professional, under-21 and school-

boy level  rugby union players, omitting the university population. 
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2. METHODOLOGY  

 

The present study formed part  of an ongoing computer-based research study that is  

investigating the use of the ImPACT program at various levels of play,  including the 

top two Rhodes university rugby teams. The ImPACT test  was administered in 

conjunction with a 31-Item Post-Concussion Symptom Questionnaire, two tests of 

old acquired knowledge to provide an estimate of IQ (Picture Completion and 

Vocabulary) and cognitive tests which are sensitive to diffuse damage (Digit Span 

and the Trail Making Test A and B). The neurocognitive aspects of both ImPACT 

and the addit ional cognitive tests form part of a different study. The current study 

was restricted to the analysis of the ImPACT Symptom Scale and the 31-Item Post-

Concussion Symptom Questionnaire. The procedure will be reported on with 

reference to the tests that were used for the purposes of the present study on post-

concussive symptoms only.   

 

2.1.  PARTICIPANTS 

 

The participants consisted of 30 universi ty athletes from the top two rugby teams at  

Rhodes University, as well as 17 non-contact sport players who played either cricket 

or swimming. The control group was recruited via advertisements or word of mouth. 

Exclusion cri teria included individuals who have had a history of substance abuse, a 

learning disability,  a history of having sustained a moderate or severe head injury,  a 

prior neurological disorder or a previously diagnosable psychiatric disorder. On the 

basis of the exclusion cri teria there were no exclusions from the study. In the event 

of a concussion athletes were referred to the researchers by the rugby coach. Only 

one player was referred for follow-up testing following a concussion during the 

2005 rugby season, and the analysis of the follow-up data for this player forms the 

basis of a separate study. Three rugby part icipants did not return for testing at the 

post-season stage. In  addition two control participants were excluded as outliers as 

their post-concussive symptom score fel l greater than three times the inter-quartile 

range from the third quartile. The final sample at the pre-season comprised a total of 

N=47 participants, divided into two subgroups of rugby (n=30) and controls (n=17).  

The final sample at  the post-season stage comprised a total  of N=44 part icipants,  

divided into two subgroups of rugby (n=27) and controls (n=17). See Table 2.1. and 

Table 2.2. for a summary of the participant’s demographic data.  
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Table 2.1:  

Demographic Data of  Participants at the Pre-Season Stage on the Full  Sample  

Pre-Season Rugby (n=30) 

Mean (SD) 

Control (n=17) 

Mean (SD) 

t-value p-value 

Age 19.93  (1.46) 23.76 (3.70) -4.092 0.001∗∗  

Education 13.27 (1.08) 14.88 (1.76) -3.430 0.002∗∗  

IQ Estimate 10.90•   (2.11) 9.85•  (2.14) 1.626 0.056 

No. of Concussions 1.60  (1.45) 0.47 (0.51) 3.853 0.000∼∼  

Note. •  Control  for estimated IQ is established on the average of  the Picture Completion 

and Vocabulary Scaled Scores   

∗∗  p < .01,  two-tailed.  ∼∼  p < .01, one-tailed 

 
 
Table 2.2:  

Demographic Data of  Participants at the Post-Season Stage on the Full  Sample  

Note. •  Control  for estimated IQ is established on the average of  the Picture Completion 

and Vocabulary Scaled Scores   

∗∗  p < .01,  two-tailed.  ∼∼  p < .01, one-tailed 
 

Post-Season Rugby (n=27) 

Mean (SD) 

Control (n=17) 

Mean (SD) 

t-value p-value 

Age 19.85 (1.46) 23.76 (3.70) -4.161 0.001∗∗  

Education 13.22 (1.09) 14.88  (1.76) -3.487 0.002∗∗  

IQ Estimate •  10.65 (1.74) 9.85  (2.14) 1.349 0.185      

No. of Concussions 1.56 (1.50) 0.47  (0.51) 3.446 0.001∼∼  
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Both the pre-season and post-season comparison of the demographic data of 

participants revealed highly significant differences for age and education, with the 

control group having a higher mean age and education than the rugby group (p < 

0.01 in both cases). A highly significant result was also found for number of 

concussions with rugby having a greater number of concussions, than the control  

group (p < 0.01). The number of concussions rounded to the nearest integer suggests 

an average of approximately two concussions per rugby player versus zero 

concussions per control participant. Given the known propensity for the under-

reporting of sports concussions, combined with the l iterature suggesting that  

multiple concussions may result in l ingering, deleterious effects (Iverson, Gaetz, 

Lovell, & Collins, 2002a), the highly significant difference between the rugby and 

the control  groups for number of concussions is considered have clinical  

significance. Descriptively the differences in age and education appear relatively 

small  (albeit  statistically different). However, it  was considered that these 

differences might have psychosocial influences since the rugby group incorporated a 

substantial number of first years in contrast to the control group that comprised a 

substantial  number of post-graduate students. Therefore it  was decided to examine a 

more balanced set of samples by reducing the sample. All masters and PhD students 

were excluded from the control group, as there were no such students in the rugby 

group. Similarly,  all first year students were removed from the rugby group, as there 

were no first year students in the control  group. The final reduced sample at the pre-

season comprised a total of N=29 participants, divided into two subgroups of rugby 

(n=20) and controls (n=9). The final reduced sample at the post-season stage 

comprised a total of N=44 participants, divided into two subgroups of rugby (n=20) 

and controls (n=9).  The demographic data set  of the reduced sample appears in 

Tables 2.3.  and 2.4.  

 

The pre- and post-season comparisons of the demographic data of participants on the 

reduced sample,  revealed a much improved control for age, education and IQ 

between the rugby group and the control group compared with the full data set,  with 

no significant differences for education and IQ. However, there was still  a 

significant difference for age at the p < . 05 level, with the control group being 

approximately 1.5 years older than rugby participants (compared to the difference of 

approximately four years in the full  sample). Since the new groups are well  matched  
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Table 2.3:  

Demographic Data of  Participants at the Pre-Season Stage on the Reduced Sample 

 

Pre-Season Rugby (n=20) 

Mean (SD) 

Control (n=9) 

Mean (SD) 

t-value p-value 

Age 20.25  (1.33) 21.78  (1.71) -2.613 0.015∗  

Education 13.65  (0.88) 13.78  (0.83) -0.369 0.715 

IQ Estimate •  10.85  (2.40) 10.11 (2.0) 0.806 0.427 

No. of 

Concussions 

1.85  (1.57) 0.78  (0.44) 2.825 0.005∼∼  

Note. •  Control for est imated IQ is established on the average of the Picture 

Completion and Vocabulary Scaled Scores.   

∗  p < .05, two-tailed. ∼∼ p < .01, one-tailed 

 
Table 2.4:  

Demographic Data of  Participants at the Post -Season Stage on the Reduced Sample  

Note. •  Control for est imated IQ is established on the average of the Picture 

Completion and Vocabulary Scaled Scores.   

∗  p < .05, two-tailed. ∼∼ p < .01, one-tailed 

Post-Season Rugby (n=20) 

Mean (SD) 

Control (n=9) 

Mean (SD) 

t-value p-value 

Age 20.18  (1.33) 21.78  (1.72) -2.638 0.014∗  

Education 13.65  (0.86) 13.78  (0.83) -0.372 0.713 

IQ Estimate•  10.44  (1.89) 10.11  (2.00) 0.416 0.681 

No. of 

Concussions 

1.82  (1.67) 0.78  (0.44) 2.431 0.013∼  
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with regards to education and IQ levels, it  is not considered that this small age 

difference would be of cl inical significance. Similar to the full sample,  a highly 

significant difference was found for number of concussions (p < 0.01) with the 

rugby group having a greater number of concussions than the control group. This is 

considered to be clinically significant (see argument above, p.  31).  

 

2.2.  PROCEDURE 
 

Pre-Season 

 

1.Consent from the Head of Sporting Administrat ion at Rhodes University was 

obtained through an informational interview conducted by the research co-ordinator.  

 

2. At the pre season stage, February 2005, an informational talk was conducted by 

the three masters students involved in the current research, regarding the importance 

and validity of the study.  An opportunity to ask questions pertaining to the study 

was provided to the participants regarding the nature of MTBI and the importance 

and value of neuropsychological testing for return-to-play and concussion 

management. Each participant was then given a consent form and demographic 

questionnaire as well  as the WAIS-III Picture Completion and Vocabulary sub-tests. 

 

3. Within seven days of the informational talk participants were required to come to 

the Rhodes Psychology Clinic at a set appointment time where the remainder of the 

pre-season test battery (comprised of ImPACT, and the 31-Item Post-Concussion 

Symptom Questionnaire) was administered.  

 

Post-Season 

 

At the post-season stage, September 2005, ImPACT and the 31-Item Post-

Concussion Symptom Questionnaire were administered.  
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2.3.MATERIALS: 

 

2.3.1. Pre-Season Questionnaire: (Appendix B)  

The demographic questionnaire consisted of questions relating to important  

demographic information on age,  level of education and current studies as well  as  

sport playing history, previous head injuries,  exclusion criteria as delineated above  

(p.  22) and other personal details .  

 

2.3.2.General Intellectual Functioning 

 

Two tests which are known to be good indicators of premorbid IQ (Lezak, 1995), 

namely the Vocabulary and Comprehension subtests of the Weschler Intelligence 

Scale-III (WAIS-III)  were administered in a group setting for both the rugby and 

control groups. It  was considered that  the same administrative procedure would 

circumvent standardisation issues.  The purpose was not to acquire an IQ level per 

se,  but  rather to ensure the matching of rugby and control participants in respect  of 

these tests of old acquired knowledge known to be resistant to the effects of diffuse 

brain damage. 

 

 Vocabulary (Appendix C) 

 

In the Vocabulary subtest of the SA-WAIS-III,  subjects are asked to define 35 words 

of increasing difficulty (Kaplan & Saddock, 2002). Vocabulary assesses an 

individual’s established knowledge, language development and verbal ability. It  

correlates highly with general intelligence (Groth-Marnat, 2000). Each word was 

read aloud and repeated if necessary.  Part icipants were given a numbered answer 

form and asked to write a comprehensive definition of the word which would 

illustrate their understanding. Answer sheets were scored and counterchecked by the 

three masters students involved in the research. Since the test was administered in a 

group setting there was no discontinue rule and participants had to complete all 

words presented to the end of the list.  
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 Picture Completion (Appendix D) 

 

The Picture Completion Subtest of the SA-WAIS-III consists of completing a picture 

in which a part is missing (Kaplan & Saddock, 2002). Picture Completion assesses 

visual recognition, visual organization, visual alertness and reasoning abilit ies.  In 

addition it  assesses the subjects ability to differentiate essential from irrelevant 

stimuli (Groth-Marnat, 2000). Pictures were displayed on a large screen projector 

and participants were given a numbered answer form and asked to write down or 

explain the part of the picture which was omitted. Answer sheets were scored and 

counterchecked by the three masters students involved in the research. Since the test 

was administered in a group setting there was no discontinue rule and participants 

had to complete all i tems presented to the end of the pictures.   

 

2.3.3. ImPACT (Immediate Postconcussion Assessment and Cognitive Testing) 

Version 3.0 

 

The computerised neuropsychological ImPACT programme, version 3.0 was utilised 

in the current research. ImPACT 3.0 was released in 2004 and consists of a 

demographic questionnaire that includes relevant demographic information, as well 

details  on the players medical  and concussion history.  The test battery consists of 

six individual modules which encompass several aspects of cognitive functioning 

which are sensitive to traumatic brain injury as well as a 22-Item Symptom Scale. 

The ImPACT Symptom Scale includes physical/neurological,  cognitive symptoms, 

and emotional/behavioural symptoms as discussed previously (See p.20). The athlete 

is asked to choose (via a click of the mouse), the point on the scale, which is graded 

from 0-6 in terms of severity,  that most accurately reflects his or her status with 

regard to each symptom at that point in time. The computer programme includes 

automatic scoring of tests and a report is generated which shows a detailed 

breakdown of scores and overall composite scores (Lovell & Collins, 2002a), that 

scores for each symptom and the total symptom score. As indicated above only the 

post-concussion symptom scale composite scores were used in this study. The 

ImPACT Symptom Scale is used throughout amateur and professional sports and 

encourages the quantification of the severity of symptoms (Lovell & Collins, 

2002a). The scale allows for the tracking of recovery of individual symptoms 
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throughout the injured players recovery process and may serve as an educational 

tool to alert the athlete, team staff and parents regarding the presence of post-

concussive symptoms (Lovell  & Collins, 2002a).  

 

Current research has demonstrated that the neuropsychological  test indices and post-

concussion symptom scale on ImPACT are sensitive to the changes which may occur 

following a concussion. These defici ts resolve or return to baseline, upon 

concussion recovery (Schatz et al.,  2005, p.4). Validity studies which have been 

conducted on the ImPACT measure have found the test to be able to distinguish 

injured from uninjured controls,  part icularly on the memory composite score and the 

post-concussion symptom scale (Iverson, Lovell,  & Collins, 2002b).   

 

2.3.4. 31-Item Self-Report Post-Concussive Questionnaire: (Appendix E) 

 

For the purpose of this rugby research, a 31-Item Post-Concussive Symptom 

Questionnaire was used which was modified from a 0-3 Likert scale to a 0-6 Likert  

Scale as per the ImPACT Symptom Scale. Scoring was conducted by the researcher 

and counterchecked by other members of the research team. Scores were generated 

for each symptom (e.g. a rating of 4 for the physical/neurological symptom headache 

translated into a score of 4 for this symptom) as well as a total symptom score 

(individual symptom scores were added together to obtain a total  score) as per the 

ImPACT Symptom Scale This questionnaire has been used in prior research by 

Shuttleworth-Edwards et al. (2004) and includes all the symptoms included in the 

ImPACT Symptom Scale as well as a cluster of symptoms (aggression, sexual 

problems, language difficulties, difficulty hearing, restlessness, poor appeti te, social 

withdrawal, depression, and anxiety), which are omitted in the ImPACT Symptom 

Scale.  

 

2.4.  DATA PROCESSING 

 

T-Tests were used to make pre-season and post-season comparisons between the 

rugby and control groups on both the ImPACT Symptom Scale and the 31-Item Post-

Concussion Symptom Questionnaire. For demographic data a non-directional 

hypothesis was assumed for age and education between groups (two tailed test of 

significance), whereas for number of concussions a directional hypothesis was 
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assumed (one tailed test  of significance) in that i t  was expected that  rugby 

participants would report  a greater number of concussions than the control group 

(Iverson, Gaetz, Lovell , & Collins, 2002a). A directional hypothesis was assumed 

(one tai led test of significance) for the independent t-tests comparisons between 

rugby versus controls at  the pre- and post-season stages, it  was expected that  the 

rugby group would report a higher number of post-concussive symptoms at both the 

pre- and post-season stages than the control group due to having sustained a greater 

number of concussive and sub-concussive episodes through participation in sport.  A 

non-directional hypothesis was assumed for the dependent t-test comparisons 

between the rugby group at  pre-season and post-season and similarly for the 

dependent t-test comparisons of the control group at pre-season and post-season.  On 

these comparisons i t  was unclear what direction one would expect more post-

concussive symptoms. One might expect concussed rugby participants to display 

more post-concussive symptoms at the post-season stage, but this study excluded 

concussed players. Although participants might have sustained sub-concussive blows 

during the season, these would only have been sustained over one season and it was 

uncertain whether any effects would be evident.  

 

All tests were run with the full data set (termed the full sample) and re-run with the 

new, reduced data set (termed the reduced sample).  Comparative data arising out of 

these analyses were tabled in respect of the means, standard deviations, t-statistics 

and significance levels. For l ist of comparisons see Table 2.5.  
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Table 2.5: 

Statistical Comparisons 

 

Comparison Table 

Rugby versus Controls at the pre-season stage on the ImPACT 

Symptom Scale 

3.1 and 3.5 

Rugby versus Controls at the pre-season stage on the 31-Item 

Post-Concussion Symptom Questionnaire 

3.2and 3.6 

Rugby versus Controls at the post-season stage on the ImPACT 

Symptom Scale 

3.3 and 3.7 

Rugby versus Controls at  the post-season stage on the 31-Item 

Post-Concussion Symptom Questionnaire 

3.4 and 3.8 

Rugby Pre-Season versus Rugby Post-season on the ImPACT 

Symptom Scale 

3.9 and 3.13 

Rugby Pre-Season versus Rugby Post-season on the 31-Item 

Post-Concussive Symptom Questionnaire 

3.10 and 3.14 

Controls Pre-Season versus Controls Post-season on the 

ImPACT Symptom Scale 

3.11 and 3.15 

Controls Pre-Season versus Controls Post-season on the 31-Item 

Post-Concussive Symptom Questionnaire 

3.12 and 3.16 

Summary grid to show significance for individual symptoms for 

independent and dependent samples, on the ImPACT Symptom 

Scale and the 31-Item Post-Concussion Symptom Questionnaire 

3.17 and 3.18 
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3. RESULTS 

 

Symptoms in the results tables are presented in the order in which they were el icited 

on the ImPACT Symptom Scale and on the 31-Item Post-Concussion Symptom 

Questionnaire. Symptoms appearing in the grid summaries are presented in the 

categories of physical/neurological, cognitive and motional/behavioural symptoms 

as discussed on p.6.  

 

3.1.  INDEPENDENT T-TEST SAMPLES COMPARISONS 

 

3.1.1. Rugby versus Controls on the Full Sample 

Results appear together on the pages following the end of the subsection on pages 

36-45, Tables 3.1-3.4.  

 

Pre-Season ImPACT Symptom Scale,  Full Sample (Table 3.1) 

 

The pre-season comparison of the ImPACT Symptom Scale Score between the rugby 

and the control groups revealed a highly consistent trend for the rugby participants 

to report a more pronounced symptom profile than controls, comprising a higher 

score for rugby part icipants on 20 of the 22 symptoms and for the total symptom 

score. Of these, six symptoms were highly significant at the p < .01 level (nausea, 

vomiting, balance problems, dizziness, feeling mentally foggy and visual problems). 

The total symptom score and six symptoms were significant at the p < .05 level  

(headache, sensitivity to noise, irri tabil ity, numbness,  feeling slowed down and 

difficulty in remembering), and one symptom was approaching significance at  the 

.05 < p < .15 level (sleeping less). The two symptoms for which there was a 

tendency towards the control group reporting more than the rugby group (sleeping 

more and nervousness) were not significant (0.320 and 0.475 respectively).  

 

Pre-Season 31-Item Post-Concussion Symptom Questionnaire, Full Sample 

(Table 3.2) 

 

The pre-season comparison of the 31-Item Post-Concussion Symptom Questionnaire 

between the rugby and the control groups revealed a strong trend for the rugby 

participants to report a more pronounced symptom profile than controls, comprising 
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a higher score for rugby part icipants on 19 of the 31 symptoms and the total  

symptom score. Of these, four symptoms were significant at the p < .05 level  

(nausea, sleeping less than usual, sensitivity to noise and aggression). Five 

symptoms were approaching significance at the .05 < p < .15 level (fatigue or 

tiredness, drowsiness, sadness, difficulty in remembering and speech problems). Of 

the eleven symptoms for which there was a tendency towards the control group 

reporting more than the rugby group one result was highly significant at the p < .01 

level (anxiety), three symptoms were approaching significance at the .05 < p < .15 

level (sleeping more, restlessness and sexual problems). It  is of note that the 

symptoms nausea, and a sensitivity to noise were significant for rugby participants 

on both the ImPACT Symptom Scale and the 31-Item Post-Concussion Symptom 

Questionnaire respectively.  

 

Post-Season ImPACT Symptom Scale,  Full Sample (Table 3.3) 

 

As at  pre-season, the post-season comparison of the ImPACT Symptom Scale Score 

between the rugby and the control groups revealed a strong trend for the rugby 

participants to report a more pronounced symptom profile than controls, comprising 

a higher score for rugby participants including 16 of the 22 symptoms and the total 

symptom score. Of these, one symptom was highly significant at p < .01 (sensitivity 

to light), and three symptoms were approaching significance at the .05 < p < 0.15 

level (sleeping less,  sensitivity to noise and difficulties in concentrating). The six 

symptoms for which there was a tendency towards the control group reporting more 

than the rugby group (balance problems, dizziness, nervousness, feeling more 

emotional, numbness, and feeling slowed down) were not significant (0.417, 0.473, 

0.207, 0.234, 0.306, and 0.340 respectively).   

 

Post-Season  31-Item Post-Concussion Symptom Questionnaire, Full Sample 
(Table 3.4) 

 

As at pre-season, the post-season comparison of the 31-Item Post-Concussion 

Symptom Questionnaire between the rugby and the control groups revealed a trend 

for the rugby participants to report a more pronounced symptom profi le than 

controls, comprising a higher score for rugby participants on 19 of the 31 symptoms 

and the total symptom score. Of these, three symptoms were significant at the p < 
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.05 level  (a sensitivity to light, sensitivity to noise and aggression). Two symptoms 

were approaching significance at the .05 < p < .15 level (restlessness and 

difficulties in hearing).  Neither the rugby group, nor the control group experienced 

sexual problems. Of the ten symptoms for which there was a tendency towards the 

control group, reporting more than the rugby group one symptom was significant at  

the p < .05 level (feeling slowed down) and two symptoms were approaching 

significance at the .05 < p < .15 level (dizziness and fatigue). It  is of note that the 

symptom sensitivity to light was significant for rugby participants on both the 

ImPACT Symptom Scale and the 31-Item Post-Concussion Symptom Questionnaire 

respectively at  the post-season stage.  

 

3.1.2. Rugby versus Controls on the Reduced Sample 

Results appear together on the page following the end of the subsection on pages 48-

57, Tables 3.5-3.8.  

 

Pre-Season ImPACT Symptom Scale,  Reduced Sample (Table 3.5) 

 

When compared with the pre-season comparisons on the full sample, the pre-season 

comparison of the ImPACT Symptom Scale on the reduced sample between the 

rugby and the control groups revealed a greater trend for the rugby participants to 

report a more pronounced symptom profile than controls, comprising a higher score 

for rugby participants on 18 of the 22 symptoms and the total symptom score. Of 

these, four symptoms were highly significant at the p < .01 level (headaches,  

sensitivity to noise, irritability and visual problems).  Four symptoms were 

significant at the p < .05 level (nausea,  vomiting, dizziness and feeling mentally 

foggy). The total symptom score and five symptoms were approaching significance 

at the .05 < p < .15 level  (balance problems, feeling slowed down, difficulties in 

concentrating and difficulties in remembering). The four symptoms for which there 

was a tendency towards the control group reporting more than the rugby group 

(sleeping more, sleeping less, drowsiness and sensit ivity to light) were not 

significant (0.237, 0.484, 0.286 and 0.370 respectively). It  is of note that the 

symptoms headaches, nausea, vomiting, irritability,  sensit ivity to noise, visual  

problems, dizziness and feeling mentally foggy, were significant for rugby 

participants on the ImPACT Symptom Scale on both the full and reduced sample.  
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Table 3.1:  

   Independent T-Tests for Rugby versus Controls  at the Pre-Season stage on the             

ImPACT Symptom Scale 
 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom Score  Rugby (n=30)  16.07 15.9  

2 .219 .016∗  
Cont rol  (n=17)  8 .18 8 .420 

Headache  Rugby (n=30)  0 .63 1 .13 

2 .330 .013∗  Cont rol  (n=17)  0 .12 0 .33 

Nausea  Rugby (n=30)  0 .53 1 .04  
2 .804 

 
.005∗∗  

Cont rol  (n=17)  0 .00 0 .00 

Vomiting Rugby (n=30)  0 .23 0 .50  
2 .536 

 
 

 
.009∗∗  

Cont rol  (n=17)  0 .00 0 .00 

Balance Problems Rugby (n=30)  0 .37 0 .56  
2 .624 

 
.006∗∗  

Cont rol  (n=17)  0 .06 0 .24 

Dizziness  Rugby (n=30)  0 .60 1 .19  
2 .757 

 
.005∗∗  

Cont rol  (n=17)  0 .00 0 .00 

Fat igue  Rugby (n=30)  1 .37 1 .54  
0 .687 

 
.248 

Control  (n=17)  1 .06 1 .35 

Insomnia  Rugby (n=30)  1 .03 1 .10  
0 .779 

 
.220 

Control  (n=17)  0 .76 1 .20 

Sleeping More  Rugby (n=30)  0 .50 0 .86  
-0 .472  

 
.320 

Control  (n=17)  0 .65 1 .2  

Sleeping Less  Rugby (n=30)  1 .37 1 .351  
1 .330 

 
.095∼  

Cont rol  (n=17)  0 .82 1 .33 

Drowsiness  

 

Rugby (n=30)  0 .80 1 .22  
0 .263 

 
.397 

Control  (n=17)  0 .71 1 .11 

Sensi t iv i ty to  Light  Rugby (n=30)  0 .73 1 .14  
0 .363 

 
.359 

Control  (n=17)  0 .59 1 .58 

Sensi t iv i ty to  Noise  Rugby (n=30)  0 .37 0 .67  
3 .003 

 
.003∗  

Cont rol  (n=17)  0 .00 0 .00 

                 Continued p.37  
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    Table 3.1 (continued) 

 
I r r i tabi l i ty  Rugby (n=30)  1 .03 1 .25  

1 .966 
 

.028∗  
Cont rol  (n=17)  0 .47 0 .72 

Sadness  Rugby (n=30)  0 .73 1 .23  
0 .775 

 
.221 

Control  (n=17)  0 .47 0 .87 

Nervousness  Rugby (n=30)  0 .80 1 .19  
-0 .064  

 
.475 

Control  (n=17)  0 .82 1 .24 

Emotional  Rugby (n=30)  0 .37 0 .67  
0 .061 

 
.476 

Control  (n=17)  0 .35 0 .86 

Numbness  Rugby (n=30)  0 .33 0 .96  
1 .904 

 
.034∗  

Cont rol  (n=17)  0 .00 0 .00 

Slo wed Down Rugby (n=30)  0 .77 1 .04  
2 .273 

 
.014∗  

Cont rol  (n=17)  0 .24 0 .56 

Mental ly Foggy Rugby (n=30)  0 .77 0 .97  
3 .332 

 
.001∗∗  

Cont rol  (n=17)  0 .12 0 .33 

Concentra t ion  Rugby (n=30)  1 .20 1 .30  
2 .109 

 
.205 

Control  (n=17)  0 .53 0 .87 

Remember ing Rugby (n=30)  0 .97 1 .30  
2 .017 

 
.025∗  

Cont rol  (n=17)  0 .35 0 .79 

Visua l  Problems Rugby (n=30)  0 .57 0 .90  
2 .917 

 
.003∗∗  

Cont rol  (n=17)  0 .06 0 .24 

    Note. ∗∗  p< .01.  ∗  p  < .05.   ∼   .05 < p < .15  
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 Table 3.2:  

   Independent T-Tests for Rugby versus Controls at the Pre-Season stage on the 31-   

Item Post-Concussive Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

Total  Symptom Score  Rugby (n=30)  11.60 7 .98 

0 .809 .212 
Control  (n=17)  9 .76 6 .45 

Headache  Rugby (n=30)  0 .60 1 .00 

0 .455 .326 Control  (n=17)  0 .47 0 .80 

Nausea  Rugby (n=30)  0 .17 0 .46  
1 .980 

 
.029∗  

Cont rol  (n=17)  0 .00 0 .00 

Vomiting Rugby (n=30)  0 .00 0 .00  
No S tat is t ic  

Cont rol  (n=17)  0 .00 0 .00 

Poor  Appet i te  Rugby (n=30)  0 .30 0 .65  
0 .343 

 
.367 

Control  (n=17)  0 .24 0 .56 

Balance Problems Rugby (n=30)  0 .20 0 .41  
0 .171 

 
.433 

Control  (n=17)  0 .18 0 .53 

Dizziness  Rugby (n=30)  0 .23 0 .50  
0 .401 

 
.346 

Control  (n=17)  0 .18 0 .39 

Fat igue /  

T iredness  

Rugby (n=30)  1 .40 0 .89  
1 .190 

 
.120∼  

Cont rol  (n=17)  1 .06 1 .03 

Trouble Fa ll  Asleep  Rugby (n=30)  0 .97 1 .03  
0 .688 

 
.248 

Control  (n=17)  0 .76 0 .83 

Sleeping More   Rugby (n=30)  0 .37 0 .67  
-1 .588  

 
.063∼  

Cont rol  (n=17)  0 .82 1 .07 

Sleeping Less  

 

Rugby (n=30)  0 .83 1 .12  
2 .167 

 
.018∗  

Cont rol  (n=17)  0 .29 0 .59 

Drowsiness  Rugby (n=30)  0 .70 0 .95  
1 .086 

 
.142∼  

Cont rol  (n=17)  0 .41 0 .71 

Sensi t iv i ty to  Light  Rugby (n=30)  0 .40 0 .72  
0 .662 

 
.256 

Control  (n=17)  0 .24 0 .97 

        Continued p.39
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   Table 3.2 (continued)  

 
Sensi t iv i ty to  Noise  Rugby (n=30)  0 .13 0 .35  

2 .112 
 

.021∗  
Cont rol  (n=17)  0 .00 0 .00 

Diff icul ty Hear ing Rugby (n=30)  0 .20 0 .41  
-0 .248  

 
.403 

Control  (n=17)  0 .24 0 .56 

Ir r i tabi l i ty  Rugby (n=30)  0 .63 0 .89  
-0 .290  

 
.387 

Control  (n=17)  0 .71 0 .69 

Aggress ion Rugby (n=30)  0 .70 0 .95  
1 .805 

 
.039∗  

Cont rol  (n=17)  0 .29 0 .59 

Sadness  Rugby (n=30)  0 .40 0 .81  
1 .671 

 
.051∼  

Cont rol  (n=17)  0 .12 0 .33 

Nervousness  Rugby (n=30)  0 .67 1 .03  
0 .234 

 
.408 

Control  (n=17)  0 .59 1 .23 

Fee ling More  

Emotional  

Rugby (n=30)  0 .23 0 .50  
-0 .726  

 
.236 

Control  (n=17)  0 .35 0 .61 

Numbness /  T ingling  Rugby (n=30)  0 .07 0 .25  
-0 .755  

 
.227 

Control  (n=17)  0 .18 0 .73 

Fee ling Slowed Do wn Rugby (n=30)  0 .37 0 .62  
0 .395 

 
.348 

 Control  (n=17)  0 .29 0 .59 

Mental ly Foggy Rugby (n=30)  0 .13 0 .43  
-0 .772  

 
.222 

Control  (n=17)  0 .24 0 .44 

Diff icul ty 

Concentra t ing  

Rugby (n=30)  0 .73 0 .83  
0 .795 

 
.216 

Control  (n=17)  0 .53 0 .87 

Diff icul ty 

Remember ing 

Rugby (n=30)  0 .63 0 .85  
1 .119 

 
.135∼  

Cont rol  (n=17)  0 .41 0 .51 

Visua l  Problems Rugby (n=30)  0 .30 0 .54  
0 .391 

 
.349 

Control  (n=17)  0 .24 0 .56 

Speech Problems Rugby (n=30)  0 .17 0 .38  
1 .187 

 
.121∼  

Cont rol  (n=17)  0 .06 0 .24 

                            Continued p. 40 
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    Table 3.2 (continued) 
 

Anxie ty Problems  Rugby (n=30)  0 .00 0 .00  
-1 .852  

 
.042∗  

Cont rol  (n=17)  0 .35 0 .79 

Restlessness  Rugby (n=30)  0 .07 0 .37  
-1 .691  

 
.053∼  

Cont rol  (n=17)  0 .41 0 .80 

Social  Withdrawal  Rugby (n=30)  0 .00 0 .00  
-1 .000  

 
.166 

Control  (n=17)  0 .06 0 .24 

Depression Rugby (n=30)  0 .00 0 .00  
No S tat is t ic  

Cont rol  (n=17)  0 .00 0 .00 

Sexual  Problems  Rugby (n=30)  0 .00 0 .00  
-1 .000  

 
.166∼  

Cont rol  (n=17)  0 .06 0 .24 

Note.  Where No Stat i s t ic  i s  repor ted,  a l l  the subjects have no impairment thus render ing a  

stat is t ical  comparison nul l  and  void.  

∗  p  < .05.   ∼  .05 < p < .15  
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Table 3.3:  

Independent T-Tests for Rugby versus Controls at the Post-Season Stage on the 

ImPACT Symptom Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Rugby (n=30)  12.52 11.81 

0 .736 .233 
Control  (n=17)  10.06 8 .91 

Headache  Rugby (n=30)  0 .54 0 .96 

0 .022 .492 Control  (n=17)  0 .53 0 .87 

Nausea  Rugby (n=30)  0 .33 0 .68  
0 .863 

 
.197 

Control  (n=17)  0 .18 0 .39 

Vomiting Rugby (n=30)  0 .15 0 .47  
0 .742 

 
.231 

Control  (n=17)  0 .06 0 .24 

Balance Problems Rugby (n=30)  0 .15 0 .36  
-0 .211  

 
.417 

Control  (n=17)  0 .18 0 .53 

Dizziness  Rugby (n=30)  0 .22 0 .64  
-0 .069  

 
.473 

Control  (n=17)  0 .24 0 .56 

Fat igue  Rugby (n=30)  1 .44 1 .28  
0 .235 

 
.408 

Control  (n=17)  1 .35 1 .22 

Insomnia  Rugby (n=30)  1 .04 1 .13  
0 .736 

 
.233 

Control  (n=17)  0 .76 1 .30 

Sleeping More  Rugby (n=30)  0 .89 1 .12  
0 .311 

 
.379 

Control  (n=17)  0 .76 1 .52 

Sleeping Less  Rugby (n=30)  0 .96 1 .43  
1 .221 

 
.115∼  

Cont rol  (n=17)  0 .47 1 .07 

Drowsiness  

 

Rugby (n=30)  0 .96 1 .09  
0 .424 

 
.337 

Control  (n=17)  0 .82 1 .02 

Sensi t iv i ty to  Light  Rugby (n=30)  0 .56 0 .97  
2 .528 

 
.009∗∗  

Cont rol  (n=17)  0 .06 0 .24 

Sensi t iv i ty to  Noise  Rugby (n=30)  0 .22 0 .64  
1 .196 

 
.120∼  

Cont rol  (n=17)  0 .06 0 .24 

                   Continued p.42 
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Table 3.3 (continued)  

I r r i tabi l i ty  Rugby (n=30)  0 .81 1 .00  
0 .354 

 
.363 

Control  (n=17)  0 .71 0 .99 

Sadness  Rugby (n=30)  0 .44 0 .75  
0 .403 

 
.345 

Control  (n=17)  0 .35 0 .70 

Nervousness  Rugby (n=30)  0 .48 0 .85  
-0 .827  

 
.207 

Control  (n=17)  0 .71 0 .92 

Emotional  Rugby (n=30)  0 .37 0 .69  
-0 .735  

 
.234 

Control  (n=17)  0 .53 0 .72 

Numbness  Rugby (n=30)  0 .11 0 .32  
-0 .512  

 
.306 

Control  (n=17)  0 .18 0 .53 

Slo wed Down Rugby (n=30)  0 .48 0 .80  
-0 .416  

 
.340 

Control  (n=17)  0 .59 0 .87 

Mental ly Foggy Rugby (n=30)  0 .48 0 .80  
0 .040 

 
.485 

Control  (n=17)  0 .47 1 .01 

Concentra t ion  Rugby (n=30)  0 .96 1 .06  
1 .449 

 
.078∼  

Cont rol  (n=17)  0 .53 0 .80 

Remember ing Rugby (n=30)  0 .70 1 .03  
1 .022 

 
.157 

Control  (n=17)  0 .41 0 .71 

Visua l  Problems Rugby (n=30)  0 .26 0 .71  
0 .767 

 
.224 

Control  (n=17)  0 .12 0 .33 

    Note. ∗∗  p  < .01 .   ∼  .05 < p < .15  
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    Table 3.4 :  

Independent T-Tests for Rugby versus Controls at the Post-Season Stage on the 31-

Item Post-Concussion Symptom Questionnaire  
 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom 

Score  

Rugby (n=30)  11.26 7 .96 

0 .304 .382 
Control  (n=17)  10.53 7 .41 

Headache  Rugby (n=30)  0 .41 0 .84 

-0 .513  .305 Control  (n=17)  0 .53 0 .62 

Nausea  Rugby (n=30)  0 .15 0 .47  
0 .742 

 
.231 

Control  (n=17)  0 .06 0 .24 

Vomiting Rugby (n=30)  0 .04 0 .19  
0 .790 

 
.217 

Control  (n=17)  0 .00 0 .00 

Poor  Appet i te  Rugby (n=30)  0 .22 0 .51  
-0 .765  

 
.226 

Control  (n=17)  0 .41 0 .94 

Balance Problems Rugby (n=30)  0 .15 0 .46  
0 .211 

 
.417 

Control  (n=17)  0 .12 0 .49 

Dizziness  Rugby (n=30)  0 .07 0 .27  
-1 .106  

 
.141∼  

Cont rol  (n=17)  0 .24 0 .56 

Fat igue /  

T iredness  

Rugby (n=30)  1 .11 0 .93  
-1 .177  

 
.123∼  

Cont rol  (n=17)  1 .47 1 .07 

Trouble Fa ll  Asleep  Rugby (n=30)  0 .70 0 .82  
0 .429 

 
.335 

Control  (n=17)  0 .59 0 .94 

Sleeping More   Rugby (n=30)  0 .70 0 .72  
0 .995 

 
.163 

Control  (n=17)  0 .41 1 .23 

Sleeping Less  

 

Rugby (n=30)  0 .63 1 .01  
0 .536 

 
.298 

Control  (n=17)  0 .47 0 .87 

Drowsiness  Rugby (n=30)  0 .81 0 .92  
0 .863 

 
.197 

Control  (n=17)  0 .59 0 .71 

Sensi t iv i ty to  Light  Rugby (n=30)  0 .37 0 .79  
1 .908 

 
.033∗  

Control  (n=17)  0 .06 0 .24 

                         Continued p.44 
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Table 3.4 (continued)  

 
Sensi t iv i ty to  Noise  Rugby (n=30)  0 .11 0 .32  

1 .803 
 

.042∗  
Cont rol  (n=17)  0 .00 0 .00 

Diff icul ty Hear ing Rugby (n=30)  0 .30 0 .67  
1 .177 

 
.123∼  

Cont rol  (n=17)  0 .12 0 .33 

Ir r i tabi l i ty  Rugby (n=30)  0 .67 0 .73  
-0 .410  

 
.342 

Control  (n=17)  0 .76 0 .83 

Aggress ion Rugby (n=30)  0 .78 0 .93  
2 .109 

 
.021∗  

Cont rol  (n=17)  0 .29 0 .59 

Sadness  Rugby (n=30)  0 .30 0 .61  
0 .358 

 
.361 

Control  (n=17)  0 .24 0 .44 

Nervousness  Rugby (n=30)  0 .37 0 .74  
-0 .887  

 
.190 

Control  (n=17)  0 .59 0 .87 

Fee ling More  

Emotional  

Rugby (n=30)  0 .30 0 .54  
0 .391 

 
.349 

Control  (n=17)  0 .24 0 .44 

Numbness /  T ingling  Rugby (n=30)  0 .04 0 .19  
0 .790 

 
.217 

Control  (n=17)  0 .00 0 .00 

Fee ling Slowed 

Down 

Rugby (n=30)  0 .26 0 .53  
-1 .947  

 
.032∗  

Cont rol  (n=17)  0 .71 0 .85 

Mental ly Foggy Rugby (n=30)  0 .33 0 .62  
-0 .097  

 
.462 

Control  (n=17)  0 .35 0 .70 

Diff icul ty 

Concentra t ing  

Rugby (n=30)  0 .81 0 .83  
0 .689 

 
.247 

Control  (n=17)  0 .65 0 .70 

Diff icul ty 

Remember ing 

Rugby (n=30)  0 .48 0 .51  
0 .063 

 
.475 

Control  (n=17)  0 .47 0 .62 

Visua l  Problems Rugby (n=30)  0 .15 0 .36  
0 .897 

 
.188 

Control  (n=17)  0 .06 0 .24 

Speech Problems Rugby (n=30)  0 .04 0 .19  
-0 .330  

 
.372 

Control  (n=17)  0 .06 0 .24 

                       Continued p.45 
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Table 3.4 (continued)  
 

Anxie ty Problems  Rugby (n=30)  0 .15 0 .36  
-0 .627  

 
.267 

Control  (n=17)  0 .24 0 .56 

Restlessness  Rugby (n=30)  0 .59 0 .84  
1 .189 

 
.121∼  

Cont rol  (n=17)  0 .35 0 .49 

Social  Withdrawal  Rugby (n=30)  0 .04 0 .19  
-1 .347  

 
.098 

Control  (n=17)  0 .29 0 .77 

Depression Rugby (n=30)  0 .19 0 .40  
0.071 

 
.472 

Control  (n=17)  0 .18 0 .39 

Sexual  Problems  Rugby (n=30)  0 .00 0 .00  
No S tat is t ic  

Cont rol  (n=17)  0 .00 0 .00 

Note.  Where No Sta ti s t ic  i s  repor ted,  a l l  the sub jects  have no  impairment thus rendering 

a  s ta t i st ica l  co mparison nul l  and  void.   
     ∗  p  < .05.  ∼  .05 < p < .15  
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Pre-Season 31-Item Post-Concussion Symptom Questionnaire, Reduced Sample  

(Table 3.6) 

 

When compared with the pre-season comparison on the full  sample, the pre-season 

comparison of the 31-Item Post-Concussion Symptom Questionnaire on the reduced 

sample between the rugby and the control  groups revealed an even stronger trend for 

the rugby participants to report a more pronounced symptom profi le than controls, 

comprising a higher score for rugby participants including 20 of the 31 symptoms 

and the total symptom score.  Of these, one symptom was highly significant at the p 

< .01 level (aggression), three symptoms were significant at the p < .05 level 

(headaches, drowsiness and sensit ivity to noise), and five symptoms were 

approaching significance at the .05 < p < .15 level (nausea,  poor appetite, balance 

problems, fatigue or t iredness, trouble falling asleep, sadness, difficulty 

remembering, and visual  problems). Neither the rugby nor the control group reported 

having experienced vomiting, social withdrawal or depression. Of the eight 

symptoms for which there was a tendency towards the control group reporting more 

than the rugby group two symptoms were approaching significance at the .05 < p .15 

level (sleeping more and anxiety). It  is of note that  the symptoms of headaches, and 

sensitivity to noise were significant for rugby participants on both the ImPACT 

Symptom Scale and the 31-Item Post-Concussion Symptom Questionnaire at the pre-

season stage using the reduced sample.  Of further note are the symptoms aggression 

and sensit ivity to noise, which were significant for rugby participants on the 31-

Item Post-Concussion Symptom Questionnaire using the full  and reduced sample.  

 

Post-Season ImPACT Symptom Scale,  Reduced Sample (Table 3.7) 

 

When compared with the post-season comparison on the full sample, the post-season 

comparison of the ImPACT Symptom Scale on the reduced sample between the 

rugby and the control groups revealed a similarly predominant trend for the rugby 

participants to report a more pronounced symptom profile than controls, comprising 

a higher score for rugby participants on 20 of the 22 symptoms and the total  

symptom score. Of these one symptom was highly significant at the p < .01 

(insomnia). Four symptoms were significant at p < .05 (sensitivity to light, sadness,  

difficulties in concentrating and difficulties in remembering). The total symptom 

score and three symptoms were approaching significance at the .05< p < .15 level  
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(sleeping less, irritability,  and visual problems). The two symptoms for which there 

was a tendency towards the control group reporting more than the rugby group 

(balance problems and dizziness) were not significant (0.333 and 0.450 

respectively). It  is of note that the symptom sensitivity to light was significant for 

rugby participants on the ImPACT Symptom Scale at the post-season stage on both 

the full and the reduced sample.  

 

Post-Season 31-Item Post-Concussion Symptom Questionnaire,  Reduced Sample  

(Table 3.8) 

 

When compared to the post-season comparison on the full sample, the post-season 

comparison of the 31-Item Post-Concussion Symptom Questionnaire on the 

reduced sample between the rugby and the control groups revealed an even 

stronger trend for the rugby participants to report a more pronounced symptom 

profile than controls,  comprising a higher score for rugby part icipants on 23 of the 

31 symptoms and the total symptom score. Of these, two symptoms were highly 

significant at the p < .01 level (trouble falling asleep and aggression). Two 

symptoms were significant at the p < .05 level  (restlessness and depression).  Four 

symptoms were approaching significance at the .05 < p < .15 level (sensitivity to 

light, sensitivity to noise, sadness and difficulty in concentrating). There were no 

reports in either the rugby group or the control group of experiencing sexual 

problems. Of the seven symptoms for which there was a tendency towards the 

control group reporting more than the rugby group one symptom was approaching 

significance at  the .05 < p < .15 level  (feeling slowed down).  It  is of note that  the 

related variables, insomnia and trouble fal ling asleep are significant for rugby 

participants on both the ImPACT Symptom Scale and the 31-Item Post-Concussion 

Symptom Questionnaire at the post-season stage on the reduced sample. Of further 

note is the symptom aggression which was significant for rugby participants on 

the 31-Item Post-Concussion Symptom Questionnaire at post-season on the full 

and reduced sample.  For the control group, feeling slowed down was significant 

on the full and the reduced sample, when using the 31-Item Post-Concussion 

Symptom Questionnaire.  
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  Table 3.5:  

Independent T-Tests  for Rugby versus Controls at the Pre-Season stage on the      

ImPACT Symptom Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom Score  Rugby (n=19)  17.25 17.59 

1 .485 .075∼  
Controls (n=7)  9 .78 9 .40 

Headache  Rugby (n=19)  0 .75 1 .29 

2 .595 .009∗∗  Controls (n=7)  0 .00 0 .00 

Nausea  Rugby (n=19)  0 .55 1 .15  
2 .146 

 
.023∗  

Controls (n=7)  0 .00 0 .00 

Vomiting Rugby (n=19)  0 .30 0 .57  
2 .349 

 
.015∗  

Controls (n=7)  0 .00 0 .00 

Balance Problems Rugby (n=19)  0 .40 0 .60  
1 .661 

 
.055∼  

Controls (n=7)  0 .11 0 .33 

Dizziness  Rugby (n=19)  0 .75 1 .37  
2 .445 

 
.012∗  

Controls (n=7)  0 .00 0 .00 

Fat igue  Rugby (n=19)  1 .45 1 .64  
0 .177 

 
.431 

Controls (n=7)  1 .33 1 .66 

Insomnia  Rugby (n=19)  1 .05 1 .05  
0 .339 

 
.369 

Controls (n=7)  0 .89 1 .45 

Sleeping More  Rugby (n=19)  0 .50 0 .83  
-0 .726  

 
.237 

Controls (n=7)  0 .78 1 .20 

Sleeping Less  Rugby (n=19)  1 .20 1 .32  
-0 .040  

 

 
.484 

Controls (n=7)  1 .22 1 .48 

Drowsiness  

 

Rugby (n=19)  0 .70 1 .30  
-0 .571  

 
.286 

Controls (n=7)  1 .00 1 .32 

Sensi t iv i ty to  Light  Rugby (n=19)  0 .90 1 .29  
-0 .335  

 
.370 

Controls (n=7)  1 .11 2 .09 

Sensi t iv i ty to  Noise  Rugby (n=19)  0 .50 0 .76  
2 .939 

 
.004∗∗  

Controls (n=7)  0 .00 0 .00 

        Continued p.49 
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  Table 3.5 (continued) 
 

I r r i tabi l i ty  Rugby (n=19)  1 .25 1 .29  
3 .169 

 
.002∗∗  

Controls (n=7)  0 .22 0 .44 

Sadness  Rugby (n=19)  0 .80 1 .24  
0 .752 

 
.229 

Controls (n=7)  0 .44 1 .01 

Nervousness  Rugby (n=19)  0 .95 1 .28  
0 .114 

 
.455 

Controls (n=7)  0 .89 1 .45 

Emotional  Rugby (n=19)  0 .35 0 .59  
0 .57 

 
.478 

Controls (n=7)  0 .33 1 .00 

Numbness  Rugby (n=19)  0 .40 1 .14  
1 .040 

 
.154 

Controls (n=7)  0 .00 0 .00 

Slo wed Down Rugby (n=19)  0 .65 0 .93  
1 .676 

 
.053∼  

Controls (n=7)  0 .22 0 .44 

Mental ly Foggy Rugby (n=19)  0 .80 1 .06  
2 .077 

 
.024∗  

Controls (n=7)  0 .22 0 .441 

Concentra t ion  Rugby (n=19)  1 .25 1 .33  
1 .659 

 
.056∼  

Controls (n=7)  0 .56 0 .88 

Remember ing Rugby (n=19)  1 .05 1 .40  
1 .193 

 
.122∼  

Controls (n=7)  0 .44 0 .88 

Visua l  Problems Rugby (n=19)  0 .70 1 .03  
3 .036 

 
.004∗∗  

Controls (n=7)  0 .00 0 .00 

Note. ∗∗  p  < .01.   ∗  p  < .05.  ∼  .05 < p < .15  
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Table 3.6:  

Independent T-Tests for Rugby versus Controls at the Pre-Season stage on the 31-

Item Post-Concussion Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom Score  Rugby (n=19)  13.05 7 .42 

1 .404 .086∼  
Controls (n=7)  9 .11 5 .86 

Headache  Rugby (n=19)  0 .90 1 .12 

2 .335 .014∗  Controls (n=7)  0 .22 0 .44 

Nausea  Rugby (n=19)  0 .20 0 .52  
1 .710 

 
.052∼  

Controls (n=7)  0 .00 0 .00 

Vomiting Rugby (n=19)  0 .00 0 .00  
No S tat is t ic  

 
 

Controls (n=7)  0 .00 0 .00 

Poor  Appet i te  Rugby (n=19)  0 .40 0 .75  
1 .431 

 
.082∼  

Controls (n=7)  0 .11 0 .33 

Balance Problems Rugby (n=19)  0 .30 0 .47  
1 .235 

 
.115∼  

Controls (n=7)  0 .11 0 .33 

Dizziness  Rugby (n=19)  0 .20 0 .41  
0 .569 

 
.287 

Controls (n=7)  0 .11 0 .33 

Fat igue /  

T iredness  

Rugby (n=19)  1 .50 0 .95  
1 .619 

 
.059∼  

Controls (n=7)  0 .89 0 .93 

Trouble Fa ll  Asleep  Rugby (n=19)  1 .15 1 .09  
1 .426 

 
.084∼  

Controls (n=7)  0 .67 0 .71 

Sleeping More   Rugby (n=19)  0 .45 0 .76  
-1 .276  

 

 
.107∼  

Controls (n=7)  0 .89 1 .05 

Sleeping Less  

 

Rugby (n=19)  0 .70 0 .98  
0 .699 

 
.246 

Controls (n=7)  0 .44 0 .73 

Drowsiness  Rugby (n=19)  0 .65 0 .93  
2 .279 

 
.016∗  

Controls (n=7)  0 .11 0 .33 

Sensi t iv i ty to  Light  Rugby (n=19)  0 .40 0 .60  
-0 .125  

 
.451 

 Controls (n=7)  0 .44 1 .33 

               Continued p.51 
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   Table 3.6 (continued) 

 
Sensi t iv i ty to  Noise  Rugby (n=19)  1 .15 0 .37  

1 .831 
 

.042∗  
Controls (n=7)  0 .00 0 .00 

Diff icul ty Hear ing Rugby (n=19)  0 .25 0 .44  
0 .156 

 
.439 

Controls (n=7)  0 .22 0 .44 

Ir r i tabi l i ty  Rugby (n=19)  0 .70 0 .98  
0 .414 

 
.341 

Controls (n=7)  0 .56 0 .53 

Aggress ion Rugby (n=19)  0 .85 1 .04  
2 .867 

 
.004∗∗  

Controls (n=7)  0 .11 0 .33 

Sadness  Rugby (n=19)  0 .40 0 .75  
1 .431 

 
∼  .082  

 Controls (n=7)  0 .11 0 .33 

Nervousness  Rugby (n=19)  0 .80 1 .06  
0 .45 

 
.482 

 Controls (n=7)  0 .78 1 .56 

Fee ling More  

Emotional  

Rugby (n=19)  0 .20 0 .41  
-0 .757  

 
.228 

Controls (n=7)  0 .33 0 .50 

Numbness /  T ingling  Rugby (n=19)  0 .05 0 .22  
-0 .841  

 
.212 

Controls (n=7)  0 .33 1 .00 

Fee ling Slowed Do wn Rugby (n=19)  0 .35 0 .59  
0 .066 

 
.474 

Controls (n=7)  0 .33 0 .71 

Mental ly Foggy Rugby (n=19)  0 .15 0 .49  
-0 .378  

 
.354 

Controls (n=7)  0 .22 0 .44 

Diff icul ty 

Concentra t ing  

Rugby (n=19)  0 .80 0 .83  
0 .758 

 
.228 

Controls (n=7)  0 .56 0 .73 

Diff icul ty 

Remember ing 

Rugby (n=19)  0 .75 0 .91  
0 .933 

 
.180∼  

Controls (n=7)  0 .44 0 .53 

Visua l  Problems Rugby (n=19)  0 .40 0 .60  
1 .661 

 
.055∼  

 
 

Controls (n=7)  0 .11 0 .33 

Speech Problems Rugby (n=19)  0 .25 0 .44  
0 .835 

 
.206 

Controls (n=7)  0 .11 0 .33 

       Continued p.51 
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 Table 3.6 (continued) 

 
Anxie ty Problems  Rugby (n=19)  0 .00 0 .00  

-1 .644  
 

.070∼  
 Cont rols (n=7)  0 .56 1 .01 

Restlessness  Rugby (n=19)  0 .10 0 .45  
-0 .684  

 
.250 

Controls (n=7)  0 .22 0 .44 

Social  Withdrawal  Rugby (n=19)  0 .00 0 .00  
No S tat is t ic  

 
 

Controls (n=7)  0 .00 0 .00 

Depression Rugby (n=19)  0 .00 0 .00  
No S tat is t ic  

 
 

Cont rols (n=7)  0 .00 0 .00 

Sexual  Problems  Rugby (n=19)  0 .00 0 .00  
-1 .000  

 
.174 

 Controls (n=7)  0 .11 0 .33 

 

 Note.  Where No S tat is t ic  i s  reported,  a l l  the  subjects  have no  impairment  thus rendering 

a  s ta t i st ica l  co mparison nul l  and  void.   
   ∗∗  p  < .01.  ∗  p  < .05 .  ∼  .05  < p  < .15  
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   Table 3.7:  

Independent T-Tests for Rugby versus Controls at the Post-Season Stage on the 

ImPACT Symptom Scale   

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Rugby (n=19)  14.24 14.00 

1 .307 .102∼  
Controls (n=7)  7 .56 8 .32 

Headache  Rugby (n=19)  0 .67 1 .14 

0 .266 .397 Controls (n=7)  0 .56 0 .73 

Nausea  Rugby (n=19)  0 .41 0 .80  
0 .659 

 
.258 

Controls (n=7)  0 .22 0 .44 

Vomiting Rugby (n=19)  0 .24 0 .56  
0 .605 

  
.276 

 Controls (n=7)  0 .11 0 .33 

Balance Problems Rugby (n=19)  0 .24 0 .44  
-0 .439  

 
.333 

 Controls (n=7)  0 .33 0 .71 

Dizziness  Rugby (n=19)  0 .29 0 .77  
-0 .127  

 

 
.450 

 Controls (n=7)  0 .33 0 .71 

Fat igue  Rugby (n=19)  1 .47 1 .33  
0 .257 

 
.400 

Controls (n=7)  1 .33 1 .23 

Insomnia  Rugby (n=19)  1 .24 1 .15  
3 .752 

 
.001∗∗  

Controls (n=7)  0 .11 0 .33 

Sleeping More  Rugby (n=19)  0 .88 0 .93  
0 .429 

 
.336 

Controls (n=7)  0 .67 1 .66 

Sleeping Less  Rugby (n=19)  1 .12 1 .54  
1 .235 

 
.115∼  

Controls (n=7)  0 .44 0 .73 

Drowsiness  

 

Rugby (n=19)  0 .82 1 .07  
0 .362  

 

 
.360  

 Cont rols (n=7)  0 .67 1 .00 

Sensi t iv i ty to  Light  Rugby (n=19)  0 .82 1 .13  
2 .407 

 
.013∗  

Controls (n=7)  0 .11 0 .33 

Sensi t iv i ty to  Noise  Rugby (n=19)  0 .18 0 .39  
0 .424 

 
.338 

Controls (n=7)  0 .11 0 .33 

                      Continued p.53  
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Table 3.7 (continued)  

 
I r r i tabi l i ty  Rugby (n=19)  0 .94 1 .09  

1 .227 
 

.116∼  
Controls (n=7)  0 .44 0 .73 

Sadness  Rugby (n=19)  0 .53 0 .87  
1 .747 

 
.047∗  

Controls (n=7)  0 .11 0 .33 

Nervousness  Rugby (n=19)  0 .41 0 .87  
0 .248 

 
.403 

Controls (n=7)  0 .33 0 .50 

Emotional  Rugby (n=19)  0 .41 0 .80  
0 .248 

 
.403 

Controls (n=7)  0 .33 0 .71 

Numbness  Rugby (n=19)  0 .18 0 .39  
0 .424 

 
.338 

Controls (n=7)  0 .11 0 .33 

Slo wed Down Rugby (n=19)  0 .53 0 .87  
0 .249 

 
.403 

Controls (n=7)  0 .44 0 .73 

Mental ly Foggy Rugby (n=19)  0 .53 0 .87  
0 .983 

 
.168 

Controls (n=7)  0 .22 0 .44 

Concentra t ion  Rugby (n=19)  1 .12 1 .17  
2 .809 

 
.005∗∗  

Controls (n=7)  0 .22 0 .44 

Remember ing Rugby (n=19)  0 .88 1 .22  
2 .000 

 
.029∗  

Controls (n=7)  0 .22 0 .44 

Visua l  Problems Rugby (n=19)  0 .41 0 .87  
1 .260 

 
.110∼  

Cont rols (n=7)  0 .11 0 .33 

  Note. ∗∗  p  < .01.   ∗  p  < .05.  ∼   .05 < p < .15  
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   Table 3.8 :  

Independent T-Tests for Rugby versus Controls at the Post-Season Stage on the 31-

Item Post-Concussion Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom Score  Rugby (n=19)  12.35 8 .98 

1 .009 .162 
Controls (n=7)  8 .89 6 .85 

Headache  Rugby (n=19)  0 .59 1 .00 

0 .091 .464 Controls (n=7)  0 .56 0 .53 

Nausea  Rugby (n=19)  0 .18 0 .53 

0 .336 .370 Controls (n=7)  0 .11 0 .33 

Vomiting Rugby (n=19)  0 .06 0 .24  
0 .721 

 
.239 

Controls (n=7)  0 .00 0 .00 

Poor  Appet i te  Rugby (n=19)  0 .24 0 .56  
0 .053 

 
.479 

Controls (n=7)  0 .22 0 .67 

Balance Problems Rugby (n=19)  0 .18 0 .53  
-0 .192  

 
.425 

Controls (n=7)  0 .22 0 .67 

Dizziness  Rugby (n=19)  0 .12 0 .33  
-0 .866  

 
.204 

Controls (n=7)  0 .33 0 .71 

Fat igue /  

T iredness  

Rugby (n=19)  1 .12 0 .86  
-0 .283  

 
.354 

Controls (n=7)  1 .22 0 .97 

Trouble Fa ll  Asleep  Rugby (n=19)  0 .82 0 .88  
2 .953 

 
.004∗∗  

Controls (n=7)  0 .11 0 .33 

Sleeping More   Rugby (n=19)  0 .59 0 .62  
0 .073 

 
.471 

Controls (n=7)  0 .56 1 .67 

Sleeping Less  

 

Rugby (n=19)  0 .71 0 .99  
0 .699 

 
.246 

Controls (n=7)  0 .44 0 .73 

Drowsiness  Rugby (n=19)  0 .71 0 .92  
0 .111 

 
.456 

Controls (n=7)  0 .67 0 .71 

Sensi t iv i ty to  Light  Rugby (n=19)  0 .47 0 .87  
1 .501 

 
.074∼  

 Controls (n=7)  0 .11 .33 

   Continued p.54 
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Table 3.8 (continued)  
 

Sensi t iv i ty to  Noise  Rugby (n=19)  0 .12 0 .33  
1 .461 

 
.082∼  

Controls (n=7)  0 .00 0 .00 

Diff icul ty Hear ing Rugby (n=19)  0 .24 0 .56  
0 .605 

 
.276 

Controls (n=7)  0 .11 0 .33 

Ir r i tabi l i ty  Rugby (n=19)  0 .76 0 .75  
-0 .041  

 
.484 

Controls (n=7)  0 .78 0 .83 

Aggress ion Rugby (n=19)  0 .88 0 .93  
3 .074 

 
.003∗∗  

Controls (n=7)  0 .11 0 .33 

Sadness  Rugby (n=19)  0 .35 0 .70  
1 .190 

 
.123∼  

Controls (n=7)  0 .11 0 .33 

Nervousness  Rugby (n=19)  0 .35 0 .79  
-0 .566  

 
.289 

Controls (n=7)  0 .56 1 .01 

Fee ling More  

Emotional  

Rugby (n=19)  0 .41 0 .62  
0 .813 

 
.212 

Controls (n=7)  0 .22 0 .44 

Numbness /  

T ingl ing 

Rugby (n=19)  0 .06 0 .23  
0 .721 

 
.239 

Controls (n=7)  0 .00 0 .00 

Fee ling Slowed 

Down 

Rugby (n=19)  0 .24 0 .56  
-1 .703  

 
.051∼  

Controls (n=7)  0 .67 0 .71 

Mental ly Foggy Rugby (n=19)  0 .41 0 .71  
0 .268 

 
.396 

Controls (n=7)  0 .33 0 .71 

Diff icul ty 

Concentra t ing  

Rugby (n=19)  0 .82 0 .88  
1 .369 

 
.092∼  

 Controls (n=7)  0 .44 0 .53 

Diff icul ty 

Remember ing 

Rugby (n=19)  0 .53 0 .51  
0 .347 

 
.366 

Controls (n=7)  0 .44 0 .73 

Visua l  Problems Rugby (n=19)  0 .24 0 .44  
0 .743 

 
.233 

Controls (n=7)  0 .11 0 .33 

Speech Problems Rugby (n=19)  0 .00 0 .00  
-1 .000  

 
.174 

Controls (n=7)  0 .11 0 .33 

          Continued  p.56 
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Table 3.8 (continued)  
 

Anxie ty Problems  Rugby (n=19)  0 .18 0 .39  
0 .424 

 
.338 

Controls (n=7)  0 .11 0 .33 

Restlessness  Rugby (n=19)  0 .71 0 .92  
1 .811 

 
.042∗  

Controls (n=7)  0 .22 0 .44 

Social  Withdrawal  Rugby (n=19)  0 .06 0 .24  
0 .721 

 
.239 

Controls (n=7)  0 .00 0 .00 

Depression Rugby (n=19)  0 .24 0 .44  
2 .219 

 
.021∗  

Controls (n=7)  0 .00 0 .00 

Sexual  Problems  Rugby (n=19)  0 .00 0 .00  
No 

Stat i s t ic  

 

Controls (n=7)  0 .00 0 .00 

Note.  Where No Sta ti s t ic  i s  repor ted,  a l l  the sub jects  have no  impairment thus rendering 

a  s ta t i st ica l  co mparison nul l  and  void.   
∗∗  p  <  .01 .   ∗  p  < .05.  ∼   .05 < p <  .15  
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3.2.  DEPENDENT T-TEST SAMPLE COMPARISONS 

 

3.2.1. Pre-Season versus Post-Season on the Full Sample 

Results appear together on the pages following the end of the subsection on pages 

60-79, Tables 3.9-3.12. 

 

Rugby Pre-Season versus Rugby Post-Season on the ImPACT Symptom Scale, 

Full Sample (Table 3.9) 

 

The comparison of the ImPACT Symptom Scale between the rugby group at pre-

season and rugby group at  post-season revealed no particular trend for the rugby 

participants between the pre- or post-season intervals, in that a substantial number 

of symptoms were reported as worse at the post-season stage whilst other symptoms 

improved. For three symptoms there was a tendency towards the rugby group at 

post-season to report more than the rugby group at pre-season (fatigue, sleeping 

more and drowsiness), none of these were significant (0.736, 0.265 and 0.731 

respectively). For three symptoms there was a tendency to towards the rugby group 

at pre-season to report more than the rugby group at post-season, all of these were 

significant at the p < .05 level (balance problems, feeling mentally foggy and visual 

problems). The total symptom score and four symptoms were approaching 

significance at the .05 < p < .15 level (dizziness, sadness, nervousness and feeling 

slowed down). Overall this suggests no real difference between the rugby group at  

pre-season and the rugby group at post-season on the ImPACT Symptom Scale.  

 

Rugby Pre-Season versus Rugby Post-Season on the 31-Item Post-Concussion 

Symptom Questionnaire,  Full  Sample (Table 3.10) 

 

The comparison of the 31-Item Post-Concussion Symptom Questionnaire between 

the rugby group at  pre-season and the rugby group at post-season revealed no 

particular direct trends for the rugby part icipants between the pre- or post-season 

intervals, in that a substantial number of symptoms were reported as worse at the 

post-season stage, other symptoms remained unchanged or improved. For thirteen 

symptoms there was a tendency towards the rugby group at  post-season to report 

more than the rugby group at pre-season, of these three symptoms were significant 

at the p < .05 level (anxiety,  restlessness and depression). There was no change from 
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pre- to post-season on reports of experiencing irritability and feelings of numbness 

or tingling. For 16 symptoms there was a tendency towards the rugby group at pre-

season to report more than the rugby group at post-season, of these four symptoms 

were approaching significance at the .05 < p < .15 level (dizziness, nervousness,  

visual problems and speech problems). Overall ,  as with results of the ImPACT 

Symptom Scale, this suggests no real difference between reported symptoms 

between the pre- and post-season stages respectively for rugby participants, using 

the full sample.  

 

Controls Pre-Season versus Controls post-Season on the ImPACT Symptom 

Scale,  Full Sample (Table 3.11) 

 

The comparison of the ImPACT Symptom Scale between the control group at pre-

season and control  group at  post-season revealed mixed trends for the control  

participants between the pre- or post-season intervals, in that a substantial number 

of symptoms were reported as worse at the post-season stage, other symptoms 

remained unchanged or improved. For 15 symptoms there was the tendency for the 

control group at  post-season to report  more than the control  group at  pre-season, of 

these three symptoms were approaching significance at the .05 < p < .15 level  

(headaches, nausea and dizziness).  There was no change from pre- to post-season on 

reports of insomnia and difficulties in concentrating. For five symptoms (fatigue,  

insomnia, sleeping less, sadness and nervousness) there was a tendency towards the 

control group at pre- season to report more than the control group at post-season no 

results were significant (0.557, 1.00, 0.393, 0.668 and 0.683 respectively). Overall 

this suggests no real difference between the controls at the pre-season and post-

season stages respectively.  

 

Controls Pre-Season versus Controls Post-Season on the 31-Item Post-

Concussion Symptom Questionnaire,  Full Sample (Table 3.12) 

 

The comparison of the 31-Item Post-Concussion Symptom Questionnaire between 

the control group at  pre-season and the control group at  post-season revealed mixed 

trends for the control participants between the pre- or post-season intervals, in that a 

substantial  number of symptoms were reported as worse at  the post-season stage, 

other symptoms remained unchanged. For 15 symptoms there was the tendency for 
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the control group at post-season to report more than the control group at pre-

season, however none of these were significant. There was no change from pre- to 

post-season on reports of aggression, nervousness and speech problems. There were 

no reports amongst the control group of vomiting or sensitivity to noise at either the 

pre- or post-season stage.  For eleven symptoms there was a tendency towards the 

control group at  pre-season to report more than the control  group at  post-season, of 

these three results were approaching significance at the .05 < p < .15 level (feeling 

slowed down, social  withdrawal and depression). Overall,  as with results of the 

ImPACT Symptom Scale, this suggests no real difference between reported 

symptoms between the pre- and post- season stages respectively for control  

participants, using the full  sample.  

 

 3.2.2. Pre-Season versus Post-Season on the Reduced Sample 

Results appear together on the pages following the end of the subsection on pages 

72-81, Tables 3.15-3.19. 

 

Rugby Pre versus Rugby Post on the ImPACT Symptom Scale, Reduced Sample 

(Table 3.13) 

 

Commensurate with the comparison on the full sample, the comparison of the 

ImPACT Symptom Scale on the reduced sample between the rugby group at pre-

season and rugby group at  post-season revealed mixed trends for the rugby 

participants between the pre- or post-season, in that a number of symptoms were 

reported as worse at the post-season stage, other symptoms remained unchanged. For 

three symptoms (fatigue, insomnia and sleeping more) there was a tendency towards 

the rugby group at post-season to report more than the rugby group at pre-season no 

results  were significant (0.894, 0.778 and 0.351 respectively). There was no change 

from pre- to post-season on reports of sleeping less than usual, drowsiness and 

feeling more emotional. For 17 symptoms there was a tendency towards the rugby 

group at pre-season to report more than the rugby group at post-season, of these two 

symptoms were significant at the p<0.05 level (sensitivity to noise and 

nervousness). Four symptoms were approaching significance at the .05 < p < .15 

level (dizziness, sadness, feeling mentally foggy and visual problems).  
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Table 3.9:  

Dependent T-Tests for Rugby Pre versus Rugby Post on the ImPACT Symptom Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom Score  Rugby Pre (n=27)  16.85 16.60 

1 .601 .122∼  
Rugby Post  (n=27)  12.52 11.81 

Headache  Rugby Pre (n=27)  0 .59 1 .15 

0 .593 .558 Rugby Post  (n=27)  0 .48 0 .94 

Nausea  Rugby Pre (n=27)  0 .59 1 .08  
1 .230 

 
.230 

Rugby Post  (n=27)  0 .33 0 .68 

Vomiting Rugby Pre (n=27)  0 .26 0 .53  
1 .363 

 
.185 

Rugby Post  (n=27)  0 .15 0 .46 

Balance Problems Rugby Pre (n=27)  0 .41 0 .57  
2 .563 

 
.017∗  

Rugby Post  (n=27)  0 .15 0 .36 

Dizziness  Rugby Pre (n=27)  0 .67 1 .24  
2 .000 

 
.056∼  

Rugby Post  (n=27)  0 .22 0 .64 

Fat igue  Rugby Pre (n=27)  1 .33 1 .52  
-0 .341  

 
.736 

Rugby Post  (n=27)  1 .44 1 .28 

Insomnia  Rugby Pre (n=27)  1 .07 1 .11  
0 .118 

 
.907 

Rugby Post  (n=27)  1 .04 1 .13 

Sleeping More  Rugby Pre (n=27)  0 .56 0 .89  
-1 .140  

 
.265 

Rugby Post  (n=27)  0 .89 1 .12 

Sleeping Less  Rugby Pre (n=27)  1 .33 1 .36  
1 .082 

 
.289 

Rugby Post  (n=27)  0 .96 1 .43 

Drowsiness  

 

Rugby Pre (n=27)  0 .89 1 .25  
-0 .348  

 
.731 

Rugby Post  (n=27)  0 .96 1 .09 

Sensi t iv i ty to  Light  Rugby Pre (n=27)  0 .78 1 .19  
1 .237 

 
.227 

Rugby Post  (n=27)  0 .56 0 .97 

Sensi t iv i ty to  Noise  Rugby Pre (n=27)  0 .41 0 .69  
1 .154 

 
.259 

Rugby Post  (n=27)  0 .22 0 .64 

      Continued  p.61 
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Table 3.9 (continued)  
 

I r r i tabi l i ty  Rugby Pre (n=27)  1 .04 1 .29  
0 .923 

 
.364 

Rugby Post  (n=27)  0 .81 1 .00 

Sadness  Rugby Pre (n=27)  0 .81 1 .27  
1 .586 

 
.125∼  

Rugby Post  (n=27)  0 .44 0 .75 

Nervousness  Rugby Pre (n=27)  0 .81 1 .21  
1 .732 

 
.095∼  

Rugby Post  (n=27)  0 .48 0 .85 

Emotional  Rugby Pre (n=27)  0 .41 0 .69  
0 .205 

 
.839 

Rugby Post  (n=27)  0 .37 0 .69 

Numbness  Rugby Pre (n=27)  0 .33 1 .00  
1 .140 

 
.265 

Rugby Post  (n=27)  0 .11 0 .32 

Slo wed Down Rugby Pre (n=27)  0 .78 1 .05  
1 .772 

 
.088∼  

Rugby Post  (n=27)  0 .48 0 .80 

Mental ly Foggy Rugby Pre (n=27)  0 .85 0 .99  
2 .078 

 
.048∗  

Rugby Post  (n=27)  0 .48 0 .80 

Concentra t ion Rugby Pre (n=27)  1 .22 1 .34  
1 .097 

 
.283 

Rugby Post  (n=27)  0 .96 1 .06 

Remember ing Rugby Pre (n=27)  1 .07 1 .33  
1 .412 

 
.170 

Rugby Post  (n=27)  0 .70 1 .03 

Visua l  Problems Rugby Pre (n=27)  0 .63 0 .93  
2 .078 

 
.048∗  

Rugby Post  (n=27)  0 .26 0 .71 

Note. ∗  p  < .05.   ∼   .05  < p <  .15  
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  Table 3.10:  

Dependent T-Tests for Rugby Pre versus Rugby Post on the 31-Item Post-Concussion 

Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom 

Score  

Rugby Pre (n=27)  11.93 8 .32 

0 .403 .690 
Rugby Post  (n=27)  11.26 7 .96 

Headache  Rugby Pre (n=27)  0 .37 0 .74 

-0 .440  .663 Rugby Post  (n=27)  0 .41 0 .84 

Nausea  Rugby Pre (n=27)  0 .19 0 .48  
0 .440 

 
.663 

Rugby Post  (n=27)  0 .15 0 .46 

Vomiting Rugby Pre (n=27)  0 .00 0 .00  
-1 .000  

 
.327 

Rugby Post  (n=27)  0 .04 0 .19 

Poor  Appet i te  Rugby Pre (n=27)  0 .33 0 .68  
0 .769 

 
.449 

Rugby Post  (n=27)  0 .22 0 .51 

Balance Problems Rugby Pre (n=27)  0 .22 0 .42  
0 .700 

 
.490 

Rugby Post  (n=27)  0 .15 0 .46 

Dizziness  Rugby Pre (n=27)  0 .26 0 .53  
1 .727 

 
.096∼  

Rugby Post  (n=27)  0 .07 0 .27 

Fat igue /  

T iredness  

Rugby Pre (n=27)  1 .44 0 .89  
1 .472 

 
.153 

Rugby Post  (n=27)  1 .11 0 .93 

Trouble Fa ll  

Asleep  

Rugby Pre (n=27)  0 .93 1 .04  
0 .927 

 
.340 

Rugby Post  (n=27)  0 .70 0 .82 

Sleeping More   Rugby Pre (n=27)  0 .41 0 .69  
-1 .442  

 
.161 

Rugby Post  (n=27)  0 .70 0 .72 

Sleeping Less  

 

Rugby Pre (n=27)  0 .89 1 .16  
0 .908 

 
.372 

Rugby Post  (n=27)  0 .63 1 .01 

Drowsiness  Rugby Pre (n=27)  0 .74 0 .98  
0 .348 

 
.731 

Rugby Post  (n=27)  0 .81 0 .92 

Sensi t iv i ty to  Light  Rugby Pre (n=27)  0 .44 0 .75  
0 .359 

 
.722 

Rugby Post  (n=27)  0 .37 0 .79 

        Continued p.63 
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Table 3.10 (continued) 

 
Sensi t iv i ty to  

Noise  

Rugby Pre (n=27)  0 .15 0 .36  
0 .440 

 
.663 

Rugby Post  (n=27)  0 .11 0 .32 

Diff icul ty 

Hear ing 

Rugby Pre (n=27)  0 .22 0 .42  
-0 .527  

 
.602 

Rugby Post  (n=27)  0 .30 0 .67 

Ir r i tabi l i ty  Rugby Pre (n=27)  0 .67 0 .92  
0 .000 

 
1 .000 

Rugby Post  (n=27)  0 .67 0 .73 

Aggress ion Rugby Pre (n=27)  0 .74 0 .98  
-0 .225  

 
.823 

Rugby Post  (n=27)  0 .78 0 .93 

Sadness  Rugby Pre (n=27)  0 .44 0 .85  
0 .750 

 
.460 

Rugby Post  (n=27)  0 .30 0 .61 

Nervousness  Rugby Pre (n=27)  0 .67 1 .04  
1 .551 

 
.133∼  

Rugby Post  (n=27)  0 .37 0 .74 

Fee ling More  

Emotional  

Rugby Pre (n=27)  0 .26 0 .53  
-0 .238  

 
.814 

Rugby Post  (n=27)  0 .30 0 .54 

Numbness /  

T ingl ing 

Rugby Pre (n=27)  0 .04 0 .19  
0 .00 

 
1 .000 

Rugby Post  (n=27)  0 .04 0 .19 

Fee ling Slowed 

Down 

Rugby Pre (n=27)  0 .37 0 .63  
0 .721 

 
.477 

Rugby Post  (n=27)  0 .26 0 .53 

Mental ly Foggy Rugby Pre (n=27)  0 .15 0 .46  
-1 .154  

 
.259 

Rugby Post  (n=27)  0 .33 0 .62 

Diff icul ty 

Concentra t ing  

Rugby Pre (n=27)  0 .74 0 .86  
-0 .402  

 
.691 

Rugby Post  (n=27)  0 .81 0 .83 

Diff icul ty 

Remember ing 

Rugby Pre (n=27)  0 .67 0 .88  
1 .905 

 
.284 

Rugby Post  (n=27)  0 .48 0 .51 

Visua l  Problems Rugby Pre (n=27)  0 .33 0 .56  
1 .727 

 
.096∼  

Rugby Post  (n=27)  0 .15 0 .36 

Speech Problems Rugby Pre (n=27)  0 .19 0 .40  
1 .688 

 
.103∼  

Rugby Post  (n=27)  0 .04 0 .19 

          Continued  p.64 
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Table 3.10 (continued) 

 
Anxie ty 

Problems  

Rugby Pre (n=27)  0 .00 0 .00  
-2 .126  

 
.043∗  

Rugby Post  (n=27)  0 .15 0 .36 

Restlessness  Rugby Pre (n=27)  0 .07 0 .39  
-2 .762  

 
.010∗  

Rugby Post  (n=27)  0 .59 0 .84 

Social  

Withdrawal  

Rugby Pre (n=27)  0 .00 0 .00  
-1 .000  

 
.327 

Rugby Post  (n=27)  0 .04 0 .19 

Depression Rugby Pre (n=27)  0 .00 0 .00  
-2 .431  

 
.022∗  

Rugby Post  (n=27)  0 .19 0 .40 

Sexual  

Problems  

Rugby Pre (n=27)  0 .00 0 .00  
No 

Stat i s t ic  

 

Rugby Post  (n=27)  0 .00 0 .00 

   Note. Where No Sta ti st ic  is  repor ted,  a l l  the subjec ts  have no  impairment thus render ing 

   a  stat is t ical  comparison null  and void.   
   ∗  p  < .05.  ∼   .05 < p <  .15  
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Table 3.11:  

Dependent T-Tests for Controls Pre versus Controls Post on the ImPACT Symptom 

Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Control  Pre (n=17)  8 .18 8 .42 

-0 .704  .491 
Control  Post  (n=17)  10.06 8 .91 

Headache  Control  Pre (n=17)  0 .12 0 .33 

1 .692 .110∼  Cont rol  Post  (n=17)  0 .53 0 .87 

Nausea  Control  Pre (n=17)  0 .00 0 .00  
-1 .852  

 
.083∼  

Cont rol  Post  (n=17)  0 .18 0 .39 

Vomiting Control  Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Control  Post  (n=17)  0 .06 0 .24 

Balance Problems Control  Pre (n=17)  0 .06 0 .24  
-1 .000  

 
.332 

Control  Post  (n=17)  0 .18 0 .53 

Dizziness  Control  Pre (n=17)  0 .00 0 .00  
-1 .725  

 
.104∼  

Cont rol  Post  (n=17)  0 .24 0 .56 

Fat igue  Control  Pre (n=17)  1 .06 1 .35  
-0 .599  

 
.557 

Control  Post  (n=17)  1 .35 1 .22 

Insomnia  Control  Pre (n=17)  0 .76 1 .20  
0 .00 

 
1 .000 

Control  Post  (n=17)  0 .76 1 .30 

Sleeping More  Control  Pre (n=17)  0 .65 1 .27  
-0 .523  

 
.608 

Control  Post  (n=17)  0 .76 1 .52 

Sleeping Less  Control  Pre (n=17)  0 .82 1 .33  
0 .879 

 
.393 

Control  Post  (n=17)  0 .47 1 .07 

Drowsiness  

 

Cont rol  Pre (n=17)  0 .71 1 .11  
-0 .356  

 
.727 

Control  Post  (n=17)  0 .82 1 .11 

Sensi t iv i ty to  Light  Control  Pre (n=17)  0 .59 1 .58  
1 .376 

 
.188 

Control  Post  (n=17)  0 .06 0 .24 

Sensi t iv i ty to  Noise  Control  Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Control  Post  (n=17)  0 .06 0 .24 

               Continued p.66 
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Table 3.11 (continued) 

 
I r r i tabi l i ty  Control  Pre (n=17)  0 .47 0 .72  

-0 .846  
 

.410 
Control  Post  (n=17)  0 .71 0 .99 

Sadness  Control  Pre (n=17)  0 .47 0 .87  
0 .436 

 
.668 

Control  Post  (n=17)  0 .35 0 .70 

Nervousness  Control  Pre (n=17)  0 .82 1 .24  
0 .416 

 
.683 

Control  Post  (n=17)  0 .71 0 .92 

Emotional  Control  Pre (n=17)  0 .35 0 .86  
-0 .643  

 
.529 

Control  Post  (n=17)  0 .53 0 .71 

Numbness  Control  Pre (n=17)  0 .00 0 .00  
-1 .376  

 
.188 

Control  Post  (n=17)  0 .18 0 .53 

Slo wed Down Control  Pre (n=17)  0 .24 0 .56  
-1 .376  

 
.188 

Control  Post  (n=17)  0 .59 0 .87 

Mental ly Foggy Control  Pre (n=17)  0 .12 0 .33  
-1 .461  

 
.163 

Control  Post  (n=17)  0 .47 1 .01 

Concentra t ion  Control  Pre (n=17)  0 .53 0 .87  
0 .00 

 
1 .000 

Control  Post  (n=17)  0 .53 0 .80 

Remember ing Control  Pre (n=17)  0 .35 0 .79  
-0 .251  

 
.805 

Control  Post  (n=17)  0 .41 0 .71 

Visua l  Problems Control  Pre (n=17)  0 .06 0 .24  
-0 .566  

 
.579 

Control  Post  (n=17)  0 .12 0 .33 

 Note. ∗  p  < .05;  ∼   .05  < p <  .15    
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Table 3.12:  

Dependent T-Tests for Controls Pre versus Controls Post on the 31-Item Post-

Concussion Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom 

Score  

Control  Pre (n=17)  9 .76 6 .45 

-0 .432  .672 
Control  Post  (n=17)  10.53 7 .41 

Headache  Control  Pre (n=17)  0 .47 0 .80 

-0 .251  .805 Control  Post  (n=17)  0 .53 0 .62 

Nausea  Control  Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Control  Post  (n=17)  0 .06 0 .24 

Vomiting Control  Pre (n=17)  0 .00 0 .00  
No 

Stati s t ic  

 

Cont rol  Post  (n=17)  0 .00 0 .00 

Poor  Appet i te  Control  Pre (n=17)  0 .24 0 .56  
-0 .614  

 
.548 

Control  Post  (n=17)  0 .41 0 .94 

Balance Problems Control  Pre (n=17)  0 .18 0 .53  
0 .324 

 
.750 

Control  Post  (n=17)  0 .12 0 .49 

Dizziness  Control  Pre (n=17)  0 .18 0 .39  
-0 .324  

 
.750 

Control  Post  (n=17)  0 .24 0 .56 

Fat igue /  

T iredness  

Control  Pre (n=17)  1 .06 1 .03  
-1 .281  

 
.219 

Control  Post  (n=17)  1 .47 1 .07 

Trouble Fa ll  

Asleep  

Control  Pre (n=17)  0 .76 0 .83  
0 .527 

 
.605 

Control  Post  (n=17)  0 .59 0 .94 

Sleeping More   Cont rol  Pre (n=17)  0 .82 1 .07  
1 .444 

 
.168 

Control  Post  (n=17)  0 .41 1 .23 

Sleeping Less  

 

Cont rol  Pre (n=17)  0 .29 0 .59  
-0 .765  

 
.455 

Control  Post  (n=17)  0 .47 0 .87 

Drowsiness  Control  Pre (n=17)  0 .41 0 .71  
-0 .899  

 
.382 

Control  Post  (n=17)  0 .59 0 .71 

Sensi t iv i ty to  

Light  

Control  Pre (n=17)  0 .24 0 .97  
0 .717 

 
.484 

Control  Post  (n=17)  0 .06 0 .24 

     Continued p.68 
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Table 3.12 (continued) 

              Continued p.69 

Sensi t iv i ty to  

Noise  

Control  Pre (n=17)  0 .00 0 .00  
No S tat is t ic  

Control  Post  (n=17)  0 .00 0 .00 

Diff icul ty Hear ing Control  Pre (n=17)  0 .24 0 .56  
0 .808 

 
.431 

Control  Post  (n=17)  0 .12 0 .33 

Ir r i tabi l i ty  Control  Pre (n=17)  0 .71 0 .69  
-0 .223  

 
.826 

Control  Post  (n=17)  0 .76 0 .83 

Aggress ion Control  Pre (n=17)  0 .29 0 .59  
0 .00 

 
1 .000 

Control  Post  (n=17)  0 .29 0 .59 

Sadness  Control  Pre (n=17)  0 .12 0 .33  
-0 .808  

 
.431 

Control  Post  (n=17)  0 .24 0 .44 

Nervousness  Control  Pre (n=17)  0 .59 1 .23  
0 .00 

 
1 .000 

Control  Post  (n=17)  0 .59 0 .87 

Fee ling More  

Emotional  

Control  Pre (n=17)  0 .35 0 .61  
0 .696 

 
.496 

Control  Post  (n=17)  0 .24 0 .44 

Numbness /  

T ingl ing 

Control  Pre (n=17)  0 .18 0 .73  
1 .000 

 
.332 

Control  Post  (n=17)  0 .00 0 .00 

Fee ling Slowed 

Down 

Control  Pre (n=17)  0 .29 0 .59  
-1 .692  

 
.110∼  

Cont rol  Post  (n=17)  0 .71 0 .85 

Mental ly Foggy Control  Pre (n=17)  0 .24 0 .44  
-0 .808  

 
.431 

Control  Post  (n=17)  0 .35 0 .70 

Diff icul ty 

Concentra t ing  

Control  Pre (n=17)  0 .53 0 .87  
-0 .566  

 
.579 

Control  Post  (n=17)  0 .65 0 .70 

Diff icul ty 

Remember ing 

Control  Pre (n=17)  0 .41 0 .51  
-0 .436  

 
.668 

Control  Post  (n=17)  0 .47 0 .62 

Visua l  Problems Control  Pre (n=17)  0 .24 0 .56  
1 .144 

 
.269 

Control  Post  (n=17)  0 .06 0 .24 

Speech Problems Control  Pre (n=17)  0 .06a  0 .24  
 

 

Cont rol  Post  (n=17)  0 .06a  0 .24 
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Table 3.12 (continued) 

 
Anxie ty Problems  Control  Pre (n=17)  0 .35 0 .79  

0 .489 
 

.632 
Control  Post  (n=17)  0 .24 0 .56 

Restlessness  Control  Pre (n=17)  0 .41 0 .80  
0 .368 

 
.718 

Control  Post  (n=17)  0 .35 0 .49 

Social  Withdrawal  Control  Pre (n=17)  0 .06 0 .24  
-1 .725  

 
.104∼  

Cont rol  Post  (n=17)  0 .29 0 .77 

Depression Control  Pre (n=17)  0 .00 0 .00  
-1 .852  

 
.083∼  

Cont rol  Post  (n=17)  0 .18 0 .39 

Sexual  Problems  Control  Pre (n=17)  0 .06 0 .24  
1 .000 

 
.332 

Control  Post  (n=17)  0 .00 0 .00 

Note.  Where No Sta ti s t ic  i s  repor ted,  a l l  the sub jects  have no  impairment thus rendering  

a  s ta t i st ica l  co mparison nul l  and  void ;  a  = t  cannot  be co mputed  as the standard erro r  

of the d i fference i s  0  
∗  p  < .05.  ∼   .05 < p <  .15 
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Rugby Pre versus Rugby Post on the 31-Item Post-Concussion Symptom 

Questionnaire,  Reduced Sample (Table 3.14) 

 

Commensurate with the comparison on the full sample, the comparison of the 31-

Item Post-Concussion Symptom Questionnaire on the reduced sample between the 

rugby group at pre-season and the rugby group at post-season revealed mixed trends 

for the rugby participants between the pre- or post-season, in that a number of 

symptoms were reported as worse at the post-season stage, other symptoms remained 

unchanged. For 16 symptoms there was a tendency for rugby participants to report  a 

more pronounced symptom profile at the post-season stage than at the pre-season 

stage,  of these one symptom  was significant at the p < .05 level (speech problems),  

and one symptom was approaching significance at the .05 < p < .15 level 

(nervousness). There was no change from pre- to post-season on reports of 

experiencing headaches, drowsiness, sensitivity to light, i rritabili ty and difficulty in 

concentrating. There were no reports amongst the rugby group of experiencing 

sexual problems  at either the pre- or post-season stage. For nine symptoms there was 

a tendency towards the rugby group at pre-season to report  more than the rugby 

group at post-season, of these two results were significant at  the p < .05 level  

(restlessness and depression). Overall,  as with results  of the ImPACT Symptom 

Scale, this suggests no real difference between reported symptoms between the pre-

and post-season stages respectively for rugby participants, using the reduced 

sample.  

 

Controls Pre versus Controls Post on the ImPACT Symptom Scale, Reduced 

Sample (Table 3.15) 

  

Commensurate with the comparison on the full sample, the comparison of the 

ImPACT Symptom Scale on the reduced sample between the control group at pre-

season and control  group at  post-season revealed mixed trends for the control  

participants between the pre- or post-season, in that a number of symptoms were 

reported as worse at the post-season stage, other symptoms remained unchanged. For 

10 symptoms there was a tendency for rugby participants to report a more 

pronounced symptom profile at the post-season stage than at the pre-season stage, of 

these one symptom was highly significant at  the p < .01 level (fat igue), and one 

symptom was approaching significance at  the .05 < p < .15 level (headaches). There 
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was no change from pre- to post-season on experiencing fatigue, feeling more 

emotional or reports of feeling mentally foggy. For nine symptoms there was a 

tendency towards the control group at pre-season to report more than the control  

group at post-season, of these one symptom was approaching significance at the .05 

< p .15 level (sleeping less).  

 

Controls Pre versus Controls Post on the 31-Item Post-Concussion Symptom 

Questionnaire,  Reduced Sample (Table 3.16)  

 

The comparison of the 31-Item Post-Concussion Symptom Questionnaire between 

the Control group at pre-season and the Control group at post-season revealed mixed 

trends for the control part icipants between the pre or post-season, in that a number 

of symptoms were reported as worse at the post-season stage, other symptoms 

remained unchanged. For 10 symptoms there was a tendency for rugby participants 

to report a more pronounced symptom profile at the post-season stage than at the 

pre-season stage, of these,  one result was approaching significance at the 0.05 < p < 

0.15 level (drowsiness). There was no change from pre- to post-season on reports of 

sleeping less than usual, aggression, sadness, difficulties in remembering, visual  

problems, speech problems or restlessness. There were no reports amongst the 

control group of vomiting, sensitivity to noise, social withdrawal or depression at 

either the pre- or post-season stages. For 10 symptoms there was a tendency for 

rugby participants to report a more pronounced symptom profile at the pre-season 

stage than at the post-season stage, of these one result was approaching significance 

at the 0.05 < p < 0.15 level (trouble fal ling asleep). Overall ,  as with results of the 

ImPACT Symptom Scale, this suggests no real difference between reported 

symptoms between the pre-and post- season stages respectively for control 

participants, using the reduced sample.  

 

Summary of Research Findings 

 

According to the grid analyses (See Tables 3.20 and 3.21), the pre-and post-season 

results of the reduced sample are strongly commensurate with those of the full 

sample, for both ImPACT and the 31-Item Post-Concussion Symptom Questionnaire, 

with the overall indication of a predominantly more pronounced symptom profile for 

rugby participants than for control participants.  
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Table 3.13 :  

Dependent T-Tests for Rugby Pre versus Rugby Post on the ImPACT Symptom Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Rugby Pre (n=17)  18.71 18.71 

1 .104 .286 
Rugby Post  (n=17)  14.24 14.00 

Headache  Rugby Pre (n=17)  0 .71 1 .36 

0 .460 .651 Rugby Post  (n=17)  0 .59 1 .12 

Nausea  Rugby Pre (n=17)  0 .65 1 .22  
0 .808 

 
.431 

Rugby Post  (n=17)  0 .41 0 .80 

Vomiting Rugby Pre (n=17)  0 .35 0 .61  
1 .000 

 
.332 

Rugby Post  (n=17)  0 .24 0 .56 

Balance Problems Rugby Pre (n=17)  0 .47 0 .62  
1 .725 

 
.104 

Rugby Post  (n=17)  0 .24 0 .44 

Dizziness  Rugby Pre (n=17)  0 .88 1 .45  
1 .830 

 
.086∼  

Rugby Post  (n=17)  0 .29 0 .77 

Fat igue  Rugby Pre (n=17)  1 .41 1 .62  
-0 .136  

 
.894 

Rugby Post  (n=17)  1 .47 1 .33 

Insomnia  Rugby Pre (n=17)  1 .12 1 .05  
-0 .287  

 
.778 

Rugby Post  (n=17)  1 .24 1 .15 

Sleeping More  Rugby Pre (n=17)  0 .59 0 .87  
-0 .960  

 
.351 

Rugby Post  (n=17)  0 .88 0 .93 

Sleeping Less  Rugby Pre (n=17)  1 .12 1 .32  
0 .000 

 
1 .000 

Rugby Post  (n=17)  1 .12 1 .54 

Drowsiness  

 

Rugby Pre (n=17)  0 .82 1 .38  
0 .00 

 
1 .000 

Rugby Post  (n=17)  0 .82 1 .07 

Sensi t iv i ty to  Light  Rugby Pre (n=17)  1 .00 1 .37  
0 .717 

 
.484 

Rugby Post  (n=17)  0 .82 1 .13 

Sensi t iv i ty to  Noise  Rugby Pre (n=17)  0 .59 0 .80  
2 .746 

 
.014∗  

Rugby Post  (n=17)  0 .18 0 .39 

             Continued  p.73 
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    Table 3.13 (continued) 
 

I r r i tabi l i ty  Rugby Pre (n=17)  1 .29 1 .36  
1 .144 

 
.269 

Rugby Post  (n=17)  0 .94 1 .09 

Sadness  Rugby Pre (n=17)  0 .94 1 .30  
1 .514 

 
.150∼  

Rugby Post  (n=17)  0 .53 0 .87 

Nervousness  Rugby Pre (n=17)  1 .00 1 .32  
2 .279 

 
.037∗  

Rugby Post  (n=17)  0 .41 0 .87 

Emotional  Rugby Pre (n=17)  0 .41 0 .62  
0 .000 

 
1 .00 

Rugby Post  (n=17)  0 .41 0 .80 

Numbness  Rugby Pre (n=17)  0 .41 1 .23  
0 .775 

 
.450 

Rugby Post  (n=17)  0 .18 0 .39 

Slo wed Down Rugby Pre (n=17)  0 .65 0 .93  
0 .621 

 
.543 

Rugby Post  (n=17)  0 .53 0 .87 

Mental ly Foggy Rugby Pre (n=17)  0 .94 1 .09  
1 .692 

 
.110∼  

Rugby Post  (n=17)  0 .53 0 .87 

Concentra t ion  Rugby Pre (n=17)  1 .29 1 .40  
0 .566 

 
.579 

Rugby Post  (n=17)  1 .12 1 .17 

Remember ing Rugby Pre (n=17)  1 .24 1 .44  
1 .000 

 
.332 

Rugby Post  (n=17)  0 .88 1 .22 

Visua l  Problems Rugby Pre (n=17)  0 .82 1 .07  
1 .514 

 
.150∼  

Rugby Post  (n=17)  0 .41 0 .87 

   Note. ∗  p  < .05.  ∼   .05 < p <  .15  
           

 

  

 
 

 

 

 

 

 



 

 
 

 

75 

Table 3.14:  

Dependent T-Tests for Rugby Pre versus Rugby Post on the 31-Item Post-Concussion 

Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Rugby Pre (n=17)  13.82 7 .73 

0 .758 .460 
Rugby Post  (n=17)  12.35 8 .98 

Headache  Rugby Pre (n=17)  0 .59 0 .87 

0 .000 1.000 Rugby Post  (n=17)  0 .59 1 .00 

Nausea  Rugby Pre (n=17)  0 .24 0 .56 

0 .566 .579 Rugby Post  (n=17)  0 .18 0 .53 

Vomiting Rugby Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Rugby Post  (n=17)  0 .06 0 .24 

Poor  Appet i te  Rugby Pre (n=17)  0 .47 0 .80  
1.167 

 
.260 

Rugby Post  (n=17)  0 .24 0 .56 

Balance Problems Rugby Pre (n=17)  0 .35 0 .49  
1 .144 

 
.269 

Rugby Post  (n=17)  0 .18 0 .53 

Dizziness  Rugby Pre (n=17)  0 .24 0 .44  
1 .000 

 
.332 

Rugby Post  (n=17)  0 .12 0 .33 

Fat igue /  

T iredness  

Rugby Pre (n=17)  1 .59 0 .94  
1 .646 

 
.119 

Rugby Post  (n=17)  1 .12 0 .86 

Trouble Fa ll  Asleep  Rugby Pre (n=17)  1 .12 1 .11  
0 .893 

 
.385 

Rugby Post  (n=17)  0 .82 0 .88 

Sleeping More   Rugby Pre (n=17)  0 .53 0 .80  
-0 .212  

 
.835 

Rugby Post  (n=17)  0 .59 0 .62 

Sleeping Less  

 

Rugby Pre (n=17)  0 .76 1 .03  
0 .155 

 
.878 

Rugby Post  (n=17)  0 .71 0 .99 

Drowsiness  Rugby Pre (n=17)  0 .71 0 .99  
0 .000 

 
1 .000 

Rugby Post  (n=17)  0 .71 0 .92 

Sensi t iv i ty to  Light  Rugby Pre (n=17)  0 .47 0 .62  
0 .000 

 
1 .000 

Rugby Post  (n=17)  0 .47 0 .87 

                                                                                                  Continued p.75  
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Table 3.14 (continued) 
 
Sensi t iv i ty to  Noise  Rugby Pre (n=17)  0 .18 0 .39  

0 .436 
 

.668 
Rugby Post  (n=17)  0 .12 0 .33 

Diff icul ty Hear ing Rugby Pre (n=17)  0 .29 0 .47  
0 .436 

 
.668 

Rugby Post  (n=17)  0 .24 0 .56 

Ir r i tabi l i ty  Rugby Pre (n=17)  0 .76 1 .03  
0 .000 

 
1 .000 

Rugby Post  (n=17)  0 .76 0 .75 

Aggress ion Rugby Pre (n=17)  0 .94 1 .09  
0 .324 

 
.750 

Rugby Post  (n=17)  0 .88 0 .93 

Sadness  Rugby Pre (n=17)  0 .47 0 .80  
0 .489 

 
.632 

Rugby Post  (n=17)  0 .35 0 .70 

Nervousness  Rugby Pre (n=17)  0 .82 1 .07  
2 .057 

 
.056∼  

Rugby Post  (n=17)  0 .35 0 .79 

Fee ling More  

Emotional  

Rugby Pre (n=17)  0 .24 0 .44  
-0 .899  

 
.382 

Rugby Post  (n=17)  0 .41 0 .62 

Numbness /  T ingling  Rugby Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Rugby Post  (n=17)  0 .06 0 .24 

Fee ling Slowed Do wn Rugby Pre (n=17)  0 .35 0 .61  
0 .566 

 
.579 

Rugby Post  (n=17)  0 .24 0 .56 

Mental ly Foggy Rugby Pre (n=17)  0 .18 0 .53  
-1 .000  

 
.332 

Rugby Post  (n=17)  0 .41 0 .71 

Diff icul ty 

Concentra t ing  

Rugby Pre (n=17)  0 .82 0 .88  
0 .000 

 
1 .000 

Rugby Post  (n=17)  0 .82 0 .88 

Diff icul ty 

Remember ing 

Rugby Pre (n=17)  0 .82 0 .95  
1 .231 

 
.236 

Rugby Post  (n=17)  0 .53 0 .51 

Visua l  Problems Rugby Pre (n=17)  0 .47 0 .62  
1 .461 

 
.163 

Rugby Post  (n=17)  0 .24 0 .44 

Speech Problems Rugby Pre (n=17)  0 .29 0 .47  
2 .582 

 
.020∗  

Rugby Post  (n=17)  0 .00 0 .00 

                                                                                               Continued p.76 
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Table 3.14 (continued) 

Anxie ty Problems  Rugby Pre (n=17)  0 .00 0 .00  
-1 .852  

 
.083 

Rugby Post  (n=17)  0 .18 0 .39 

Restlessness  Rugby Pre (n=17)  0 .12 0 .49  
-2 .163  

 
.046∗  

Rugby Post  (n=17)  0 .71 0 .92 

Social  Withdrawal  Rugby Pre (n=17)  0 .00 0 .00  
-1 .000  

 
.332 

Rugby Post  (n=17)  0 .06 0 .24 

Depression Rugby Pre (n=17)  0 .00 0 .00  
-2 .219  

 
.041∗  

Rugby Post  (n=17)  0 .24 0 .44 

Sexual  Problems  Rugby Pre (n=17)  0 .00 0 .00  
No S tat is t ic  

Rugby Post  (n=17)  0 .00 0 .00 

Note. Where No Sta ti s t ic  i s  repor ted,  a l l  the sub jects  have no  impairment thus rendering  

a  s ta t i st ica l  co mparison nul l  and  void.   
∗  p  < .05.  ∼  .05 < p <  .15 
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Table 3.15:  

Dependent T-Tests for Controls Pre versus Controls Post on the ImPACT Symptom 

Scale  

 ImPACT Mean S.D t -value  p-va lue  

Total  Symptom 

Score  

Control  Pre (n=9)  9 .78 9 .40 

0 .647  
.536 Control  Post  (n=9)  7 .56 8 .32 

Headache  Control  Pre (n=9)  0 .00 0 .00 

-2 .294  .051∼  Cont rol  Post  (n=9)  0 .56 0 .73 

Nausea  Control  Pre (n=9)  0 .00 0 .00  
-1 .512  

 
.169 

Control  Post  (n=9)  0 .22 0 .44 

Vomiting Control  Pre (n=9)  0 .00 0 .00  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

Balance Problems Control  Pre (n=9)  0 .11 0 .33  
-1000  

 
.347 

Control  Post  (n=9)  0 .33 0 .71 

Dizziness  Control  Pre (n=9)  0 .00 0 .00  
-1 .414  

 
.195 

Control  Post  (n=9)  0 .33 0 .71 

Fat igue  Control  Pre (n=9)  1 .33 1 .66  
0 .000 

 
.000 

Control  Post  (n=9)  1 .33 1 .23 

Insomnia  Control  Pre (n=9)  0 .89 1 .45  
1 .492 

 
.174 

Control  Post  (n=9)  0 .11 0 .33 

Sleeping More  Control  Pre (n=9)  0 .78 1 .20  
0 .316 

 
.760 

Control  Post  (n=9)  0 .67 1 .66 

Sleeping Less  Control  Pre (n=9)  1 .22 1 .48  
1 .673 

 
.133∼  

Control  Post  (n=9)  0 .44 0 .73 

Drowsiness  

 

Control  Pre (n=9)  1 .00 1 .32  
0 .603 

 
.563 

Control  Post  (n=9)  0 .67 1 .00 

Sensi t iv i ty to  Light  Control  Pre (n=9)  1 .11 2 .09  
1 .414 

 
.195 

Control  Post  (n=9)  0 .11 0 .33 

Sensi t iv i ty to  Noise  Control  Pre (n=9)  0 .00 0 .00  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

      Continued p.78 
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  Table 3.15 (continued)  
 

I r r i tabi l i ty  Control  Pre (n=9)  0 .22 0 .44  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .44 0 .73 

Sadness  Control  Pre (n=9)  0 .44 1 .01  
1 .000 

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

Nervousness  Control  Pre (n=9)  0 .89 1 .45  
1 .348 

 
.214 

Control  Post  (n=9)  0 .33 0 .50 

Emotional  Control  Pre (n=9)  0 .33 1 .00  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .33 0 .71 

Numbness  Control  Pre (n=9)  0 .00 0 .00  
-1 .000  

 
0 .347 

Control  Post  (n=9)  0 .11 0 .33 

Slo wed Down Control  Pre (n=9)  0 .22 0 .44  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .44 0 .73 

Mental ly Foggy Control  Pre (n=9)  0 .22a  0 .44   

Cont rol  Post  (n=9)  0 .22a  0 .44 

Concentra t ion  Control  Pre (n=9)  0 .56 0 .88  
1 .414 

 
.195 

Control  Post  (n=9)  0 .22 0 .44 

Remember ing Control  Pre (n=9)  0 .44 0 .88  
0 .800 

 
.447 

Control  Post  (n=9)  0 .22 0 .44 

Visua l  Problems Control  Pre (n=9)  0 .00 0 .00  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

 Note.  a= t  cannot  be  computed as the s tandard  error  o f the d i fference i s  0  
 ∗  p  < .05 .  ∼   .05  < p < .15 
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Table 3.16:  

Dependent T-Tests for Controls Pre versus Controls Post on the 31-Item Post-

Concussion Symptom Questionnaire  

 Post -Concussive 

Quest ionnai re  

Mean S.D t -value  p-va lue  

 

Total  Symptom 

Score  

Control  Pre (n=9)  9 .11 5 .86 

0 .123 .905 
Control  Post  (n=9)  8 .89 6 .85 

Headache  Control  Pre (n=9)  0 .22 0 .44 

-1 .414  .195 Control  Post  (n=9)  0 .56 0 .53 

Nausea  Control  Pre (n=9)  0 .00 0 .00  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

Vomiting Control  Pre (n=9)  0 .00 0 .00  
No S tat is t ic  

Cont rol  Post  (n=9)  0 .00 0 .00 

Poor  Appet i te  Control  Pre (n=9)  0 .11 0 .33  
-0 .426  

 
.681 

Control  Post  (n=9)  0 .22 0 .67 

Balance Problems Control  Pre (n=9)  0 .11 0 .33  
-0 .426  

 
.681 

Control  Post  (n=9)  0 .22 0 .67 

Dizziness  Control  Pre (n=9)  0 .11 0 .33  
-0 .800  

 
.447 

Control  Post  (n=9)  0 .33 0 .71 

Fat igue /  

T iredness  

Control  Pre (n=9)  0 .89 0 .93  
-0 .816  

 
.438 

Control  Post  (n=9)  1 .22 0 .97 

Trouble Fa ll  Asleep  Control  Pre (n=9)  0 .67 0 .71  
2 .294 

 
.051∼  

Cont rol  Post  (n=9)  0 .11 0 .33 

Sleeping More   Control  Pre (n=9)  0 .89 1 .05  
0 .894 

 
.397 

Control  Post  (n=9)  0 .56 1 .67 

Sleeping Less  

 

Control  Pre (n=9)  0 .44 0 .73  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .44 0 .73 

Drowsiness  Control  Pre (n=9)  0 .11 0 .33  
-2 .294  

 
∼  .051  

Control  Post  (n=9)  0 .67 0 .71 

Sensi t iv i ty to  Light  Control  Pre (n=9)  0 .44 1 .33  
0 .707 

 
.500 

Control  Post  (n=9)  0 .11 0 .33 

            Continued p.80 
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Table 3.16 (continued)  

   Continued p.81 

Sensi t iv i ty to  Noise  Control  Pre (n=9)  0 .00 0 .00  
No S tat is t ic  

Control  Post  (n=9)  0 .00 0 .00 

Diff icul ty Hear ing Control  Pre (n=9)  0 .22 0 .44  
1 .000 

 
.347 

Control  Post  (n=9)  0 .11 0 .33 

Ir r i tabi l i ty  Control  Pre (n=9)  0 .56 0 .53  
-0 .686  

 
.512 

Control  Post  (n=9)  0 .78 0 .83 

Aggress ion Control  Pre (n=9)  0 .11a  0 .33  
 

 

Control  Post  (n=9)  0 .11a  0 .33 

Sadness  Control  Pre (n=9)  0 .11 0 .33  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .11 0 .33 

Nervousness  Control  Pre (n=9)  0 .78 1 .56  
0 .800 

 
.447 

Control  Post  (n=9)  0 .56 1 .01 

Fee ling More  

Emotional  

Control  Pre (n=9)  0 .33 0 .50  
0 .555 

 
.594 

Control  Post  (n=9)  0 .22 0 .44 

Numbness /  T ingling  Control  Pre (n=9)  0 .33 1 .00  
1 .000 

 
.347 

Control  Post  (n=9)  0 .00 0 .00 

Fee ling Slowed Do wn Control  Pre (n=9)  0 .33 0 .71  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .67 0 .71 

Mental ly Foggy Control  Pre (n=9)  0 .22 0 .44  
-1 .000  

 
.347 

Control  Post  (n=9)  0 .33 0 .71 

Diff icul ty 

Concentra t ing  

Control  Pre (n=9)  0 .56 0 .73  
0 .426 

 
.681 

Control  Post  (n=9)  0 .44 0 .53 

Diff icul ty 

Remember ing 

Control  Pre (n=9)  0 .44 0 .53  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .44 0 .73 

Visua l  Problems Control  Pre (n=9)  0 .11 0 .33  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .11 0 .33 

Speech Problems Control  Pre (n=9)  0 .11a  0 .33  
 

 

Cont rol  Post  (n=9)  0 .11a  0 .33 
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Table 3.16 (continued)  
 

Anxie ty Problems  Control  Pre (n=9)  0 .56 1 .01  
1 .315 

 
.225 

Control  Post  (n=9)  0 .11 0 .33 

Restlessness  Control  Pre (n=9)  0 .22 0 .44  
0 .000 

 
1 .000 

Control  Post  (n=9)  0 .22 0 .44 

Social  Withdrawal  Control  Pre (n=9)  0 .00 0 .00  
No S tat is t ic  

Control  Post  (n=9)  0 .00 0 .00 

Depression Control  Pre (n=9)  0 .00 0 .00  
No S tat is t ic  

Cont rol  Post  (n=9)  0 .00 0 .00 

Sexual  Problems  Control  Pre (n=9)  0 .11 0 .33  
1 .000 

 
.347 

Control  Post  (n=9)  0 .00 0 .00 

Note.  Where No Sta ti s t ic  i s  repor ted,  a l l  the sub jects  have no  impairment thus rendering  

a  s ta t i st ica l  co mparison nul l  and  void ;  a  = t  cannot  be co mputed  as the standard erro r  

of the d i fference i s  0  
∗  p  < .05.   ∼  0 .05 < p < 0.15 
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Specific symptoms demonstrating significance (p < .05) in the direction of rugby 

worse than controls (independent samples) and rugby worse at post-season 

(dependent samples) on the ImPACT Symptom Scale and the 31-Item Post-

Concussion Symptom Questionnaire, are summarised in the summary grid (See Table 

3.17). A large cluster of symptoms were revealed as significant at the pre-season 

stage,  these consti tuted physical/neurological symptoms (headaches, nausea, 

vomiting ,balance problems, dizziness, sensitivity to noise, numbness, visual  

problems, sleeping less, and drowsiness), three cognitive symptoms (feeling slowed 

down, feeling mentally foggy, and difficulties in remembering), and two 

emotional/behavioural symptom (irritability and aggression). At the post-season 

stage symptoms revealed as significant included physical/neurological symptoms 

(sensit ivity to l ight, insomnia, sensitivity to noise, visual problems and 

restlessness), four cognitive symptoms (feeling slowed down, difficulties in 

concentrating and remembering) and three emotional/behavioural symptoms 

(sadness, aggression, feeling more emotional, and depression). With regards to the 

control group, (See Summary Grid, Table 3.18) on the independent t-test sample 

comparisons between rugby and controls, only one emotional/behavioural symptom 

was revealed as significant at  the pre-season stage (anxiety),  and at the post-season 

stage only one cognitive symptom (feeling slowed down) reached significance.  

Clearly rugby participants are demonstrating a more pronounced symptom profile 

than control participants on the independent sample comparisons at the pre- and 

post-season stages.  

 

For the pre- versus post  season dependent samples comparison, analysis of the 

results of the reduced sample are strongly commensurate with those of the full 

sample, for both the ImPACT Symptom Scale and the 31-Item Post-Concussion 

Symptom Questionnaire, with the overall indication that there was no particular 

direction of change in the symptom presentation from the pre- to post-season stages 

in either the rugby players or the control participants. Only isolated changes 

reaching significance (p < .  05).  All  symptoms which are significant for the rugby 

group are included in the 31-Item Post-Concussion Symptom Questionnaire, and not 

on the ImPACT Symptom Scale. These included: two physical/neurological  

symptoms (restlessness and speech problems) and one emotional/neurobehavioural  

symptom (depression).  For the control group only one physical/neurological 

symptom was significant on the ImPACT Symptom Scale.  
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Table: 3.17:  

Summary Grid to show signif icance for individual symptoms (p < .05) in the direction 

of  rugby worse than controls ( independent samples) and rugby worse at post-season 

(dependent samples) on the ImPACT Symptom Scale and the 31-Item Post-Concussion 

Symptom Questionnaire 

∗  =  signi f icant  on the ful l  sample;  ∼  s igni f icant  on the reduced sample ;  •  symptoms which appear  

on the 31-I tem Post -Concussion Symptom Quest ionnaire  and not  on ImPACT  

 

 Independent Sa mples  Dependent Sa mples  

ImPACT P-C-Q ImPACT P-C-Q 
 Pre Post  Pre  Post    
Physical /  
Neurological :  

Headache  ∗∼  ∼    
Nausea  ∗∼  ∗    
Vomiting ∗∼      

 Balance Problems ∗      
 Dizziness  ∗∼      
 Fat igue        
 Insomnia     ∼   
 Sleeping More        
 Sleeping Less    ∗    
 Drowsiness    ∼    
 Sensi t iv i ty to  Light   ∗∼  ∗   
 Sensi t iv i ty to  Noise  ∗∼  ∗∼ ∗   
 Numbness  ∗      
 Visua l  problems  ∗∼  ∼  ∗∼    
 Speech problems•       ∼ 
 Poor  Appet i te•        
 Diff icul ty hear ing•        
 Sexual  Problems•        
 Res t lessness•     ∼  ∗∼ 
Cogni t ive:  Slo wed Down ∗   ∗   
 Mental ly Foggy ∗∼      
 Concentra t ion   ∼     
 Remember ing ∗  ∼     
Emotional  /  
Behavioura l  

Aggress ion•    ∗∼ ∗∼   
Anxie ty prob lems•        

 I r r i tabi l i ty  ∗∼       
 Sadness   ∼      
 Nervousness        
 Emotional        
 Soc ial  Withdrawal•        
 Depression•     ∼   ∗∼  
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Table 3.18: Summary grid to show signif icance for individual symptoms in the 

direction of  controls worse than rugby (independent samples) and where controls are 

worse at post-season (dependent samples) on the ImPACT Symptom Scale and the 31- 

Item Post-Concussion Symptom Questionnaire 

∗  =  signi f icant  on the ful l  sample;  ∼  s igni f icant  on the reduced sample ;  •  symptoms which appear  

on the 31-I tem Post -Concussion Symptom Quest ionnaire  and not  on ImPACT  

 

 
 

 Independent Sa mples  Dependent Sa mples  

 ImPACT P-C-Q ImPACT P-C-Q 
 Pre Post  Pre  Post    
Physical /  
Neurological :  

Headache        
Nausea        

 Vomiting       
 Balance Problems       
 Dizziness        
 Fat igue      ∼  
 Insomnia        
 Sleeping More        
 Sleeping Less        
 Drowsiness        
 Sensi t iv i ty to  Light        
 Sensi t iv i ty to  Noise        
 Numbness        
 Visua l  problems        
 Speech problems•        
 Poor  Appet i te•        
 Diff icul ty hear ing•        
 Sexual  Problems•        
 Res t lessness•        
Cogni t ive:  Slo wed Down    ∗   
 Mental ly Foggy       
 Concentra t ion        
 Remember ing       
Emotional  /  
Behavioura l  

Aggress ion•        
 Anxie ty prob lems•    ∗     
 I r r i tabi l i ty        
 Sadness        
 Nervousness        
 Emotional        
 Soc ial  Withdrawal•        
 Depression•        
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4. DISCUSSION 

 

The aim of this research was to contribute to the growing literature which deals with 

sports-related Mild Traumatic Brain Injury (MTBI) and the consequences thereof.  

The present study formed part of an ongoing computer-based research program that 

is investigating the use of the ImPACT program at various levels of play, including 

the top two university rugby teams. In particular, this project focused on a 

comparison between the self-reported symptoms of MTBI at the pre- and post-season 

stages in Rugby Union players at university level versus non-contact  sport  controls, 

using the ImPACT program, in conjunction with a 31-Item Post-Concussion 

Symptom Questionnaire. T-Tests were used to make pre-season and post-season 

comparisons between the rugby and control groups on both the ImPACT Symptom 

Scale and the 31-Item Post-Concussion Symptom Questionnaire. It  was hypothesised 

that  the rugby group would report a higher number of post-concussive symptoms at  

both the pre- and post-season stages when compared to the control group. When the 

rugby group at pre-season was compared to the rugby group at post-season it was 

unclear what results  were to be expected, as concussed players were excluded from 

the study. One might expect evidence of sub-concussive effects,  which are not as 

easily identified as concussions. However, this was unlikely as the study was 

conducted over only one season.  

 

On examining the demographic data for the full sample of participants, a highly 

significant result was found, as expected, for number of concussions, with rugby 

having a greater number of concussions (an average of 2 when rounded off to the 

nearest integer) than the control group. Moreover, highly significant differences 

were also found for age and level of education, with the control group having a 

higher mean age and education standard than the rugby group. On the reduced 

sample, a similarly significant result was found for number of concussions. The 

reduced sample groups were well matched for level of education and IQ, although 

there was still  a significant age disparity. It  is considered that the small age 

difference (1.5 years) between the rugby group and the control group would not be 

of cl inical significance. Thus, the results in synthesis are likely to be explainable in 

terms of the highly significant difference between the two groups for numbers of 

concussions sustained.  
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Results of the independent t-tests are consistent on all  samples at the pre- and post-

season stages, with the expected outcome that rugby part icipants reported a greater 

number of symptoms when compared to controls.  This supports a study by Field,  

Collins, Lovell , and Maroon (2003) who recorded both a greater number of 

concussions and a higher incidence of post-concussive symptoms in their rugby 

concussion group when compared to their control group.  Iverson, Gaetz, Lovell, and 

Collins (2002a) found that,  at baseline, athletes who had sustained prior concussions 

reported more post-concussive symptoms than controls. Since the acute effects of 

concussion would have resolved during the off-season break, for participants in the 

present study it would appear that the pre-season symptoms displayed by rugby 

players are suggestive of the cumulative, lingering effects of multiple concussions 

as proposed by Iverson, Gaetz, Lovell and Collins (2002a).  

 

In contrast to the independent sample t-tests, the dependent sample t-tests found no 

change in the symptomatic profile of the rugby participants when the rugby group at  

the pre-season stage was compared to the rugby group at the post-season stage. This 

suggests that , despite the possibility of having sustained sub-concussive blows, 

these may not have been severe enough to result in changes after only one rugby 

season. It would appear that  changes occur cumulatively over many years of 

participation in rugby. One could expect that the symptom pattern of the rugby 

participants would worsen as further rugby seasons are taken into consideration, but 

this is clearly not the case in this research as the study is limited to one season. As a 

result , rugby part icipants are similar to controls, showing no change from the pre- to 

the post-season intervals. Consequently all future discussion of symptom patterns 

elicited in this research will  be discussed with reference to the independent t-test  

sample analyses.  

 

Across the independent t-test analyses, only one symptom, the 

emotional/behavioural symptom anxiety, was reported by the control group to occur 

significantly more frequently than the rugby group. This may suggest that the 

control group was by nature a more anxious group than the rugby group, or i t  may 

imply that the rugby group had more physical symptoms to report. In contrast, and 

as expected, several  symptoms were revealed to be significantly more prevalent in 

the rugby group when compared to controls, across both the full  and the reduced 
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sample. At the pre-season stage, on the ImPACT Symptom Scale, 

physical/neurological symptoms included: headaches, nausea, vomiting, sensitivity 

to noise, and dizziness. Cognitive symptoms included feeling mentally foggy and 

emotional/behavioural symptoms included irritability.  As noted at the Second 

International Conference for Concussion in Prague, these self-reported symptoms 

are commonly reported following an MTBI (McCrory et al .,  2005). The permanent 

symptoms which were found by Tysvaer & Storli (1981),  in soccer players, included 

symptoms similar to the present study, namely: physical symptoms headaches,  

dizziness, difficulty in hearing, and insomnia) cognitive symtoms (weakened 

memory) and emotional/behavioural symptoms (irritability).  Chamelain and Feinsten 

(2004) found that the presence of the physical symptom dizziness was associated 

with worse psychosocial functioning and poorer return to work. Consequently,  the 

significance for the symptom dizziness may have important implications for 

academic performance of the university rugby players who part icipated in this study. 

It  is of note that the symptom ‘feeling mentally foggy’ isa feature of the sports 

concussion li terature, and has been especially emphasized in research by Iverson, 

Gaetz,  Lovell, & Collins (2002b),  as discussed previously (p.19).  

 

On the 31-Item Post-Concussion Symptom Questionnaire, the additional  

emotional/behavioural symptom of aggression (which is  not present in the ImPACT 

Symptom Scale) appeared to be consistently significant across analyses.  This may 

suggest that the rugby group is by nature a more aggressive group of participants 

than the control group. According to Lishman (1999) it  is possible that outbursts of 

aggression might represent the exaggeration of already-present personality trai ts. 

However, aggression has also been noted as one of the symptoms commonly 

associated with frontal lobe damage (Lishman, 1999) which may be the result of a 

closed head injury. Furthermore it  is included as a symptom of the proposed Post-

Concussional Disorder included within the DSM-IV-R (See p. 6).  Damage to the 

frontal lobe may result in a lack of foresight and insight in conjunction with 

diminished control over impulsive, instinctual behaviour (Webster, 2002).  Evidence 

has shown that frontal lobe damage acquired early in life contributes to disabili ties 

in the areas of insight, foresight, social judgement and empathy (Price,  Daffner,  & 

Stowe, 1990). There is a high incidence of a history of brain abnormality or head 

injury amongst prisoners and individuals who display anti-social behaviours (Lewis,  
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Pincus, & Feldman, 1986; Malloy, Noel, & Lonabaugh, 1990; Schmeck, 1985). This 

is alarming given the high frequency of concussions amongst contact sports players.  

 

In addition to the emotional/behavioural  symptom of aggression, eight addit ional  

symptoms are omitted from the ImPACT Symptom Scale which are incorporated into 

the 31-Item Post-Concussion Symptom Questionnaire.  These include five 

physical/neurological symptoms (speech problems, difficulty in hearing, poor 

appetite, sexual problems and restlessness), and five emotional/behavioural 

symptoms (anxiety,  social  withdrawal and depression). Four of these self-reported 

symptoms which do not appear on ImPACT were seen to be significantly worse for 

rugby when compared to controls in the present research, across analyses on the 31-

Item Post-Concussion Symptom Questionnaire, as follows (symptoms are presented 

in order from the highest number of t imes this symptom reached significance across 

all analyses, to the lowest): aggression, depression, restlessness, and speech 

problems. 

 

Findings in the 31-Item Post Concussion Symptom Questionnaire replicates prior 

research by Shuttleworth-Edwards et  al .  (2004) in a study of professional, under-21 

and schoolboy rugby players, where a similar symptoms were shown to have 

discriminatory abilit ies on this questionnaire. These symptoms included aggression, 

speech problems, sensitivity to noise,  fatigue, and difficult ies in concentrating, 

which were reported as significantly worse for rugby participants than control  

participants. All of these symptoms are described as the emotional or behavioural 

consequences of having suffered an MTBI (Lezak, 1995; Lishman, 1999) and may 

have important social relevance (for example: speech problems might contribute to 

the development of a low self-esteem; cognitive symptoms might result in poorer  

academic performance; frontal lobe symptoms such as aggression may contribute to 

anti-social tendencies within the environment, as discussed earlier on p.88). 

However, for the present study, one cannot exclude the possibility that such 

symptoms may be the result of pre-selection factors due to its largely cross-

sectional, rather than prospective design. In other words, it  is possible that the 

rugby group is by nature a more aggressive group than the more anxious control  

group. In contrast ,  the rugby group in this study may be demonstrating the 

consequences of prolonged participation in rugby associated with multiple incidents 

of concussion. In the case of aggression in particular, it  is possible that the outcome 
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represents a combination of an initial  character in combination with an overlay of 

typical MTBI effects (see discussion earlier p. 88). It  is noted that aggression is one 

of the included symptoms for the proposed Post-Concussional Disorder in the DSM-

IV-R (American Psychiatric Association, 2000), but  however appears to an omission 

form the ImPACT Symptom Scale.  

 

In conclusion, the present research strongly suggests the presence of residual post-

concussive symptoms at the pre-season stage among rugby players when compared 

to controls. The rugby group reported a greater number of symptoms than the control 

group, at both the pre- and post-season stages. The most common symptoms which 

have been identified may be divided into the physical/neurological , cognitive and 

emotional/behavioural domains. Common physical/neurological symptoms include 

headaches, nausea, vomiting, sensitivity to noise, visual problems, dizziness, and 

restlessness. The most common cognitive symptoms appear to be feeling mentally 

foggy, difficulties in concentrating and remembering, and the most common 

emotional/behavioural symptoms are irri tability and aggression. Whereas the 

cognitive symptom ‘subjective feelings of fogginess’ appear to be well documented 

in the sports concussion literature by researchers such as Iverson, Gaetz, Lovell , & 

Collins (2002b) and is included in the ImPACT Symptom Scale, the 

emotional/behavioural symptom aggression (a common outcome of frontal lobe 

damage frequently associated with head injuries) is not.  

 

5.EVALUATION OF THE STUDY 

 

5.1 Limitations of the Study 

 

Limitations of the study include the small sample sizes of 30 rugby participants and 

particularly only 17 control  participants in the full sample, and 20 rugby 

participants and 9 control participants in the reduced sample. According to Satz et  

al.  (2002) the minimum sample size for research into head injuries is 20 

participants, therefore the large sample is barely adequate and the reduced sample 

control group is inadequate. However, the problem of a small sample size would be 

the failure to identify differences when there are differences (Type II error), and in 

spite of the small sample size in the present study, significance results  and clear 

trends are clearly demonstrated on the reduced sample.  This is in keeping with the 
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theoretical expectation and research literature. Although groups were matched for 

education and IQ on the reduced sample,  a significant difference was still  found for 

age, although the difference of 1.5 years is considered unlikely to have influenced 

the results . Due to the largely cross-sectional nature of the study one cannot exclude 

pre-existing differences between groups. However, it  appears unlikely that the rugby 

group would be disproportionately different over such a wide range of symptoms 

from controls, in particular a cluster of symptoms which have been documented to 

be associated with outcome following MTBI or specific frontal lobe pathology, 

including headaches, nausea,  vomiting, speech difficult ies,  aggression, and 

irritability.  These symptoms are therefore more likely to be the result of previous 

head injuries.  This study focused exclusively on male university students and the 

generalisation of such results to female university athletes is unknown. Overall,  in 

spite of the limitations outlined above, these do not appear to preclude the validity 

of the results which provide compelling evidence that university players, after a 

number of years of playing rugby, are displaying cumulative effects of MTBI in the 

form of enhanced levels of post-concussive symptoms.   

 

5.2 Strengths of this Study 

 

This study is  the first study to focus exclusively on post-concussive symptoms at the 

pre- and post-season stages. To date no studies have incorporated a review of 

studies conducted on post-concussive symptoms as included in this research. The 

study utilised a computer-based measure (ImPACT which has been found effective 

in the identification of the concussion sequelae), in conjunction to a more tradit ional  

pen-and paper questionnaire. This allowed for comparisons between the ImPACT 

Symptom Scale and the 31-Item Post-Concussion Symptom Questionnaire, and 

recommendations for the refinement of the ImPACT Symptom Scale to be made. 
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6. RECOMMENDATIONS FOR FURTHER RESEARCH 

 

If the study were to be replicated, it  would be useful do so with a larger sample size, 

and to provide comparative groups of female athletes. While it  was not expected to 

find differences amongst rugby forwards and rugby backs at a university level,  

further studies should incorporate these subdivisions in order to confirm the null  

hypothesis. The ImPACT Symptom Scale should be broadened to include the 

additional  symptoms from the 31-Item-Post-Concussion Symptom Questionnaire;  

this should be validated in future research. In the overall research study of which 

this mini-thesis forms one part, an in-depth analysis of post-concussive symptoms, 

and a battery of cognitive tests were util ised. It would be important as the next step 

to consider the joint implications of these results.  
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APPENDIX A:  Summary of Outcome Studies 



Table 1.3: 

Summary of Outcome Studies of Post-Concussive Symptoms in the General Population 

Acute or 

Researchers Nature of Investigation Chronic Participants Results & Conclusions 

Bohnen, Jolles The link between Pts with PCS Chronic 23 male and 23 9 Pts who reported PCS at 6 months after the MTBI were 

& Twijnstra at six months and cognitive female Pts who had significantly slower on cognitive testing than matched 

(1992) functions suffered an MTBI. patients displaying no such PCS, and also than healthy 

controls. There was no significant difference on 

cognitive testing between patients without persisting 

PCS and healthy controls. 

Callaway et a1. The incidence & predictors of Acute 102 Hosp MTBI Pts MTBI Pts: Most commonly reported changes in memory 

(1999) PCS after a minor head injury. + 22 Hosp controls (28%) or concentration (23%). 

22 Hosp Controls: more commonly reported Depression 

(18%). 

Chamelain & Effect of dizziness on psycho- Chronic 207 adults who had 66.7% reported dizziness. 

Feinstein social outcome after mild to suffered a mild or Dizziness was associated with worse psycho-social 

(2004 ) moderate traumatic brain moderate TBI functioning, and poorer return to work 

injury 

Chan (2001) Base rates of PCS among non- 85 non-MTBI Pts PCS reported: 

MTBI participants Longer time to think (65.9%), forgetfulness. (58.9%), 

poor concentration (58.9%), fatigue easily (53.5%) and 

sleep disturbances (50.6%). 

Chan (2002) The examination of Chronic 92 Pts reporting Pts with Persisting PCS demonstrated a deficit in 

attentional performance in Pts persisting PCS attention when compared with Controls. 

with persisting PCS + 86 controls 

Continued p. 



Table 1.3 (continued) 

Evans (1996) A Study of non-Athletes Acute Non-Athletes PCS reported: 

examined 4 weeks after a 19.0% memory loss 

MTBI 21.0% of concentration difficulties, and 

20.1 % reported somatic complaints. 

The most common PCS were fatigue, anxiety, personality 

changes, irritability & sleep disturbances. 

Iverson & Lange (2003) The prevalence of Post- 104 heal thy indi vid uals 

Concussive-like 
Endorsement for PCS ranged from 35.9% to 75.7%. 

Symptoms in Healthy 
PCS showed a correlation with Self-Reported Depressive 

Individuals 
Symptoms. 

Post-Concussive-like Symptoms are not confined to head 

injuries and are commonly found among healthy individuals. 

Kumar et al. Investigated the role of Acute 30 MTBI Pts Using a multiple regression method, it was concluded that the 

(2005) PCS Sensory Gating PCS reported by MTBI Pts are the result of poor modulation 

Impairment in MTBI Pts. of incoming sensory information. 

Mickeviciene et al. Controlled prospective chronic 300 MTBI subjects No differences found in headaches or several unspecified 

(2005) study on post-concussive each matched for sex and PCS. 

symptoms examined after age to controls Significant findings on memory problems, concentration, 

3 months and one year. dizziness & tiredness. 

Necajauskaite, Clinical features and Chronic 301 MTBI Pts Prior to trauma no difference on reports of headaches, 

Endiziniene & prevalence of symptoms 301 non-head injury Pts irritability, sleep disorders, learning difficulties, 

Jureniene post-concussive syndrome Pts were matched for age, concentration & memory problems. In MTBI Pts a significant 

(2005) gender, and date of decrease was found in headaches, irritability after the trauma. 

admission to Hosp Among controls a decrease concentration problems prior to 

examination. 

Note. PCS = post-concussive symptoms; Pts = patients; Hosp = hospital; MTBI = mild traumatic bralll lllJury. 



Table 1.4: 

Summary of Outcome Studies of Post-Concussive Symptoms in Athletes 

Researchers 

Asplund, McKeag & 

Olsen (2004) 

Collins, Field, et aI., 

(2003 ) 

Collins, Iverson, et aI. 

(2003 ) 

Erlanger et aI. (2003) 

Table 1.4 (continued) 

Nature of Investigation 

Predictive value of MTBI 

signs and symptoms based on 

return-to-play guidelines 

Post-concussion headache 

and neuropsychological test 

performance 

On-field markers of 

concussion severity and post­

injury neuropsychological 

and symptom presentation 

Acute or 

Chronic 

Acute 

Acute 

Acute 

Relationship between history Acute 

of concussion & number of 

PCS , duration of PCS 

Participants 

91 male Ath 

10 female Ath 

109 high-school 

Ath 

78 Ath 

Results & Conclusions 

Headaches longer than three hours and difficulty concentrating 

longer than three hours may indicate a more severe injury or 

prolonged recovery. 

7 days post MTBI Ath with headaches report larger number of 

other PCS than Ath with no headaches. 

Post-concussion headaches were associated with significantly 

slower reaction times and poorer performance in memory tasks 

Ath exhibiting pronounced PCS and memory deficits at 2 days 

post-injury were ten times more likely to have experienced 

retrograde amnesia compared with those having fewer PCS and 

a good outcome from injury. 

Ath with degree of post-traumatic amnesia were four times as 

likely to exhibit poor post-injury presentation from a MTBI. 

Brief LaC was not found to be predictive of PCS or 

neurocognitive deficits. 

47 Ath who had LaC & history of concussion were not good predictors of the 

sustained an MTBI duration of PCS. 

Ath reporting memory problems at follow-up examinations also 

reported more PCS, longer durations of PCS, and decreases in 

scores on neurocognitive tests 

Decline of scores on neurocognitive testing scores was 

associated with an increased duration of PCS. 

Continued p. 



Table 1.4: 

Summary of Outcome Studies of Post-Concussive Symptoms in Athletes 

Researchers 

Asplund, McKeag & 

Olsen (2004) 

Collins, Field, et ai., 

(2003) 

Collins, Iverson, et ai. 

(2003) 

Erlanger et al. (2003) 

Table 1.4 (continued) 

Nature of Investigation 

Predictive value of MTBI 

signs and symptoms based on 

return-to-play guidelines 

Post-concussion headache 

and neuropsychological test 

performance 

On-field markers of 

concussion severity and post­

injury neuropsychological 

and symptom presentation 

Acute or 

Chronic 

Acute 

Acute 

Acute 

Relationship between history Acute 

of concussion & number of 

PCS , duration of PCS 

Participants 

91 male Ath 

10 female Ath 

109 high-school 

Ath 

78 Ath 

Results & Conclusions 

Headaches longer than three hours and difficulty concentrating 

longer than three hours may indicate a more severe injury or 

prolonged recovery. 

7 days post MTBI Ath with headaches report larger number of 

other PCS than Ath with no headaches. 

Post-concussion headaches were associated with significantly 

slower reaction times and poorer performance in memory tasks 

Ath exhibiting pronounced PCS and memory deficits at 2 days 

post-injury were ten times more likely to have experienced 

retrograde amnesia compared with those having fewer PCS and 

a good outcome from injury. 

Ath with degree of post-traumatic amnesia were four times as 

likely to exhibit poor post-injury presentation from a MTBI. 

Brief LOC was not found to be predictive of PCS or 

neurocognitive deficits. 

47 Ath who had LOC & history of concussion were not good predictors of the 

sustained an MTBI duration of PCS. 

Ath reporting memory problems at follow-up examinations also 

reported more PCS, longer durations of PCS, and decreases in 

scores on neurocognitive tests 

Decline of scores on neurocognitive testing scores was 

associated with an increased duration of PCS. 

Continued p. 



Field, Collins, Symptoms and neurocognitive Acute 

Lovell, and Maroon recovery patterns after sustaining 

(2003) an MTBI 

Iverson, Gaetz, 

Lovell, and Collins 

(2002a) 

Iverson, Gaetz, 

Lovell, & Collins 

(2002b) 

Kaut, DePompei, 

Kerr, and Congeni 

(20003) 

Cumulative effects MTBI 

Subjective reports of feeling 

mentally foggy at I-week post­

concussion and acute 

neurological outcome 

Acute 

Acute 

Prevalence of head injuries and Acute 

related symptoms Behavioural 

tendencies whilst symptomatic. 

371 college Ath 

183 high school Ath 

Sole reliance on PCS was found to be inadequate 

in return-to-play decisions. 

Self-reporting of PCS was not predictive of poor 

performance on neuropsychological testing. 

19 Ath who reported a At baseline (pre-season) Ath who had sustained 

history of 3 + 

concussions. 

19 controls who 

previous concussions reported PCS than the 

matched controls. Headaches, memory problems 

and the difficulty thinking clearly were highly 

reported no prior MTBI endorsed by those with multiple concussions 

110 Ath who had Ath with persistent fogginess had significantly 

sustained a sports­

related MTBI . 

461 male and female 

college Ath 

slower reaction times, reduced memory 

performance and processing speed. 

Ath who reported feelings of fogginess reported a 

large number of other PCS when compared with 

Ath who did not report feeling foggy. 

Feelings of fogginess were associated with an 

increased risk of incomplete recovery one week 

after suffering an MTBl. 

32% of Ath sustained a blow to the head which 

had resulted in dizziness. 

>25% confirmed somatic complaints following a 

MTBl. 

28.2 % and 30.4 % of individuals reporting 

dizziness and headaches respectively continued to 

play whilst symptomatic. 

Continued p. 



Table 1.4 (continued) 

Lovell et al. (2003) Memory dysfunction and the Acute 64 high school Ath who A significant difference was found between the 

self-reporting of PCS in high sustained a concussion presence of self-reported PCS at baseline and at 36 

school Ath following an MTBI. 24 who had not (control hours post-concussion. The concussion group 

On-field markers of concussion group). reported more PCS after a concussion than they did 

and the recovery of memory during the pre-season stage. 

processes within 1 week of No difference was found in symptom reporting at 

sustaining an MTBI. days4&7. 

A measurable memory decline in a small group of 

Ath was found one week after sustaining an MTBI. 

Lovell, Collins, Iverson, Neuropsychological functioning Acute 35 male, 36 hours post injury; Ath who had sustained an 

Johnston, and Bradley following an MTBI 8 female high school MTBI demonstrated a decline in memory and a sharp 

(2004 ) Ath increase in self-reported symptoms when compared 

to their baseline (pre-season) performance. 

Killam, Cautin, & Residual Neuropsychological Acute 28 Ath In recent MTBI Ath, lower memory scores correlated 

Santucci effects of head trauma with more severe PCS checklist scores. 

(2005) undergraduate students PCS scores correlated negatively with scores of 

of at least 20 years old. attention. 

Note. Pts = patients; Ath = athletes; MTBI = mild traumatic brain injury; PCS = post- concussive symptoms; LOC Loss of Consciousness; * = Measures 

(where applicable). 



Table 1.5: 

Summary of Outcome Studies of Post-Concussive Symptoms in American Football 

Researchers 

Collins, Grindel, 

Lovell, et al. (1999) 

Nature of Investigation Acute or Chronic 

Relationship between a history of Acute 

prior concussions and a diagnosed 

learning disability. 

Pellman, Powell, et al. Circumstances, causes, and Acute 

(2004 ) 

Pellman, Viano, 

Casson, Arfken, and 

Powell (2004) 

outcomes of concussions 

Signs, symptoms and outcome of Acute 

concussions which resulted in 7+ 

days away from play, or an 

extended recovery following 

MTBI 

Participants 

393 male college 

football players 

National Football 

League teams 

Results & Conclusions 

Participants who had a prior history of concussion 

were found to have an increase in self-reported PCS 

Most common initial PCS for concussed players were 

headaches, dizziness, memory problems, cognitive 

problems and somatic complaints. 

Headaches(55%0, dizziness, including vertigo (45.7 

%) , blurred vision (16.3 %), double vision (2%), 

photophobia (4.1 %), memory and cognitive problems 

(45.9%), difficulties with immediate recall (25.5%), 

disorientated to time (8%), disorientated to place 

(5.1%), disorientated to person (2.9%). Most players 

complained of more than one symptom. 

887 concussions PCS were grouped into general symptoms, somatic 

reported by the National complaints, cranial nerve effects, cognition problems, 

Football League teams memory problems and unconsciousness. 

PCS occurred at a greater frequency on initial 

examination (baseline) among players who: spent 

seven or more days away from play, were 

disorientation to time, retrograde amnesia, fatigue 

and the general category of cognitive problems 1.6% 

suffered prolonged PCS 

Note. PCS = post-concussive symptoms; MTBI = mild traumatic brain injury; LOC = loss of consciousness; * Measures used (where applicable). 



Table 1.6: 

Summary of Outcome Studies of Post-Concussive Symptoms in Soccer 

Researchers Focus of Study Acute or Chronic Subjects Results & Conclusions 

Barnes et ai., (1998) The mechanism, frequency Acute 39 male players & Most common PCS included headaches, being 

and sequelae following 23 female players dazed and dizziness. 

soccer injuries 

Jordan, Gre en, Chronic encaephalopathy in Chronic 25 male soccer players Symptoms did not correlate with age, years of play 

Galantty, Mandelbaum elite soccer players 20 age matched track or the number of headers. 

& J abour (1996) resulting from repetitive athlete controls PCS correlated with history of prior acute MTBI 

heading mean age 24.9 

Putukian, Echemendia Acute effects of heading in Acute 44 male & 56 female No differences were found in the number of 

& Mackin (2000) soccer on cognitive college soccer players symptoms before and after heading when compared 

function. to controls. 

Tysvaer & Storli Symptoms after Soccer ball Acute / Chronic 128 soccer players Protracted Symptoms that were reported include 

(1981) heeding headaches, neck pain, dizziness, irritability, 

insomnia & hearing disturbances. 

Permanent symptoms that were reported include 

headache, dizziness, irritability, insomnia, 

difficulty hearing, weakened memory and an 

abnormal alcohol reaction. 

Note. PCS = post-concussIve symptoms. 



Table 1.7: 

Outcome Studies of Post-Concussive Symptoms in Rugby 

Acute, Chronic or 
Subjects Results & Conclusions Researchers Focus of Study 

Sub-Concussive 

Shuttleworth-J ordan, Effects of MTBI Acute 60 university rugby 5 MTBI subjects at 3 days post-concussion reported the 

Puchert & Balarin players at the pre-season following PCS: headaches, visual problems, poor 

(1993) stage, 20 rugby players at attention & concentration, anxiety, insomnia, fatigue, 

the post-season stage vomiting, restlessness, loss of appetite, sensitivity to 

25 non-sport controls noise, weakness of limbs, clumsiness & speech problems. 

At one month a reduction in PCS was seen. At 3 month 

PCS had resolved. 

Shuttleworth-Edwards, Effects of concussion in Chronic 26 Professional; PCS were 20-30% greater in rugby players vs controls. 

Border, Reid rugby 19 Under 21; Professionals reported high percentages of 

& Radloff (2004) 47 School rugby players argumentativeness (62%), clumsy speech (50%), 

76 controls (hockey and sustained attention (73%) and sensitivity to noise (23 %). 

cricket) Under 21 's reported high percentages of sensitivity to 

noise (42%), aggressiveness (42%), clumsiness (42%), 

fatigue (63%) and clumsy speech (58%). 

School rugby reported high percentages of sleep 

difficulties (36%), easily angered (13%), and clumsy 

speech (53%). 

Note. PCS = post-concussive symptoms; vs = versus; * Measures used (where applicable). 



Table 1.4: 

Summary of Outcome Studies of Post-Concussive Symptoms in Athletes 

Researchers 

Asplund, McKeag & 

Olsen (2004) 

Collins, Field, et al., 

(2003) 

Collins, Iverson, et al. 

(2003) 

Erlanger et al. (2003) 

Nature of Investigation 

Predictive value of MTBI 

signs and symptoms based on 

return-to-play guidelines 

Post-concussion headache 

and neuropsychological test 

performance 

On-field markers of 

concussion severity and post­

injury neuropsychological 

and symptom presentation 

Acute or 

Chronic 

Acute 

Acute 

Acute 

Relationship between history Acute 

of concussion & number of 

PCS , duration of PCS 

Participants 

91 male Ath 

10 female Ath 

109 high-school 

Ath 

78 Ath 

Results & Conclusions 

Headaches longer than three hours and difficulty concentrating 

longer than three hours may indicate a more severe injury or 

prolonged recovery. 

7 days post MTBI Ath with headaches report larger number of 

other PCS than Ath with no headaches. 

Post-concussion headaches were associated with significantly 

slower reaction times and poorer performance in memory tasks 

Ath exhibiting pronounced PCS and memory deficits at 2 days 

post-injury were ten times more likely to have experienced 

retrograde amnesia compared with those having fewer PCS and 

a good outcome from injury. 

Ath with degree of post-traumatic amnesia were four times as 

likely to exhibit poor post-injury presentation from a MTBI. 

Brief LOC was not found to be predictive of PCS or 

neurocognitive deficits. 

47 Ath who had LOC & history of concussion were not good predictors of the 

sustained an MTBI duration of PCS. 

Ath reporting memory problems at follow-up examinations also 

reported more PCS, longer durations of PCS, and decreases in 

scores on neurocognitive tests 

Decline of scores on neurocognitive testing scores was 

associated with an increased duration of PCS. 

Continued p. 



Table 1.4 (continued 
Field, Collins, Symptoms and neurocognitive Acute 

Lovell, and Maroon recovery patterns after sustaining 

(2003) an MTBI 

Iverson, Gaetz, 

Lovell, and Collins 

(2002a) 

Iverson, Gaetz, 

Lovell, & Collins 

(2002b) 

Kaut, DePompei, 

Kerr, and Congeni 

(2003) 

Cumulative effects MTBI 

Subjective reports of feeling 

mentally foggy at I-week post­

concussion and acute 

neurological outcome 

Acute 

Acute 

Prevalence of head injuries and Acute 

related symptoms. Behavioural 

tendencies whilst symptomatic. 

371 college Ath 

183 high school Ath 

Sole reliance on PCS was found to be inadequate 

in return-to-play decisions. 

Self-reporting of PCS was not predictive of poor 

performance on neuropsychological testing. 

19 Ath who reported a At baseline (pre-season) Ath who had sustained 

history of 3 + 

concussIons. 

19 controls who 

previous concussions reported PCS than the 

matched controls. Headaches, memory problems 

and the difficulty thinking clearly were highly 

reported no prior MTBI endorsed by those with multiple concussions 

110 Ath who had Ath with persistent fogginess had significantly 

sustained a sports­

related MTBI . 

461 male and female 

college Ath 

slower reaction times, reduced memory 

performance and processing speed. 

Ath who reported feelings of fogginess reported a 

large number of other PCS when compared with 

Ath who did not report feeling foggy. 

Feelings of fogginess were associated with an 

increased risk of incomplete recovery one week 

after suffering an MTBI. 

32% of Ath sustained a blow to the head which 

had resulted in dizziness. 

>25% confirmed somatic complaints following a 

MTBI. 

28.2 % and 30.4 % of individuals reporting 

dizziness and headaches respectively continued to 

play whilst symptomatic. 

Continued p. 



Table 1.4: 

Summary of Outcome Studies of Post-Concussive Symptoms in Athletes 

Researchers 

Asplund, McKeag & 

Olsen (2004) 

Collins, Field, et aI., 

(2003) 

Collins, Iverson, et aI. 

(2003) 

Erlanger et aI. (2003) 

Nature of Investigation 

Predictive value of MTBI 

signs and symptoms based on 

return-to-play guidelines 

Post-concussion headache 

and neuropsychological test 

performance 

On-field markers of 

concussion severity and post­

injury neuropsychological 

and symptom presentation 

Acute or 

Chronic 

Acute 

Acute 

Acute 

Relationship between history Acute 

of concussion & number of 

PCS , duration of PCS 

Participants 

91 male Ath 

10 female Ath 

109 high-school 

Ath 

78 Ath 

Results & Conclusions 

Headaches longer than three hours and difficulty concentrating 

longer than three hours may indicate a more severe injury or 

prolonged recovery. 

7 days post MTBI Ath with headaches report larger number of 

other PCS than Ath with no headaches. 

Post-concussion headaches were associated with significantly 

slower reaction times and poorer performance in memory tasks 

Ath exhibiting pronounced PCS and memory deficits at 2 days 

post-injury were ten times more likely to have experienced 

retrograde amnesia compared with those having fewer PCS and 

a good outcome from injury. 

Ath with degree of post-traumatic amnesia were four times as 

likely to exhibit poor post-injury presentation from a MTBI. 

Brief LaC was not found to be predictive of PCS or 

neurocognitive deficits. 

47 Ath who had LaC & history of concussion were not good predictors of the 

sustained an MTBI duration of PCS. 

Ath reporting memory problems at follow-up examinations also 

reported more PCS, longer durations of PCS, and decreases in 

scores on neurocognitive tests 

Decline of scores on neurocognitive testing scores was 

associated with an increased duration of PCS. 
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Table 1.4 (continued 
Field, Collins, Symptoms and neurocognitive Acute 

Lovell, and Maroon 

(2003) 

Iverson, Gaetz, 

Lovell, and Collins 

(2002a) 

Iverson, Gaetz, 

Lovell, & Collins 

(2002b) 

Kaut, DePompei, 

Kerr, and Congeni 

(2003) 

recovery patterns after sustaining 

an MTBI 

Cumulative effects MTBI 

Subjective reports of feeling 

mentally foggy at I-week post­

concussion and acute 

neurological outcome 

Acute 

Acute 

Prevalence of head injuries and Acute 

related symptoms Behavioural 

tendencies whilst symptomatic. 

371 college Ath 

183 high school Ath 

Sole reliance on PCS was found to be inadequate 

in return-to-play decisions. 

Self-reporting of PCS was not predictive of poor 

performance on neuropsychological testing. 

19 Ath who reported a At baseline (pre-season) Ath who had sustained 

history of 3 + 

concussions. 

19 controls who 

previous concussions reported PCS than the 

matched controls. Headaches, memory problems 

and the difficulty thinking clearly were highly 

reported no prior MTBI endorsed by those with multiple concussions 

110 Ath who had Ath with persistent fogginess had significantly 

sustained a sports­

related MTBI . 

461 male and female 

college Ath 

slower reaction times, reduced memory 

performance and processing speed. 

Ath who reported feelings of fogginess reported a 

large number of other PCS when compared with 

Ath who did not report feeling foggy. 

Feelings of fogginess were associated with an 

increased risk of incomplete recovery one week 

after suffering an MTBI. 

32% of Ath sustained a blow to the head which 

had resulted in dizziness. 

>25% confirmed somatic complaints following a 

MTBI. 

28.2 % and 30.4 % of individuals reporting 

dizziness and headaches respectively continued to 

play whilst symptomatic. 

Continued p. 
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APPENDIX B: Pre-Season Questionnaire 



Dear ISwirnming member 

In keeping with the need to mHxirnize 1he of sports players generally) and particularly ill the contact 
thene is ,1 known risk of concussion, it has been to inlplclm:llt the latest intl:rlwtionally approved risk 
strategics il)f concussion tiJl" and hockey players at FZhodcs Ulliversity. the initiative has the 
of the Director oj'Sports Peter l./ndl'ew, )·viJo believes that fhe study will (i) provide shorHef'm 
conclissed players, and (ii) in the cOlllrihute to the refinement o/clj)()rts cOIlClissiO/l 

ft is generally cunsidered that (;omputer-based screen ing of rl~action times ilnd rnemory function easily 
accessible, yet crucial infonnalioll for concussion lll,lIJagel11cut cspecially with to retunl-to-play decisions. Our 
objective is to illitiate an innovative study, which aims to develop such facilities within the South Afric(l!1 school and 
university context~;, which arc already extensively in place in sports playing institutions ill countries such as the US/i, 
Australia and Ncw Zealand. Consequently, you will have the unique opportullity to participate in this groundbrcakillg, 
research clinicians at l~hocks University, who are working in collaboration with the University of Pittsburgh Nlcdical 
School, USA and the MRC/UCT Research Unit for Exercise Science and Sports l'Ykdicine, Newlands, South Africa. 

of the top two rugby teams will be the first to participate in thic; monitoring and risk prevention at 
u:liversily level. Measuring for the effects of any past or fllture concussions will take place pre and post winter 
seDson using scientifically valid computerized screening systems developed in the USA specifically for concussion 
nwnagement. Screening will involve the evaluation of functions snch as memory, reactioll time and processing 
awl will lake the Corm of paper and pencil exercises and computer gar,nes_ These are usually enjoyable alld ~ake 
40 millut{~S to complete. In Clddition, you will be ilSkd to provide a brief medica! baclq;round ilnd complcte a symptom 
check I wilh relevance to the research. 

There will be ongoing sports concussion monitoring t\m)Ugh the winh~r SC850n and intervention. In Ill\,; event 
of it concussion, follow-up evaluation of concus~;ed players will take place within 36 hours of injury end then at 
weekly intervals, until acute symptoms resolve. The data win be examined researchers al Rhodes University ;mel if 
tne outcome; proves favourable in terms of minimizing risk to players, the strategy will be consi,krexi f'or future usc at 
top team !cvcls where there is a higher injury risk. T'he results of the rese;>!ch will be Hsed f(:Jr scientific pUblication 
purposes onl:! by the collaborating universities. 

It is impurtant to be aware that this study docs not intcrkrc with or substitute for medical praciicG. \;V,~ therd\)f(; 
advise lhat all individuals with concussion should be seen ,JS soon as possible by their general or eiller 
mcd ical pfactitioncr~"; and should not return to contact sport ro;;- at least :5 weeks Ii-om the t.i me 0 C injury ;;ncl thcrcal'kr on 
the advice of the medical practitioner. The inf(mnatioll collected on individual players will be strictly confidential and 
will only be made available 10 individuals and/or a mcdic,tl practitioner on request. This information may Corm of 
the rrwnagement decision in individual cases. f!ovvever, Ihe researchers will not be held aCCOUl1Llb!c fur medical 
decis ions made by ITlcd ica [ pracl ili01lcrs or individual play;:rs on the basis 0 f that inf()rmation. 

We believe that it is to your benefIt to participate in this cnl1clission risk prevention project. However, rJarlicipatiol1 IS 
voluntary and you have the right to withdraw f()rm the entire project or part thereof jf YOll so ·wish. Non-participation in 
this study will exclude you from the bl~nefit of cornputer·-based cognitive screening in tbe event 01' a concllssion. 

Yours sincerely 

Sports 



1, _________________________________________________ have been in formed of the naturc of (he research wh ieh will conducted 
by three Rilocic;s University maslers students, Ian Smith, Melissa Boulind and Stephanie Casc, on the eftccts of 
concussion in University rugby. 

I) The above mentioned students arc conducting the concllssion management research as a requirement for a 
MA dc~gree at Rhodes University ill collaboration with the University of Pittsburgh iVkdical School, USA 
and the MRC/UCT Research Unit for Exercise Science and Sports Medicine, Newlands, South Africa. The 
rcscc1fch has the full support of the Rhodes University Director of Sports Administration, Mr Peter !\ ndrew. 

2.) The research will involve all willing memb(~rs of the top two rugby and hockey teams at Rhodes University. 
Team members win be a:,sesscd Cor the effects of any past or t'uture concllssions using internationally 
va!idatcd computer-based neurojlsychological screcning batteries, pre and post ,vinter sport season. fn the 
event of a concussion, a follow-up assessment vvill take place within 6 days, of injury Cl1.ld then again at 
weekly intervals, until acute symptoms resolve. In addition, individuals will be requested to fill out a brief 
demographic questionnaire with medical background and a symptom checklist, with relevance to the 
research. 

3) Thi~; study does Ilot interfere with or substitute for good medtcal practice. [t is therefore advised that in the 
event of a COllctlssion, individuals should be seen as soon as possibie by a general practitioner or other 
medical practitioners and should not return to contact sport for at least 3 weeks from tbe time of illjury and 
thereatkr on the advice of the medical practitio1l0r. 

Participation in the ref;earch is strictly voluntary. Individuals have the right to withdraVi from the study at 
any although not participating in the project, no base-·line scores or concllssion !~)llow·up the 
researchers will be available for that player. 

5) The inf()nnatioll col iGcted on individual players will be strictly confidential and will only b<: made aVililable 
to the participants and/or a medical practitioner on request. This ird~lfInation may form pLlri of the 
management decision in individual cases. However, the researchers will not be held accountable for medical 
decisions made by medical practitioners or participants on the basis oftbat information. 

6) Data arising out of this project will be used for thesis and pUblication purposes only by the collaborating 
universities. 

Signed:_ Date: 



~. ___ • _ •• _. __ .h ••••••• __ ••• _ ••• _. , •• -.-.~.------. ---.--.- -_. __ ._._. __ .-_ •• -,,----•• - .. ---.----.. -.--.-•• -~ .. -~--.-.--. ------•• -.-----.. -- -- --_. 

--- --- ----- -- -

[ ---

1) 

We believe that it is in interest to participate in this conCUSSIOn monitoring prevention 

project, although participation is voluntary. 

1. The participant has the right to withdraw from the entire project or any thereof Withdrawal from 
the project will not prejudice him in any way in terms of his position in learn sport. 

2. Withdrawal from the project must occur in writing. The participant must complete the withdrawal Corm 

below. 

3. We wish to emphasize that tbe project is neither inva:.;ive nor harmful to the participant's physical, 
menlol and or emotional well being: For research purposes, the identity of the participants will be kept 
strictly confidential and individual data will be made available for clinical purposes with the 

[larLll,ipant's 

4. By not participating in thf~ project, in event of a concu~;sion no base-line scores or concussion 

follow-up by the researchers will be available for that player. 

5. Should the player participate in a sport where there is not a great head· risk, his participation is 
still of crucial benctit to the research. This is in order to make comparisons betvlcen who are 
exposed to sports concussion, and those who arc not exposed. Moreover, should the participant sustain 
a tl(;ad jr~ury for any other rcason, any deterioration in cognitive functioning v/ouid be more accurotcly 

assessed in relation to baseline data derived from the study. 

wrrrnHlA '\IV A L FO 

I, 
-.--".~-------- --.---.----------.--.-.-.-.---.---------~-.- .. 

bereby wish 10 withdraw from participating in the s 

COllcussion project. I am aware of'the possible negative consequences to my well-beitlg in declining computcr-· 

based monitoring in respect of concussion. 

DATE: 



Degrf~e for Cum.mt 

Cont,3ct cluring university term: 

J\. INFOR.MATION 

th: 

[
-'----J 

____ ... J 

Weight ________________ . kg 

LE:ft'(1<c indf}cJ: L.J (pIE~ase tick) 

First L.an~Jllagf.~: 

Pl,~ase tick if any the foilowing are !o 

SPORf 

You have attended specie!! or GlaSSE~S 

You have received oc(;upation;.~1 

You have at. school specify) 

'tou 

YOll have .ADD ()f Hyperactivity 

You have diagnosed with a k::aming ciisability 

POSITION WHAT TEAM WERE YOU 
IN LAST YEAH? 

of 



If 

'7 

.~~~ 
(/) 
(j) 
:) 
o z 
o 
o 

FU':i\~;Ol'l rot"{ 
COi\ICI.JSSiOi\l 

.~ 

cl (lie. Felt or confused, 

8,,{MPTOM~; EXPERIENCED tic!,,) 

LO;:,S OF 
CONSCIOUSNESS 

IF SnrrE 
DUf:)11UJ:'<1 

CONFUSION 

MEr·JlOHY 
D!FFIGUL TIES 
FOfZ 
IMMED!Arr::L Y 

f\FTEf< INJUHY 
DEf:on!E 
!N.JUF!Y 

.-.• - ... -.-.. ---.- .j-_ .. _--_._ ......... _ ...... _ .. _ ..... -. ..-_._ .... __ .. _-_._- -----•. - -- .- . __ ... _.-- ..... _. -- - .. -- -.. - -. --" 

1 

2 

4 

--j_ .. _ ... _ ...... _.+._. __ ... _ ......... --.-... -----_._._\ _ ... _----_ ... _------.-.... _ .. _-- .. __ .--,,----_ ... -- ... -. ------.----.---... --- .-----.. --.. -... --------..... . 

... - .... --_ ... _ .. , - ... -----.-.--... ---.... -- ----_.-- .. 

Please indicate ' .... "t·lether you have experienu~d tI·;¢.:~ 

8.. CURRENT SYMPTOMS t\ND CONDiTIONS 

Hour~; 

Current 

AV!.:1lage WE'lE:kly ak,ohoi consumption 

Average daily aicohoi consumption 
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APPENDIX C: Vocabulary



NAJVj-:8:: .... n •• ,.,.' ... "" ••• " ...... ".""" ••••• 

5 

7 

8 

9 

-- --- --_._-.- -- _ ..... _------- --- -----_. ------- _._--- ----- ._------_.--_._----- -.... __ ._--- ... __ ... __ .. _._._-_._-- --.-----.. ------ ._-- ------------- - ... +----.----.----~ 



18 

19 

20 

f-------- --- ----1-- --.--- ------- -------.------------------- ----------.- ---------------------.----------------------------------------------------------------------------.-----{------.- ________ _ 

25 

---------- --- - ----------- - ----- ------ ---------------------------------- ---.---------- -------.- ---1---------

r"",f 
I 

----------------------------- --- -----------------------------------------------------.. ---_._- -_ .. __ . -_ .. 

TOTAl/RAW 
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APPENDIX D: Picture Completion 



1 

4 

5 

, 
o 

Start 
'7 

8 

HI 

13 

14 

J5 

16 

17 

18 

20 

21 

22 

23 

24 

AGi£ .... .,., ... , .... .1 ... 
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APPENDIX E: 31-Item Post-Concussion Symptom Questionnaire 
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