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Glossary of terms

Apoptosis: Programmed cell death due to a characteristic series of events
Association Cortices: These coordinate more complex activity between the arrival
of sensory input (from the sensory cortices) and the generation of behaviour. Regions
of association cortex are adjacent to the primary cortices and include much of the
rostral part of the frontal lobes and posterior parietal, temporal and anterior occipital
lobes.
Brain stem: The diencephalon, midbrain, pons and medulla.
Cerebral Cortex: The layer of gray matter that lies just under the surface of the
Cerebrum, forming the outer covering of the hemispheres.
Complicated mild TBI: A sub-classification of mild traumatic brain injury that
refers to the presence of pathological findings in the context of other markers of mild
injury severity.
Contusion: An injury where the skin is not broken, also known as a bruise, occurring
when blood vessels are damaged or broken after an injury.
Coup and Contra Coup Injury: Considered focal brain injuries, a coup injury
occurs under the site of impact and a contra-coup injury occurs on the side opposite
the area that was impacted, often associated with the movement of the brain within
the fixed skull cavity after the impact is stopped. These can occur independently or in
conjunction.
Cerebro-spinal fluid: In the central nervous system, the fluid produced by the
choroid plexus that flows through the ventricular system to the subarachnoid space.
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Diffuse axonal injury: Widespread (generalised) tearing and shearing of brain tissue,
caused by movement of the brain within the skull (usually from acceleration/
deceleration).
Dose/response relationship: How the likelihood and severity of adverse health
effects (the response) are related to amount and condition of exposure to an agent (the
dose). In this case, the dose related to the severity of injury obtained, and the response
refers to outcome in cognitive and psychosocial domains.
Edema: Swelling caused by fluid in the body‟s tissues.
Emotion: A term used to refer to different processes, such as a desire to take action;
a physiological process; a subjective feeling; or a thought process.
Executive Control System: A model proposed by Anderson (2002, 2008) through
review of developmental literature and factor analytic studies used to conceptualize
development of executive skills.
Executive functioning: A general term used to describe complex, novel and goaldirected actions necessary for flexible and adaptive responding. These functions are
often associated with the frontal lobe, especially the prefrontal cortex and underlying
structures.
Experience-dependent plasticity: Refers to a „rearranging‟ of neural networks from
receiving and responding to environmental stimuli.
Focal Injury: Brain injury occurring in a specific location often from a head strike.
Frontal lobes: The region of the cerebrum lying anterior to the central sulcus under
the frontal bone.
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Glasgow Coma Scale: A neurological scale used to objectively record the conscious
state of a person both acutely and over time. Patients are rated against set criteria and
given a score between 3 and 15 based on level of consciousness.
Haematoma: A collection of blood outside the vessels, which gathers in body tissue,
internal organs or cavities.
Hypothalamus: The ventral part of the diencephalon, involved in control of the
autonomic nervous system and the pituitary gland.
Intra-cranial pressure: Raised pressure inside the fixed confines of the skull from
raised volume of cerebrospinal fluid or due to mass, bleeding or swelling. ICP can
result from or cause brain injury.
Limbic System: A group of structures, including those in the limbic lobe and Papez
circuit, that is anatomically interconnected and involved in emotion, learning and
memory.
Loss of Consciousness: A state of impaired consciousness in which one shows no
responsiveness to environmental stimuli but may respond to deep pain with
involuntary movements, caused by respiratory insufficiency or shock, metabolic or
chemical brain depressants, or from a pathological brain condition.
Primary and secondary sensory areas: The primary sensory areas are defined
cortical areas that directly receive sensory input (vision, hearing or somatic sensation)
and are organized in cortical representation from the body based on varying degrees
of sensory innervation. Secondary areas receive input from primary regions and
subcortical areas and responds to sensory stimuli bilaterally but in a less sensitive
manner.
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Psychosocial: Involving both psychological and social aspects of life, and relating to
social, mental and emotional health and associated (behavioural) reactions.
Post-traumatic amnesia: The time after a period of unconsciousness when the
injured person appears to be conscious and awake but is behaving or talking in a
bizarre or uncharacteristic manner, and has no continuous memory of day-to-day
events.
Self-regulation: Initiation, inhibition or modulation of internal feeling states,
emotion-related physiological processes, thoughts or actions. These can occur
automatically or require effortful processes.
Traumatic brain injury: Insult to the brain from an external mechanical force,
possibly leading to permanent or temporary impairment of cognitive, psychosocial
and psychosocial functions, with an associated diminished or altered state of
consciousness.
Temporal lobes: The region of the cerebrum lying under the temporal bones
Uncomplicated TBI: A sub-classification of mild traumatic brain injury that refers to
the absence of pathological findings.
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Abstract
The current research sought to investigate outcome following a Traumatic Brain
Injury (TBI) sustained in infancy, after a significant elapsed time. Additionally, we
sought to clarify the predictive utility of injury severity towards long-term outcome
by better characterizing outcome following moderate TBI, and determining the
appropriateness of a stratified definition of mild TBI. Finally, using a biopsychosocial
approach, relationship analyses were conducted to determine the differing predictive
role of individual and environmental variables.107 children (n male = 60) aged
between 6-15 years (M = 9.89 years) underwent neuropsychological assessment. In
addition parents completed ratings of behavioural, emotional and social competency.
The sample was separated into uncomplicated mild (n = 18), complicated mild (n =
34) and moderate (n = 22) injury severity groups and healthy controls (n = 33) for the
purpose of analyses. TBI groups sustained their injury at a mean of 1.88 years, and
were assessed at a mean of 8.14 years post injury. Findings showed children were
vulnerable to a range of neuropsychological and psychosocial deficits following a
moderate TBI sustained at a young age. Findings also supported a stratified definition
of mild TBI by showing outcome following uncomplicated and complicated mild TBI
could be differentiated on complex cognitive measures, and in the psychosocial
domain. Results supported a biopsychosocial model of aetiology regarding long-term
deficits, and emphasized the role of environmental and developmental factors in
predicting outcome. Findings highlighted the need for increased emphasis on clinical
management of mild and moderate TBI sustained in early childhood, and for a
holistic and integrated approach to assessment, management and intervention.
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CHAPTER 1

Pediatric Brain Development and Traumatic Brain Injury

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI 2
1.1 Pediatric Brain Development and Traumatic Brain Injury
Brain development begins prenatally and continues into early adulthood
(Casey, Tottenham, Liston, & Durston, 2005b). One of the most crucial periods of
development occurs in early childhood, whereby the brain undergoes structural and
physiological changes characterised by dynamic and elaborative processes and
expansive growth (Brown & Jernigan, 2012). Brain volume increases rapidly,
reaching 95% of its adult size by the age of six years (Lenroot & Giedd, 2006). More
specifically, proliferation, migration and differentiation of glial cells are particularly
prominent in early post-natal development (Lin & Bergles, 2004), which are
important for the integrity and signaling properties of axons and neurons.
Additionally, the brain undertakes „regressive remodeling‟ in the early pre-school
period (Brown & Jernigan, 2012, p. 3), including pruning of excess connections in
important structures subserving cognitive development, such as the corpus callosum,
thalamocortical pathways and regions linking the temporal lobe and limbic structures
(Innocenti & Price, 2005; Stanfield & O'Leary, 1985).
A recent review by Brown and Jernigan (2012) suggests the brain undergoes a
regional pattern of development during pre-school years (see Figure 1.1 below, from
Casey, Galvan, & Hare, 2005a). Structural imaging studies suggest the frontal and
temporal lobes show an increase in volume, whist primary motor and sensori areas
decrease, consistent with the development of more complex cognitive functions at
this time, such as learning and memory. Functional imaging studies have found
dramatically increasing metabolic demands and that a greater number of brain regions
are required to successfully complete tasks, consistent with „scaffolding‟ mechanisms
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in early cerebral function that are eliminated with increasing age (Casey, et al.,
2005b).

Figure 1.1 Developmental course of human brain development (Casey, et al.,
2005a).

These findings suggest that early injury may disrupt region-specific
development including neuronal growth and structural formation, subsequently
impacting the acquisition of specific cognitive skills. Region-specific deficits can
disrupt the activity of functional networks, important for ongoing development of
more complex cognitive functions reliant on the integrity of other structures.
Therefore it is imperative to understand how early childhood injury can impact on
ongoing acquisition and maturation of cognitive skills, and in turn how this may
manifest in everyday functional and psychosocial difficulties.
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1.2 Epidemiology and Characteristics of Traumatic Brain Injury
1.2.1 Epidemiology
Traumatic brain injury (TBI) is one of the most prevalent injuries in early
childhood. Conservative medical estimates predict 244 per 100,000 cases per year of
pediatric TBI (Australian Institue of Health and Welfare, 2008). Children aged less
than 3 years at the time of injury have the highest incidence of head injury
(Bayreuther et al., 2009; Crowe, Babl, Anderson, & Catroppa, 2009) at
approximately 124 per 1,000 cases (Saunders, Schopflocher, Spady, & Svenson,
2004). A recent study examining presentations to the emergency department of the
Royal Children‟s Hospital in Melbourne, found that children injured at three years or
under made up 0.65% of all presentations between 2004 and 2005 (Crowe, Catroppa,
Anderson, & Babl, 2012a). However this may be an underestimate, as according to
Anderson and colleagues up to half of all children experiencing TBI will not seek
medical care, especially following a milder injury (Anderson, Northam, Hendy, &
Wrennall, 2001c). Epidemiology studies have estimated somewhere between 10-30%
of children will experience residual ongoing neuropsychological sequelae following
TBI (Michaud, Rivara, Grady, & Reay, 1992). This estimate increases to over 50%
for children who sustained a severe head injury (Anderson et al., 2001b). Based on
high prevalence rates and a consistently established association between TBI and
functional impairment (Anderson, et al., 2001c; Ewing-Cobbs et al., 2006; Michaud,
et al., 1992), it is clear that TBI carries a significant clinical burden with ongoing
community consequences. Despite high incidence in younger children, relatively few
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studies have focused on outcome for those injured at three years or younger (Crowe,
et al., 2012a).

1.2.2 Characterising Traumatic Brain Injury (TBI)
TBI is diagnosed according to an altered state of consciousness and/or
pathophysiological change from an insult to the brain (Amacher, 1988). TBI can
consist of an open (penetration of the dura) or closed injury (no penetration) and
commonly results from falls, traffic accidents, missile wounds or blows to the head
(Begali, 1992). Closed head injury is the most common type amongst pediatric
populations (Anderson, et al., 2001c), and is the focus of the current investigation.
Recent epidemiological data suggests falls are the most common cause of head injury
in children aged 3 and under (Crowe, et al., 2012a).
Glasgow Coma Scale (GCS) scores (Teasdale & Jennett, 1974) are
commonly used as a diagnostic tool to detect the acute impact of head injury on level
of consciousness. This enables medical staff to determine the presence of a TBI, and
assess the severity of the injury. The GCS score is commonly recorded at regular
intervals following head injury, to determine how the head injury has impacted on
various neurological processes such as motor and sensory abilities (see Table 1.1,
below). The original scoring system was initially developed for use with adult
populations, and as such its utility for pediatric populations (especially for pre-verbal
infants) is much poorer (Raimondi & Hirschauer, 1984; Simpson & Reilly, 1982).
Accordingly, modifications to the scoring system have been made to accommodate
pre-verbal children (see Table 1.2; Holmes, Palchak, & MacFarlane, 2005), which
have improved its efficacy in acute measurement of pediatric TBI.
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Table 1.1
Standard GCS score (Holmes, et al., 2005).

However, variable reliability of pediatric GCS scores has been reported
(Marcin & Pollack, 2002). This can be due to medical factors (such as intubation
disallowing measurement of verbal indicators), the timing of the recording (GCS on
admission versus in the field may provide different indicators of TBI severity), and
the qualifications of those administering the measure (Yeates, Ris, & Taylor, 2000).
Classifying milder injuries using the pediatric GCS scale has also been problematic,
due to the narrower behavioural range of infants and the increased likelihood of
asymptomatic presentation despite evidence of intracranial injury on scanning
(Kirkwood & Yeates, 2010; Rees, 2003; Reilly, Simpson, Sprod, & Thomas, 1988).
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Accordingly, TBI is classified as mild, moderate or severe based on a combination of
medical indicators, rather than using pediatric GCS scores in isolation.
Specific medical indicators include alterations in levels of consciousness
(provided by GCS score), alongside the presence/length of loss of consciousness
(LOC) and post-traumatic amnesia (PTA) and the presence or absence of
neurological symptoms upon neuroimaging (see Table 1.3 for criteria). GCS score
provides an indication of neurological status, whereas the duration of PTA and/or
impaired consciousness provides an indirect measure of the rate of acute recovery of
disruption to neuronal functioning (McDonald et al., 1994). These measures are used
in conjunction to determine severity, as they are collectively more sensitive than a
single static measure like GCS score (Yeates, et al., 2000).
Table 1.3
GCS Score and injury severity classification (based on Anderson et al., 2001)

Despite the benefits associated with using a combination of medical
indicators, a wide variation of scores on differing indicators can occur within a single

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI 8
severity classification. In particular, little consensus has been reached regarding the
upper and lower limits associated with mild head injury (Ruff, Iverson, Barth, Bush,
& Brosher, 2009), leading to variation in observed outcome within the single severity
group of mild TBI. Recent attempts to further enhance specificity of injury
classification have separated mild TBI severity into the subgroups of „complicated‟
and „uncomplicated‟ (Fay et al., 1994; Fay et al., 2010; Levin et al., 2008a) based on
the presence or absence of pathophysiological findings. There is emerging evidence
that outcome for children may differ following a complicated versus uncomplicated
mild TBI (Fay, et al., 2010; Levin, et al., 2008a; Papoutsis, 2010), discussed in more
detail in the following sections. Of importance to note is that further enhancement of
injury severity specificity may enable more accurate prediction of outcome following
an early childhood TBI.
The majority of children injured at three years or younger present with a mild
injury, whilst approximately 10% present with a moderate injury. However, when
examining injury severity within specific age ranges, the incidence of moderate injury
dramatically increases in the 0-6 month age bracket (Crowe, et al., 2012a). Less than
1% of children present with a severe injury (Crowe, et al., 2012a), and therefore
research in this domain is limited by difficulty with recruitment of adequate sample
sizes. Despite this, previous literature has emphasized investigation of outcome
following severe TBI (Ewing-Cobbs et al., 1998; Ewing-Cobbs et al., 2000) due to
the likelihood of globalised deficits and ongoing sequelae. Ewing-Cobbs and
colleagues (2010) noted that children were much more likely to have modified
academic placement following a severe injury (52%) in comparison to a moderate or
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mild injury (7%) to compensate for potential difficulties or enable access to
additional support. Given this, it is more appropriate for future research to focus on
outcome following moderate or mild injury, where outcome is less clear and children
are less likely to have access to remediation or support. In addition, severe TBI in
infants is often caused by non-accidental injury (NAI). This type of injury is
associated with different types of intracranial injuries to accidental injuries (EwingCobbs et al., 1998; Ewing-Cobbs et al., 2000) and outcome is commonly reported to
be worse (Ewing-Cobbs, et al., 1998; Ewing-Cobbs, Prasad, Kramer, & Landry,
2000). Due to the significant difference in outcome, as well as the relatively
disproportionate influence of other environmental and parenting factors on ongoing
development, NAI will be excluded from the current review (however it is important
to note that a growing body of literature is focused on characterising outcome
following NAI both acutely and in the long-term (Anderson, Catroppa, Godfrey, &
Rosenfeld, 2012a)).
The remainder of this discussion will focus on pathological and
neurocognitive outcome for children following a mild or moderate accidental closed
head injury. Examining outcome for these children is particularly important, due to
increased prevalence of presentation for children injured at a younger age and the
potential for limited access to appropriate intervention.

1.3 Pathophysiology
TBI commonly involves cerebral pathology and alteration in neurological
function (Amacher, 1988). Cerebral pathology includes haematoma (bleeding) either
within brain tissue or between/outside the dural layers, or contusion (bruising) of
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brain tissue. Post-traumatic oedema (swelling) and changes in volume of blood and
cerebro-spinal fluid (CSF) can also cause pathological change, as a result of raised
intra-cranial pressure (ICP) within the fixed parameters of the hard bony skull (Giza,
2006). Although these are common features observed following TBI, individual
pathophysiology is highly variable (Anderson, et al., 2001c). Factors such as the type
of force and individual variation in the integrity of protective factors for imparting
force (e.g. musculo-skeletal strength), may impact on observed pathology and hence
functional outcome (Giza, 2006).
Linear force is often exerted by sudden acceleration/deceleration in straight
line, such as being hit from behind in a car accident or falling from a height. This can
result in compression of the brain at the site of impact (called a „coup‟ injury),
causing local bleeding or swelling. It can also cause a „contre-coup’ injury whereby a
low-pressure location develops opposite the coup injury, caused by intracranial
contents moving towards the site of impact. The contre coup injury can often be
larger and more serious than the coup (Swaiman, Ashwal, & Ferriero, 2006). TBI
resulting from linear force can result in damage to frontal, temporal and occipital
areas, potentially impacting on functions such as learning, memory and vision, which
are associated with these areas (Swaiman, et al., 2006).
A second type of force commonly caused by TBI is rotational, whereby one
part of the brain is twisted in relation to another. Rotational force is commonly
observed following a motor-vehicle accident (MVA) or sports concussion and causes
soft brain parenchyma and white matter fibre tracts to shear or stretch (Giza, 2006).
Micro haemorrhages can also occur (Tong et al., 2004). This type of trauma is
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referred to as „diffuse axonal injury‟ (DAI) and is most common in areas with
significant fibre tracts like the corpus callosum, brainstem and corona radiata. DAI
can have a significant clinical impact and cause globalised impairment through
disruption to integrated networks of structures (Giza, 2006).
Despite commonalities in presentation consistent with the cause of TBI,
individual presentations remain highly heterogeneous (Anderson, et al., 2001c).
Individual factors play an important role in determining risk of injury. Due to the
developing nature of the infant brain, young children may be at a heightened risk
(Anderson, et al., 2001c).

1.3.1 Pathological risk factors for children
Infants may be particularly susceptible to pathological changes following TBI
as they have a relatively large head with reduced muscular strength and increased
flexibility in the neck. Their skull is more pliable with flexible structures and open
fontanels (Margulies & Thibault, 2000). This means infants have less protection for
imparted force than adults. Due to developmental differences in neurovascular
regulation (Suzuki, 1990) and excitatory neurotransmission (Fosse, Heggelund, &
Fonnum, 1989; Insel, Miller, & Gelhard, 1990) infants have a much higher propensity
for diffuse cerebral swelling after closed head injury (Aldrich et al., 1992; Lang,
Teasdale, Macpherson, & Lawrence, 1994) and the occurrence of post-traumatic
seizures (Annegers, Hauser, Coan, & Rocca, 1998; Berney, Froidevaux, & Favier,
1994).
Following an early insult, the ability of a developing brain to recover from
diffuse injuries is much more limited (Giza, 2006), the functional implications of
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which will be discussed in more detail in the following sections. Not only are young
children at risk of greater pathological impact acutely following TBI, but due to the
developing nature of their brain they may also be at greater risk for long-term change
from disruption to cerebral maturation (Anderson, Damasio, Tranel, & Damasio,
2000a).

1.3.2 Sub-acute and long-term pathological changes following TBI
At a neurological level TBI can have ongoing consequences throughout
development. For example, injury-related alterations in cerebral metabolism (Bullock
et al., 1998; Katayama, Becker, Tamura, & Hovda, 1990) ionic transmission and
blood flow (Giza, 2006), along with axonal damage and disconnection, may cause
reduced responsiveness to stimuli and impair neurotransmission (Giza & Hovda,
2001). In the context of the active processes of pruning in an immature brain,
apoptosis (or programmed cell death) may occur to a greater degree following early
insult (Bittigau et al., 1999; Pohl et al., 1999). Ongoing cerebral maturation in the
form of experience dependent plasticity (responding to environmental stimuli and
rearranging neuronal networks) may be impaired after diffuse injury (Giza, 2006).
The combined result of metabolic changes, structural alterations, impaired
neurotransmission and reduced responsiveness during a critical window of
development can have a large functional impact on the developing brain, leaving
children vulnerable to worse long-term outcome following early childhood head
injury.
Although neuroimaging methods like magnetic resonance imaging (MRI) and
computerised tomography (CT) can aid identification of post-traumatic structural
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changes (Roth, Koven, Pendergrass, Horton Jr, & Wedding, 2008), these techniques
may be insufficiently sensitive to detect subtle changes (Horton Jr, Soper, &
Reynolds, 2010) especially at the milder end of the injury spectrum. Advances in
technology have allowed use of techniques for observation of dynamic and functional
changes in the physiological functioning of the brain (e.g. PET, EEG, MEG, fMRI,
NIRS), but they remain expensive and specific biological effects subserving
functional changes are still poorly articulated (Brown & Jernigan, 2012). Further, the
difficulties associated with imaging young, un-sedated children whilst minimising
movement and maintaining compliance limit application of this technique (Brown &
Jernigan, 2012). Consequently, TBI may result in cognitive alterations in the absence
of readily accessible data regarding observable structural and functional brain
changes (Roth, et al., 2008).
Neuropsychological assessment can provide an alternate way to measure the
impact of early childhood injury at a functional level (Horton Jr, et al., 2010). There
is extensive literature regarding neuropsychological outcome following childhood
head injury (although less so following an insult in infancy).
The next section will review literature pertaining to neuropsychological
assessment of cognitive outcome following childhood head injury. The review is
primarily focused on children sustaining a TBI in infancy or early childhood, based
on several key factors; a particularly high incidence of accidental head injury (Crowe,
et al., 2009), increased risk of pathological impact (Crowe, Catroppa, Babl, &
Anderson, 2012b; Hahn et al., 1988), an increased risk of early disruption to ongoing
skill maturation (Dennis, 2000), and emerging evidence that younger children face
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less favourable outcome than older children following childhood TBI (Ewing-Cobbs
et al., 1997; Ewing-Cobbs, Miner, Fletcher, & Levin, 1989; Ewing-Cobbs, Prasad,
Landry, Kramer, & DeLeon, 2004b). However, a relative dearth of literature
pertaining to outcome for this age group necessitates examination of literature that
includes children injured during school age.
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2.1 Neurocognitive sequelae following school aged/adolescent TBI
Traditionally, the focus of neuropsychological outcome following pediatric
TBI has been on school-aged and adolescent children (Ewing-Cobbs, et al., 1997). In
general, there is well-established knowledge relating to the impact of late childhood
head injury on a number of cognitive domains, including general intelligence,
memory and new learning (Anderson, Catroppa, Haritou, Morse, & Rosenfeld, 2005;
Anderson, Godfrey, Rosenfeld, & Catroppa, 2012b; Anderson & Moore, 1995;
Ewing-Cobbs, et al., 1997; Prior, Kinsella, Sawyer, Bryan, & Anderson, 1994),
expressive language, comprehension, academic ability (Catroppa & Anderson, 2004;
Hanten et al., 2009; Levin, Song, Ewing-Cobbs, Chapman, & Mendelsohn, 2001) and
executive function including attentional allocation, reasoning, planning and
monitoring (Catroppa, Anderson, & Stargatt, 1999; Ewing-Cobbs, et al., 1997; Jacobs
& Anderson, 2002; Yeates et al., 2005). The following section will briefly discuss
trends in the literature with regard to core neuropsychological domains.

2.1.1 Attention and Information Processing
Difficulties with basic attention and speed of information processing are
frequently observed in the acute post injury phase, often showing recovery over time
(Yeates, et al., 2000). Persisting difficulties may precipitate a multitude of other
observed cognitive deficits, so are particularly problematic (Catroppa & Anderson,
2009). Developmental timelines for separate components of attention and
information processing vary (discussed in more detail in the following sections),
however skills that take longer to develop such as sustained and complex attention
(Catroppa & Anderson, 2009) are associated with long-term difficulties following
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younger age at injury (between 2-7 years). Deficits can persist for up to 10 years post
injury, especially following a severe TBI (Anderson, et al., 2012b; Muscara,
Catroppa, & Anderson, 2008a).

2.1.2 Intellectual function
Following a moderate to severe TBI, lower scores compared to typically
developing children on measures of intellectual function are common. The magnitude
of deficit often initially corresponds to the degree of injury (Yeates, et al., 2000).
Performances on non-verbal measures of intelligence have been observed to be
particularly poor, thought to be attributable to task requirements including motor
control and speed (Yeates, et al., 2000). Children injured at a younger age are more
likely to have difficulty with fluid cognitive skills (such as non-verbal tasks,
attention, working memory and processing speed) due to the relative immaturity of
subserving brain regions at the time of injury. In comparison, verbal intelligence
skills appear to be less vulnerable to the effects of childhood TBI, perhaps due to
earlier acquisition (Yeates, et al., 2000). In general, prospective longitudinal studies
suggest significant recovery of intellectual function over time, especially following a
more severe injury. However, recovery tends to plateau after 1-2 years post-injury
and children may not return to pre-morbid levels (Babikian & Asarnow, 2009).
Additionally, a failure to maintain developmental progress over time may lead to a
widening gap between age expected and observed intellectual outcome (Anderson, et
al., 2012a; Anderson, Catroppa, Morse, Haritou, & Rosenfeld, 2000b). Both preinjury abilities and post-injury environment may impact on observed intellectual
outcome (Anderson, et al., 2012a).
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2.1.3 Language skills
Acute difficulties with expressive language are commonly observed (Levin et
al., 1983). However aphasic and pervasive language difficulties rarely persist with
recovery (Yeates, et al., 2000). More subtle deficits, such as interpreting the
pragmatic aspects of language (Chapman, 1995; Dennis & Barnes, 1990) or fluency
of expression and idea generation (Ewing-Cobbs, et al., 1997; Ewing-Cobbs, Levin,
Einsberg, & Fletcher, 1987) may be apparent or emerge with ongoing recovery. As
communication is often an important element of school performance, language
deficits (even when subtle) have been associated with academic outcome (Dennis,
1998; Yeates, et al., 2000).

2.1.4 Non-Verbal (visual/perceptual) skills
Long-term deficits are more common following childhood head injury in this
domain (Anderson & Moore, 1995; Taylor & Alden, 1997; Taylor et al., 1995). This
may include difficulties with visual, perceptual, motor and constructional skills,
processing speed and discrimination abilities (Anderson, et al., 2001c; Babikian &
Asarnow, 2009; Klonoff, Low, & Clark, 1977; Levin & Eisenberg, 1979). The
relative importance of injury severity in influencing outcome may progressively
change alongside recovery, and differentially affect separate skill types. Additionally,
as non-verbal tasks tend to be novel, there is less scope for reliance on previously
well-learnt skills leaving performance more vulnerable to the impact of injury
(Yeates, et al., 2000).
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2.1.5 Memory
Deficits are frequently observed in this domain. The nature and extent of
problems tends to vary relative to injury severity and stage of recovery. In the initial
phase post injury a dose/response relationship with injury severity is commonly
observed (Donders, 1993). Verbal memory tasks (list learning, verbal paired
associate, and verbal recall and recognition) appear vulnerable to long-term deficit
following a moderate to severe injury (Anderson, Catroppa, Rosenfeld, Haritou, &
Morse, 2000c; Catroppa & Anderson, 2002; Yeates, Blumenstein, Patterson, & Delis,
1995). Although there has been less research into non-verbal memory outcome, there
is some evidence for deficits over time (Allen et al., 2010; Berger-Gross &
Schackelford, 1985; Yeates, Patterson, Waber, & Bernstein, 1993). Overall, there is
evidence for difficulties with each stage of the memory process (storage, retention
and retrieval) following childhood head injury, with children performing below age
expectations on a range of memory measures following TBI (Allen et al., 2010).
Implicit memory (performance in the absence of conscious recollection) appears to be
unaffected (Valkil, Jaffe, Eluze, Grosswasser, & Aberbuch, 1996).

2.1.6 Executive Function
Executive function relies on skills of flexible and adaptive thinking. Postinjury changes commonly include difficulties with response modulation, as well as
deficits in planning, fluency, concept formation and mental flexibility (Anderson,
2002; Levin et al., 1994; Levin et al., 1997). Dennis and colleagues (Dennis,
Wilkinson, Koski, & Humphreys, 1995) have determined that deficits in complex
attention and executive functioning are more pronounced for those injured at a
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younger age, likely reflective of a lack of previously-acquired skills for younger
children. Due to the high frequency of observed changes and pervasive nature of
deficits following early childhood head injury, this domain will be discussed in more
detail in the following section.

2.1.7 Sensory/motor
Issues in the acute phase post injury are commonly observed following a more
severe injury. These include difficulties with fine motor sequencing, localisation of
stimuli and decreased speed on timed motor tasks, with the extent of difficulties
directly related to injury severity (Yeates, et al., 2000). The evidence for ongoing
difficulties is more variable, depending on injury type and localisation, and individual
recovery characteristics (Yeates et al., 2000).

2.1.8 Academic achievement
There is some inconsistency within the literature regarding outcome in this
domain, as measurement of achievement can be effected by many factors including
age at injury, time since injury, injury severity and sensitivity of standardized
academic measures used to detect changes (Yeates et al., 2000). For example, some
researchers observed no significant differences on standardized measures of academic
achievement (Kinsella et al., 1995; Taylor et al., 1999), whilst others have established
academic failure is common following more severe TBI (Catroppa, Anderson, Morse,
Haritou, & Rosenfeld, 2007; Ewing-Cobbs, et al., 1989). Performance seems to be
influenced by pre-injury abilities for older (but not younger) children (Catroppa, et
al., 2007). Despite disagreement regarding differences on standardised achievement
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measures, there is greater consensus regarding an increased risk of specialist
education needs (Kinsella et al., 1995; Yeates et al., 2000). Specialist placement may
also be required, due to post-injury difficulties in regulating emotion and behavior or
deficient social skills (Kinsella et al., 1995).

2.1.9 Variation in cognitive outcome
Despite consistent findings of cognitive deficit following childhood head
injury, variations with regards to the extent, timeframe and specific characteristics of
cognitive difficulties are commonly observed between studies. This is likely due to
the heterogeneity of injuries (site, severity, cause) and sample characteristics (age at
injury, age at assessment, inclusion of injury severity groups, time since injury;
(Babikian & Asarnow, 2009). Methodological differences such as variation in study
design and assessment measures are likely to lead to considerable disparity in
outcome (Babikian & Asarnow, 2009). In addition, standardised measures may have
varying normative data sets used for interpretation, impacting on reported outcome in
the literature.
There have been recent attempts to streamline assessment measures used in
pediatric head injury research (McCauley et al., 2012), although consensus within and
between research groups is often hard to reach. Consequently, meta-analytic studies
provide the best opportunity to examine general neurocognitive outcome following
early childhood head injury, to delineate the magnitude of observed differences.
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2.1.9.1 Meta-analytic review of cognitive outcome.
Babikian and Asarnow (2009) examined cognitive outcome following early
childhood head injury, across all severity groups and cognitive domains. They
identified 115 publications that met inclusion criteria. Following exclusion of studies
where effect sizes could not be calculated, there was no healthy control group
comparison, injury severity was unclear or the discrete cognitive domain could not be
established, 28 studies were retained for analysis. Efforts were also taken to exclude
studies that used duplicate subject pools. The significant difference between
identified and analysed studies provides an indication of the difficulty associated with
conducting well-controlled and methodologically rigorous research in this area.
Results indicated that in the acute post-injury phase, deficits were most
commonly observed in the domains of general intelligence, processing speed,
attention and memory, with largest effects observed following a moderate to severe
injury. Studies indicated only a slight trend towards lower scores following a milder
injury, with significantly worse performance compared to control participants
observed only on immediate verbal memory tasks.
Studies investigating chronic outcome generally reported globalised deficits
following a moderate to severe injury with medium to large effect sizes observed
(Babikian & Asarnow, 2009). Anderson and colleagues (Anderson, et al., 2012b)
noted cognitive deficits can persist up to 10 years following the initial injury, with
globally impaired performances for 40% of children following a severe TBI and
specific attention and working memory difficulties observed for 42% of children
following a moderate injury. Again, despite a trend towards poorer performance
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children who sustained a mild head injury did not significantly differ from controls
across neurocognitive domains in the meta-analysis (Babikian & Asarnow, 2009) or
10-year outcome study (Anderson et al., 2012b).
Although meta-analyses and longitudinal studies can provide an indication of
general severity-related trends, this may provide an overly simplistic picture of postinjury outcome without taking into account a range of influential factors that add to
the heterogeneity of presentation following childhood TBI (Anderson, et al., 2012b).
For example, Babikian and Asarnow (2009) reported large standard errors, which
may indicate trends within subgroups. Closer inspection of individual studies within
the meta-analysis indicated that children who sustained a mild injury at a younger age
(between 2-7 years) demonstrated larger deleterious effects on measures of attention
(Catroppa, Anderson, Morse, Haritou, & Rosenfeld, 2008) and verbal fluency
(Anderson, Morse, Catroppa, Haritou, & Rosenfeld, 2004). However this effect was
not observed for studies assessing children who sustained an injury at an older age
(Fay, et al., 1994). This highlights the importance of examining younger age at injury
separately to differentiate the effect of early childhood injury on the developing brain
during this critical period.

2.1.9.2 Neurocognitive outcome following a younger age at injury.
There is a relative dearth of research regarding TBI sustained in infancy or
pre-school age (Crowe et al., 2012b; Ewing-Cobbs, et al., 1997). Despite this,
emerging evidence suggests children injured at a younger age (4 months to 7 years)
have lower verbal, performance and full-scale IQ scores both acutely and over time,
compared to children injured at an older age (Ewing-Cobbs, et al., 1997; Ewing-
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Cobbs, et al., 1989; Ewing-Cobbs, et al., 2006; Lange-Cosack, Wider, Schlesner,
Grumme, & Kubicki, 1979). More specifically, Ewing-Cobbs et al., (2006)
demonstrated 48% of children sustaining TBI between four months and five years of
age had IQ scores in the 10th percentile or lower at five years post-injury. Other
specific cognitive deficiencies observed for younger children include expressive and
receptive language and motor skills (Ewing-Cobbs, et al., 1997; Ewing-Cobbs, et al.,
1989), and as a result poor academic achievement (Ewing-Cobbs, et al., 2006).
However previous studies have been limited by the inclusion of children who
sustained non-accidental injuries, possibly leading to poorer outcome based on
neurological and environmental differences (Ennis & Henry, 2004; Ewing-Cobbs, et
al., 1998; Keenan, Runyan, & Nocera, 2006). More recently, Crowe and colleagues
examined cognitive outcome following early accidental childhood TBI (Crowe, et al.,
2012b; Crowe, Catroppa, Babl, Rosenfeld, & Anderson, 2012c). The authors assessed
intellectual functioning at two years post injury and determined infant and preschool
injury groups performed below a late childhood group on measures of processing
speed and non-verbal skills, indicative of disruption to maturation of these skills from
early TBI. When compared to a healthy control group, children with moderate or
severe injuries sustained before the age of three performed below uninjured children
in terms of intellectual outcome, although still achieved scores in an age-appropriate
range. As all children were assessed at two years post-injury, it is possible that this
finding provides an early indication of cognitive difficulties that will continue to
manifest over time, due to failure to maintain developmental progress.
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Relatively small numbers in specific subgroups, variation in injury
mechanisms and difficulty in classification of injury severity limited the study, and
hence further examination of outcome for children injured at a very young age is
necessary. Long-term follow up will also be important due to the possibility of
emerging deficits over time.
One such cognitive domain commonly associated with a pattern of emerging
deficits over time is executive function. Whilst executive outcome was briefly
mentioned above, the following section will discuss executive function in more depth
due to the particular vulnerability to disruption of executive development following
pediatric TBI, in the context of its protracted and dynamic maturation process
(Anderson & Reidy, 2012; Anderson, 1998; Anderson, Anderson, Northam, Jacobs,
& Catroppa, 2001a).

2.2 Executive Function
Executive function is a general term used to describe complex, novel and goaldirected actions (P. Anderson, 2008; Anderson, 1998) necessary for flexible and
adaptive responding (Andrewes, 2001). These functions are often associated with the
frontal lobe, especially the prefrontal cortex and underlying structures. Due to the
interconnected nature of these areas, any disruption/disconnection can result in
difficulties with application of executive skills (so called „dysexecutive behavior‟;
Andrewes, 2001; Tranel, Anderson, & Benton, 1994). This includes difficulties with
self-regulation and monitoring and deficits of cognitive flexibility such as working
memory or actively maintaining and manipulating information in mind; (Baddeley,
Logie, Bressi, Della Sala, & Spinnler, 1986), planning and strategic, goal-directed
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behaviour (Anderson, et al., 2001a; Stuss, 1992). As closed head injury commonly
effects frontal regions and/or results in diffuse cortical and subcortical damage, TBI
often impacts on brain regions subserving executive skills (Anderson, et al., 2001a).
Characterizing executive deficits following childhood head injury is
important, as they represent one of the most “pervasive and debilitating consequences
of TBI” (Nadebaum, Anderson, & Catroppa, 2007, p. 704) and have implications not
only for cognitive, but also social and emotional development. In order to understand
deficits following early injury, it is important to first understand executive
development in healthy children.

2.2.1 Components of executive function
A frontally mediated „executive system‟ has multitudinous connections to
other areas of the brain, although distinct sub areas can be distinguished by
cytoarchitecture and functional role (Andrewes, 2001). Lesion studies and
observations of differing types of executive difficulties lend support to the
heterogeneity of executive dysfunction stemming from differing injury sites. For
example, prefrontal cortices control emotional inhibition and response to
reward/punishment (due to interconnections with the limbic and cholinergic system)
and the anterior cingulate is involved with focused attention, initiation and drive (due
to interconnections to medial and temporal memory-related structures; Andrewes,
2001). This network of specialized and interconnected structures undergo dynamic
maturational processes. Therefore developmental models can provide an indication of
how specific executive functions are refined over time and the potential impact of
early disruption to the developmental process.
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2.2.2 Developmental models
Despite historical views that executive skills emerge during early adolescence
(Golden, 1981) it is now accepted that elements of executive skill such as goal
directed behavior, self regulation, inhibition and working memory are present in some
form as early as infancy (P. Anderson & Reidy, 2012; Anderson, 1998; Welsh,
Pennington, & Groisser, 1991). Beginning executive skills are subserved by rapid
development of white matter tracts (Giedd et al., 1999; Hermoye et al., 2006) and
growth in anterior frontal regions, commonly observed during the pre-school years
(P. Anderson & Reidy, 2012). Brain development has been associated with increases
in task accuracy performance on executive measures (Moriguchi & Hiraki, 2011).
Due to the interrelated and multi-dimensional nature of executive functioning,
a clear conceptualization of development over time has been elusive. Consistent with
the abovementioned fractionation of function, Anderson and Reidy (2012; also P.
Anderson, 2002) have noted that developmental trajectories of specific executive
processes vary and could be perhaps conceptualized as an integrated system. The
„Executive Control System’ proposed by Peter Anderson (2002; Anderson, 2008) has
been proposed through review of developmental literature and factor analytic studies
in an attempt to conceptualize development of executive skills. This model posits
childhood executive functioning is comprised of separate domains with integrated
processes, including; attentional control, cognitive flexibility, goal setting and
information processing. These processes are thought to be dependent on similar
prefrontal networks, and interact in bidirectional and task-dependent ways (see
Figure 2.1).
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Figure 2.1 The Executive Control System (P. Anderson 2002; 2008).

The first component of the system, attentional control, is commonly
investigated using sustained attention, delay of gratification, impulse control,
response inhibition and go/no-go tasks for younger children. Information processing
is examined using timed measures of processing speed that require efficient
responses. Assessment of cognitive flexibility often involves working memory,
switching and attention shifting measures. Goal-setting commonly involves
assessment of planning and conceptual reasoning.
Each component has its own developmental trajectory and consequently may
be differentially impacted by early childhood head injury. For example, basic
attentional control skills emerge earlier than cognitive flexibility skills (V. Anderson,

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

28

et al., 2001c; Muscara, et al., 2008a). However generally speaking all skills show
rapid improvement between the ages of three to six years (P. Anderson & Reidy,
2012), suggesting this may be a critical period for development of integrated
executive function. Therefore early childhood would be expected to represent a
period of significant vulnerability to the effects of TBI.

2.2.3 Executive deficits following childhood TBI
Consistent with the above hypothesis, executive dysfunction is commonly
observed following TBI (V. Anderson, et al., 2001a) and represents one of the most
pervasive and debilitating consequences (Nadebaum, et al., 2007). For young
children, executive dysfunction may manifest in an inability to focus and maintain
attention, extreme impulsivity, incapacity to inhibit established behaviors or regulate
emotions, and difficulties transitioning to new activities or switching between
competing task demands (P. Anderson & Reidy, 2012). For older children, deficits
may present as difficulty with goal setting, abstract reasoning and cognitive flexibility
(Muscara, et al., 2008a).
Numerous studies have examined executive functioning in the acute postinjury phase following TBI sustained in mid to late childhood. Sesma, Slomine, Ding
and McCarthy (2008) examined executive functioning using an ecologically valid
parent-rated measure at baseline, then at three and 12 months post injury. They found
that despite no baseline differences between TBI and control groups, children with
TBI had increased executive difficulties at three months post-injury and 18% to 38%
of children were rated as having significant executive dysfunction at 12 months postinjury. Deficits included behavioural deregulation, and poor planning, organisation
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and monitoring. Results were consistent for children assessed over a range of ages (515 years) and difficulties were apparent across all severity groups, although greater
dysfunction occurred with increasing severity. Although this research provides
evidence of everyday executive deficits, the study did not examine executive outcome
in terms of performance on standardized neuropsychological measures.
Studies examining neuropsychological outcome following an injury in middle
to late childhood (i.e. 6 to 16 years) commonly indicate that a more severe injury is
associated with deficient executive functioning in areas including cognitive
flexibility, abstract reasoning, and goal setting (V. Anderson, et al., 2005; Muscara, et
al., 2008a; Pentland, Todd, & Anderson, 1998; Yeates et al., 2004). Difficulties with
attentional control are less common (V. Anderson & Catroppa, 2005), attributed to
the earlier maturation of attentional control skills when compared with other EF
domains (V. Anderson, et al., 2001c; Muscara, et al., 2008a).
Consideration of the timeframe of executive deficits is also important. A
longitudinal analysis suggested significant improvements (i.e. recovery) in executive
functioning scores from baseline to 6-month follow-up. However, between six to 24
months post-injury, no further change in scores was observed (Ewing-Cobbs et al.,
1997). In fact, difficulties have been reported to remain relatively stable over time
and persist up to 7-10 years post injury (Muscara, Catroppa and Anderson, 2008).
This indicates the failure to maintain developmental progress can persist beyond
childhood into adolescence and adulthood, and that children often do not „catch up‟ to
peers with continuing recovery.
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2.2.3.1 Executive deficits following a younger age at injury.
Given the maturation of many components of executive skills is incomplete
for young children, a TBI sustained in infancy may be associated with more
pronounced or generalised executive deficits. Consistent with this „rapid
development‟ hypothesis (Dennis, 1988; Ewing-Cobbs, et al., 1987), Ewing-Cobbs
and colleagues (2004) found children who sustained a moderate to severe TBI at a
younger age (10-85 months) scored significantly lower than healthy controls on
measures of complex attention including working memory and inhibitory control
(preventing focus on irrelevant information or suppressing incorrect pre-potent
responses; Diamond, 2002). Younger children (10-35 months) in the TBI sample
performed below older children (36-85 months) on all indices, indicating disruption
to development of beginning executive skills before the age of three may be
increasingly detrimental.
Although these findings lend support to the hypothesis that children injured at
a younger age are at risk of poorer executive outcome, the study had several
methodological limitations. Firstly, the children were tested anywhere between 1-12
months following their injury, so some of the „older‟ group measured post-injury
many have sustained their injuries in the „younger‟ age range. Secondly, children may
have differed in stage of recovery, which could impact on observed outcome. Finally,
the sample may not have been adequately representative of the pediatric TBI
population, in terms of gender representation (68% of participants were female)
injury cause (a high proportion of the „younger‟ group had sustained NAI) and injury
severity (the authors used unconventional criteria for classification which may have
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allowed for the inclusion of mild injuries in the „moderate to severe‟ group based on
the conventional GCS criteria).
Therefore future research is required to establish how executive deficits
manifest over time following an early childhood injury, whilst controlling for
recovery phase and other methodological limitations. It would be useful to establish
the nature and severity of executive deficits particularly at a time when application of
executive skills is required, such as late childhood and adolescence.

2.2.4 Executive outcome and wider psychosocial functioning
Understanding and characterising post-injury deficits in executive functioning
also has important implications for understanding wider psychosocial functioning.
For example, adult TBI literature has determined performance on neuropsychological
measures of executive functioning has predicted the conscious control of behaviour
(Milders, Fuchs, & Crawford, 2003), ability to adapt to and cope with environmental
demands in the workplace (Prigatano, 1992) and the ability to engage in social
activities (Villki et al., 1994). In addition, patients who scored poorly on cognitive
flexibility tests have been rated as less empathic towards others (Grattan & Eslinger,
1989) and consequently may have difficulty interpreting and expressing emotion.
An emerging body of pediatric literature has also established a link between
executive functioning and behavioural, emotional and social outcomes for children
following a head injury. Executive processes like attention, cognitive flexibility,
reasoning and problem solving have been implicated in post-injury social skills
deficits (McGann, Werven, & Douglas, 1997; Tate, Fenelon, Manning, & Hunter,
1991). Williams and Mateer (1992) have proposed a link between executive deficits
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(such as self-regulation, response inhibition/modulation and sustained attention) and
behavioural and emotional problems. The next section will examine the occurrence of
social, behavioural and emotional changes following TBI, before discussing possible
aetiological factors for both executive and psychosocial problems.

2.3. Introduction to social, emotional and behavioural outcome
Behavioural, social and emotional processes are reliant on a broad range of
skills that begin to develop early in life and continue to mature into adulthood; the
integrity of early development can affect later acquisition. Early disruption can have
wide-ranging consequences with implications for quality of life (Warschausky,
Giacoletti Argento, Hurvitz, & Berg, 2003) and later occupational and social success
(Felsman & Vaillant, 1987). Unsurprisingly, socio-emotional and behavioural change
following TBI has been rated as the most problematic by parents and teachers
(Levine, Van Horn, & Curtis, 1993) and the most stressful for children and families
(Andrews, Rose, & Johnson, 1998). Hence a focus on these components is important
when developing appropriate interventions for post-injury functioning.
The next section will address the current state of literature with regard to
behavioural, social and emotional (collectively referred to as „psychosocial‟ for
economy of expression) outcome following childhood head injury. However, firstly it
is important to acknowledge how skills emerge in typically developing children.
Although emerging behavioural, social and emotional skills are potentially reliant on
overlapping neurocognitive processes, brain-based versus environmental influences
have different roles at differential stages of development. As such, the following
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section will discuss the development of behaviour and emotion separately to the
development of social skills.

2.3.1 Development of emotion and behaviour
The development of emotional and behavioural regulation is a complex
process that begins from birth (Siegler, DeLoache, & Eisenberg, 2003). Early
(extrinsic) attachment relationships formed between infants and caregivers may be
instrumental in later emotional development (Siegler, et al., 2003). However a child‟s
own (intrinsic) interaction style and temperament can be equally as important
(Rothbart & Derryberry, 1981).
Rothbart and Derryberry‟s (1981) developmental framework posits that
individual differences in temperament (with reference to level of reactivity) combined
with capacity for self-regulation predict how a child may be able to cope with
emotions or exhibit certain behaviours. In typically developing children, the level of
reactivity is thought to remain relatively constant throughout development, however
strategies to deal with and regulate reactivity progress with maturation (Calkins &
Fox, 2002; Kopp, 1989). As children develop they are able to shift away from
limited, stimulus bound and temporally immediate strategies, to deliberate and
flexible strategies that help them achieve temporally distant goals (Zelazo &
Cunningham, 2007).
Maturation of emotional regulation occurs in a protracted way. Continued
development of cognitive skills including control over attention and movement
(Carlson, Martin, & Buskist, 2003; Cook & Cook, 2009) and basic reasoning and
language abilities (Saarni, Mumme, & Campos, 1998) occurs in parallel and aids this
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process. According to Siegler and colleagues (2003), there are three general agerelated patterns of change; from birth to six months, when babies transition from
relying on others to developing the basic ability to self-regulate; from 2-3 years into
early childhood, when cognitive strategies to control negative emotions emerge, and
from five to 12 years when increasingly sophisticated abilities emerge to select
strategies to meet goals and needs, as well as to understand the nature of problems.
As children mature, they start to develop a form of emotional intelligence
which includes a set of abilities that are important for social functioning, such as
motivation, impulse control, inhibition, identification/understanding of own and
other‟s feelings, regulation of mood and of expressed emotion, empathy, and so on
(Zeidner, Matthews, Roberts, & MacCann, 2003). Children‟s expression of behaviour
is closely tied to this process, as children become less reactive and more strategic in
experiencing and expressing emotion. „Theory of Mind‟ development allows children
to select different responses to situations that are congruent with the expectations and
feelings of others (Saarni, et al., 1998). This development is aided by an increased
ability to distinguish between controllable and uncontrollable stressors and manage
actions/reactions accordingly.
The maturation process outlined above is subserved by neurodevelopment in
several key areas of the brain. The next section highlights important neuroanatomical
structures and processes that give rise to the development of increasingly complex
skills for regulating emotion and behaviour.
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2.3.1.1 Neuroanatomy and behavioural/emotional regulatory
development.
At varying levels of the brain, different neural subsystems exist for emotional
and regulatory responses. These modulate each other in a complex feedback loop; for
example, regulatory processes in cortical regions can either enhance, or inhibit rapid
emotional reactivity in other areas, and emotional reactions can trigger cortical
processing (Lewis, 2005; Lewis & Todd, 2007). Neuroimaging and lesion studies
have implicated the brain stem and hypothalamus, the limbic system and the cerebral
cortex as important structures for regulatory development (Todd & Lewis, 2008).
More specifically, the brain stem and hypothalamus contribute to transient emotional
reactivity, the limbic system allows for learning and memory related to emotional
processes and self regulation, and the cortex allows for flexible and adaptive
responding to external events due to recruitment by, and regulation of emotional
responses modulated by brain stem and limbic structures (Barbas, 1995).
Development of the abovementioned skills is thought to be hierarchical; each
step in the process relies on the integrity of the previous skill. Critical periods for
neuroanatomical development differ, with the prenatal period important for
hypothalamic and basic limbic system development, and continued dendritic
elaboration and myelination occurring in limbic and cortical areas during rapid
growth periods from birth to 12 months, 7-9 and 11-12 years (Todd & Lewis, 2008).
Disruption may therefore have a differential impact dependent on developmental
stage. For example, disruption prior to the maturation of hypothalamic and limbic
regions and before emergence of cognitive strategies to control emotions may result
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in children who are overly reactive with underdeveloped regulation skills (Posner &
Rothbart, 2000). Therefore it is important to understand how TBI may impact on the
development of behavioural and emotional skills, and contribute to post-injury
problems.

2.3.1.2 Measuring emotional and behavioural outcome.
Evaluating how pediatric TBI may affect behavioural and emotional outcome
has been problematic. Methodological issues regarding the specificity of definitions
and measures have led to inconsistencies in observed results. For example, „emotion‟
is a term used to refer to different processes, such as a desire to take action; a
physiological process; a subjective feeling; or a thought process (Siegler, et al.,
2003). Assessing differing components is likely to lead to inconsistencies with regard
to observations of outcome and suggested symptom management following early
childhood head injury.
A focus on behaviour and emotion in terms of common underlying functions
can assist researchers better characterize and measure outcome. Regulatory efficacy is
one such function that underlies the experience and expression of both emotion and
behaviour (Achenbach, 1991; Gioia, Isquith, Guy, & Kenworthy, 2000). Regulation
involves initiation, inhibition, or modulation in order to achieve goals (Siegler, et al.,
2003; Thompson, 1994). Self-regulation of behaviour and emotion can include
initiation, inhibition or modulation of internal feeling states, emotion-related
physiological processes, thoughts or actions. These can occur automatically or require
effortful processes (Todd & Lewis, 2008).

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

37

Following TBI, changes in behavioral and emotional regulation can stem from
injury-related damage to executive processes such as the allocation of attention, the
ability to alter or inhibit responses or to initiate effortful and strategic processes
(Asarnow et al., 1991; Oschner & Gross, 2005). In addition, emotional and
behavioural changes can also relate to psychiatric responses to trauma and injury,
including anxiety, depression and adjustment difficulties (Evans, Lewis, & Iobst,
2004; Luis & Mittenberg, 2002; Schachar, Levin, Max, Purvis, & Chen, 2004).
Therefore it is important to investigate emotional and behavioural outcome in terms
of both injury-related damage to self-regulation and psychiatric responses to trauma.
Specific changes following pediatric TBI will be discussed in the coming sections.
However, as outcome in this domain is often evaluated in conjunction to wider
psychosocial changes, it is first necessary to discuss the typical development of social
skills and outcome measures following TBI.

2.3.2 Social Development
Social behaviour requires children to make sense of social situations, in order
to know how to act and what to expect. In order to achieve this, it is necessary to have
a representation of how other‟s minds work as well as a framework for expectations
regarding appropriate behavior and interaction (Cook & Cook, 2009).
Typically, early childhood development (from birth to three years) is
characterized by basic displays of social behaviours (eye contact, reciprocity in
interaction and emotion), the beginning of friendship formation and the emergence of
complementary and reciprocal play (Howes, 1987). During the preschool period
(three to five years) increased social knowledge of peer groups is developed. Children
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begin to differentiate friends from playmates and can engage in more basic forms of
social perspective taking such as understanding other‟s mental states (Howes, 1987;
Kain & Perner, 2003).
Large social gains are observed between the ages of six to eight years,
alongside an appreciation that other‟s views may differ from their own (Siegler, et al.,
2003). This appreciation becomes increasingly sophisticated with ongoing
development, allowing for children in later childhood and early adulthood to
systematically compare their own and others views, including adopting a third party
perspective (Rubin, Wojslawowicz, Rose-Krasnor, Booth-LaForce, & Burgess, 2006;
Siegler, et al., 2003).
Patterns of social development appear to roughly correspond to periods of
cognitive, especially executive, development. Therefore as thinking skills (and hence
strategies for monitoring and regulation of emotion and behaviour) become
increasingly sophisticated, children are generally able to increase competency in
social interaction and perform more complex forms of social problem solving (Rubin,
et al., 2006). Physiological development subserves social competency in a similar
manner to cognitive development (Yeates et al., 2007), discussed below. Typical
developmental trajectories are based on Seigler and colleagues (2003). However it
must be acknowledged that individual differences occur with reference to the age and
pace at which stages are reached and the level of competency achieved, and cultural
variation has also been observed (Howes, 1987).
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2.3.2.1 Neuroanatomy and social skills development.
For many years researchers have attempted to elucidate specific roles for
neural structures and systems with respect to social development. Although several
important regions and structures have been identified, the overlap of social cognition
with other core skills such as communication and emotional regulation raises
questions regarding the relevance of domain-specific investigation (Adolphs, 2001).
The following presents a review of the current state of literature, but acknowledges
that much about the neuroanatomy associated with social development remains
interrelated with other skills and is poorly defined.
Given the complexity of the social environment, neuroanatomical structures
that underpin flexible and adaptive responding are particularly important in the
development of social behaviours. As with emotional and behavioural regulation,
social information that assists with modulating responses must be perceived,
processed, and integrated with areas that subserve attention, emotion, memory,
motivation and decision-making (Adolphs, 2001; Grady & Keightley, 2002).
Additionally, there is growing evidence that many socio-cognitive functions require a
distributed network of inter-dependent regions that become increasingly integrated
with maturation (Casey, Giedd, & Thomas, 2000; Grady & Keightley, 2002;
Passarotti et al., 2003; Yeates, et al., 2007). The following areas have been identified
through human and primate studies as being particularly instrumental in these
processes (see Figure 2.2 from Yeates et al., 2007 for a visual summary), but the
exact nature of how information is integrated and processed still remains to be
determined.
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Figure 2.2. Brain regions implicated in Social Cognition (Yeates et al., 2007,
pg. 540)

Figure 2.2 shows that primary and secondary sensory areas allow us to
perceive and process social information. In particular, the right hemisphere has been
implicated in processing vocal cues and facial expressions, whilst association
cortices, along with regions in the temporal lobe allow for more complex recognition
and evaluation (Adolphs, 2001; Yeates, et al., 2007) including faces and facial
expression, body orientation and deducing intended action (Perrett, 1985; Perrett,
Rolls, & Caan, 1982). Early injury may impair a child‟s ability to perceive and
recognize important social cues and can lead to socially inappropriate behaviors
(Yeates et al., 2007).
Social cognition processes are subserved through reciprocal connections
between perceptual areas and a network of cortical and subcortical structures to allow
complex evaluation and decision-making processes such as response selection and
volitional control of behavior (Grady & Keightley, 2002). The integrity of
connections has important implications for recognising and planning appropriate
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al., 2007).
Social behavior processes are initiated through output (effector) systems for
motor action and planning, and emotional expression (Adolphs, 2001). Although
behaviour allows for social communication, observed responses to this behavior
provide a source of input and feedback, completing a model of reciprocal input and
output regarding social information (depicted in Figure 2.3 below).

Figure 2.3. Neuroanatomical Model of Social Skills Processes (Adolphs,
2001).

2.3.2.2 Measuring social outcome.
The ability of researchers to investigate social outcome following TBI has
been limited by poorly articulated models of social functioning and inappropriate
measurement tools (Yeates et al., 2007). More recently, social outcome has been
assessed in terms of a broad range of skills relating to competency in social
situations. Skills underlying social competency can include communication ability,
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accuracy of information processing and interpretation regarding social cues (e.g. body
language and vocal tone) and sophistication of problem solving to deal with conflict
(Howes, 1987; Warschausky, Cohen, Parker, Levendosky, & Okun, 1997;
Warschausky, et al., 2003).
Accordingly, social outcome may be investigated with reference to
competency in activities of daily living and functioning within the community,
interpersonal relationship formation, engaging in recreation and peer group activities,
the experience of bullying and conflict resolution (Achenbach, 1991; Greenspan &
Mackenzie, 1994; Priebe, Watzke, Hansson, & Burns, 2008; Yager & Ehmann,
2006). Common tools include parent-rated questionnaires and structured interviews,
which provide information about these different facets of social competence.

2.3.3 Social, emotional and behavioural deficits following TBI
There is a reciprocal relationship between the development of emotional and
behavioural regulation, and social skills. For example, accuracy in identifying and
interpreting emotion (such as knowing when to back off if friends are frustrated,
when to comfort if sad, and when to play if happy) are important social skills.
Children tend to like other children who are happy and know how to control their
emotions (Denham et al., 2003). Children who are better able to inhibit inappropriate
behaviours, delay gratification and use cognitive methods to constructively deal with
conflict and control their emotion and behaviour tend to be more socially competent,
well liked and well adjusted (Calkins & Dedmon, 2000; Gilliom, Shaw, Beck,
Schonberg, & Lukon, 2002).
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Conversely, children who experience social difficulties often develop
emotional symptoms and behavior problems. Poorly developed social cognition is
implicated in a range of emotional, psychiatric and social disorders (Baron-Cohen et
al., 1999; Dodge, 1993; Lee, Farrow, Spence, & Woodruff, 2004). Ratings of peer
rejection during middle childhood are predictive of school dropout, antisocial
behaviour, delinquency, sexual disorder and psychopathy in adolescence and early
adulthood (Cowen et al., 1973, cited in Howes, 1987). Longitudinal studies have
demonstrated school aged children with social difficulties are at increased risk for
behavioural and emotional problems a few years later (Hymel, Rubin, Rowden, & Le
Mare, 1990; Kupersmidt & Patterson, 1991) and there are links between childhood
social competence and adult mental health (Bagwell, Newcomb, & Bukowski, 1998;
Repetti, Taylor, & Seeman, 2002).
Therefore it is appropriate to consider how early TBI may impact on a wide
range of psychosocial outcome domains that may interact with each other. Common
patterns of findings are discussed below.

2.3.3.1 Acute post-injury phase.
Despite a well-established body of literature regarding cognitive outcome, it is
only more recently that researchers have begun to focus on the presence of
behavioural and emotional changes and social competency following early childhood
TBI.
There is emerging evidence that post-TBI, children experience co-morbid
difficulties across emotional, behavioural and social domains (Andrews, et al., 1998;
Luis & Mittenberg, 2002; Rosema, Crowe, & Anderson, 2012; Schachar, et al.,
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2004). For example, in the immediate post injury phase and up to one year into
recovery, affective instability and difficulties with expressive communication are
common (Hunter & Donders, 2007). The combination of these issues may lead to
emotional outbursts and difficulty talking through problems. As a consequence,
children often „act out‟ and seek to solve social and emotional problems through
behaviour such as aggression (Asarnow, et al., 1991). Aggressive behaviour, in turn,
can impact on the child‟s ability to make and sustain friendships and learn at school
(Hymel, et al., 1990; Kupersmidt & Patterson, 1991). Thus the impact of head injury
on functional domains can be wide-reaching and difficult to delineate.
An emerging body of research has identified specific difficulties in regulation
of emotion and behaviour. Asarnow and colleagues (1991) found that acute
regulatory change is common following pediatric TBI, and is associated with
hyperactivity, aggression and poor impulse control as well as changes in mood
(Asarnow, et al., 1991; Bohnert, Parker, & Warschausky, 1997; Butler, Rourke,
Fuerst, & Fisk, 1997; Klonoff, Clark, & Klonoff, 1995; Max et al., 1997b). Max and
colleagues (Max, Koele, & et al, 1998; Max et al., 1997a; Max, et al., 1997b) reported
an increased prevalence of psychiatric disorders at both three and six months postinjury. These may be associated with emotional responses to trauma, adjustment to
living with deficits, or organic injury-related change. Behavioural problems
commonly reported in the post-acute phase following TBI include increased school
absenteeism, discipline problems (Casey, Ludwig, & McCormick, 1986), and
antisocial behaviour (Andrews, et al., 1998).
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There is also emerging evidence for deficiencies in social functioning
following pediatric TBI. Following TBI, difficulties with social problem solving have
been observed (Janusz, Kirkwood, Yeates, & Taylor, 2002; Muscara, et al., 2008a;
Warschausky, et al., 1997), and children have been rated as less socially competent
and lonelier than healthy or orthopedically injured peers (Andrews, et al., 1998;
Bohnert, et al., 1997; Dennis, Guger, Roncadin, Barnes, & Schachar, 2001a; Max, et
al., 1998; Papero, Prigatano, Snyder, & Johnson, 1993; Yeates, et al., 2007; Yeates, et
al., 2004). Social disinhibition is also common (Fletcher et al., 1996; McGuire &
Rothenberg, 1986). Social difficulties have in turn been linked to increased behaviour
problems not only immediately post injury but also at several time points during
follow-up (Taylor et al., 2002).

2.3.3.2 Long-term outcome.
Unfortunately cognitive recovery may be more favourable than behavioural
and psychosocial recovery (Taylor, et al., 2002). This is perhaps due to differing
contributory factors (Anderson, et al., 2005; Anderson, et al., 2004), or the fact that
pre-frontal systems are primarily involved in regulatory changes, and mature much
later in life. Children may therefore show emerging deficits over time, when
environmental demands increase in complexity (Fay, et al., 1994; Max, et al., 1998).
Longitudinal or cross-sectional studies examining long-term outcome have
identified a high occurrence of chronic disorders of attention and self-control, such as
obsessive-compulsive and attention-deficit/hyperactivity disorder (Asarnow, et al.,
1991; Bohnert, et al., 1997; Butler, et al., 1997; Klonoff, et al., 1995; Max, et al.,
1998). More recently, a range of psychiatric disorders has been observed in the long-
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term, including depression and anxiety (Evans, et al., 2004; Luis & Mittenberg, 2002;
Schachar, et al., 2004). Max and colleagues (Max, et al., 1998; Max, Robertson, &
Lansing, 2001; Max, et al., 1997b) found that the later onset of „novel‟ psychiatric
disorder occurred in nearly 50% of cases following childhood TBI. These included
mood disorders, oppositional/defiant disorders and ADHD, as well as „organic‟
personality change.
Nybo and colleagues demonstrated that post-injury changes have an ongoing
effect on later development, persisting into adulthood (Nybo & Koskiniemi, 1999;
Nybo, Sainio, & Muller, 2004). The authors followed a sample of children who
sustained a childhood TBI through adolescence and into adulthood to examine longterm outcome. They found that only 1/3 of their sample were employed in full time
work by mid adulthood; a much higher proportion of unemployment when compared
to the general population. Worse social and vocational outcomes were observed for
children from the sample aged less than eight years at time of injury compared with
injury sustained between eight and 16 years; although this finding may have been
confounded by the increased severity of injury in the younger age group (Asikainen,
Kaste, & Sarna, 1996).
In general, there is a significant risk of psychosocial sequelae extending into
adulthood following a moderate to severe injury, (Cattelani, Lombardi, Brianti, &
Mazzuchi, 1998; Rosema, et al., 2012) and hence a long-term, developmental
perspective is needed when considering the impact of early childhood TBI (Hunter &
Donders, 2007).
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In addition to impacting children with TBI, other siblings and family
relationships may also suffer following childhood TBI. Hunter and Donders (2007)
argue that substantial proportions of families and children with moderate to severe
TBI experience high levels of stress, and post-injury child behaviour problems can
negatively impact sibling behaviour and mental health (including symptoms of
depression and lower self-concept). Therefore family environment may play a role in
maintaining or exacerbating psychosocial difficulties observed post-injury.

2.3.3.3 Outcome following a younger age at injury.
As previously noted, there is a relative dearth of investigation into
psychosocial outcome following an injury sustained in infancy or early preschool age.
This represents an important gap in the literature, as TBI at a young age has been
shown to impact on the development of a range of regulatory and adaptive skills
(Anderson & Moore, 1995; Dennis, et al., 1995; Gronwall, Wrightson, & McGinn,
1997) likely imperative for emotional and behavioural control and social competence.
As with cognitive outcome, that nature of the developing brain may heighten
the vulnerability of younger children to adverse psychosocial outcome following an
early head injury. The developmental trajectory of relevant social and emotional
skills (outlined previously) is generally protracted and complex. In particular early
infancy and preschool ages represent critical periods for development of skills
involved in regulation of emotional and behavior and perception and understanding of
social cues (1993). In addition, the tendency for children to have more widely
distributed patterns of brain function means that early focal injury can disrupt
development in a diffuse manner (Brown & Jernigan, 2012). Accordingly young
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children may experience more profound post-injury deficits in psychosocial domains
compared to children injured in mid to late childhood.
Consistent with this hypothesis, Eslinger, Flaherty-Craig and Benton (2004)
found childhood prefrontal injuries resulted in more pronounced social deficits then
similar lesions sustained in adulthood. In addition, children may demonstrate little to
no improvement in social deficits across time despite cognitive recovery (Yeates et
al., 2007). Children injured in preschool to middle childhood have been noted to
have difficulties recognizing and understanding the emotional and mental states of
others, thinking about multiple perspectives and responding in flexible and adaptive
ways. In addition, maladaptive expression of emotion and behavior has been observed
(see Rosema et al., 2012 and Yeates et al., 2007 for comprehensive reviews).
Previous findings suggest that childhood injury can disrupt development of a
wide range of psychosocial skills at a critical time. However the relative impact of
TBI sustained at 3 years or less remains poorly characterised, despite the increased
vulnerability of damage to emerging skills dependent on distributed networks of
function.

2.3.4 Summary and future research directions
Psychosocial skills are impetrative for quality of life and deficits in these
areas are not only stressful for families, but can have a wide-reaching and ongoing
impact on children as they mature. These skills are reliant on a broad range of brainbased processes, initiated early in life and dependent on the integrity of complex
interactions between structures and functions. Periods of rapid growth and refinement
in underlying neural structures and pathways correspond to critical periods of
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development especially in infancy and preschool periods. Disruption during this time
can have wide-ranging consequences, as the integrity of early development can affect
later skill acquisition or refinement. Whilst outcome in behavioral, emotional and
social domains has been examined following injury during middle or late childhood,
the long-term impact following a younger age at injury is largely unknown. This is
problematic, as younger children have a greater vulnerability to disruption of
developing skills. Future research should focus on better characterization of
psychosocial outcome following an early childhood TBI, especially in the long-term.
In addition, researchers and clinicians should also aim to understand the aetiology of
observed difficulties. Chapter 3 addresses this in some detail.
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3.1 Aetiological, predictive and risk factors regarding outcome following
TBI
Changes in cognitive and psychosocial domains are commonly identified
following childhood head injury, although much speculation exists regarding the
cause of these difficulties. The relative importance of a variety of injury related and
individual or environmental factors for both short and long-term outcome has been
widely debated. It appears relative contributions may differ based on a complex
interplay of risk and protective factors (Anderson, et al., 2001c), and therefore
predicting outcome following early childhood head injury is particularly difficult.
Poorer cognitive and psychosocial outcome is generally associated with
greater injury severity (Anderson, et al., 2001b; Donders, 1992; Ettenhofer & Abeles,
2009; Farmer et al., 1996; Jaffe, Polissar, Fay, & Shiquan, 1995; Max, et al., 1997a;
Wade, Taylor, Drotar, Stancin, & Yeates, 1996), shorter time since injury (Anderson,
et al., 2001c; Babikian & Asarnow, 2009; Cattelani, et al., 1998; Jaffe, et al., 1995;
Prior, et al., 1994) and younger age at injury (Anderson et al., 1997; Anderson,
Smibert, Ekert, & Godber, 1994; Brown, Chadwick, Shaffer, Rutter, & Traub, 1981;
Gronwall, et al., 1997; Taylor & Alden, 1997). The most significant deficits have
been observed immediately following a severe injury sustained at a younger age.
Individual and environmental factors are also commonly identified as
contributors to cognitive and psychosocial outcome post-TBI (Anderson, et al.,
2000b; Cattelani, et al., 1998; Klonoff, et al., 1995; Rivara et al., 1994; Rivara et al.,
1993; Rourke, Bakker, Fisk, & Strang, 1983; Yeates et al., 1997). Risk factors for
poorer outcome include lower socio-economic status (SES; Taylor et al., 2001;
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Yeates, et al., 2004) increased family dysfunction (Rivara, et al., 1994; Taylor, et al.,
2001), premorbid difficulties (Novack, Bush, Meythaler, & Canupp, 2001) and
maladaptive parenting styles (Taylor, et al., 2001).
However, the relative importance of predictive factors may vary across
subgroups and time. For example, poor outcome may be better predicted by
premorbid characteristics following a milder injury, whereas injury characteristics
may be more a influential predictor following a severe TBI (Fay et al., 1993).
Additionally, time since injury may also predict differing outcome for children
injured at a younger age than for those injured in late childhood. Younger children
may show a pattern of emerging deficits over time, as disruption to maturation of
emerging skills can manifest in a failure to maintain developmental progress. For
children injured at an older age, deficits may be more severe in the initial stages postinjury and show recovery over time (Dennis, 2000).
To further explore trends and variations within the current literature, the
following sections will discuss common predictors of outcome for both cognitive and
psychosocial domains. However it is important to note (as demonstrated above) these
factors may interact with each other in dynamic and individualised ways.

3.2. Injury related factors
Injury-related factors can include the extent of the injury sustained, the timing
of the injury (with regards to developmental stage) and the timing of assessment
(with regards to recovery phase).
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3.2.1 Extent of injury
Variables influencing the extent of injury sustained include the mechanism
and resulting force of the injury, and the location and extent of impact on the brain.
These factors are important to consider with regards to observed outcome, as they
determine the resulting pathology and hence influence classification of injury
severity.
Focal (localised) injuries can vary widely depending on the type and location
of impact. Large lesions are generally predictive of poorer outcome, however this will
depend on a range of individual factors and the location of the lesion (Anderson, et
al., 2001b). Some parts of the brain are more susceptible to damage than others. For
example, there is a propensity for traumatic injuries to occur in the frontal and
temporal lobes because of bony ridges in the skull floor of the anterior and middle
cranial fossae (Giza, 2006). Common neurocognitive sequelae therefore include
dysfunction in processes subserved by these brain regions, such as memory, attention,
impulse control, judgment and personality (Giza, 2006). Additionally, pathological
damage to areas subserving executive skills including self regulating, reasoning and
problem solving negatively impact on behavioural, social and emotional regulation
(Guralnick, 1999; Levine, et al., 1993; Turksta, Williams, Tonks, & Frampton, 2008;
Zupan, Neumann, Babbage, & Willer, 2009).
Injuries that occur in a generalized (diffuse) manner tend to be more severe
(Horton Jr, et al., 2010). This is because many complex cognitive functions require
the coordination and integration of widely distributed functional „networks‟ within
cortical and subcortical regions (Swaiman, et al., 2006). Generalized damage, or even
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focal lesions may disrupt elements of functional network connectivity or efficiency
and hence can result in range of functional outcomes (Bittigau, et al., 1999). When
occurring in infancy or early childhood, TBI can lead to disruption of ongoing
neuronal network development. This has widespread implications for integrated
functions relying on a complex interplay between neural areas (S. Anderson, et al.,
2000a) such as executive skills (Fenwick & Anderson, 1999) and behavioural and
emotional control (Casey, et al., 2005b; Levin & Hanten, 2005; Miller & Cohen,
2001). Mal-development of frontally guided, distributed networks following TBI has
been associated with cognitive, emotional, behavioural and social change both
acutely, and in the long-term (Dennis, Guger, Roncadin, Barnes, & Schachar, 2001b;
Hunter & Donders, 2007; Levin, Benavidez, Verger-Maestre, & 2000; Levin et al.,
2004; Max, Schachar, Levin, & et al, 2005).
Injury severity is determined by the presence of pathological change, in
conjunction with markers of acute recovery. Severity-specific patterns of change
following TBI have been used to predict outcome, and increased severity remains an
important risk factor for unfavorable outcome following childhood TBI. A range of
injury related and individual factors influence the severity of a TBI, including
mechanism/force of injury, location/extent of impact (Giza, 2006) and susceptibility
to imparted force (Margulies & Thibault, 2000). Based on the interaction between
individual and injury-related characteristics, observed severity can vary even
following a similar type of injury (Anderson, et al., 2001c).
Despite this, injury severity is commonly classified into separate categories
for the purposes of diagnoses and research (see Table 3.3 on page 78). In particular,
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GCS scores are often the primary selection criteria used for determining the severity
of TBI in clinical research. This is problematic, as they do not provide an indication
of pathophysiological changes responsible for neurological deficits (Saatman et al.,
2008), which may be heterogeneous within a single GCS severity classification.
Relying solely on GCS scores as an indication of injury severity may provide an
inaccurate indication of the severity of TBI-related pathology, and can limit
application of appropriate interventions. Accordingly, an increased focus is needed on
multidimensional classification systems in TBI research (Saatman et al., 2008).
When taken together, the majority of research suggests a dose/response
relationship between injury severity and cognitive outcome, such that milder injuries
are associated with little-to-no measurable deficit, moderate injuries associated with a
temperate amount of dysfunction and severe injuries associated with robust and
significant global impairment (Babikian & Asarnow, 2009). This dose/response
pattern has also been observed in psychosocial domains (Barry, Taylor, Klein, &
Yeates, 1996; Brown, et al., 1981; Fletcher, Ewing-Cobbs, Miner, Levin, &
Eisenberg, 1990; Taylor, et al., 1999). In fact, Barry and colleagues (1996)
demonstrated the total number of somatic, cognitive and behavioural problems
observed following a TBI were directly correlated to injury severity and could
differentiate between head injured children and orthopaedic controls.
However, looking at general trends across studies can provide a simplistic
impression of the variation that exists within the literature. For example, in a recent
meta-analysis adverse cognitive findings were reported in 42 out of 87 mild TBI
studies (McKinlay, 2009), some of which recorded moderate to large effect sizes (e.g.
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Catroppa, et al., 2007). Moderate TBI studies have reported both similar performance
to control groups (Anderson & Catroppa, 2007; Nadebaum, et al., 2007), and
significant differences compared to mild injury severity groups and healthy peers
(Hoffman, Donders, & Thompson, 2000; Levin & Hanten, 2005; Mandalis, Kinsella,
Ong, & Anderson, 2007; Wozniak et al., 2007). Psychosocial outcome studies have
identified a much higher percentage of children emotional and behavioural deficits
irrespective of their neurological or cognitive status (Brink, Imbus, & Woo-Sam,
1980; Perrott, Taylor, & Montes, 1991), suggesting injury severity is unable to
reliably predict outcome in isolation.
Methodological considerations such as variations in measures used to assess
outcome, and poor specificity in injury classification may lead to inconsistencies in
observed dose-response relationships (Babikian & Asarnow, 2009). However,
developmental characteristics (such as age at injury and age at assessment) and
indicators of recovery (e.g. time since injury) may interact with injury severity to
differentially predict outcome. Differences between severity-related patterns of
deficit may well be accounted for by variation between studies with regard to
participant‟s developmental and recovery stage, and therefore closer examination of
these predictive factors is necessary.

3.2.2 Timing of injury
Due to the large variability in age-related outcome, many studies have
attempted to focus on establishing separate age-appropriate profiles. Although many
previous studies have examined outcome over time for school aged children and
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adults, relatively few have focused on outcome for children who sustained a TBI
during infancy.
More recent research has established that; counter to plasticity theories of
childhood development (Aram & Enkleman, 1986; Kolb, Gibb, & Gorny, 2000);
younger age at injury is often associated with poorer cognitive outcome (Anderson, et
al., 1997; Anderson, et al., 1994; Cousens, Ungerer, Crawford, & Stevens, 1991;
Ewing-Cobbs, et al., 1989; Gronwall, et al., 1997; Taylor & Alden, 1997) especially
following a non-focal injury (Giza, 2006). In Babikian and Asarnow‟s (2009) metaanalytic review, researchers examining relatively younger TBI samples reported
poorer outcome and larger effect sizes (e.g. Catroppa, et al., 2007), although their
paper only reviewed a small number of early childhood studies.
There is also evidence suggesting early TBI can differentially disrupt
maturation of psychosocial skills. Hanten and colleagues (Hanten et al., 2008)
determined the presence of frontal and subcortical pathology influences later socioemotional outcome for younger, but not older children. Therefore the ability of a
developing brain to recover from injury is much more limited (Giza, 2006).
Accordingly, current research has placed an important emphasis on outcome for
children injured at a younger age.
As previously discussed, infants may be particularly susceptible to
pathological changes following TBI which can have ongoing consequences
throughout development and can result in long-term dysfunction (Giza, 2006).
Developmental risk factors combined with increasingly severe injuries represent a
“double hazard” effect for young children (Anderson, et al., 2012b, p. 255). For

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

58

example, long-term post-injury findings have identified global (rather than specific)
impairment (Anderson, Fenwick, Manly, & Robertson, 1998; Dennis, et al., 1995;
Fenwick & Anderson, 1999) with shorter recovery periods (Ewing-Cobbs, et al.,
1997). Not only are cognitive abilities affected in the acute phase, but difficulties may
also be exacerbated (rather than show recovery) over time, providing empirical
support for an impact on developmental progress (Anderson, et al., 2001c; Brink, et
al., 1980; Brown, et al., 1981; Cattelani, et al., 1998; Klonoff, et al., 1995).
Deficiencies for younger children may therefore include the specific damage
from lesion/neuronal loss, problems resulting from deficient interaction with and
learning from the environment (Anderson, et al., 2001b) and a failure post-injury to
maintain developmental progress (Anderson, 1998; Anderson, et al., 2000b;
Anderson & Moore, 1995).
Determining the age at which children are most vulnerable to the effects of
injury, and hence identifying critical periods of development has been a complex
process. Some studies have focused on outcome following an injury aged less than
three years (Crowe, et al., 2012a) as this age group has been found to have double the
risk of sustaining a TBI (Crowe, et al., 2009) and a high incidence of permanent
impairment (Kraus, 1995). Studies examining group differences in outcome aged less
than three years (e.g. aged < 1 year versus 1-2 years, or <2 years versus 2-3 years)
have failed to observe significant age at injury effects (Ewing-Cobbs, et al., 1997;
Keenan, et al., 2006), suggesting a period of early vulnerability of up to three years.
There is also growing evidence for poorer outcome for children who sustained an
injury aged less than seven years when compared to injuries sustained in middle to
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late childhood (Anderson, et al., 2005; Anderson & Moore, 1995), perhaps suggestive
of critical periods of development that occur in a stepwise, non-linear fashion
(Crowe, et al., 2012c).
Although these studies have provided support for an early period of
vulnerability, there is still limited investigation into outcome for younger children in
the long-term. Long-term outcome is important to investigate, due to the possibility
of latent or delayed sequelae.

3.3 Timing of outcome assessment
Generally, post-injury recovery for children is described as protracted and
multiphase with interactions between physical recovery and developmental level, as
well as family response and community reintegration factors (Anderson, et al.,
2001c). Children and families often report expectations and roles must be adjusted in
accordance with permanent injury-related changes. Transition periods between home
to school, and childhood to adolescence are reportedly the most difficult (Anderson,
et al., 2001c; Semrud-Clikeman, 2010).
Separate profiles based on severity classification have been established to
document common recovery trajectories. Moderate and severe injuries appear to
create symptoms that are less complete in recovery and that persist over time
(Anderson, et al., 2001a). As previously acknowledged, a dose-response relationship
has been suggested between injury severity and neurocognitive recovery (Babikian &
Asarnow, 2009) portrayed for cognitive outcome in Figure 2.4 below. Cognitive
function is shown to improve for all severity groups, however flatter recovery profiles
are observed following severe TBI whereby children fail to meet age-appropriate
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milestones and in fact fall further behind their healthy peers. In this scenario, the TBI
is thought to cause a „derailing‟ of ongoing maturational processes (Crowe, et al.,
2012c) also (Anderson & Catroppa, 2005; Ewing-Cobbs, et al., 1989).
Deficits that are most severe immediately following the injury and show
recovery over time have also been observed in psychosocial domains (Brown, et al.,
1981; Chaudhury, Pande, Saini, & Rathee, 2005).

Figure 2.4.Common cognitive recovery trajectories based on injury severity
classification.

Despite this, time since injury profiles are also prone to variation. A recent
longitudinal study investigated cognitive outcome 10 years after injury onset
(Anderson, et al., 2012b) and surprisingly found that recovery profiles were similar
across severity groups with a plateau observed to occur from 5-10 years post injury.
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This suggests that children continue to develop skills over time, but do not
necessarily „catch up‟ to typically developing peers (Anderson et al., 2012b).
In addition, recovery trajectories are different following an injury sustained in
early childhood. For example, McKinlay (2009) demonstrated that studies involving
follow-up of young children after a mild TBI reported adverse outcome in 13 of 19
cases. This suggests cognitive problems may take time to manifest into learning
disorders/difficulties at school. As more complex environmental interaction is
required, emerging deficits in areas such as executive functioning (Asikainen, et al.,
1996; Beauchamp et al., 2011; Crowe, Catroppa, Babl, & Anderson, 2013) and
psychosocial function are common (Bohnort, Parker & Warchausky, 1997; Chapman
et al., 2010; Hawley, 2003; Limond & McMillian, 2009), as children are required to
engage in increasingly complex forms of behavioural and emotional regulation, social
interaction and conflict resolution.
Accordingly, children sustaining TBI at a very young age may present with
late onset deficits, that follow-up over shorter time periods neglected to detect.
Evaluation in late primary or secondary school is particularly important, as children
are required to perform more complex activities including managing time, completing
homework and assignments, sitting exams and so on (Anderson et al., 2001b). Given
previous discrepancies, future research should focus on tracking post-injury recovery
over time to further clarify severity-specific outcome for children injured at a young
age.
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3.4 Individual and environmental factors
Variation in outcome is also likely to be influenced by other individual and
environmental factors. Due to a general absence of objective pre-injury measures,
pre-morbid and family functioning factors have been retrospectively shown to
influence outcome (Max et al., 1997 a;b). Commonly, socio-economic status (SES),
family function and parental mental health have been found to account for a large
amount of variance in emotional, behavioural and social outcome (Crowe et al.,
2012b; Taylor et al., 1999; Yeates et al., 2010). They can also account for variance in
observed outcome in cognitive and executive domains, especially with regard to
recovery over time (Anderson, et al., 2005; Anderson, et al., 2004; Brookshire, Levin,
Song, & Zhang, 2004; Donders & Hoffman, 2002). Risk factors for poor recovery of
cognitive and psychosocial outcome include lower SES (Anderson et al., 2004;
Catroppa & Anderson, 2003, 2004; Crowe et al., 2012b; Greenspan & MacKenzie,
1994; Kirkwood et al., 2000) and higher family dysfunction (Mangeot, Armstrong,
Colvin, Yeates, & Taylor, 2002; Stanton, 1999; Taylor, et al., 1999; Taylor, et al.,
2002).
The relative importance of pre-morbid risk factors is more difficult to
establish in a sample of children sustaining injury during infancy, as they have less
outside influences on early development (Crowe, et al., 2012b). However, variables
such as SES may be indirectly reflective of parents‟ ability to enhance the recovery
process through access to resources, awareness of remediation programs and
opportunity for participation. When considered in the context of a clearly established
relationship between individual premorbid and environmental factors and outcome in
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middle to late childhood (Crowe, et al., 2012b) these factors are important for
consideration when examining outcome for younger children.
Individual and environmental factors may have differing roles throughout the
recovery process. For example, global family functioning has been found to predict
long-term impairments in adaptive, behavioural and psychosocial domains, whilst
injury severity may play a more important role in predicting initial outcome following
the injury (Achenbach, 1991; Asarnow et al., 1995; Light et al., 1998). Post-injury
adjustment to and awareness of deficits can lead to psychiatric symptoms in the initial
stages following an injury (Semrud-Clikeman, 2001) whilst in later stages of
recovery, psychiatric symptoms may be manifestations of reactions to „growing into‟
deficits in areas such as academic achievement (Fay, et al., 1994; Noggle & Pierson,
2010). In addition, there is often an interaction between injury-related and non-injury
related factors. For instance, premorbid function is especially important for predicting
behavioural problems following a mild head injury (Achenbach, 1991; Asarnow, et
al., 1995; Light, et al., 1998).
These patterns of findings suggest an interaction effect may occur between
injury-related damage and environmental and developmental factors (Cattelani, et al.,
1998; Klonoff, et al., 1995; Rourke, et al., 1983). It is also important to note that
relationships may not be unidirectional. For example, pre-morbid behavioural
problems have been found to predict the occurrence of childhood head injury (Brown,
et al., 1981) and increased parental stress, lower SES and other psychosocial factors
have been associated with increased risk of TBI (Goldstrohm & Arffa, 2005). This
suggests a bio-ecological role regarding the effect of context on development as well
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as on the child‟s active role in selecting and influencing environmental contexts
(Siegler, et al., 2003).
When taken together, the above discussion suggests the aetiology of observed
long-term deficits in cognitive, emotional and behavioural, and social domains are
likely to be best represented by a biopsychosocial model of outcome.

3.5 Current models of outcome following TBI
Levin and Hanten (2005, pg. 81) have provided an example of a
biopsychosocial model that outlines how different injury and non-injury related
factors may interact to determine executive functioning following childhood head
injury (see Figure 2.5, presented below). This model is useful for conceptualising the
range of influences on child development following an early injury, however fails to
demonstrate the important relationships between cognitive outcome and outcome in
other domains, such as emotional and behavioural regulation and social skill
acquisition.

Figure 2.5. Predictive model of interactive factors influencing EF outcome (Levin &
Hanten, 2005, pg. 81).
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Muscara, Catroppa and Anderson (2008) proposed a psychosocial model to
conceptualize the relationship between executive function and social outcome
following pediatric TBI. Based on previous research, (Janusz, et al., 2002; Yeates, et
al., 2004). Muscara et al., (2008) suggested that executive dysfunction mediated by
immature social problem solving skills can account for poor social outcome. This
model draws an important link between cognitive and executive skills and wider
functional outcomes such as social competency. It also highlights that indirect
relationships may occur between cognitive and psychosocial outcome, perhaps
accounting for previous failures to empirically support this relationship (Fordyce,
Roueche, & Prigatano, 1983; Marsh & Knight, 1991).
However Muscara and colleagues‟ (2008) model was limited in scope by
failing to include potential relationships between cognitive outcome and other aspects
of emotional and behavioural functioning. Williams and Mateer (1992) additionally
conceptualized relationships between poor self-regulation and behavioural/social
problems, by showing that self-regulation (comprised of executive skills such as
sustained attention, response monitoring and modulation), may influence social
outcome via mediation from behavioural deregulation. Empirical support for this
model was recently provided by findings that deficiencies in complex attention are
related to emotional and behavioural deregulation following a mild TBI (Papoutsis,
2010), although it still remains to be determined if this relationship is evident for
other TBI severity groups.
Failure to incorporate biopsychosocial elements also represents an important
shortfall associated with previous conceptual models (Crick & Dodge, 1994; Yeates,
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et al., 2007). Beauchamp and Anderson (2010) sought to address this with their
conceptualization of potential relationships between cognitive and psychosocial
outcome domains in their pediatric „socio-cognitive integration of abilities‟
(SOCIAL) model. The authors attempting to account for individual variability in
development and environment (see Figure 2.6 below) through the inclusion of
mediating factors such as internal and external personal dimensions and brain
development. This dynamic model is particularly relevant to outcome following
childhood TBI, as injury may disrupt some or all of the core components involved
(Beauchamp & Anderson, 2010).

Figure 2.6. The SOCIAL model (Beauchamp & Anderson, 2010, pg 47).
In the context of pediatric TBI, „SOCIAL‟ conceptualizes social outcome as
being influenced by executive skills in conjunction with emotional competency, whist
acknowledging the influence brain injury factors, developmental stage and current
environment. Research is required to give empirical and clinical validation to these
conceptualized relationships. Additionally, the „SOCIAL‟ model does not take into
account outcome in behavioural domains, or consider bidirectional relationships
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between emotional difficulties and social skills formation. As the previous literature
review outlined that difficulties in psychosocial domains are likely to be interrelated,
it would be valuable to further investigate the nature and direction of relationships
between potential aetiological and outcome variables in an exploratory way.

3.6 Overview of aetiological, predictive and risk factors regarding
outcome
Cognitive and specifically executive deficits are common and pervasive
following childhood brain injury. Psychosocial deficits are also frequently observed,
and have important implications for quality of life for both children and families.
Previous research has identified important risk factors predicting poorer
cognitive and psychosocial outcome following TBI, including greater injury severity
younger age at injury, less recovery time and the presence of pre-morbid and family
functioning difficulties. However, variability in the literature indicates prediction of
outcome for children injured during infancy is less straightforward.
The presence of deficits following milder injuries and the emergence of
problems over time necessitates consideration of biopsychosocial models of
aetiology, that take into account individual developmental stage and environment as
well as injury-related factors and interrelationships between observed deficits. Whilst
theoretical models are useful, they generally require empirical validation. Therefore
future research should focus on identification of aetiological factors for cognitive and
psychosocial deficits following early TBI, and how they differentially interact. A
clearer understanding of influences on functional outcome will enable access to
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specific intervention and may enable improvement in quality of life for both children
and families following childhood TBI.
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4.1 Background and rationale
Head injury is common amongst children with an estimated incidence rate
of 244 per 100,000 cases (Australian Institue of Health and Welfare, 2008).
Children aged 3 years or under have the highest incidence of TBI (Crowe, et al.,
2012a). The majority of children present with a mild injury, however the
incidence of moderate injury dramatically increases in the zero to 6-month age
bracket (approximately 30%; Crowe, et al., 2012a), due to increased susceptibility
to imparted force. Epidemiology studies have estimated somewhere between 1030% of children will experience residual ongoing neuropsychological sequelae
(Michaud, et al., 1992) and there is a consistently established association between
TBI and functional impairment (Anderson, et al., 2001c; Michaud, et al., 1992).
Despite high rates and a significant clinical burden associated with TBI for young
children, outcomes remain poorly understood (Crowe, et al., 2012b).
This represents an important gap in the literature, as the developing brain
is more vulnerable to the consequences of head injury. Infants have less protection
for imparted force (Margulies & Thibault, 2000) and the ability of a developing
brain to recover from diffuse injuries is much more limited (Giza, 2006).
Consequently, younger children have been demonstrated to have shorter and less
complete recovery following TBI (Ewing-Cobbs, et al., 1997). Neurological
structures that subserve cognitive function are more widely distributed and less
specialized in children than in adults (Casey, et al., 2005a; Casey, et al., 2000),
and children have less established skills in reserve (Dennis, 2000). Therefore early
focal injury can disrupt development in a global manner (Anderson, et al., 1998;
Dennis, et al., 1995; Fenwick & Anderson, 1999) and impact on maturation of

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

71

emerging skills, the combined effects of which leave children vulnerable to poorer
long-term outcome following early childhood TBI (Anderson, et al., 2001c).
Studies investigating outcome following an early childhood TBI (from
four months to seven years) have demonstrated lower IQ scores compared to
children injured at an older age (Brink, et al., 1980; Crowe, et al., 2012b; EwingCobbs, et al., 1997; Ewing-Cobbs, et al., 2006; Lange-Cosack, et al., 1979),
deficient development of processing speed and non-verbal skills (Crowe, et al.,
2012b) and executive dysfunction including difficulties with complex attention,
working memory and inhibitory control (Crowe, et al., 2013; Ewing-Cobbs, et al.,
2004b). Young children have been shown to have increased psychosocial
difficulties compared to children injured at a later age (Sonnenberg, Dupuis, &
Rumney, 2010) including emotional, behavioural and social problems (Costeff,
Groswasser, & Goldstein, 1990; McKinlay, Grace, Horwood, Fergusson, &
MacFarlane, 2010; Wetherington, Hooper, Keenan, Nocera, & Runyan, 2010).
Previous research is limited by common problems including the lack of a
control group (Ewing-Cobbs, et al., 1997; Ewing-Cobbs, et al., 1989), inclusion of
children who sustained NAI (Brink, Garrett, Hale, Nickel, & Woo-Sam, 1970;
Ewing-Cobbs, et al., 2006; Lange-Cosack, et al., 1979), and poor power from
small sample sizes (Ewing-Cobbs, et al., 1989; Ewing-Cobbs, et al., 2006).
Subsequently, interpretation of outcome is limited by poor generalizability of
results, samples that are not representative of the general TBI population (due to
the inclusion of increasingly severe injuries), and the possibility of Type 2 error.
Inconsistent selection of cognitive measures to assess the same skills across
differing age groups (Ewing-Cobbs, et al., 1989) and combining severity groups
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together for the purposes of analysis (Ewing-Cobbs, et al., 2006) represent further
methodological limitations. As such, future research is needed to address these
shortfalls and clarify outcome profiles following an injury sustained in infancy.
The role of injury severity in predicting outcome is also controversial
(Anderson, et al., 2001b). The majority of literature investigating cognitive
outcome following mid to late childhood TBI suggests a dose/response
relationship, such that milder injuries are associated with little-to-no measurable
deficit, moderate injuries associated with a some dysfunction and severe injuries
associated with robust and significant global impairment (Babikian & Asarnow,
2009; Barry, et al., 1996; Brown, et al., 1981; Fletcher, et al., 1990; Taylor, et al.,
1999). However, relationships between injury severity and degree of deficit are
argued to be less straightforward, especially following injury sustained at a
younger age. For example, McKinlay‟s (2009) review established mild TBI was
associated with adverse findings in 42 out of 87 studies. With regards to
psychosocial outcome, Brink and colleagues (1980; also Perrott, et al., 1991)
identified elevated emotional, behavioural and social difficulties regardless of
injury severity.
Poor specificity in injury classification may contribute to inconsistencies
regarding injury severity as a predictor of outcome (Babikian & Asarnow, 2009).
Recent attempts to further enhance specificity have separated mild TBI into the
subgroups of „complicated‟ and „uncomplicated‟ (Fay, et al., 1994; Fay, et al.,
2010; Levin, et al., 2008a) based on the presence or absence of pathophysiological
findings. There is emerging evidence that outcome for children may differ
following a complicated versus uncomplicated mild TBI (Fay, et al., 2010; Levin,
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et al., 2008a; Papoutsis, 2010). Further specificity of injury severity may enable
increased accuracy of outcome prediction, and hence should be a focus of future
research.
Better characterization of outcome following an injury of moderate
severity of injury is also required. Moderate groups are often combined with either
mild (Abdel-Dayem et al., 1998; Anderson, et al., 2000b; Levin et al., 1988) or
severe (Crowe, et al., 2012b; Schwartz et al., 2003; Wilde et al., 2006) TBI groups
for the purpose of analyses and as such are poorly characterized within the
literature. Without knowledge regarding moderate outcome, profiles of severityrelated outcome regarding the presence of dose-response (Anderson, et al., 1997;
Anderson & Catroppa, 2005; Chadwick, Rutter, Shaffer, & Shrout, 1981) versus
injury threshold effects (i.e. chidren escape sequelae under a certain threshold or
severity of injury; Anderson, Brown, Newitt, & Hoile, 2009) remain unknown.
Future research should focus on characterizing outcome following a moderate TBI
sustained at a young age, and determining how patterns of injury severity affect
outcome.
Long-term outcome studies are also necessary. To date, limited follow-up
studies have suggested adverse outcome may manifest over time, despite an initial
period of recovery. This suggests a „de-railing‟ of maturational processes may
occur (Anderson & Catroppa, 2005; Crowe, et al., 2013; Ewing-Cobbs, et al.,
1989). Emerging difficulties may also be exacerbated over time, as more complex
environmental interaction is required (Anderson, et al., 2001a; Beauchamp, et al.,
2011; Brown, et al., 1981; Cattelani, et al., 1998; Hawley, 2003; Klonoff, et al.,
1995; Limond & McMillan, 2009). Although previous studies have provided
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support for an early period of vulnerability, there is still limited investigation into
latent or delayed sequelae and future research needs to focus on examining longterm outcome.
Future investigation is also required regarding the aetiology of observed
deficits. The relative importance of a variety of injury related and individual or
environmental factors for both short and long-term outcome has been widely
debated. It appears relative contributions may differ based on a complex interplay
of risk and protective factors (Anderson et al., 2001b), and therefore predicting
outcome following early childhood head injury is particularly difficult. Premorbid and family functioning factors have been retrospectively shown to account
for a large amount of variance in behavioural and social outcome (Crowe, et al.,
2012b; Max, et al., 1997a, 1997b; Taylor, et al., 1999; Yeates, Taylor, Walz,
Stancin, & Wade, 2010) and a small amount of variance in cognitive and
executive domains (Anderson, et al., 2005; Anderson, et al., 2004; Brookshire, et
al., 2004; Donders & Hoffman, 2002). However, risk factors may have differing
roles throughout the recovery process. For example environment may be more
influential in the long-term, whilst injury severity may play a more important role
in predicting initial outcome (Achenbach, 1991; Asarnow, et al., 1995; Light, et
al., 1998).
These patterns of findings suggest an interaction effect may occur between
injury-related damage and environmental and developmental factors (Cattelani, et
al., 1998; Klonoff, et al., 1995; Rourke, et al., 1983). Accordingly, a
biopsychosocial model may best represent aetiologies of observed deficits in
cognitive and psychosocial domains (for example Beauchamp & Anderson, 2010).
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Whilst conceptual models are theoretically useful, they generally require
empirical validation. Therefore future research is needed regarding identification
of aetiological factors and evaluation of the interrelationships between these in
clinical TBI populations. A clearer understanding of risk factors influencing
functional outcome will enable access to specific intervention and may enable
improvement in quality of life for both children and families following childhood
brain injury.
4.2 Overview, Aims and research questions
Childhood head injury is common and associated with a range of cognitive
and psychosocial sequelae both acutely and in the long term. Despite a plethora of
research into pediatric TBI, a few important gaps remain which the current study
aims to address;
Firstly, empirical evidence suggests young children are particularly at risk
of poorer outcome following early childhood head injury due to the vulnerability
of the developing brain. However there is limited investigation of outcome in both
cognitive and functional domains following injury sustained in early infancy. In
addition, there is growing evidence that deficits can take time to manifest and
increasingly complex environments, coupled with a failure to maintain
developmental progress, may lead to a pattern of emerging problems over time.
The current research seeks to investigate outcome following an injury sustained
during a critical period of development after a significant elapsed time.
Secondly, there is controversy regarding the predictive utility of injury
severity towards long-term outcome. Comparison of outcome across differing
severity groups will allow clarification of severity specific profiles with regard to
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long-term outcome in both cognitive and psychosocial domains. The inclusion of
separate complicated and uncomplicated mild TBI groups will allow for enhanced
specificity of injury classification. Outcome following a moderate TBI will be
examined in isolation to better characterize severity-specific profiles of deficit and
recovery.
Finally, using a biopsychosocial approach, factors such as socio-economic
status and family functioning will be included in relationship analyses to
determine the differing role of individual and environmental variables in the longterm following an early childhood TBI. General research questions include;

1. Do children who sustained a TBI during early childhood (< four years of age)
demonstrate clinically significant deficits in cognitive and psychosocial
domains, after a significant time post-injury?
a) What is the characterization of deficit following a moderate injury?

2. Are there severity-specific patterns of problems; can we distinguish between
outcome profiles for mild and moderate injury groups, when compared to age
matched controls?
a) Does further stratification of mild injury severity into complicated and
uncomplicated mild TBI groups enhance specificity of observed outcome?

3. Do biopsychosocial models apply to post-injury outcome in the long-term
following an early TBI?
a) What relationships are evident between cognitive and psychosocial
outcome variables and aetiological variables such as injury related,
individual and environmental factors?
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In order to address these questions, children aged less than four years at
the time of injury will be included in the study, as this age range represents a
critical period for brain development (Brown & Jernigan, 2012; Casey, et al.,
2005a; Innocenti & Price, 2005) and maturation of core cognitive skills, (P
Anderson & Reidy, 2012; Anderson, et al., 1998; Espy, Sheffield, Wiebe, Clark,
& Moehr, 2011) hence representing a period of significant vulnerability to early
injury. Outcome will be assessed approximately eight years post injury, in order to
observe outcome at a critical time post-injury, after recovery is expected to be
complete and when deficits may alternatively be emerging or becoming
exacerbated in the school environment.

4.3 General Method
4.3.1 Participants
A sample of 22 children (aged between six and 15 years) who met criteria
for a moderate TBI was recruited for the current study. To address the research
aim regarding severity-specific patterns of outcome, data from the current study
was analyzed in conjunction with previously collected data (Papoutsis, 2010)
from samples of children who sustained an uncomplicated mild (n = 18) or
complicated mild TBI (n = 34) and a sample of typically developing control
children (n = 33). Samples were matched based on age, gender and socioeconomic status (See Table 4.1 for participant characteristics). The total sample
used in analyses consisted of 107 children aged between 6 and 15 years,
comprised of 74 children who sustained a TBI (See Table 4.2 for injury
characteristics), and 33 healthy controls.
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Table 4.1
Demographic characteristics for the clinical and control samples
Participant
Characteristics
n

Control

Uncomplicated Complicated
mild
mild
18
34

Moderate

n male (% male) 18 (54%)

10 (55%)

19 (55%)

13 (59%)

Mean age at
9.70 (1.71)
assessment (SD)

9.50 (1.32)

9.90 (1.08)

10.45 (2.87)

ANZSCO-R
score

1.78 (1.31)

1.88 (1.20)

1.71 (.78)

33

1.79 (1.25)

22

Note. ANZSCO-R = Australian and New Zealand Standard Classification of OccupationRevised.

Table 4.2
Injury characteristics for the clinical sample

Severity group
Uncomplicated
mild

Complicated
mild

Moderate

1.64 (1.22)

1.92 (1.31)

2.09 (1.27)

7.94 (0.86)

7.98 (0.56)

8.49 (2.50)

Fall from height

50

62.5

64

Fall from standing

22.2

18.8

0

Blunt strike to the head

27.8

18.8

1

MVA

0

0

27

Other

0

0

8

Percentage experienced LOC

0

24

59

M (SD) GCS score

14.55 (.73)

14.19 (.82)

10.70 (1.08)

Injury characteristics
M (SD) age at injury (years)
M (SD) time since injury
(years)
Cause of injury (%)

Note. LOC = loss of consciousness; GCS = Glasgow Coma Scale; MVA = motor vehicle
accident.
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4.3.1.1 Identification and recruitment of the clinical samples
The current and previous clinical samples were identified and recruited
using the same process to maintain consistency. Prior to recruitment, approval
was received to conduct the study from the Human Research Ethics Committee at
both the Royal Children‟s Hospital and La Trobe University (current HREC
number 31088a & b). An audit of hospital records was used to compile a database
of children presenting to the Royal Children‟s Hospital (Melbourne) Emergency
Department with a diagnosis of accidental TBI between the years of 2000-2007.
This time frame was selected in order to observe outcome at a critical time postinjury. Information was collected regarding description of the injury and medical
diagnoses, patient demographic and contact details, and discharge destination. The
following inclusion criteria were used to retrospectively identify eligible clinical
participants:
(i)

Sustained an accidental closed head injury as diagnosed by the treating
physician at the Royal Children‟s Hospital, Melbourne, between January 2000
and December 2007;

(ii)

Age at injury was less than or equal to 3 years, 11 months,

(iii)Aged between 6 and 15 years at the time of assessment.

Medical records were manually reviewed to determine eligibility for the
study, based on the following exclusion criteria:
(i)

A complex medical or developmental history with the potential for impact
on neurological or cognitive function, (e.g. cardiac condition, cerebral
palsy, developmental delay);
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(ii)

Previous or additional TBI;

(iii)

Children who sustained their injury as a result of physical abuse (NAI);

(iv)

English was not the primary language spoken at home.
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Once medical records were screened for inclusion and exclusion criteria,
researchers identified potential eligible participants based on appropriate injury
severity classification. Table 4.3 below provides a summary of injury
classification criteria, based on Anderson et al., (2001c) and Yeates and Taylor
(2005) for the distinction between uncomplicated and complicated mild groups.
Where overlapping criteria markers were observed (for instance a GCS of 10 but a
loss of consciousness less than 30 minutes), the GCS score was used as the
primary marker to classify children into severity groups.
Table 4.3
Criteria for classifying injury severity
Severity
Classification

GCS score

LOC length

PTA length

MRI/CT
abnormalities,
or neurological
symptoms
None (or 1
acute symptom
of concussion)

Uncomplicated
Mild

13 - 15

None

None

Complicated
Mild

13 – 15

< 30 minutes

<24 hours

Present

Moderate

9-12

.5 - 24 hours

1-7 days

Present

Severe

8 or less

> 24 hours

> 7 days

Present

Note. See previous Tables 1.3 and 4.2 for definitions of abbreviations.
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Criteria for classification into mild injury severity groups
The previous study included children who had sustained an uncomplicated
or complicated mild TBI. Children were classified into each of these severity
groups using criteria based on Yeates and Taylor (2005), but adapted to reflect
age-relevant characteristics including pre-verbal abilities and the differing
reliability of traditional injury severity markers (outlined in Dietrich, Bowman, &
Ginn-Pease, 1993; Dunning et al., 2004; Gruskin & Schutzman, 1999; Papoutsis,
2010).

The following criteria were used to characterize complicated mild TBI;
(i)

A reduced GCS score (as adjusted for age e.g. Pediatric Coma Scale) of
one or two points below the age-adjusted highest score (Reilly, et al.,
1988) and/or;

(ii)

An observed LOC of 30 minutes or less, and/or;

(iii)

Post concussive symptoms, including altered mental state (such as
drowsiness) and/or transient neurological deficit and/or

(iv)

Abnormalities detected upon neuroimaging

The criteria for uncomplicated mild TBI was as follows;
(i)

Normal GCS score as adjusted for age or reduced GCS score of one to two
points below the age adjusted score (e.g. Pediatric GCS)

(ii)

No loss of consciousness

(iii)

One or no acute objective symptoms of concussion (i.e. vomiting), and no
abnormalities detected upon neuroimaging.
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The previous study identified a total of 141 eligible participants using
these criteria. 51 families were unable to be contacted; so 90 families were
approached to participate in the study. There were 52 families who agreed to
participate, with 38 families declining (57% participation rate) for reasons
including time burden, lack of interest and distance. Ethics restrictions disallowed
evaluation of differences in demographic characteristics between participatory and
non-participatory groups. However, the groups did not differ on injury-related
characteristics or age at injury/time since injury and the recruited sample were
therefore considered representative of mild TBI presentations to the Royal
Children‟s Hospital during the given time period.

Criteria for classification into the moderate injury severity group
The current study used the following criteria to identify children who
sustained an injury of moderate severity, based on conventional criteria
(Anderson, et al., 2001c) but again modified to reflect age-relevant characteristics;
(i) Lowest recorded GCS score falling between 9-12 (or three to six points below
the age-adjusted highest score);
(ii) An indication of altered consciousness and reduced responsiveness (LOC
length between 1-24 hours, and/or PTA length between 1-7 days);
(iii)The presence of pathological abnormalities on a CT or MRI scan or clinical
indication of neurological status alteration (such as the presence of sensory or
motor changes).

The audit identified 71 children who were eligible for the study and
classified as having sustained a TBI of moderate severity. These families were
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contacted via mail to invite participation, and 28 replies were received. Contact
was established with 3 additional families following a search for updated details
through the Australian Electoral Commission and Transport Accident
Commission, bringing the total to 31 families approached for participation.
Contact was unable to be established with 40 families. Following initial contact, a
further nine children were unable to participate in the study for reasons including:
geographical location, parental situation, additional information which confirmed
children met exclusion criteria such as additional TBI or developmental disorder,
declining to participate or failure to establish follow-up contact (71% participation
rate). Again, participatory and non-participatory groups did not differ with regard
to injury characteristics, and the sample was therefore considered representative of
presentations to the Royal Children‟s Hospital for moderate TBI.

Comparison of injury characteristics between TBI severity groups
Comparison of severity related differences in injury characteristics found
no statistically significant results for age at injury; F(2, 71) = 1.04 p = .36, or time
since injury; F(2, 28) = .45, p = .64. However the groups differed with respect to
injury cause; although the majority of children in all injury groups sustained a TBI
as the result of a fall, 27 % of the moderate TBI group sustained their injuries as a
result of a motor vehicle accident, whilst none of the children in the mild groups
were involved in an MVA.
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4.3.1.2 Identification and recruitment of the non-clinical (control)
sample.
The control group was previously recruited through community
advertisements (Papoutsis, 2010) and were matched to mild TBI participants in
terms of age, gender and SES. In addition, the following inclusion and exclusion
criteria were applied;
(i)

Children were aged between six and 15 years,

(ii)

Children had English as the primary language spoken at home

(iii)

Children did not have a significant medical history, previous head injury
requiring medical attention, evidence of developmental delay, psychiatric
history or diagnosed language difficulty (as reported by parents).

Comparison between injury and control groups regarding participant
characteristics
No statistically significant differences were observed between injury
severity and control groups for age at assessment; F(3, 52) = 1.00, p = .40 or
highest recorded SES score using the ANZSCO measure; F(3, 102) = .10, p = .96.
A chi-square test for independence indicated the relationship between
gender and severity group was not significant, χ2 (3, n =107) = .115, p = .99,
Cramer‟s V = .03, with a similar proportion of males and females participating in
each group.
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4.3.2 Measures
In the context of limited literature examining long-term outcome following
infant head injury, a comprehensive battery of neuropsychological measures was
used during assessment. This allowed a broad overview of a range of cognitive
functions, including academic and language-related outcome. However, for the
purpose of the present study, only core constructs of interest will be discussed in
this section.
Table 4.4 provides a summary of constructs and the materials used to
measure each of these, selected on the basis of reliability and validity as well as
prior use (to enable comparison to the previously collected sample; Papoutsis,
2010). The following section will discuss each construct in turn.
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Table 4.4
Constructs and Measures
Construct
Cognitive outcome
Executive outcome

Emotional and
Behavioural
outcome

Social Outcome

Environmental/
Demographic

Injury-related
factors

86

Measures

Global Intelligence, Perceptual Reasoning and Verbal
Comprehension
Learning and memory
Information processing
Attentional Control

WISC-IV Estimated IQ, Perceptual Reasoning and Verbal
Comprehension Indices
RAVLT Learning trials and delayed recall
WISC-IV Digit Span Forwards and Coding
TEA-Ch Sky Search (Attention)

Cognitive Flexibility
Goal setting

WISC-IV Digit Span Backwards, TEA-Ch Sky Search DT,
BRIEF Metacognition Index, CBCL Attention problems
NEPSY Verbal Fluency, WISC-IV Block Design

Mood symptoms and related psychiatric disorders,
emotional regulation

Everyday social and functional behaviour

CBCL Anxious/depressed, Withdrawn, Somatic, Thought
problems. BRIEF emotional control
CBCL Aggressive and Rule Breaking, BRIEF Behavioural
Regulation Index
CBCL Social Problems
DASC Total score. ABAS-2 Social Competency Composite
ABAS-2 General adaptive composite, Conceptual composite
and Practical composite

SES
Family Functioning
Demographic

ANZSCO-R Major Occupation Classifications
FAD General Functioning subscale
Structured Interview

GCS score, LOC/PTA length, imaging/pathology,
Age at injury, medical and developmental history

Medical records and structured interview

Behaviour problems
Social Problems
Social Competency

Note. WISC-IV = Wechsler Intelligence Scale for Children, 4th ed.; RAVLT = Rey Auditory/Verbal Learning Test; TEA-Ch = Test of Everyday Attention for Children;
BRIEF = Behavioural Rating of Executive Functioning; CBCL = Child Behaviour Checklist; NEPSY = A Developmental Neuropsychological Assessment; DASC =
Developmental Assessment of Social Competence; ABAS-2 = Adaptive Behaviour Assessment System 2nd Ed.; ANZSCO- R = Australian and New Zealand Standard
Classification of Occupations, Revised; FAD = Family Assessment Device.
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4.3.2.1 Cognitive Measures

Intellectual functioning.
The Wechsler Intelligence Scale for Children- Fourth Edition (Australian
version (WISC-IV); Wechsler, 2003) was used to assess global intellectual skills
for children. Subtests including Matrix Reasoning, Block Design, Vocabulary and
Similarities were used to calculate a prorated estimate of Perceptual Reasoning
and Verbal Comprehension Indices (PRI and VCI) using age-based norms.
Estimated IQ, PRI and VCI scores were used in analyses, each with a mean of 100
and standard deviation of 15. Internal consistency of the WISC-IV is considered
very high (0.90+) for verbal and perceptual indices, as well as the global full-scale
IQ score (Strauss, Sherman, & Spreen, 2006).

New learning and memory.
Learning and memory were assessed using the Rey Auditory Verbal
Learning Test (RAVLT; Rey, 1964), a list-learning task comprised of 15-words.
The task was administered as per standardized protocol, with each word read
aloud at a rate of one per second. Participants were required to learn and recall as
many words as they could over a total of five trials (List A). A second list of 15
words (List B) was used as a distracter trial immediately following presentation of
List A, followed by incidental recall of as many words as possible from List A.
After a 30-minute delay, participants were again asked to recall as many words as
possible from the initial list (List A). Z-scores for learning (Trails 1-5) and
memory (Delayed recall) were used in analyses. The RAVLT is widely used in
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research with clinical TBI populations, and has good validity rates including
construct and criterion validity (Strauss et al., 2006).

4.3.2.2 Executive outcome
Peter Anderson‟s (2002) developmental model of executive functioning
was used as a framework for determining subcomponents of interest. Four
executive facets (information processing, attentional control, cognitive flexibility
and goal setting), were examined using the following cognitive and parent-rated
measures, based on Nadebaum et al., (2007) and to retain consistency with
Papoutsis, 2010;

Information Processing.
Children‟s ability to take in and work with information was assessed with
respect to two separate processes; attention capacity and processing speed.
Attention capacity (the amount of information that can be immediately attended
to) was assessed using the Digit Span Forwards subtest of the WISC –IV
(Wechsler, 2003), which requires children to repeat back a sequence of numbers
verbatim. Standardized scores were used in analyses, with a mean of 10 and a
standard deviation of 3.
Processing speed (i.e. the ability to process information and formulate a
response) was assessed using the WISC-IV Coding subtest (Wechsler, 2003),
which requires children to efficiently and accurately copy symbols paired with
numbers using a coding key. Again, standardized scores (with a mean of 10 and
SD of 3) were used in analyses.

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

89

Attentional Control
The „Sky Search‟ subtest from the Test of Everyday Attention for Children
(TEA-Ch; Manly, Robertson, Anderson, & Nimmo-Smith, 1999) was used to
measure control over selective attention. This task required children to perform a
serial search for target pairs of spaceships in a field of distracters. Composite
scores based on performance accuracy and speed (labeled as Sky Search,
Attention) were included in analyses, with a mean of 10 and SD of 3. The Tea-Ch
was selected due to established validity and reliability (Strauss et al., 2006) and
prior use with pediatric TBI populations (Anderson, et al., 2001c).

Cognitive flexibility.
The Digit Span Backwards (DSB) subtest from the WAIS-IV (Wechsler,
2003) was used as a measure of working memory capacity, a facet of cognitive
flexibility. This subtest required children to hold in mind and mentally manipulate
information, by repeating back a sequence of spoken numbers in the reverse order
to which they were presented. Standard scores were used in analyses, with a mean
of 10 and SD of 3.
The Sky Search Dual Task (SkyDT) from the TEA-Ch (Manly et al.,
1999) used the same stimuli as the Sky Search subtest, but additionally required
simultaneous attending to and counting of sounds played on a CD. The task
assesses simultaneous performance of sustained auditory attention and selective
visual attention. Given the complexity of this task, children were provided with
numerous practice trials. The difference in performance between the Sky Search
subtest and the Sky Search DT (weighted with the accuracy of counting
performance) was calculated to give a decrement score, which indicated the
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change in speed and accuracy on the single versus dual task. Standardized
decrement scores (with a mean of 10 and SD of 3) were used in analyses.
The Behaviour Rating Inventory of Executive Function (BRIEF; Gioia, et
al., 2000) provided a measure of the application of everyday flexible and adaptive
behavior. The BRIEF is a parent-rated questionnaire that assesses children's
everyday behaviour. Parents were required to rate each item as Never, Sometimes
or Always, based on the frequency of the behaviour. The Metacognition summary
measure (comprised of Initiate, Working Memory, Plan/Organise and
Organisation of Materials and Monitor subscales) was used as a measure of
executive functioning in this study. This scale has high demonstrable reliability
and validity (Bishop, Adams, Nation, & Rosen, 2005) and the measure is
commonly used with child clinical populations following TBI (Bishop et al.,
2005).T scores were used in analyses, with a mean of 50, and SD of 10. Scores
above 65 were considered indicative of (abnormal) clinical significance (Gioia et
al., 2000).

Goal Setting
The Verbal Fluency subtest from the NEPSY (A Developmental
Neuropsychological Assessment; Korkman, Kirk, & Kemp, 1998) was used to
measure the language-based executive skill of goal setting (regarding strategic
retrieval of information; Nadebaum et al., 2007). Verbal Fluency has two subcomponents: phonemic and semantic fluency, the former of which requires
children to produce as many target words as possible beginning with a specific
letter of the alphabet, the later requires target words to be produced within a given
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category. Both components require children to work within time and rule
constraints. Children were scored on the combined total number of acceptable
words produced, with standardized scores (mean of 10, SD of 3) used in analyses.
The NEPSY was chosen for use due to available norms from a large stratified
pediatric sample, and reported adequate to high reliability (Korkman et al., 1997).
The Block Design subtest from the WISC-IV (Wechsler, 2003) was
administered to measure children‟s goal setting with regards to visual/perceptual
organization (based on Nadebaum et al., 2007; Papoutsis, 2010). This task
required children to reproduce a two-dimensional design using three-dimensional
blocks, within time constraints. Standard scores, with a mean of 10 and SD of 3
were used in analyses.

4.3.2.3 Emotional and behavioural outcome
The Child Behaviour Checklist (CBCL; Achenbach, 1991) was used to
measure emotional and behavioural problems. The CBCL is a standardized
parent-rated questionnaire, frequently used to investigate emotional and
behavioural functioning in pediatric populations following CNS compromise
(Arachenbach, 1991). Parents were required to rate individual items using a 3point rating scale, from 0 = Not true, to 2 = Very true or often true, to measure
eight competence/syndrome scales. T scores for each subscale were used in
analyses, with a mean of 50 and SD of 10. T-scores of 60 - 63 represented the
Borderline range (84th to 90th percentile) and T-scores of 64 and above
represented a Clinical range of problems. The CBCL has adequate reliability and
validity, with test-retest values ranging from 0.95 to 1.00, inter-rater reliability
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ranging from 0.93 to 0.96 and internal consistency ranging from 0.78 to 0.97
(Strauss et al., 2006).
Emotion was measured using the CBCL subscales of Anxious/Depressed,
Withdrawn/Depressed, Somatic Complaints and Thought Problems. In addition,
regulation of emotion was measured using the Emotional Control subscale of the
BRIEF (Gioia et al., 2000).
Behavioural Problems were measured using the CBCL subscales of Rule
Breaking and Aggressive Behaviour, in conjunction with the Behavioural
Regulation Index of the BRIEF (Gioia et al., 2000).

4.3.2.4 Social outcome
The „Social Problems‟ scale of the CBCL (Achenbach, 1991) was used to
assess social outcome, with reference to clinical difficulties with acquisition and
application of social skills. T scores (with a mean of 50 and SD of 10) were
included in analyses, with Borderline or Clinical range scores identified to
determine the presence of social deficits.
The moderate TBI group was administered two extra measures to assess
social competency and everyday functional abilities. These were included in order
to provide a more comprehensive assessment of social functioning in this group,
however scores on these measures were unavailable for analysis for control and
mild injury groups.
The Adaptive Behaviour Assessment System 2nd Edition (ABAS-II;
Harrison & Oakland, 2003) provided a measure of naturalistic social functioning
in the context of managing competing demands in the home environment. The
ABAS is designed for use with children to assess aspects of daily function
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including communication, community use, functional activities, home living,
health and safety, leisure, self-care, self-direction, social, work, and motor skills.
Parents were asked to rate their child‟s ability to correctly perform tasks (without
help) at home, school and work using a 4-point rating scale, from 0 = Is not able,
to 3= Always or almost always when needed. The Social Interactions index score
was used in analyses of social outcome, with a mean of 100 and SD of 15. In
addition standardized scores for each subscale (mean of 10, SD 3) were used to
characterize various practical and adaptive abilities of the moderate injury group.
Finally, the Developmental Assessment of Social Competence (DASC;
(Muscara, Catroppa, Beauchamp, & Anderson, 2010) was used as a specialised
measure of social functioning following childhood head injury. This questionnaire
has been recently developed to better assess social functioning following pediatric
acquired brain injury, to address the lack of appropriate, relevant and robust
measurement tools for this population (Muscara, et al., 2010; Saltzman-Benaiah &
Lalonde, 2007). The questionnaire contains a total of 70 items, which measure 6
domains (relationships and prosocial behavior, social communication and
information processing, coping skills and resilience, temperament and personality,
self and internal factors and environmental/non-injury related factors). Items are
rated by parents on a 5 point Likert scale, where 1 = Strongly disagree and 5 =
Strongly agree. Raw scores are summed with higher scores indicating higher
levels of social competence. Preliminary analyses from a pilot study (using a nonclinical sample) suggest the measure has good concurrent validity when compared
to the ABAS-II Social Competence score, although future validation and
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normative data is required. The measure is included in Appendix A, with separate
versions for children aged 5-11 years and 12 years +.

4.3.2.5 Injury, Demographic and Family Variables

Injury- related information.
Injury characteristics were extracted through retrospective review of
hospital medical records. Injury-related information collected included age at
injury, cause/mechanism of injury, alterations in consciousness including GCS
scores, presence and length of LOC, presence and length of PTA, and where
possible the presence and details of lesion or abnormality detected on
neuroimaging, and/or the presence and type of neurological sequelae (including
vomiting/nausea, irritability, motor or sensory changes, and so on). GCS modified
was recorded for children aged less than 3 years, to take into account language
abilities of children in this age range; verbal questions were replaced by questions
regarding crying and interaction with parents (Reilly, et al., 1988). Other relevant
medical information was reviewed for the purpose of inclusion/exclusion.
Injury severity was coded as 1 (uncomplicated mild), 2 (complicated
mild), 3 (control) or 4 (moderate) for the purpose of analyses. Categorical injury
related variables including LOC, PTA, neurological symptoms and lesion were
coded with a 1 (indicating presence of injury marker) or 0 (injury marker not
present) for the purpose of analyses. Continuous injury-related variables included
in analyses were GCS score and age at injury.
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Demographic and Premorbid Information.
Using a semi-structured interview (see Appendix B), parents were asked
about early developmental motor and language milestones (including learning to
walk and speak), medical history (including previous or additional accidents or
hospitalizations) psychosocial history (including input from other allied heath
professionals) and educational history (including repetition of grades, or the need
for remediation). This information was used to screen for exclusion criteria such
as additional TBI or developmental delay prior to sustaining TBI. In addition,
information regarding the need for additional services/remediation following the
injury provided insight into the ongoing impact of the early insult for children and
families.
The structured interview was also used to collect information on socioeconomic status. SES was rated on a scale of 1 – 5 based on parental occupation,
as measured by the Australian and New Zealand Standard Classification of
Occupation-Revised (ANZSCO-R, Trewin & Pink, 2006). The ANZSCO is a
skill-based classification, developed jointly by the Australian Bureau of Statistics
(ABS), Statistics New Zealand and the Australian Government Department of
Education, Employment and Workplace Relations for use in the collection,
publication and analysis of occupation statistics. It uses five hierarchical levels of
coding (major group, sub-major group, minor group, unit group and occupation)
to classify occupation types based on skill level and skill specialization, and can
be used for comparison with international standards. The current study used the
major occupation groups to classify parental occupation, with lower scores
indicating a greater level of skill (or higher qualification/level of training).
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Family Function.
The Family Assessment Device (FAD; Epstein, Baldwin, & Bishop, 1983)
was used to provide an indication of family cohesiveness and function. The FAD
assesses global family functioning and consists of a 60-item parent self report
measure. Responses consist of a four-item Likert scale rated from 1 = Strongly
Agree to 4 = Strongly Disagree. Several items required reverse scoring. The FAD
consists of 7 subscales measuring different facets of family functioning, including
problem solving, communication, roles, affective responsiveness, affective
involvement, behavior control and general functioning. Lower scores represent
healthier functioning. Norms and suggested cut off scores for dysfunction are
available (Epstein, et al., 1983; Morris, 1990). For the purpose of analyses, mean
and SD scores on the 12-item General Functioning scale were used to provide a
summary measure of family functioning. This scale has been established as a
good indicator of pre-morbid family functioning (Wade, Taylor, Stancin, &
Yeates, 1998), is in wide use within the literature and has consistently been
established as having good reliability and validity (Byles, Byrne, Boyle, &
Offord, 1988; Georgiades, Boyle, Jenkins, Sanford, & Lipman, 2008). This
measure was added to assess family functioning in the moderate sample and as
such scores on this measure were unavailable for analysis for control and mild
injury groups.
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4.3.3 Procedure

4.3.3.1 Recruitment.
Potential participants were identified through a clinical Audit of
presentations with TBI to the Royal Children‟s Hospital Emergency Department
between the years 2000-2007. The audit identified children who were injured
within the appropriate age range, and classified with one of the following ICD-10
codes: fracture of skull and facial bones (S02.0-.9), sprain and strain of joints and
ligaments of other and unspecified parts of the head (S03.5), intracranial injury
(S06.0-6.9) crushing injury of the head (S07.0-7.9) traumatic amputation of part
of the head (S08.0-8.9), and other unspecified injuries of the head (S09.0-9.9).
The audit initially identified 415 records meeting these criteria.
Manual review of paper and/or electronic records allowed eligible
participants to be identified based on inclusion/exclusion criteria. Following
appropriate training, the researcher recorded information about the head injury
and classified children into the appropriate injury severity category. Following
exclusions for incorrect classification (such as seizure, hypoxic event following
drowning, lacerations to tongue/mouth and so one), for duplicate entries or where
the child was deceased, 280 records remained. Of these, 71 children met inclusion
criteria for the study and were identified as sustaining an injury of moderate
severity (see Figure 4.1 for a summary of flow of participant recruiting).
For eligible participants, contact details were collected. A pre-HREC
approved tracing letter was then sent from the Deputy Director of Emergency
Medicine to parents/guardians of potential participants, to invite participation on
behalf of investigators (Appendix C). Parents were asked to fill out and return a
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form to indicate if they would like more information about the study and may be
interested in participation, or would not be interested in participation and would
like no further contact. An option was also provided to indicate if the letter had
been sent to an incorrect address. If no reply was received, a follow-up phone call
was made to request parents return the slip.
Where contact was unable to be established, attempts were made to
acquire up-to-date contact details using publicly accessible information (such as
the electoral roll and white pages) as well as through government funded agencies
such as the Transport Accident Commission. In these instances, the agencies‟
internal ethics processes detailed appropriate protocol for obtaining information.
If additional contact details were obtained (occurring for 3 cases), tracing letters
were again mailed in an attempt to establish initial contact with participants.
Control children were previously recruited using advertisement posters
inviting families to contact the researchers, placed at various centers in rural and
metropolitan Victoria (including hospitals, sports and recreation centers,
community centers and schools). When families contacted the researchers a brief
history of the child was taken to assess whether they met the inclusion and
exclusion criteria.
If parents indicated interest in participation, an information statement and
informed consent form for either the parent/guardian (if the child was under 12
years old) or for the parent/guardian and the child (if the child was 12 years old or
over) was provided by mail. Parents/guardians were asked to review information
and indicate whether or not they and their child would like to participate. Once a
consensual reply was received (via mail or phone), the researcher contacted
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parents/ guardians to make an appointment for a neuropsychological assessment
to take place at the Murdoch Children‟s Research Institute (Parkville, Victoria) or
LaTrobe university.
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4.3.3.2 Assessment.
At the start of each session, plain language statements were again
reviewed and parents were offered the opportunity to clarify any questions, before
written informed consent was obtained. Parents were requested to fill out parentrated measures whilst children underwent individual cognitive assessment in a
one-on-one session with the researcher. Parents and children were provided with
appropriate instruction (consistent with standardized protocols where applicable)
prior to completing the measures, and given appropriate opportunities to clarify
instructions as needed.
Cognitive assessments took place in a quiet room with minimal
distractions. Assessments were conducted using standardized neuropsychological
measures and administered in accordance with standardized protocols (see
corresponding test manuals for specifics). The researcher underwent appropriate
training prior to commencing assessment sessions. Assessments lasted
approximately 2 – 2.5 hours and were conducted over a single day in two sessions
(with a scheduled break halfway through). Children were offered the opportunity
for additional breaks if needed. Table 4.5 details the order of cognitive
assessments, determined based on maintaining consistency with previously
collected data and to ensure minimal interference effects between subtests.
After the assessment, parents and children were debriefed. A short
neuropsychological report was mailed to parents outlining their child‟s personal
strengths and (where applicable) areas of difficulty. Children were also offered a
referral to their community psychological/ community health facility where
relevant.
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Table 4.5
Order of Test Administration
Session

Measures Administered

Subtest

1

WISC - IV

Block Design

WISC- IV

Vocabulary

RAVLT

Learning trials 1-5, list B
and immediate recall.

WISC- IV

Coding

WISC- IV

Matrix Reasoning

WISC- IV

Digit Span (forwards and
backwards)

NEPSY

*Speeded Naming

RAVLT
WRAT-IV

Delayed recall and
recognition
*Word reading

WRAT-IV

*Sentence Comprehension

ERRNI

*Narrative telling

WISC-IV

Similarities

NEPSY

Verbal Fluency

NEPSY

*Phonological Processing

TEA-Ch

Sky Search

TEA-Ch

Score instructions and
practice sessions, then
Score DT administration

ERRNI

*Recall and comprehension
questions

2

Note. * Subtests marked with an asterisk were administered but have been omitted from analyses
in the present study.
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4.3.3.3 Statistical Analyses.
Data analysis was performed using the Statistical Package for the Social
Sciences Version 21 (SPSS; Nie, Hull, Jenkins, Steinbrenner & Brent, 1970).
Prior to analysis, cognitive and parent-rated variables were examined through
SPSS for accuracy of data entry, missing values, and fit between distributions and
assumptions. Missing data was excluded from analysis using pairwise deletion.

Assumption of normality
Significant outliers or departures from distribution normality were
detected for each severity group, using conservative criterion ( = .001 or z 
3.30) for use with relatively robust measures like ANOVA (Tabachnick & Fidell,
2007, p. 251). True outliers that violated higher and lower outer limits were
retained to ensure accurate representation of the sample, but were trimmed to less
extreme values (by being assigned to the next highest/lowest data point within the
acceptable limit specified) to prevent excessive influence on group means
(Aguinis, Gottfredson, & Joo, 2013; Grissom, 2000). Variables that represented
significant departures from normality (for example showed z-scores greater than
3.30 for skewness and/or kurtosis statistics) were transformed, either using square
root or natural log transformations. For a full list of variables and data treatment
methods, see Table 8.1 in Appendix D.

Assumption of homogeneity of variance
Each independent variable was assessed for homogeneity of variance
using the Levene‟s Test of Equality of Error Variance. In the event of a violation
of the assumption of homogeneity (e.g. Levene‟s Test was significant, p < .05), a
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more conservative alpha level was used for determining significance (0.025, based
on Tabachnick & Fidell, 2007, p. 252).

Assessment of group differences in injury and participant characteristics
A one-way between-groups analysis of variance was conducted to explore
differences in injury characteristics (age at injury, time since injury) and
participant characteristics (age at assessment, SES) for different injury severity
groups. A chi-square test for independence was used to explore the relationship
between gender and severity group. Cramer‟s V effect size was considered in
interpretations of results, based on criteria specified by Gravetter and Wallnau,
(2004, p. 605). Based on these analyses, it was determined that it was not
necessary to covary for factors such as age at injury or assessment, time since
injury, gender or socio-economic status. Given injury severity groups differed
with respect to cause of injury, cause of injury was included as a covariate in
initial Multivariate Analysis of Variances (MANOVA) analyses of cognitive,
executive, behavioural, emotional and social outcome measures (discussed in
more detail below). Cause of injury was not found to have a significant impact on
severity group differences on these measures, so was subsequently excluded from
further analyses.

Assessments of difference between mean group performance for the
moderate TBI sample, and age-expected norms on outcome variables
Separate One-Sample t-tests were used to statistically compare differences
between the moderate TBI groups‟ mean performance and age expected
performances based on normative data for each outcome measure of interest. Data
met test assumptions of normality and linearity prior to analyses. For all analyses,
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an alpha level of .05 was adopted to establish statistical significance, unless
otherwise specified. Note that Bonferroni adjusted alpha levels were not used to
conserve power, based on small sample sizes.

Assessment of group differences on outcome variables
Separate MANOVAs were conducted to assess group differences amongst
means on cognitive, executive, behavioural, emotional and social outcome
measures. Prior to analyses, Mahalanobis Distance was investigated with a
criterion of p < .001 and no multi-variate outliers were detected based on
comparison between the maximum Mahalanobis distance obtained (74.64) against
the chi square critical value (78.75). Due to small sample sizes and minor
inequality in cell frequencies, Pillai‟s Trace was interpreted for the multivariate
test of significance (Tabachnick & Fidell, 2007).
For all analyses, an alpha level of .05 was adopted to establish statistical
significance, unless otherwise specified (based on violations of assumption).
Partial Eta2 provided the measure of effect size and the magnitude of the effect
was determined according to Cohen‟s (1988) criteria, where .01 was considered a
small effect, .06 a moderate effect and .138 a large effect. Post Hoc univariate
comparisons were made when significant group differences were identified. Note
that Bonferroni adjusted alpha levels were not used to conserve power, based on
small sample sizes and medium to large effects observed.
Comparing ‘at risk’ frequencies between groups
Fischer‟s Exact Probability test was used to test for group differences
regarding the number of children who were classified as being in the Borderline
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to At risk range for everyday executive, emotional, behavioural and social
problems.

Examining relationships between hypothesized aetiological factors and
performance on outcome measures
The Pearson-product moment correlation co-efficient was used to examine
relationships between hypothesized aetiological factors and performance on
outcome measures. The magnitude of relationships were determined according to
Cohen‟s (1988) criteria, where .01 - .29 was considered a small effect, .30 - .49 a
moderate effect and .50 - 1.00 a large effect. Variables that were significantly
correlated with outcome measures were entered into regression analyses to
examine their relative contribution to outcome variance. All data utilised in
regression analyses met the required assumptions of normality and linearity.
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CHAPTER 5

Study 1

Study 1 investigated outcome following a Traumatic Brain Injury (TBI) sustained
in infancy, after a significant elapsed time. The research aimed to clarify the
predictive utility of injury severity towards long-term outcome by better
characterizing outcome following moderate TBI, and determining the
appropriateness of a stratified definition of mild TBI. 107 children (n male = 60)
aged between 6-15 years (M = 9.89 years) participated in the study. The sample
consisted of three injury severity groups; uncomplicated mild (n = 18),
complicated mild (n = 34) and moderate (n = 22) TBI, and 33 healthy control
children. TBI groups sustained their injury at a mean of 1.88 years, and were
assessed at a mean of 8.14 years post injury. All children underwent
neuropsychological assessment and parents completed ratings of behavioural,
emotional and social competency. Findings showed children were vulnerable to a
range of neuropsychological and psychosocial deficits following a moderate TBI
sustained at a young age. Findings also supported a stratified definition of mild
TBI by showing outcome following uncomplicated and complicated mild TBI
could be differentiated on complex cognitive measures, and in the psychosocial
domain. Findings highlighted the need for increased emphasis on clinical
management of mild and moderate TBI sustained in early childhood.
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5.1 Background and rationale
Traumatic brain injury (TBI) is common amongst young children
(Anderson, et al., 2004; Crowe, et al., 2012a) and consistently associated with
functional impairment including neurocognitive (Anderson, et al., 2001c;
Michaud, et al., 1992) and psychosocial sequelae (Max, et al., 1997a, 1997b;
Yeates, et al., 2010). Younger age at injury has been associated with poorer
outcome, as early disruption to rapidly developing skills (Dennis, 1988) may lead
to failure to maintain maturational progress (Anderson, et al., 1997; Anderson &
Catroppa, 2005; Anderson, et al., 2000b; Anderson & Moore, 1995; EwingCobbs, et al., 1997; Ewing-Cobbs, et al., 1989; Ewing-Cobbs, et al., 2006).
Despite this, relatively few studies have focused on outcome after an injury
sustained in infancy (Crowe, et al., 2012b; Crowe, et al., 2013).
Studies focusing on TBI in younger populations have reported a range of
skill deficiencies in the cognitive domain, including lower IQ, and poorer
performance on measures of executive functioning, processing speed and nonverbal skills (Anderson, et al., 1998; Dennis, et al., 1995; Fenwick & Anderson,
1999). Psychiatric and behavioural disorders and poor social competency have
been observed (Evans, et al., 2004; Luis & Mittenberg, 2002; Max et al., 1998;
2001; Rosema et al., 2012; Schachar, et al., 2004; Yeates et al., 2007).
Researchers have demonstrated the persistence or exacerbation of deficits can
occur in the long-term, even following a milder injury (Beauchamp, et al., 2011;
Chapman et al., 2010; Hawley, 2003; Limond & McMillan, 2009; Muscara, et al.,
2008a).
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Additional investigation is needed regarding the role of injury severity in
predicting outcome. There is currently poor understanding of outcome following a
moderate severity of injury, either due to a lack of investigation, or failure to
differentiate between moderate and either mild (Ewing-Cobbs et al., 2004a;
Wozniak, et al., 2007) or severe injury groups (Limond & McMillan, 2009;
Mandalis, et al., 2007) during analyses. When studies do examine moderate
groups independently, substantial variation has been observed. This is particularly
problematic, given the higher incidence of moderate injury for very young
children (Crowe, et al., 2012a).
Classification of injury severity has been confounded by inconsistency in
approach and poor specificity criteria (Fay, et al., 1994; Levin, et al., 2008a).
Recent attempts to improve specificity have further separated mild TBI into the
subgroups of „complicated‟ and „uncomplicated‟ (Fay, et al., 2010; Levin, et al.,
2008a; Papoutsis, 2010) based on the presence or absence of pathophysiological
findings. There is emerging evidence that outcome for children may be worse
following a complicated (compared to uncomplicated) mild TBI (Fay et al., 2010;
Levin, et al., 2008; Papoutsis, 2010) suggesting neurological insult may
differentiate between outcome profiles. Hence further specificity in classification
of injury severity may enable more accurate prediction of patterns of outcome.
Methodological limitations such as poorly controlled studies, inclusion of
children with NAI, and inconsistency in cognitive measures used across age
groups has restricted generalization of results (Crowe, et al., 2012b; Kinsella,
Ong, Murtagh, Prior, & Sawyer, 1999; Yeates, et al., 2010) and future research is
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still required to address these shortfalls. In addition, long-term outcome is often
assessed from one to five years post injury, however it remains to be investigated
at a time when development of cognitive skill is expected to be more complete
and increasingly complex skills are required (Crowe, et al., 2012b).

5.2 Overview, aims and hypotheses
The current study aims to identify long-term outcome in a variety of
cognitive and psychosocial domains, following an early traumatic brain injury. In
order to incorporate important risk factors for adverse outcome, children who
sustained a TBI at a very young age were assessed at a critical developmental
time. The clinical sample was divided into severity categories including
uncomplicated mild, complicated mild and moderate in order to investigate the
influence of injury severity on outcome. Outcome following a moderate injury
was also examined in the context of age-appropriate norms to allow better
characterization given the previous lack of emphasis in published literature.
Additionally, performance on neuropsychological measures and parent ratings of
psychosocial problems were compared across severity groups and compared to a
sample of typically developing controls.

The hypotheses for study 1 were:
1. Following an early moderate injury, children will demonstrate difficulties
in cognitive and psychosocial domains even after a significant period of
recovery. Neuropsychological performance is expected to be below ageexpectations (in the context of normative data), particularly on measures
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of executive functioning. In addition, it is expected that parents will report
elevated emotional and behavioural regulatory difficulties and social
competency issues.

2. Injury severity will influence outcome, such that the uncomplicated mild
group will perform at a similar level to typically developing controls;
whilst the complicated mild group may perform slightly below
uncomplicated mild and control groups. The moderate severity group will
performance significantly below other injury and control groups on
neuropsychological measures, and demonstrate elevated problem ratings
on parent report measures.

5.3 Method
The participants, procedures and materials outlined in the General Method
section of Chapter 4 were utilized for Study 1. See section 4.3.3.3 for preliminary
statistical analyses, data screening and treatment techniques and assumptions.

5.4 Statistical analyses
The following analyses were undertaken to address Hypothesis 1;
1.

Descriptive analyses were used to characterize performance following
moderate severity of injury in a variety of neuropsychological domains.
Parent-rated problems in behavioural, emotional and social areas were
examined.

2.

One sample T-tests were used to statistically compare obtained mean and
standard deviation scores to published normative data, in order to
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determine outcome following a moderate TBI in relation to age
expectations.

Hypothesis 2 was addressed using the following methods;
1.

MANOVA was used to assess the significance of differences between
group means to determine the effect of injury severity on outcome. TBI
severity group (with 4 levels: control, uncomplicated mild, complicated
mild and moderate severity of injury) was used as the independent
variable. The following MANOVAs were carried out for each domain
of interest with corresponding dependent variables as listed below;

a) Cognitive outcome: group differences in mean performance on
neuropsychological measures were compared using intelligence (IQ), verbal
comprehension (VCI), perceptual reasoning (PRI), learning (RAVLT
Learning) and memory (RAVLT Delay) as dependent variables.
b) Executive outcome: neuropsychological measures of executive functioning
used as dependent variables included information processing (Digit Span
Forwards and Coding), sustained attention (Sky Search Attention), cognitive
flexibility (Digit Span Backwards, Sky Dual Task), goal setting (Verbal
Fluency and Block Design), and everyday executive skills (BRIEF
Metacognition Index and Global Executive Composite).
c) Emotional and behavioural outcome: Parent-rated measures were used to
assess outcome. Emotional outcome was evaluated using MANOVA with
DVs including BRIEF Emotional Control and CBCL Internalizing index.
Behavioral measures were assessed using MANOVA with BRIEF
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Behavioural Regulation Index, and the CBCL Externalizing problems Index
as dependent variables.
d) Social outcome: One-way Analysis of Variance (ANOVA) was used to assess
group differences regarding social outcome, using the CBCL Social Problems
scale as the dependent variable. Post-Hoc analyses were conducted using
Tukey‟s HSD.
2.

Fischer‟s Exact Probability test was used to assess group differences
regarding the number of children who were classified as being in the At
risk to Impaired range for parent ratings of everyday executive
functioning difficulties, internalizing and externalizing problems,
emotional control, behavioural regulation problems and social
problems.
5.5 Results

5.5.1 Characterizing outcome following a moderate severity of injury
Demographic and clinical characteristics of the Moderate TBI sample are
presented in Tables 4.1 and 4.2 on pg. 78 (Ch. 4). Twenty-two children who
sustained a moderate TBI (n male = 13, M age = 10.45 years, range 6 -15 years,
SD = 2.87 years) between the ages of one month to 3.75 years (M age at injury =
2.09 years, SD = 1.27 years) were assessed at approximately eight years postinjury (M time since injury = 8.08 years, range = 5 -12 years, SD = 2.50).
Descriptive statistics regarding performance on neuropsychological measures are
presented in Tables 5.1 and 5.2 below. In addition, moderate group results were
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compared with normative data using t tests. Results are also presented in Tables
5.1 and 5.2 below.
Table 5.1
Mean performance of the Moderate TBI Group on Cognitive Outcome Measures

Measure
IQ

M (SD)
95% CI
n = 22
97.38 (14.05)
[91.16, 103.62]

Normative
M (SD)

t(21)

p

100 (15)

-.87

.39

Verbal Comprehension Index

98.23 (13.52)
[92.23, 104.22]

100 (15)

-.61

.54

Vocabulary

9.32 (2.73)
[8.11, 10.53]

10 (3)

-1.17

.26

Similarities

10.05 (2.36)
[8.99, 11.09]

10 (3)

-.09

.92

Perceptual Reasoning Index

96.55 (18.8)
[88.21, 104.88]

100 (15)

-.86

.40

Block Design

8.73 (3.35)
[7.23, 10.21]

10 (3)

-1.78

.09

Matrix Reasoning

9.86 (3.24)
[8.42, 11.30]

10 (3)

-.20

.84

Digit Span (DS)

9.59 (2.5)
[8.48, 10.70]

10 (3)

-.77

.45

Coding

9.59 (2.82)
[8.33, 10.84]

10 (3)

-.68

.50

0 (1)

-2.70

.01*

0 (1)

-1.64

.12

RAVLT Learning (Z score)

-0.85 (1.47)
[-1.52, -.15]
RAVLT Delay (Z score)
-0.45 (1.28)
[-1.02, .17]
Note. RAVLT = Rey Auditory Verbal Learning Test.

* p < .05, ** p < .01.
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Table 5.2
Mean performance of the Moderate TBI Group on Executive Outcome Measures
95% CI

DSF
Coding

M (SD)
n = 22
9.09 (3.13)
9.59 (2.82)

[7.70, 10.48]
[8.34, 10.84]

Norm
M (SD)
10(3)
10(3)

SS Attn.

8.91 (2.04)

[7.95, 9.85]

Cognitive
Flexibility

DSB

9.23 (1.80)

SS DT

Goal Setting

Verbal
Fluency
Block
Design

Construct
Information
processing
Attentional
Control

Parent-rated
measures

t(21)

p

-1.36
-.68

.19
.50

10(3)

-2.50

.02*

10(3)

- 2.02

5.50 (3.29)

[8.43, 10.02]
[4.25, 7.18]

10(3)

-6.41

.06
.001**

11.73 (3.31)

[10.16, 13.25]

10(3)

2.45

.03*

8.73 (3.35)

[7.24, 10.21]

10(3)

-1.78

.09

Initiate

52.05(13.76)

[45.78, 58.31]

50(10)

.68

.50

Working
Memory

53.19 (14)

[46.82, 59.56]

50(10)

1.05

.31

Plan/Org

52.62 (15.01)

[45.78, 59.45]

50(10)

.80

.43

Plan
Materials

50.62 (11.12)

[45.56, 55.68]

50(10)

.26

.80

Monitor

51.38 (11.93)

[45.95, 56.81]

50(10)

.53

.60

BRIEF
MI

53.19 (14.26)

50(10)

1.43

BRIEF
GEC

53.19 (14.26)

50(10)

1.03

Measure

[47.94, 61.01]
[46.70, 59.68]

.17
.17

CBCL
[52.97, 59.60] 50(10)
.001**
56.29 (7.27)
3.96
Attention
Note. DSF = digit span forwards; DSB = digit span backwards; SS Attn. = sky search
attention; SS DT = sky search dual task; BRIEF MI = Behaviour Rating of Executive
Function, Metacognition Index; BRIEF GEC = Behaviour Rating of Executive Function
Global Executive Composite; CBCL = Child Behaviour Checklist.
* p < .05, ** p < .01.
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The moderate group generally performed within the age appropriate range
on neuropsychological measures, when evaluated against published normative
data. Children performed within the Average range on cognitive measures
including estimated intelligence, verbal and visual tasks, speed of information
processing, basic attention and memory. Lower scores on tests of cognitive
performance were noted on measures of sustained attention and dual tasking
(facets of executive functioning) and learning novel verbal information. Group
level performances on these measures were significantly poorer than the
normative sample; sustained attention (Sky Attention), t(21) = -2.50, p = .02; dual
tasking (Sky DT), t(21) = -6.41, p = .001; and learning (RAVLT learn), t(21) = 2.70, p = .01.
Parents generally rated children as meeting age expectations in terms of
everyday executive functioning. Highest scores (and hence increased difficulty)
were observed for attention problems, with group differences between the
moderate TBI sample and normative sample reaching statistical significance;
(CBCL attention), t(20) = 3.96, p = .001.

Descriptive data and t scores from comparisons with normative data for
the moderate TBI group‟s performance in psychosocial domains are provided in
Table 5.3, below.
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Table 5.3
Mean performance of the Moderate TBI Group on Psychosocial Outcome
Measures
Construct
Emotion/
Psychiatric

Measure
Anxiety/
Depression
Somatic

M (SD)
n = 21
56.43 (6.9)

95%
CI
[53.17, 59.98]

Norm

t(20)

p

50(10)

4.27

.001**

M (SD)

60.05 (7.41)

[56.67, 63.54]

50(10)

6.22

.001**

Withdrawn
Thought
Problems
Internalising
Problems
Emotional
Control

55.95 (10.66)

[51.25, 61.90]

50(10)

2.56

.02*

50(10)

3.62

.002**

50(10)

1.60

.12

50(10)

1.28

.21

Behaviour Aggressive
Rule
breaking
Externalising
Problems
Inhibit

55.86 (10.73)

50(10)

2.50

.02*

50(10)

2.40

.03*

50(10)

-.02

.98

Shift
Behavioural
Regulation
Social

Social
Problems
Social Skills
Leisure
Skills
Social
Competency

56.9 (8.75)
54.38 (12.55)
53.81 (13.61)

53.67 (7.00)
49.95 (12.80)

[53.34, 61.92]
[49.25, 60.86]
[47.61, 60.00]

[51.11, 61.83]
[50.55, 57.56]
[44.92, 57.28]

53.43 (12.80)

[46.94, 51.92]

50(10)

1.10

.28

53.81(14.98)

[46.99, 60.62]

50(10)

1.17

.26

50(10)

1.24

.23

50(10)

4.40

.001**

10(3)

-2.35

.03*

10(3)

-2.27

.03*

100 (15)

-2.18

.04*

54.33 (16.04)

58.14 (8.49)
8.11 (3.51)
8.6 (2.76)
91.63 (16.75)

[47.03, 61.63]

[54.55, 62.92]
[6.41, 9.80]
[7.27, 9.99]
[83.56, 99.70]

267.95
[248.18,
315.05
.001**
-6.03
(35.81)
284.03]
(29.15)
Note. DASC = Developmental Assessment of Social Competence. * p < .05, ** p < .01.
DASC Total
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Table 5.3 demonstrates significantly higher scores (and hence more
problems) were observed for children following a moderate TBI compared to ageexpected norms, in the areas of anxious/depressive symptoms, withdrawal,
abnormal thought content, somatic symptoms and aggressive or rule breaking
behaviour.
In terms of social outcome, parents rated children as having significantly
elevated social problems, and significantly poorer social skills, leisure skills, and
social competency development following a moderate TBI. On a novel measure of
social competency designed for use with children following TBI (DASC), the
average score was significantly below age expectations following a moderate TBI.
The moderate TBI group was administered additional measures to assess
development of everyday home living and practical abilities, and family
functioning. Results for mean parent ratings are displayed in Table 5.4, which
demonstrates children were behind their age-matched peers on many practical
skills and adaptive functioning domains following a moderate TBI. When
compared to normative data, parents rated their children has having significantly
poorer developed home living and community use skills, self-direction and
general practical and adaptive abilities. Interestingly, parents reported post-injury
family functioning that was better than rates reported in published normative data.
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Table 5.4
Mean performance of the Moderate TBI Group on Practical and Family Measures

Construct

Measure
Self Care
Home Living
Community Use

Practical
skills and
adaptive
functioning
(ABAS
scales)

Health and Safety
Self direction
Practical
Composite

M (SD)
95% CI
n = 21
8.79 (2.78)
[7.44, 10.13]
5.55 (3.53)
[3.66, 7.07]
7.35 (3.51)
[5.47, 8.84]
7.45 (3.59)
[5.60, 9.13]
6.89 (3.51)
[5.20, 8.59]
85.05 (16.11)

Normative
M (SD)

t(20)

p

10 (3)

-1.90

.07

10 (3)

-5.63

.001**

10 (3)

-3.37

.003**

10 (3)

-3.18

.005**

10 (3)

-3.86

.001**

100 (15)

-4.04

.001**

100 (15)

-3.96

.001**

2.3 (.47)

-5.13

.001**

2.3 (.51)

-6.57

.001**

2.4 (.43)

-1.61

.12

2.4 (.61)

-6.32

.001**

[77.29, 92.81]
General Adaptive
Composite
Problem Solving
Communication
Roles
Family
functioning
(FAD
scales) +

Affective
Responsiveness

85.95 (15.47)
[78.49, 93.40]
1.94 (0.33)
[1.76, 2.08]
1.92 (0.26)
[1.78, 2.04]
2.29 (0.33)
[2.12, 2.44]
1.83 (0.41)
[1.63, 2.03]

Affective
Involvement

2.01(0.48)

2.2 (.50)

-1.8

.09

Behaviour control

[1.79, 2.26]
1.68 (0.42)
[1.45, 1.87]

2.0 (.41)

-3.51

.002**

General
Functioning

1.68(0.36)

2.2 (.58)

-6.63

.001**

[1.50, 1.85]
Note. +Higher FAD scores represent poorer family functioning. * p < .05, ** p < .01.
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To summarise, these results indicate that following a moderate TBI
children perform within age-expected limits over a range of cognitive domains.
Compared with normative data circumscribed deficits were identified on tests of;

1. Learning novel verbal information
2. Selective executive abilities including sustained attention, everyday
attention skills and dual tasking

In addition, elevated ratings on many psychosocial problems scales were
observed, and poorer practical and adaptive competencies were reported. Problem
areas included;

1. Emotional and psychiatric problems including anxious/depressive symptoms,
withdrawal, abnormal thought content, and somatic symptoms,
2. Behavioural problems such as increased aggressiveness and rule breaking,
3. Social problems including poorer social competency and skills development,
4. Practical and adaptive problems including poorer home living and community
use skills, self-direction and general practical abilities.
Interestingly parents rated family functioning as being optimal.

5.5.2 Severity-specific outcome comparisons

In order to examine the relationship between injury severity group and
outcome, severity groups were separated into uncomplicated mild, complicated
mild, moderate and typically developing controls. Differences between group
means were examined on a range of cognitive and psychosocial constructs. The
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following section discusses severity-specific outcome with regard to each domain
of interest.

5.5.2.1 Cognitive outcome
Descriptive statistics for each severity group on cognitive variables of
interest are displayed in Table 5.5 on page 120. An inspection of mean scores
indicated the moderate severity group performed below the other groups on all
cognitive measures. Larger standard deviations were observed for the moderate
group, indicative of larger variation in performance. A MANOVA was conducted
in order to statistically test differences between group means as a function of
injury severity. Results indicated that there was a statistically significant
difference between TBI severity groups on the combined cognitive variables,
F(18, 291) = 2.21, p = .004; Pillai‟s Trace = .99; ηρ2 = .12. Between subjects
effects are presented below.

General intellectual functioning
Performances on measures of general intellectual functioning were
compared across the four groups. Table 5.5 demonstrates there were no
statistically significant group differences for IQ, Verbal Comprehension Index or
Perceptual Reasoning Index. Examination of effect sizes indicated medium sized
differences between group means on IQ and Perceptual Reasoning. Univariate
analyses showed the moderate severity group performed below the mild and
control groups on these measures. Mild and control groups performed at a similar
level.
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Table 5.5
Descriptive data of cognitive outcome for each severity group

M (SD)
95 % CI
n = 33
102.38 (8.86)
[100.34, 106.37]

Uncomplicated
mild TBI
M (SD)
95 % CI
n = 18
103.11 (10.84)
[97.72, 108.50]

Complicated
Mild TBI
M (SD)
95 % CI
n = 34
105.24 (9.9)
[101.88, 108.97]

VCI

99.66 (9.05)
[96.90, 103.35]

101.33 (11.2)
[95.76, 106.90]

PRI

105.45 (11.79)
[102.45, 110.71]

Control
Construct

Measure

IQ

General
Intellectual
Function

RAVLT
Learning (Z
score)
Learning
and
Memory

RAVLT Delay
(Z score)

Moderate TBI

Between-subjects effects

M (SD)
95 % CI
n = 22
97.38 (14.05)
[91.16, 103.62]

F(3,
100)

p

Partial
Eta2

2.59

.06

.07

103.26 (11.56)
[98.66, 106.37]

98.23 (13.52)
[92.23, 104.22]

.72

.54

.02

106.97 (13.44)
[100.29, 113.66]

106.12 (15.76)
[100.45, 111.79]

96.55 (18.8)
[88.21, 104.88]

2.55

.06

.07

12.59

.00**

.27

0.58 (0.65)

0.72 (0.89)

0.4 (0.78)

-0.85 (1.47)

[.33, .82]

[.28, 1.17]

[.12, .68]

[-1.5, -0.2]

0.11 (1.18)

0.41 (0.76)

0.11 (1.06)

-0.45 (1.28)

2.28

.08

.06

[.26, .58]

[.03, .78]

[.26, .48]

[-1.01, -.12]

Note. RAVLT = Rey auditory verbal learning task; VCI = verbal comprehension index; PRI = perceptual reasoning index.

* p < .05, ** p < .01.
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Learning and memory
There were statistically significant differences between the groups on the
measure of new learning (RAVLT learn). Univariate analyses indicated that again
the moderate TBI group performed below the other three groups, whilst mild and
control groups were approximately equivalent. No statistically significant
differences were observed on the measure of memory (RAVLT delay), although
once again a medium effect size was observed indicative of a moderate difference
in performance between moderate TBI and mild TBI/control groups.

5.5.2.2 Executive outcome
Descriptive statistics for each severity group on executive variables are
displayed in Tables 5.6 and 5.7, along with between groups‟ differences.
MANOVA indicated that there was a statistically significant difference between
TBI severity groups on the combined executive variables, F(27, 258) = 2.15,
p = .001; Pillai‟s Trace = .55; ηρ2 = .18. Results for each executive outcome
variable are presented below.

Information processing
There were statistically significant differences between group means on
the measure of basic attention capacity (Digit Span Forwards). Univariate
analyses suggested the moderate group performed below the other groups on this
measure, with mild and control groups performing in an approximately equivalent
manner. A medium effect size was also observed on the measure of processing
speed (Coding), although this failed to reach statistical significance.
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Table 5.6
Executive outcome for each severity group on neuropsychological measures

M (SD)
95 % CI
n = 33

Uncomplicated
mild TBI
M (SD)
95 % CI
n = 18

Complicated
Mild TBI
M (SD)
95 % CI
n = 34

DSF

11.18 (2.44)

11.56 (1.58)

Coding

[10.33, 12.08]
9.97 (2.14)
[9.06, 10.66]

SS Attn.

Control
Construct

Information
Processing

Sustained
Attention

Cognitive
Flexibility

Goal
Setting

Moderate TBI

Between-subjects effects

M (SD)
95 % CI
n = 22

F (3, 92)

p

Partial
Eta2

10.94 (2.01)

9.09 (3.13)

4.19

.01*

.12

[10.81, 12.52]
11.24 (2.68)
[10.16, 12.90]

[10.05, 11.56]
10.97 (2.71)
[9.81, 11.80]

[7.75, 10.63]
9.27 (3.04)
[8.42, 11.00]

2.22

.09

.07

8.63 (2.57)

7.67 (2.85)

8.44 (1.86)

8.91 (2.04)

0.80

.50

.03

[7.77, 9.74]

[6.25, 9.35]

[7.78, 9.13]

[7.95, 9.85]

DSB

10.64 (2.75)

11.22 (3.42)

10.38 (2.77)

9.23 (1.80)

2.77

.046*

0.08

SS DT

[9.69, 11.83]
8.91(3.17)
[8.02, 10.12]

[9.92, 13.67]
8.18 (2.88)
[6.61, 9.89]

[9.52, 11.51]
5.97 (3.07)
[4.99, 7.21]

[8.40, 10.08]
5.5 (3.29)
[4.25, 7.18]

7.44

.001**

0.2

12.09 (2.89)

13.75 (2.59)

12.39 (3.37)

11.73 (3.31)

1.13

.34

.04

[11.06, 13.12]
11.21 (2.40)
[10.29, 12.12]

[12.13, 14.80]
10.61 (2.68)
[9.36, 11.97]

[11.04, 13.54]
10.85 (2.66)
[10.08, 12.04]

[10.17, 13.26]
8.73 (3.35)
[7.20, 10.32]

3.93

.01*

0.11

Measure

VF
BD

Note. See Table 5.2 for a full list of abbreviations. * p < .05, ** p < .01.
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Table 5.7
Executive outcome for each severity group on parent-rated measures

M (SD)
95 % CI
n = 33

Uncomplicated
mild TBI
M (SD)
95 % CI
n = 18

Complicated
Mild TBI
M (SD)
95 % CI
n = 34

47.42 (8.6)
[45.21, 55.48]

49.61 (10.65)
[45.37, 57.17]

50.15 (13.29)
[44.60, 54.49]

53.19 (14.26)
[47.94, 61.01]

3 (9.1%)

1 (5.5%)

4 (12.1%)

5 (23.8%)

47.42 (8.6)
[.26, .58]

46.78 (8.96)
[41.39, 49.41]

48.94 (9.99)
[44.46, 51.27]

53.19 (14.26)
[46.70, 59.68]

2 (6%)

1 (5.5%)

4 (12.1%)

8 (38.1%)

52.09 (3.21)
[50.99, 53.56]

54.61 (5.11)
[51.36, 57.04]

53.85 (4.42)
[52.08, 55.40]

56.29 (7.27)
[52.97, 59.60]

1 (3%)

1 (5.5%)

1 (3%)

5 (23.8%)

Control
Measure

BRIEF MI
n (%) At risk to
Borderline
BRIEF GEC
n (%) At risk to
Borderline
CBCL Attention
n (%) At risk to
Borderline

Moderate TBI

Between-subjects effects

M (SD)
95 % CI
n = 22

F (3,
92)

p

Partial
Eta2

.97

.41

.03

1.72

.17

.02

3.22

.03*

.09

Note. BRIEF MI = Behavioural Rating of Executive Functioning Metacognition Index; BRIEF GEC = Behavioural Rating of Executive
Functioning Global Executive Composite; CBCL = Child Behaviour Checklist. * p < .05, ** p < .01.
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Sustained attention
MANOVA comparing the four groups‟ on the measure of sustained
attention was not statistically significant, indicating relative equivalence of
performance.

Cognitive flexibility
MANOVA assessing cognitive flexibility showed significant differences
for group performances on working memory (Digit Span Backwards) and dual
tasking (Sky Search DT). Univariate analyses suggested the moderate and
complicated mild groups performed significantly more poorly when compared to
uncomplicated mild and control groups on the dual tasking measure, whilst only
the moderate and uncomplicated groups were significantly different on the
measure of working memory.

Goal setting
MANOVA comparing performances on measures of goal setting showed
significant differences between group performances for non-verbal goal setting
(Block Design). Univariate analyses indicated that the moderate severity group
performed significantly more poorly than the mild and control groups on this
measure. No statistically significant group differences were observed on the
verbal measure of goal setting (verbal fluency).
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Everyday executive functioning
MANOVA indicated that there were no statistically significant differences
between TBI severity groups on the combined everyday executive variables,
F(9, 303) = 2.15, p = .12; Pillai‟s Trace = .13. However, examination of between
subjects effects showed group differences on parent ratings of everyday attention
problems was significantly different. The moderate group was rated as having
significantly more attention problems compared to the control group.
Fisher‟s exact test was used to evaluate group differences regarding the
percentage of children who were classified as being in the At risk to Impaired
range on parent ratings of everyday executive functioning (see Table 5.7 and
Figure 5.1 for descriptive statistics). Results are presented in Table 5.8 below.
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Figure 5.1 Percentage of children rated by parents as At risk to Impaired on the
BRIEF Metacognition and Global Executive Indices and CBCL Attention Scale.

Table 5.8
Fisher’s Exact Statistics for group comparisons of children classified as At risk to
Impaired on parent-rated executive measures

Measure

Severity group comparison
Moderate C. Mild
UC. Mild
&
&
&
Control
Control
Control

Moderate
& C.
Mild

Moderate
& UC.
Mild

C. Mild
& UC.
Mild

CBCL
.03*
.75
.59
.03*
.13
.56
Attention
.14
.50
.56
.23
.13
.42
BRIEF MI
BRIEF GEC
.005**
.34
.72
.03*
.02*
.42
Note. C Mild = Complicated mild; UC mild = Uncomplicated mild. *p < .05, ** p < .01.
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Table 5.8 demonstrates there were no significant group differences on
metacognition risk. The moderate group had significantly more children rated as
At risk to Impaired for global executive abilities, compared to control,
uncomplicated mild and complicated mild groups. On the measure of everyday
attention, the moderate group had significantly more At risk to Impaired children
compared to control and complicated mild groups.

In summary, the uncomplicated mild group and control groups
demonstrated relative equivalency of performance on cognitive and executive
measures. The moderate and complicated mild groups were both disadvantaged
on the complex attention task, whist the moderate group performed significantly
more poorly than all groups on attention and new learning, information
processing, cognitive flexibility and goal setting measures. Clinically significant
differences were also suggested by effect sizes on measures of general
intelligence. In addition, the moderate group had significantly more children rated
as At risk to Impaired for global executive and everyday attention problems.

5.4.2.2 Psychosocial outcome
Descriptive statistics for each severity group on behavioural, emotional
and social variables are displayed in Table 5.9. Inspection of group means
suggested an elevated risk of psychosocial difficulties following TBI. A series of
MANOVAs were conducted in order to statistically test differences between
group means as a function of injury severity. Domain-specific results (and where
relevant univariate or post-hoc analyses) are presented below.
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Emotional and psychiatric outcome.
MANOVA indicated that there were no statistically significant differences
between TBI severity groups on combined emotional outcome variables,
F(6, 200) = 1.60, p = .15, Pillai‟s Trace = .09; ηρ2 = .05. When examining
variables individually, differences in mean group performance on measures of
emotional control were insubstantial, however, medium effect sizes were
observed for internalizing symptoms. Univariate analyses suggested the moderate
and complicated groups were rated as having a higher level of internalizing
symptoms compared to control and uncomplicated groups.
Fisher‟s exact probability test showed there were no significant group
differences for the percentage of children classified at At risk to Clinical for
internalising problems (see Table 5.10). Similarly, group differences were not
evident for differences in risk of poor emotional control for any group.
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Table 5.9
Psychosocial outcome for each severity group on parent-rated measures
Uncomplicated
Control
mild TBI
Measure and
M (SD)
M (SD)
Construct
Subscale/Index
95 % CI
95 % CI
n = 33
n = 18
Emotional
CBCL Internalising
47.94 (7.03)
51.44 (8.52)
Outcome

Moderate
TBI
M (SD)

95 % CI

95 % CI

n = 34

n = 22

53.5 (10.16)

54.38 (12.55)

Between-subjects effects

F (3, 101)

p

Partial
Eta2

2.4

.07

.07

1.34

.26

.04

2.43

.07

.07

2.34

.08

.07

.00**

.17

[47.21, 55.68]

[49.17, 55.83]

1 (3.0%)

1 (5.50%)

6 (17.6%)

[48.67,
60.09]
3 (14.30)

48.45 (9.24)

49.11 (8.21)

48.97 (9.94)

53.81 (13.61)

n At risk (%)

[45.81, 51.73]
2 (6.0%)

[45.03, 53.19]
0 (0%)

[45.38, 52.55]
1 (3.0%)

47.61, 60.00]
3 (14.3%)

CBCL Externalising

43.79 (7.99)

46.61 (11.59)

50.56 (11.76)

49.95 (12.8)

[40.95, 46.62]
0 (0%)

[40.85, 52.37]
1 (5.5%)

[45.90, 54.60]
4 (11.8%)

[44.13, 55.78]
3 (14.3%)

46.94 (8.04)

46.78 (8.96)

49.88 (10.25)

54.33 (16.04)

[44.09, 49.79]
1 (3.0%)
51.27 (2.18)
[50.50, 52.05]
0 (0%)

[42.32, 51.23]
1 (5.5%)
54.11 (7.13)
[50.57, 57.66]
1 (5.5%)

[46.09, 53.60]
3 (9.0%)
54.35 (5.93)
[52.20, 56.55]
4 (11.80%)

[47.03, 61.63]
5 (23.8%)
58.14 (8.49)
7.13
[54.28, 62.01]
7 (33.3%)

n At risk (%)
BRIEF Behavioural
Regulation Index

Social

Complicated
Mild TBI
M (SD)

[45.45, 50.43]
n At risk (%)
BRIEF Emotional
Control

Behavioural
outcome

131

n At risk (%)
CBCL Social

n At risk (%)
Note. *p < .05, ** p < .01.
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Table 5.10
Fisher’s Exact Statistics for group comparisons of children classified as At risk to
Clinical on parent-rated executive measures
Construct
and
measure

Severity group comparison
C. Mild UC.
Moderate
&
Mild &
& Control
Control Control

Moderate
& C. Mild

Moderate
& UC.
Mild

C. Mild
v UC.
Mild

Emotional
Internalising .16
.06
.59
.53
.36
.22
Emotional
.29
.51
.41
.55
.14
.64
Control
Behavioural
Externalising .05
.06
.35
.16
.36
.32
Behavioural
.03*
.31
.59
.14
.13
.56
Regulation
Social
Social
.001**
.06
.35
.06
.04*
.43
Problems
Note. C Mild = Complicated mild; UC mild = Uncomplicated mild. *p < .05, ** p < .01.

Behavioural Outcome.
MANOVA showed statistically significant results between severity groups
on combined behavioural outcome variables, F (6, 202) = 2.41, p = .03, Pillai‟s
Trace = .13; ηρ2 = .07. Between groups analyses revealed differences in mean
group ratings on separate behavioural measures failed to retain statistically
significance when examined separately, although observed effect sizes suggested
moderate group differences in behavioural regulation and externalizing problems.
Univariate analyses suggested the moderate group was rated significantly higher
on behavioural regulation problems compared to the uncomplicated mild and
control group, whilst the moderate and complicated mild groups had elevated
externalizing problems compared to uncomplicated mild and controls.
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Fisher‟s exact probability test showed there were no significant group
differences for the percentage of children classified at At risk to Clinical for
externalising problems (see Table 5.10) although the moderate and control groups
and complicated mild and control group approached significance. The moderate
severity group had significantly more children rated as being in the At risk to
Clinical range for behavioural regulation problems, compared to the control
group.

Social Outcome.
ANOVA revealed statistically significant group differences on the
measure of social outcome, F(3, 102) = 7.13, p = .00, η2 = .17. Post-hoc analyses
revealed the mean score for the moderate group was significantly higher on the
parent-rated CBCL problems scale when compared to healthy controls.
Fisher‟s exact probability test showed there were significant group
differences for the percentage of children classified at At risk to Clinical for social
problems (see Table 5.10). The moderate severity group had significantly more
children with social problems compared to the control group and uncomplicated
mild group. Group differences between the moderate and complicated mild
groups, and complicated mild and control groups approached significance but
failed to reach at the p < .05 level.
In summary, significant differences (or effect sizes) suggested elevated
scores for the moderate group on social and behavioural regulation problems.
They also had a significantly higher percentage of children classified as At risk to
Clinical. The complicated mild and moderate groups displayed more internalizing
and externalizing problems compared to uncomplicated mild and controls.
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5.5 Discussion
The current research aimed to identify long-term outcome in a variety of
cognitive and psychosocial domains, following a traumatic brain injury sustained
during a critical developmental period. Research questions regarded the presence
of clinically significant deficits in the long-term following an injury of moderate
severity, and if severity-specific patterns of outcome were evident when
comparing performance across different injury severity categories and to a sample
of typically developing controls

5.5.1 Characterising long-term outcome following a moderate injury
The hypothesis that children would demonstrate long-term difficulties in
cognitive and psychosocial domains following an early moderate TBI was
supported. Below age-expected performances were observed on measures of new
learning and selected executive abilities, including sustained attention, dual
tasking and everyday attention problems. Findings are consistent with early
childhood literature that has identified long-term difficulties with learning and
complex attention following pediatric TBI (Anderson, et al., 2000b; Catroppa &
Anderson, 2002; Dennis, et al., 1995; Yeates, et al., 1995). Domain specific
difficulties in facets of executive functioning (EF) are supported by Crowe and
colleagues (Crowe, et al., 2013), who investigated outcome following an injury
sustained aged three years or less. The authors found attentional control was most
vulnerable to the impact of moderate to severe head injury at 3 - 4 years post
injury. As attentional control is the first EF to develop in young children (Smidts,
Jacobs, & Anderson, 2004) deficits are likely due to disruption to maturation.

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

136

Given that attentional control is vital for the ability to sustain attention, manage
competing task demands and maintain vigilance in a busy everyday environment,
it is unsurprising that children displayed complex attention difficulties in the
current study.
Contrary to expectations, deficiencies in other cognitive and executive
domains were not observed when compared to normative data. This finding is in
contrast to previous studies demonstrating increased vulnerability to global
deficits following an early moderate head injury (Babikian & Asarnow, 2009;
Hoffman, et al., 2000; Levin & Hanten, 2005). Results suggest that with the
exception of learning and complex attention children were able to perform within
an age appropriate range following a moderate TBI. However, comparing
performance across severity groups and to typically developing controls revealed
a significant disadvantage following moderate TBI for a wide range of cognitive
skills. Significantly lower performances (and/or moderate to large effects) were
observed for measures of general intellectual ability, learning and memory,
information processing, cognitive flexibility and goal setting.
Patterns of findings suggest that early moderate TBI leads to a
disadvantage for global cognitive skill development, that although may appear to
create only subtle deficits compared to age expectations, can manifest in an
inability to meet full developmental potential. Vulnerabilities may become
increasingly pronounced in complex environments where children must manage
competing demands on their attention, such as in a busy classroom. This is
consistent with previous findings that despite cognitive recovery, post injury
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academic problems can fail to resolve over time (Fletcher, et al., 1990; Jaffe, et
al., 1995; Kinsella, et al., 1999; Klonoff, et al., 1995; Taylor, et al., 2002).
Findings also highlight the need for a typically developing comparison group in
pediatric TBI studies, as comparison to normative data may be insufficiently
sensitive to detect vulnerabilities.
With regard to psychosocial difficulties, parents reported an elevated risk
of problems following an early moderate TBI. Compared to normative data,
young children who sustained a moderate TBI had increased long-term
anxiety/depressive, somatic and withdrawal symptoms, and abnormal thought
content. In addition, there were elevated ratings of aggressive and rule breaking
behaviour. Severity-specific group comparisons also suggested a greater risk of
internalizing, externalizing and behavioural regulation difficulties compared to
healthy controls. More children were identified as having At risk to Clinically
significant rates of problems, especially with regard to poor behavioural
regulation. These findings are in keeping with previous research that has
established increased rates of psychosocial difficulties for (especially younger)
TBI samples in comparison to typically developing children (Asarnow, et al.,
1991; Butler, et al., 1997; Hunter & Donders, 2007; Klonoff, et al., 1995; Max, et
al., 1998; McKinlay, et al., 2010; Yeates, et al., 2007).
Post-injury social competency was also below expectations, consistent
with previous research (Bohnert, et al., 1997; Papero, et al., 1993; Yeates, et al.,
2004). Comparison to normative data suggested poorer development of social and
leisure skills, and comparisons to other TBI severity groups/healthy controls
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suggested significantly elevated ratings of social problems. Additionally, children
were reported to have significant difficulties with managing everyday practical
and adaptive abilities, including activities of home living, self-direction and
community access, with skills in these areas rated as below age expectations.
Previous research has also observed difficulties with maturation of functional
skills following pediatric head injury (Rosema, et al., 2012; Yeates, et al., 2007).
In sum, children with moderate TBI displayed significant weaknesses in
learning and attention compared to age expectations (normative data). In addition,
they performed significantly below typically developing controls on a range of
neuropsychological tasks. Additionally, the moderate TBI group demonstrated
elevated ratings of emotional, behavioural and social difficulties and deficiencies
in everyday adaptive and functional skills. Results suggest early moderate TBI is
likely to disrupt development of a range of cognitive and functional skills, and
result in poor long-term outcome.

5.5.2 Examining severity-specific patterns of outcome
The second research aim was to determine if severity-specific patterns of
long-term outcome could be identified following early TBI. In a related manner, it
was of interest to determine if the inclusion of subgroups within the mild injury
classification (uncomplicated/complicated mild) further enhanced specificity of
outcome characterization.
The hypothesis that the uncomplicated mild injury group would perform in
a similar manner to typically developing controls was supported. On all
neuropsychological measures, no statistically distinguishable differences were
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observed between performance for control and uncomplicated mild groups,
instead relative equivalency of performance was evident. Similarly, the
uncomplicated mild group was not rated as significantly different from controls
with regards to psychosocial difficulties. This finding is in keeping with previous
mild head injury literature (Fay, et al., 2010; Levin et al., 2008b; Papoutsis, 2010),
likely due to the lack of underlying brain pathology associated with superficial
head injuries (Bigler, 2010). Findings support the inclusion of subgroups within
the mild head injury classification, in order to distinguish between more and less
superficial head injuries in an acute setting.
The hypothesis that the complicated mild group would perform slightly
below uncomplicated mild and control groups was partially supported. On the
complex dual tasking measure the moderate and complicated mild groups both
performed below uncomplicated mild and control groups. However the
complicated mild group did not show significantly poorer performance on any
other neuropsychological measure. Findings suggest good recovery of many
cognitive functions following an early brain insult, consistent with previous
findings of minimal impact of mild TBI on long-term cognitive development
(Anderson, et al., 2000b; Anderson, et al., 2004; Catroppa, et al., 2007).
In contrast, specific executive skills showed increased vulnerability to the
effects of early-complicated mild head injury, suggesting differential
developmental and recovery trajectories for children injured during infancy.
Findings support the subtler nature of cognitive weaknesses following
complicated mild TBI, which only become pronounced with increasing task
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complexity (Hessen, Nestvold, & Anderson, 2007). Following mild TBI the most
consistent difficulties have been observed on complex neuropsychological tasks
like abstraction/ flexibility, complex attention, verbal fluency and working
memory after mild TBI (see Zakzanis, Leach, & Kaplan, 1999 for a review, also
Anderson et al., 2001; Roncadine et al., 2004). Additionally, the domain-specific
nature of executive impairments is in keeping with previous literature that
suggests executive functions are rarely impacted in a global way, even with
increasing injury severity (Catroppa, et al., 2007; Nadebaum, et al., 2007). Rather,
deficits tend to correspond specific skills in the most incomplete stage of
development, consistent with the early vulnerability hypothesis (Dennis, 1998).
The complicated mild group also showed selective psychosocial
difficulties, again lending partial support to the hypothesis regarding an impact
from early-complicated mild TBI. Children presented with greater group-level
internalizing and externalising problems, with a similar patterns of findings
evident regarding the percentage of children with clinically significant difficulties.
Findings are consistent with literature that suggests preschool complicated mild
TBI can be associated with persisting behavioural and emotional deficits over
time (McKinlay, et al., 2010; Yeates et al., 2009). Post injury difficulties are
perhaps due to the impact of disruption to neuroanatomical development in areas
(such as pre-frontal regions) vital for behaviour and emotional processes, (Dennis,
et al., 2001b; Hunter & Donders, 2007; Levin, et al., 2000; Levin, et al., 2004;
Max, et al., 2005), evident from both complicated mild and moderate TBI
(Donders & Warschausky, 2007). Again, findings support the call for

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

141

stratification of mild TBI into uncomplicated/complicated subgroups (McKinlay,
2009; Papoutsis, 2010; Yeates & Taylor, 2005), to allow differential management
in the acute setting and identification of potential domain-specific impairments in
the post-injury phase (Hessen, et al., 2007).
The hypothesis that the moderate severity group would demonstrate
significantly poorer performance on neuropsychological measures, and
significantly elevated problem ratings on parent report measures was supported.
The moderate injury group performed significantly below mild injury groups and
control groups on neuropsychological measures including learning and executive
functioning. Additionally moderate effects sizes suggested important clinical
differences between the moderate group and other TBI/control groups with regard
to performance on measures of general intellectual functioning and memory.
Elevated behavioural regulation problems and social difficulties were also noted.
Findings are supported by previous research that has observed significant
differences in performance for moderate TBI compared to mild injury severity
groups and healthy peers (Hoffman, et al., 2000; Levin & Hanten, 2005;
Mandalis, et al., 2007; Wozniak, et al., 2007) and emphasize that early TBI may
impact on the development of many cognitive and psychosocial skills.
Overall, group comparisons suggest following an injury sustained at a very
young age, TBI severity may differentially impact outcome. Severity-specific
patterns of findings somewhat conformed to dose/response expectations, with
increased difficulties emerging alongside increasing injury severity. However, the
extent of difficulties observed appeared to be dependent on task requirements and
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outcome domains assessed. For example, children appeared to escape significant
neuropsychological sequelae under the severity of a moderate head injury.
However subtle deficits following complicated mild injury became more
pronounced on complex cognitive tasks, and increased vulnerability to problems
in psychosocial domains were also evident following complicated mild TBI.

5.5.3 Implications
Results suggest uncomplicated mild TBI represents a superficial head
injury that is not associated with ongoing cognitive sequelae in the long-term,
whist complicated mild TBI is associated with specific and circumscribed deficits
in the presence of many appropriately developed skills. Patterns of findings
support a stratified definition of mild head injury, to enable acute distinction
between superficial head injury and TBI.
Following a complicated mild TBI, increasingly complex cognitive
functions and emotional and behavioural domains were the most vulnerable to the
impact of neurological compromise. Accordingly, children are likely to
experience increased vulnerability to difficulty on activities requiring high
cognitive load, whereby subtle deficits can become more pronounced. Busy
environments like an open plan classroom or large social gathering may represent
increased risk to cognitive or behavioural/emotional difficulties. Awareness of
these difficulties may create opportunity for environmental modification to reduce
risks, or targeted intervention or remediation following an early-complicated mild
head injury.
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Following a moderate TBI, children performed significantly below mild
injury groups and typically developing children on a range of neuropsychological
measures, and were particularly prone to new learning and complex attention
difficulties. In addition, an increased presence of psychosocial and
practical/functional difficulties were evident. Although certain difficulties were
somewhat subtle with regards to age expectations, group comparisons suggested
incomplete recovery and increased vulnerability to poor performance in an
everyday context. Increased vulnerability may impact on the development and
application of key cognitive skills, perhaps having a subtle impact on children‟s
ability to meet their full potential. Clinical intervention following an early
moderate head injury should focus on remediation of attention and learning
difficulties, and education for children, parents and teachers regarding detection
and management of psychosocial problems. Provision of support and early
intervention would assist children and families experiencing significant
difficulties in these areas.
Overall, findings suggest that long-term deficits following early childhood
head injury are related to injury severity but manifest in task-dependent and
domain specific ways. Moderate injury is associated with deficits and increased
vulnerability in many domains, whilst complicated mild TBI is associated with
specific and circumscribed deficits in the presence of many intact skills and
uncomplicated mild injury is not associated with ongoing sequelae. Findings
somewhat support dose/response patterns of deficit with regards to injury severity
and outcome, although clearer distinctions could be made with the inclusion of a
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severe injury group in future studies. Alternatively, severity-specific findings
suggest perhaps it would be advantageous for clinicians and health professionals
to consider classification of pediatric head injury across a continuum of injury
severity rather than in relation to distinct categories. Therefore individual
outcomes can be predicted with consideration to injury-related vulnerability and
situation specific or activity dependent requirements.

5.5.4 Limitations and future research directions
Potential limitations of this investigation include relatively small sample
sizes for the moderate and complicated mild severity groups, which affected the
power of analyses. Examination of effect sizes as well as statistically significant
findings somewhat helped in alleviating the chance of type 2 error.
In a related manner, substantial variability in outcome is often observed
following pediatric TBI (Anderson, et al., 2001c; Satz, Zaucha, McCleary, Light,
& Asarnow, 1997), and consistent with this, large standard deviations on outcome
measures were suggestive of somewhat heterogeneous presentations in the current
study. As such, a greater sample size and the inclusion of a severe injury group
may be helpful in better characterizing severity-specific patterns of outcome.
Using published normative data for outcome comparison following a
moderate TBI may present a limitation, due to variation in normative populations
amongst differing measures. However, it was important to consider how children
with moderate TBI were able to perform compared to age expectations as
outcome was previously poorly defined. In addition, using a control group for
comparison in the second part of the study enabled better characterization of
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outcome based both on age expectations and in comparison to children matched
on relevant demographic characteristics.
The study was limited by the retrospective selection of participants. This
method raises the possibility of some selection bias and precludes objective preinjury ratings of individual and environmental variables. Participants were
matched on individual developmental and demographic variables across TBI
severity and control groups, and attempts were made to control for pre-injury
status using relevant exclusion criteria. However, the considerable time between
injury and assessment may have resulted in poor accuracy of parent reporting.
Prospective, longitudinal designs in future would address some of these issues.
The study was also limited by the differing audit years used for
recruitment of mild and moderate injury groups. Initially, all groups sustained an
injury between the years of 2000-2003. However the significantly poor response
rate from the moderate injury group led to reduced recruitment, and additional
audit years (2004-2007) were subsequently included in an attempt to increase
participant numbers. Whilst injury groups were carefully matched on key
demographic variables (including age at injury, time since injury, socio-economic
status and so on), changing head injury management techniques in the acute
setting may have impacted upon long-term outcome. More specifically, advances
in neuroimaging availability/techniques and the introduction of TBI management
protocols to prevent or minimize secondary injury may have influenced findings
(e.g. Fakhry, Trask, Waller & Watts, 2004) and should be considered in future
investigations.
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The accuracy of recorded injury-related information may have detracted
from the correct classification into TBI injury groups. It was assumed that omitted
information represented absence of symptoms, but variability in the level of
injury-related detail recorded by different medical personal may have impacted on
accuracy. It was also not possible to include detailed analyses of cerebral lesion
size and location, due to time and budget constraints. Ideally imaging at injury
and follow up would enable accurate characterization of injury severity and
recovery, although adherence to clinical and economic management protocols
may prevent this research goal.
Finally, although the current research highlights the relationship between
injury severity and long-term outcome, injury severity cannot predict outcome in
isolation. The relative importance of other individual risk and protective factors
must also be considered in a biopsychosocial context. Study 2 will investigate
these factors and how they may predict long-term outcome.
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CHAPTER 6

Study 2
Study 2 used a biopsychosocial approach to determine the differing predictive role of
individual injury-related, developmental and environmental variables towards
cognitive, executive and psychosocial outcome, approximately eight years after a TBI
sustained in infancy. Data from study 1 was utilized to determine predictors of
outcome for variables where significant severity group differences occurred. Findings
suggested injury-related variables (including LOC and the presence of a lesion) were
related to cognitive and executive outcome and regulatory problems, although injury
was only able to predict a small amount of variance in outcome. Socio-economic
status was best able to predict cognitive and executive outcome and family
functioning contributed a large amount to behavioural problems. Additionally, interrelationships between outcome domains suggested an important role for executive
skills in predicting behavioural and emotional problems, and demonstrated
reciprocity between behavioural, emotional and social outcome domains. Finally,
developmental variables suggested poorer outcome was associated with increased age
at assessment but not with younger age at injury. Results supported a biopsychosocial
model of aetiology regarding long-term deficits, and emphasized the significant role
of environmental and developmental factors in predicting long-term outcome.
Findings highlighted the need for increased emphasis on a holistic and integrated
approach to assessment, management and intervention following early TBI.
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6.1 Background and rationale
Traumatic brain injury (TBI) is common amongst young children
(Anderson, et al., 2001b) and often carries a significant burden for children,
families and communities (Andrews, et al., 1998; Warschausky, et al., 2003).
Characteristic effects of pediatric TBI include cognitive and executive changes,
which are thought to be closely related to underlying brain injury (Anderson &
Catroppa, 2005; Beauchamp & Anderson, 2010; Ewing-Cobbs, et al., 2004b;
Nadebaum, et al., 2007). Psychosocial deficits are also commonly identified
following early TBI, although the aetiology of problems are less well
characterized.
Post-injury changes include emotional symptoms, mood disorders
(Asarnow, et al., 1991; Bohnert, et al., 1997; Butler, et al., 1997; Klonoff, et al.,
1995; Max, et al., 1997b) and behavioural changes such as aggression, discipline
problems (Casey, et al., 1986) and hyperactive or antisocial behaviour (Andrews,
et al., 1998; Asarnow, et al., 1991). Post-injury social difficulties include
decreased competency in social skills and increased loneliness (Andrews, et al.,
1998; Bohnert, et al., 1997; Dennis, et al., 2001a; Max, et al., 1998; Papero, et al.,
1993; Yeates, et al., 2007; Yeates, et al., 2004). Whilst deficits are well defined,
the cause/s of difficulties are likely to be multifaceted and dynamic. Current
literature suggests a complex interplay of risk and protective factors need to be
considered (Anderson, et al., 2001b).
Injury severity represents and important risk factor such that underlying
brain pathology has been linked to deficient psychosocial outcome following
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pediatric TBI (Barry, et al., 1996; Brown, et al., 1981; Fletcher, et al., 1990;
Taylor, et al., 1999). For example social competency problems have been
associated with diffuse injury in areas identified as belonging to the „social brain
network‟ such as the frontal and temporal lobes (Beauchamp & Anderson, 2010;
Levine et al., 2006). However consistent relationships between injury severity and
psychosocial outcome have not been established (Beauchamp & Anderson, 2010;
Chadwick, et al., 1981; Kinsella, et al., 1999), due to controversy regarding
dose/response relationships, and the large amount of heterogeneity often noted in
post-injury psychosocial presentation (Yeates, et al., 2007; Yeates, Taylor, Wade,
& et al, 2002).
Environmental factors also represent important risk factors for poor
outcome following pediatric TBI (Brown, et al., 1981; Rivara, et al., 1994).
Characteristics including dysfunctional family relationships, lower socioeconomic status, less adaptive coping strategies or restricted access to resources
can all contribute to psychosocial problems (Barry, et al., 1996; Perrott, et al.,
1991; Rivara, et al., 1994). While these factors have been posited to be less
influential in predicating outcome linked to neurological status (i.e.
neuropsychological performance; Taylor & Schatschneider, 1992; Yeates, et al.,
2002), they are consistently found to impact on long-term outcome likely to be
subject to environmental modification (Taylor & Schatschneider, 1992; Yeates, et
al., 2002).
Developmental factors such as age at injury have also been identified as
important risk factors (Beauchamp & Anderson, 2010; Rivara, et al., 1993;
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Yeates, et al., 2007). Early TBI has been shown to impact on the development of a
range of regulatory and adaptive skills (Anderson & Moore, 1995; Dennis, et al.,
1995; Gronwall, et al., 1997) imperative for emotional and behavioural control
and social competence. As with cognitive outcome, the nature of the developing
brain (Adolphs, 2001; Casey, et al., 2005a; Lewis & Todd, 2007) may heighten
the vulnerability of younger children to adverse psychosocial outcome (Eslinger,
et al., 2004; Rosema, et al., 2012; Yeates, et al., 2007). In addition, children may
demonstrate a pattern of emerging deficits in the context of incomplete maturation
(Bohnert, et al., 1997; Chapman, et al., 2010; Limond & McMillan, 2009; Yeates,
et al., 2007).
Finally, risk factors may interact in a complex and dynamic way (Rosema,
et al., 2012; Taylor, et al., 2002). Poor executive outcome (including selfregulation, response inhibition/modulation and sustained attention) has been
associated with increased reports of behavioural, emotional and social problems
for children following TBI (Adolphs, 2001; McGann, et al., 1997; Papoutsis,
2010; Tate, et al., 1991; Williams & Mateer, 1992). In addition, behavioural,
emotional and social problems may exacerbate each other, such that children who
have difficulty inhibiting inappropriate behaviour and controlling emotions often
have fewer peers (Calkins & Dedmon, 2000; Denham, et al., 2003; Gilliom, et al.,
2002), whilst children who experience social difficulties often develop emotional
symptoms and behaviour problems (Hymel, et al., 1990; Kupersmidt & Patterson,
1991).
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Consequently it is likely that a range of individual, developmental and
injury-related factors predict psychosocial outcome following early TBI and
different factors may have differing roles throughout the recovery process
(Asarnow, et al., 1995; Light, et al., 1998). Conceptual models attempting to
characterize this complex aetiology are emerging within the literature (Janusz, et
al., 2002; Muscara, Catroppa, & Anderson, 2008b; Williams & Mateer, 1992;
Yeates, et al., 2002).
To date, the most comprehensive biopsychosocial model has been
proposed by Beauchamp and Anderson (2010). The authors conceptualized the
potential relationships between executive, emotional and social outcome in their
„Socio-Cognitive Integration of Abilities‟ (SOCIAL) model, whilst attempting to
account for individual variability in development, environment and injury-related
factors (see Figure 6.1 below). This dynamic model is particularly relevant to
childhood development of social competence following TBI, as injury may
disrupt some or all of the core components involved (Beauchamp & Anderson,
2010).

Figure 6.1 The SOCIAL model (Beauchamp & Anderson, 2010, pg 47).
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Further research is required to give empirical and clinical validation to
these conceptualized relationships. Additionally, the „SOCIAL‟ model does not
take into account outcome in behavioural domains, or consider bidirectional
relationships between emotional difficulties and social outcome. As the previous
literature review outlined that difficulties in psychosocial domains are likely to be
interrelated, it would be valuable to further investigate the nature and direction of
relationships between potential aetiological and outcome variables in an
exploratory way.
6.2 Rationale, aims and hypotheses
Social, emotional and behavioural problems are commonly observed
following pediatric TBI and have a considerable impact on quality of life for both
children and parents. Potential risk factors for adverse psychosocial outcome
include injury severity as well as individual pre-morbid, developmental and
environmental factors. Interrelationships between cognitive (especially executive),
behavioural, emotional and social outcome domains may further cause or
exacerbate difficulties. Consequently, aetiology is likely to be complex and
dynamic, with the relative importance of different factors changing over time.
Using the SOCIAL model (Beauchamp & Anderson, 2010) as a theoretical
framework, the current research aims to explore which injury and non-injury
related factors are predictive of long-term outcome for specific cognitive,
emotional and behavioural or social domain/s. The model has been altered slightly
to reflect the previous literature review, by placing an additional focus on
behavioural and emotional outcome and incorporating potential bidirectional
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relationships between outcome variables. The results from Study 1 will be used to
highlight outcome variables of importance, where significant group differences
were evident.

Figure 6.2 Adapted ‘SOCIAL’ model based on predicting behavioural, emotional
and social outcome.

Specific hypotheses regarding relationships between elements of the
theoretical model are as follows;

1)

Developmental factors are expected to influence cognitive and
psychosocial outcomes. Given the early vulnerability hypothesis, it is
expected younger age at injury will be associated with worse outcome.
In addition older age at assessment and greater time since injury may be
related to increased difficulties given literature pertaining to the
presence of emerging deficits over time.

2)

Brain integrity factors (i.e. markers of injury severity) are expected to
better predict cognitive and executive outcome and regulatory
problems. In contrast, it is expected that environmental factors
including SES and family functioning will be more instrumental in
predicting outcome in psychosocial domains.
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Inter-relationships between outcome measures are anticipated. Based on
similarities in underlying neuroanatomical circuitry, it is hypothesized
that executive outcome will predict regulation problems and contribute
to behavioural and emotional outcome. Reciprocity of outcome in
psychosocial domains is also anticipated, due to the high co-morbidity
of behavioural, social and emotional problems acknowledged within the
literature.
6.3 Method
The participants, procedures and materials outlined in the General Method

section of Chapter 4 were also utilized for Study 2.

6.4 Statistical Analyses
Results from Study 1 determined outcome variables of importance within
each domain, based on significant differences observed between groups.

6.4.1 Defining corresponding variables of model components
In order to test hypotheses regarding cognitive outcome, cognitive
variables were examined where clinically and/or statistically significant group
differences were observed in Study 1. These included measures of intelligence
(IQ), perceptual reasoning (PRI), basic attention (DS) new learning (RAVLT
learn) and memory (RAVLT delay), with the moderate group performing
significantly below mild TBI groups and uninjured controls. Given this finding,
outcomes were examined using data from the moderate TBI group.
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Since a number of variables were used to represent cognitive outcome,
factor analyses were conducted as a data reduction technique (based on Muscara
et al., 2008) to investigate whether outcome on separate neuropsychological
measures loaded onto common factors. A principal factor analysis was utilized to
investigate the latent factor structure of the cognitive outcome variables listed
above. Although there was a low ratio of participant to variables, the data was
determined to be suitable for factor analysis based on a significant result for
Bartlett‟s Test of Sphericity (p = .000) and the Kaiser-Meyer-Olkin value
exceeding .6 (KMO = .62). In addition, inspection of the correlation matrix
showed many values with correlations above .3 (Tabachnick & Fidell, 2007).
A varimax rotation was applied to maximize variance loadings, and significant
factor loadings were represented by scores ≥ .55 (based on Tabachnick & Fidell,
2007). Results are presented in Table 6.1 below, which demonstrates all cognitive
variables significantly loaded onto a single factor and accounted for 66.2 % of the
total variance. This single „General Cognitive Functioning (GCF)‟ factor was used
as a cognitive outcome measure in subsequent analyses.
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Table 6.1
Factor loadings of the cognitive function measures

IQ

Factor 1:
„General Cognitive Functioning‟
.90*

Perceptual Reasoning Index

.85*

Digit Span

.71*

RAVLT learn

.84*

RAVLT memory

.77*

Eigenvalue

3.31

% Variance

66.19

Note. * All factor loadings were considered significant (≥ .55).

Similarly, to test hypotheses regarding executive outcome, results from Study 1
were used to determine significant variables of importance. Clinically or
statistically significant group differences were observed on measures of
information processing (DSF, Coding), cognitive flexibility (DSB, Sky DT) and
goal setting (BD). The moderate group performed significantly below mild TBI
groups and uninjured controls on all measures, (with exception of dual tasking).
Again, a factor analysis was conducted to investigate the latent factor
structure. Only data from the moderate severity group was included in the factor
analysis and Sky DT was examined separately. This decision was made for two
reasons; firstly due to the need to examine data from both the complicated mild
and moderate groups who performed significantly below other groups on this
measure, and secondly due to the markedly different performance on this measure
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compared to other examined executive variables. Consistent with previous
pediatric TBI literature, (Anderson et al., 1998; Catroppa & Anderson, 2005) this
suggests the dual tasking element was particularly sensitive to the neurological
impact of TBI. The remaining variables were entered into a principal factor
analysis, again using a varimax rotation. Again, data was determined to be
suitable for factor analysis based on a significant Bartlett‟s value (p = .006) and
KMO value exceeding .6 (KMO = .72). Results determined all executive variables
significantly loaded onto a single factor, which accounted for 57.0 % of the total
variance. Table 6.2 displays the factor solution with factor loading scores for each
variable. This single „General Executive Functioning (GEF)‟ factor was used in
subsequent analyses, and along with Sky DT represented executive outcome.
Variables used to represent the remaining constructs of interest (based on the
theoretical model) are presented in Table 6.3, presented on page 155 below.
Table 6.2
Factor loadings of the executive function measures

Block Design

Factor 1:
„General Executive Functioning‟
.85*

Coding

.82*

Digit Span Forwards

.71*

Digit Span Backwards

.69*

Eigenvalue

2.28

% Variance

56.97

Note. * All factor loadings were considered significant (≥ .55).
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Emotional and behavioural outcome measures were represented by
variables where significant differences were observed between severity groups in
Study 1, including internalizing and externalizing problems and behavioural
regulation. Moderate and complicated mild groups were rated more highly on
internalizing and externalizing problems, whilst the moderate group had the
highest rate of behavioural regulation problems. Given these findings, data from
the moderate and complicated mild severity groups was analysed for internalizing
and externalizing outcome variables, and data from the moderate group in
isolation was analysed for the behavioural regulation measure.
Social outcome was represented by the CBCL social problems measure,
given statistically significant group differences were observed in Study 1. The
moderate group was rated as having a significantly higher degree of social
problems, so social outcome was examined using data from the moderate group in
isolation.
Brain integrity was represented by individual injury-related measures, (i.e.
LOC, reduced GCS, the presence of a lesion) and brain development by children‟s
developmental characteristics (i.e. age at injury, age at assessment, time since
injury). External factors were represented by environmental characteristics (e.g.
SES, family functioning). Whilst no direct measures of internal factors (such as
pre-morbid status) were obtained, the research design attempted to control for preinjury vulnerabilities (such as developmental delay, prior medical of mental health
diagnoses etc.) by using these factors as exclusion criteria.
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Table 6.3
Constructs and Measures used in Analyses
Construct
Cognitive Outcome

Corresponding Model Component
Cognitive Skills

Measures
General Cognitive Factor (GCF)

Executive Outcome

Executive Skills

General Executive Factor (GEF) and Sky DT measure

Emotional and
Behavioural Outcome

Emotional Problems
Behaviour problems
Regulatory problems

CBCL Internalising
CBCL Externalising
BRIEF Behavioural Regulation Index (BRI)

Social Outcome

Social Skills/functioning

CBCL Social Problems

Injury related factors

Brain Integrity

Developmental factors

Brain Development

Glasgow Coma Scale (GCS) score, presence of loss of
consciousness (LOC), presence of lesion
Age at injury, age at assessment, time since injury

Family Functioning
Socioeconomic Status
(SES)

FAD General Functioning subscale
External (Environmental) Factors

ANZSCO-R score

Note. CBCL = Child Behaviour Checklist; BRIEF = Behavioural Rating of Executive Functioning; FAD = Family Assessment Device;
ANZSCO-R = Australian and New Zealand Standardized Classification of Occupations, Revised.
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6.4.2 Analyses used to test hypotheses
In order to test hypotheses regarding relationships between model
components, correlations were first examined between outcome domains
(cognitive, executive, regulatory, behavioural/emotional and social) and
hypothesized aetiological factors proposed by the theoretical model (brain
development and integrity and external factors). Pearson-product moment
correlations testing two-tailed significance were performed, with r values of .10,
.30 and .50 representing small, medium and large relationships respectively
(Cohen, 1988).
Variables that were significantly correlated with outcome measures were
included in stepwise multiple regression analyses to examine their contribution to
the variance on that measure. All data utilised in regression analyses met the
required assumptions of normality and linearity. Due to reduced power, R2 values
were interpreted as a measure of effect size with .01, .09 and .25 representing a
small, medium and large effect size (Cohen, 1988). The semi-partial correlation
co-efficient (sr2) was used as a measure of effect size for each individual predictor
variable, with .01, .06 and .14 representing a small, medium and large effect size
(Cohen, 1988). In addition, partial correlations for excluded variables were
examined to determine associated effect sizes. The potential contribution of
excluded variables (given a larger sample size) is discussed if moderate or large
effect sizes were observed.
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6.5 Results
6.5.1 Relationships between developmental factors and outcome
The first sets of analyses were conducted to explore if developmental
variables were associated with each main outcome domain. In order to test the
hypotheses, correlations between developmental variables and cognitive skills
(GCF), executive skills (GEF and SKY DT), regulation of emotion and behaviour
(BRI), behavioural and emotional symptoms (CBCL Internalising/externalising)
and social skills/function (CBCL Social) were examined. Table 6.4 presents the
Pearson Product-moment correlations using data from the moderate severity
group, and Table 6.5 presents results using data from both complicated mild and
moderate TBI groups.
Table 6.4
Correlations between developmental variables and outcome measures using data
from the moderate TBI group
Outcome measure

Age at Injury Age at assessment Time since injury
n = 22
n = 22
n = 22

GCF

-.16

-.35

-.32

GEF

-.03

-.30

-.32

BRI

-.18

.37

.45*

CBCL Social

.07

.28

.27

Note. GCF = general cognitive factor; GEF = general executive factor; BRI = behavioural
regulation index; CBCL = Child Behaviour Checklist.
* significant at p < .05 ** significant at p < .01
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Table 6.5
Correlations between developmental variables and outcome measures using data
from the moderate and complicated mild TBI groups

Outcome measure

Age at Injury Age at assessment Time since injury
n = 56
n = 56
n = 56

Sky DT

.17

.28*

.22

CBCL Internalising.

-.17

-.05

.07

-.12

.10

CBCL Externalising. .06

Note. Sky DT = sky search dual task; CBCL = Child Behaviour Checklist.
* significant at p < .05 ** significant at p < .01

Tables 6.4 and 6.5 indicate no substantial relationships between age at
injury and outcome variables were observed, suggesting younger age at injury
was not associated with poorer performance on neuropsychological measures, or
higher parent ratings of psychosocial problems.
In contrast, age at assessment and time since injury were related to
outcome. Table 6.4 shows there was a significant positive relationship between
behavioural regulation and time since injury (r = .45, p = .04) suggesting higher
parent ratings of behavioural regulation problems were associated with longer
time since children sustained a TBI. In contrast, a significant positive relationship
was observed between Sky DT performance and age at assessment (r = .28, p =
.04), suggesting better performance with increasing age, although this relationship
was only of small magnitude.
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Given the reduced power associated with the small sample size examined,
effect sizes were also considered. A medium sized positive relationship was
observed between behavioural regulation and age at assessment, suggesting higher
ratings of regulatory problems with advancing age. Medium sized negative
relationships were observed between general cognitive and executive factors and
both age at injury and time since injury, suggesting that with increasing age/time,
poorer performances were observed on neuropsychological measures.

6.5.2 Relationships between brain integrity/development factors and
outcomes
The second set of analyses was conducted to explore if brain integrity (e.g.
injury related) or external factors (e.g. environmental variables) were associated
with each main outcome domain. Results are presented in separate sections below.

6.5.2.1 Brain integrity.
In order to test the hypotheses regarding brain integrity factors and their
relationship to cognitive, executive and regulatory outcomes, correlations between
injury-related variables and the abovementioned outcome domains were
examined. It was also of interest to see if injury-related factors were associated
with psychosocial outcome, so measures of behavioural/emotional and social
outcome were included in analyses. Table 6.6 presents the Pearson Productmoment correlations using data from the moderate TBI group, and Table 6.7
presents results using data from both complicated mild and moderate TBI groups.
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Table 6.6
Correlations between injury-related variables and outcome measures using data
from the moderate TBI group
Outcome measure
GCF

GCS
n = 20
.23

Lesion
n = 22
-.28

LOC
n = 22
-.39

GEF

.05

-.17

-.32

BRI

-.22

.36

.27

CBCL Social

-.09

.08

-.07

Note. See Table 6.4 for explanations of abbreviations.
* significant at p < .05 ** significant at p < .01

Table 6.7
Correlations between injury-related variables and outcome measures using data
from the moderate and complicated mild TBI groups

Outcome measure

GCS
n = 52

Lesion
n = 56

LOC
n = 56

Sky DT

-.01

-.09

-.28*

CBCL Internalising

-.07

.11

-.09

CBCL Externalising

-.03

.01

.02

Note. See Table 6.5 for abbreviations.
* significant at p < .05 ** significant at p < .01

No markers of injury severity were significantly related to cognitive
outcome, general executive functioning or behavioural regulation. However,
examination of effect sizes showed moderate negative relationships were
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observed between LOC and general cognitive outcome, (r = -.39, p = .07), and
general executive functioning (r = -.32, p = .15). Similarly, performance on the
dual taking measure (Sky DT) was significantly, negatively related to LOC (r = .28, p = .04) in the context of the larger sample size. In all instances, losing
consciousness was linked to poorer neuropsychological performance.
A medium sized, positive relationship was observed between behavioural
regulation and lesion (r = .36, p = .11), suggesting that higher ratings of behaviour
problems were moderately related to the presence of a lesion. No injury-related
variables were significantly related to internalizing, externalizing or social
problems.

6.5.2.2 External (Environmental) factors
In order to test hypotheses regarding environmental factors and their
relationship to psychosocial outcomes, correlations between environmental
variables and outcome domains were examined. It was also of interest to see if
environmental factors were associated with cognitive and executive outcome
domains, so cognitive/executive measures were included in analyses. Table 6.8
presents the Pearson Product-moment correlations using data from the moderate
severity group, and Table 6.9 presents results using data from both complicated
mild and moderate TBI groups.
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Table 6.8
Correlations between environmental variables and outcome measures using data
from the moderate TBI group

Outcome Measure

SES
n = 21

Family Function (FAD)
n = 21

GCF

.52*

-.02

GEF

.42

-.24

BRI

-.31

.46*

CBCL Social

.14

.13

Note. See Table 6.4 for explanation of abbreviations.
* significant at p < .05 ** significant at p < .01

Table 6.9
Correlations between environmental variables and outcome measures using data
from the moderate and complicated mild TBI groups
Outcome measure

SES
n = 55

Family Function (FAD)
n = 21

Sky DT

.03

CBCL Internalising

.02

.19

CBCL Externalising

.17

.36

Note. See Table 6.5 for explanation of abbreviations.
* significant at p < .05 ** significant at p < .01

Socioeconomic status was positively related to cognitive outcome (r = .52,
p = .02) and the general executive factor (r = .42, p = .06) such that increased SES
was associated with better performance. A medium sized negative relationship

LONG-TERM OUTCOME FOLLOWING MILD OR MODERATE TBI

167

was observed between behavioural regulation and SES (r = -.31, p = .17)
suggesting ratings of increased behavioural regulation problems were associated
with lower ratings of socioeconomic status. SES was not associated with
internalising, externalising or social problems.
Family functioning was not related to neuropsychological measures but
showed a significant positive relationship to behavioural regulation (r = .46, p =
.03) and externalizing behaviour (r = .36, p = .11), indicating increased
behavioural difficulties were associated with higher ratings of family dysfunction.
Family functioning was not significantly related to internalizing problems or
social outcome.

6.5.3 Inter-relationships between outcome domains
The third set of analyses was conducted to explore inter-relationships
between differing outcome domains. These are discussed in reference to relevant
hypotheses below.

6.5.3.1 Relationships between executive outcome and regulatory/
psychosocial problems.
In order to test hypotheses regarding the relationship between executive
skills and regulatory abilities, associations between executive and regulatory
outcomes were examined. It was also hypothesized that executive skill may play a
role in influencing behavioural, emotional and social problems; accordingly these
outcome measures were included in analyses. Pearson Product-moment
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correlations between executive measures and psychosocial outcome measures are
displayed in Table 6.10 below.
Table 6.10
Correlations between executive and psychosocial outcome measures
Behavioural
regulation
Internalising Externalising
(BRI)
n = 55
n = 55
n = 21

CBCL
social
problems
n = 21

GEF

-.62**

-.37

-.36

-.24

Sky DT

-.05

-.27

-.17

.10

Outcome measures

Note. See Table 6.4 and 6.5 for explanation of abbreviations.
* significant at p < .05 ** significant at p < .01

Table 6.10 shows that behavioural regulation was significantly negatively
related to executive outcome (r = -.62, p = .003). Results suggest strong
associations between poorer executive performance and higher parent ratings on
measures of behavioural regulation problems. Moderate sized negative
relationships were also observed between GEF and both internalizing (r = -.37, p
= .10) and externalizing behaviour problems (r = -.36, p = .11), suggesting poorer
executive performance was related to higher parent ratings of behavioural and
emotional symptoms. Social problems were not significantly correlated with
executive outcome variables.
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6.5.3.2 Reciprocal relationships between psychosocial outcome
measures.
It was also hypothesized that psychosocial outcome domains would be
inter-related. Pearson Product-moment correlations between executive measures
and psychosocial outcome measures are displayed in Table 6.11 below.
Table 6.11
Correlations between psychosocial outcome measures

Outcome measures

BRI
Internalising
Externalising

Behavioural
regulation
Internalising Externalising
(BRI)
n = 55
n = 55
n = 21

CBCL
social
problems
n = 21

1.00

.65**

.79**

.48*

1.00

.68**

.62**

1.00

.51*

CBCL Social
1.00
Problems
Note. See Table 6.4 and 6.5 for explanation of abbreviations.
* significant at p < .05 ** significant at p < .01

Table 6.11 shows interrelationships between all psychosocial outcome
measures. Specifically, regulatory problems were significantly positively related
to both behavioural (externalising; r = .79 p = .001) and emotional (Internalising; r
= .65, p = .001) symptoms and social outcome (r = .48, p = .02). In addition,
significant relationships between social problems and internalizing (r = .62, p =
.003), and externalizing (r = .51, p = .02) problems were observed. Results
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suggest increased difficulties co-occurred between social, regulatory and
behavioural/emotional domains.

6.5.4 Predicting outcome
In order to address hypotheses regarding the differing importance of
aetiological factors in influencing outcomes, the final analyses investigated which
variables predicted the most significant amount of variance. Accordingly,
multiple regression was used with the outcome domain of interest as the
dependent variable, and variables that were significantly correlated with each
outcome used as independent predictors. Results are discussed below with regard
to outcomes being predicted. In addition, a summary of regression analyses and
excluded variables is presented in Table X at the conclusion of the section.

6.5.4.1 Predicting Cognitive Outcome.
Stepwise multiple regression was conducted using the GCF factor as a
dependent variable, and LOC, age at assessment, time since injury and SES as
exploratory independent variables. Results showed that 27.2% of the variance in
cognitive outcome was significantly accounted for by SES entered as a single
step, R2 = .27, F(1, 19) = 7.09, p = .02. This suggests that environment, and socioeconomic status in particular was able to predict the most significant amount of
variance in cognitive outcome assessed at eight years post-injury. Examination of
excluded variables also suggested age at assessment contributed to 9.6% of
unique variance (pr = -.31, t = -1.4, p =.18), which represents a moderate effect
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(Cohen, 1988). Injury-related variables did not significantly predict long-term
cognitive outcome.

6.5.4.2 Predicting Executive outcome.
Stepwise multiple regression was conducted using the GEF factor as a
dependent variable, and LOC, age at assessment, time since injury and SES as
exploratory independent variables. Results showed that 17.7% of the variance in
GEF was accounted for by SES, although given the reduced power the model
failed to reach statistical significance R2 = .18, F(1, 19) = 4.08, p = .06. However,
as 17% represents a medium effect size, results suggest SES may predict an
important amount of variance in long-term executive outcome. Examination of
excluded variables suggested the unique percentage of variance accounted for by
other developmental and injury-related predictors was only small in magnitude,
and not of clinical significance.
Stepwise multiple regression was also conducted using the Sky DT as a
dependent variable, and LOC and age at assessment as independent variables.
Results showed that 8.1% of the variance in dual tasking performance was
significantly accounted for by LOC, R2 = .08, F(1, 53) = 4.64, p = .04. This
suggests that a loss of consciousness was best able to predict long-term outcome
on the dual task measure, however as the effect size was small the clinical
importance of this finding is unclear. Examination of excluded variables
suggested developmental factors were not able to account for a significant amount
of unique variance.
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6.5.4.3 Predicting Regulation of Behaviour.
Stepwise multiple regression was conducted using behavioural regulation
(BRI) as a dependent variable, time since injury, family functioning, GEF, social
problems and the presence of a lesion as exploratory independent variables. The
model showed that GEF accounted for 38.5% of the variance in BRI outcome, R2
= .38, F(1, 19) =11.91, p = .003. This suggests that neuropsychological
performance on executive measures was best able to predict long-term outcome
regarding regulation of behaviour, with a large effect size suggesting clinical
importance. Examination of excluded variables suggested a moderate contribution
from other variables, which may have been included in analyses given a larger
sample size. These included social outcome (CBCL Social problems) which
contributed a unique variance of 18.8% (pr = .43, t = 2.04, p =.06), family
functioning, which contributed 17.3% (pr = .42, t = 1.94, p =.07), time since
injury, which contributed 11.7% (pr = .34, t = 1.54, p =.14), and the presence of a
lesion, which contributed 10.8% to unique variance (pr = .33, t = 1.48, p =.16).

6.5.4.4 Predicting Behavioural and Emotional Problems.
To determine prediction of behavioural problems, stepwise multiple
regression was conducted using externalizing problems as a dependent variable,
and social problems, family functioning and GEF as exploratory independent
variables. The model showed that 22.2% of the variance in externalizing problems
was accounted for by social problems, R2 = .22, F(1, 54) = 5.43, p = .03.
Examination of excluded variables suggested a moderate contribution from family
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functioning, which may have been included in analyses given a larger sample size.
FF contributed a unique variance of 11.8% (pr = -.34, t = 1.56, p =.14).
To determine prediction of emotional problems, stepwise multiple
regression was conducted with internalizing problems as a dependent variable,
and social problems and GEF as exploratory independent variables. The model
showed that executive functioning accounted for a moderate amount (13.6%) of
the variance in internalizing problems, however the model failed to reach
statistical significance, R2 = .14, F(1, 54) = 2.99, p = .10. Examination of excluded
variables suggested social problems contributed a further 5.8% of unique
variance, which only represents a small effect size (pr = .24, t = 1.03, p =.32).
Whilst executive outcome appears to be the best predictor of internalizing
problems, low power detracted from the ability of the model to significantly
predict outcome.

6.5.4.5 Predicating social outcome.
Stepwise multiple regression was conducted using social problems as a
dependent variable, and behavioural regulation, internalizing and externalizing
problems as exploratory independent variables. The model showed that 38.5% of
the variance in social problems was accounted for by internalizing problems, R2 =
.38, F(1, 19) = 11.91, p = .003. Examination of excluded variables suggested
externalizing and behavioural regulation problems did not make a substantial
unique contribution to social outcome, which is unsurprising given they were
highly correlated. This suggests that the combinations of behavioural and
emotional problems are related to social outcome.
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Table 6.12.
Summary of Stepwise Multiple Regression Analyses
Unstand.
Coeffic.

Unstand.
Coeffic.

(β)

(SE)

Variable
(predictor)

R

R2

SES

.52

.27

0.67

0.25

General
Executive
Factor

SES

.42

.18

0.54

Sky DT

LOC

.28

.08

BRI

GEF

.62

Externalising

CBCL
Social

Internalising

GEF

Model (DV)
General
Cognitive
Factor

Standard.
Coeffic.
(β)

t

p

.52

2.67

.02

0.27

.42

2.02

.06

1.80

0.84

.28

2.16

.04

.39

-9.96

2.88

-.62

-3.45

.003

.47

.22

47.03

20.17

.47

2.33

.03

.37

.14

-4.06

2.35

-.37

-1.73

0.10

Social
Internal.
.62
.38
0.01
0.01
.62
3.45
.003
Note. SES = socio-economic status, LOC = loss of consciousness, GEF = general
executive factor, Sky DT = Sky Search dual task, BRI = Behavioural Regulation Index,
CBCL = Child Behaviour Checklist, Internal = internalising, Unstand. Coeffic. =
unstandardized coefficient, Standard. Coeffic. = standardized coefficient.
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Table 6.13
Summary of Excluded Variables from Regression Analyses
Model (DV)
General
Cognitive Factor

Excluded
variables
Time sinc inj
Age at Ax
LOC

BRI

Externalising

Internalising
Social

Partial
correlation

t

p

-.26
-.27
-.20

-.29
-.31
-.22

-1.28
-1.40
-0.97

.22
.18
.34

-.23
-.23
-.21

-.25
-.23
-.24

-1.06
-1.10
-0.98

.30
.28
.34

Age at ax

.19

.18

1.32

.19

Time since
inj
FAD total
CBCL social
Lesion

.28
.34
.35
.26

.34
.42
.43
.33

1.54
1.94
2.05
1.48

.14
.07
.06
.16

-.26
.31

-.28
.34

-1.26
1.56

.22
.14

CBCL
Social

.23

.24

1.03

.32

Externalising
BRI

.16
.13

.15
.13

0.64
0.54

.53
.59

General
Time since
Executive Factor Inj
Age at ax
LOC
Sky DT

β in

GEF
FAD total

Note. Time since inj. = time since injury, Age at ax = age at assessment, LOC =
Loss of Consciousness, Sky DT = Sky Search Dual Task, BRI = Behavioural
Regulation Index, FAD = Family Assessment Device, CBCL = Child Behaviour
Checklist, GEF = General Executive Factor
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6.6 Discussion
Using the „SOCIAL‟ model (Beauchamp & Anderson, 2010) as a theoretical
framework, the current research aimed to examine relationships between
developmental, environmental and injury-related factors, cognitive and executive
skills and behavioural and psychosocial outcome following childhood TBI. It was
hypothesized that significant relationships would be observed between components
outlined in the „SOCIAL‟ model. More specifically, significant relationships were
anticipated between injury- related factors and cognitive, executive and regulatory
outcome, whilst outcomes in psychosocial domains were expected to show closer
relationships to environmental factors. It was also anticipated that younger age at
injury and older age at assessment would be related to increased difficulties and that
inter-relationships between outcome domains would occur.
Results demonstrated significant relationships between many elements of the
„SOCIAL‟ model (Beauchamp & Anderson, 2010), supporting the utility of a
biopsychosocial approach in understanding the aetiology of difficulties following a
pediatric head injury. Hypotheses regarding specific aetiological predictors and
outcomes are discussed below.

6.6.1 Developmental factors and outcome
It was expected that developmental factors would be associated with
outcomes in all domains. The hypothesis that age at assessment would be related to
increased difficulties was generally supported. It is possible that problems manifest
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with maturation, as increasingly complex environmental interaction is required.
Consistent with this contention, Beauchamp et al., (2011) observed presentation of
late-onset deficits in the executive domain following pediatric TBI. McKinlay‟s
(2009) review of mild head injury highlighted that 13 of 19 follow up studies showed
long-term sequelae despite a lack of post-acute cognitive deficits. A pattern of
emerging deficits over time has also been observed in psychosocial domains, as
children are required to engage in increasingly complex forms of behavioural and
emotional regulation, social interaction and conflict resolution (Bohnert, et al., 1997;
Chapman, et al., 2010; Hawley, 2003; Limond & McMillan, 2009).
In contrast to expectations, age at assessment was not significantly related to
any outcome measure in any domain. This may be due to the restricted age at injury
range included in the current sample. This finding is in keeping with previous
research that examined group differences in outcome aged less than 3 years (e.g. aged
< 1 year versus 1 - 2 years, or < 2 years versus 2 - 3 years), which failed to observe
significant age at injury effects (Ewing-Cobbs, et al., 1997; Keenan, et al., 2006).
Given the early vulnerability hypothesis is well established (Dennis, 1991; EwingCobbs, et al., 1997; Ewing-Cobbs, et al., 1989; McKinlay, et al., 2010) findings
suggest that the period of early vulnerability may last from birth up to four years, and
hence supports the contention that early childhood development occurs in a stepwise,
non-linear fashion (Crowe, et al., 2012c).
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6.6.2 Injury-related factors and outcome
The hypothesized relationship between injury-related factors and outcome
was partially supported. As expected, injury-related factors were found to relate to
outcome in cognitive and executive domains and to regulatory problems. Greater
injury severity was related to poorer performance on neuropsychological measures
and to greater parent-rated difficulties with regulation of behaviour. Findings are
consistent with previous research that has established cognitive and executive
impairments to be characteristic consequences of childhood TBI, reflecting
underlying brain injury (Anderson, et al., 2005; Beauchamp & Anderson, 2010;
Ewing-Cobbs, et al., 2004b; Nadebaum, et al., 2007). Brain pathology and hence
injury severity has also been related to behavioural and psychosocial outcome in
pediatric head injury literature (Barry, et al., 1996; Brown, et al., 1981; Fletcher, et
al., 1990; Taylor, et al., 1999).
Interestingly, loss of consciousness was the injury-related marker best related
to outcome in cognitive and executive domains. It has been suggested that the
duration of impaired or loss of consciousness following closed head injury may be an
indicator of the severity of diffuse injury, which in turn has been linked to residual
cognitive deficits (Dikmen et al., 2009). Therefore LOC may be indicative of
increased severity of diffuse injury, placing children at greater risk of more global
cognitive and executive difficulties. In contrast, the presence of a lesion was better
associated with outcome in behavioural regulation difficulties. This may be reflective
of focal injury to the orbitofrontal or temporal areas, which have a propensity for
damage following TBI due to bony protrusions of the skull (Dikman et al., 2009), and
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are associated with control of emotion and behaviour due to projections to limbic and
other pre-frontal areas (Andrewes, 2001). Unfortunately the current study was unable
to include lesion-specific details in analyses, so future research is needed to further
explore relationships between injury markers, neuropathology and long-term
outcome.
In contrast to expectations, the ability of injury markers to predict long-term
cognitive outcome was relatively poor, accounting for approximately 10% of the
unique variance in executive and regulatory outcome. The contribution of
environmental variables (in particular SES) was much more substantial. This finding
did not fit with previous literature that has established injury severity to be the most
consistent predictor of neuropsychological sequelae (Yeates, et al., 2000). Although
results do correspond with Yeates et al., (2002) finding that injury severity may only
account for a proportion of the variance in observed outcome, the magnitude of
predicted variance in the current study was smaller than anticipated. Results suggest
that in contrast to injury severity, which may be more important in post-acute and
early recovery phases (Yeates, 2000), other individual developmental and
environmental factors play a more important role in predicting outcome in the longterm post injury. This is consistent with previous findings in prospective, longitudinal
research (Anderson, et al., 2012b).

6.6.3 Environmental factors and outcome
As acknowledged above, socio-economic status was found to predict a
significant amount of variance in long-term cognitive and executive outcome
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following early childhood TBI. This result was surprising, given that SES and family
functioning have been argued to be less influential in predicting outcome linked to
neurological status such as neuropsychological impairment (Taylor & Schatschneider,
1992; Yeates, et al., 2002), or cognitive recovery (Chadwick, et al., 1981).
Alternatively, it is possible that advantaged environments allow for greater
stimulation or more appropriate intervention and support, whilst disadvantaged
environments may restrict access to rehabilitative care (Taylor, et al., 2002), which in
turn can have implications for cognitive recovery.
It was anticipated that outcome in psychosocial domains would be more
closely linked to environmental factors, as SES and family functioning have been
consistently found to impact on long-term outcomes likely to be subject to
environmental modification (such as behavioural and academic performance, Taylor
& Schatschneider, 1992; Yeates et al., 2002). This hypothesis was only partially
supported. Interestingly, socio-economic status was not related to outcome in any
psychosocial domain. This finding is contrary to previous literature that has
established a link between behavioural, emotional and social skills and SES
(Ackerman & Brown, 2006; Bulotsky-Shearer, Fantuzzo, & McDermott, 2008;
Ellaway, Kirk, Macintyre, & Mutrie, 2007), especially in the context of
developmental and neurological disorders (Anderson, et al., 2004; Breslau, 1990;
Yeates, et al., 2004). Perhaps results differ based on the time of SES recording; for
example if measures of SES were taken at the time of injury rather than at 8 years
post-injury perhaps results would differ. Future research may be needed to clarify
this.
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Conversely, family functioning was able to predict a moderate to large
amount of variance in behavioural outcome, including both regulation and
externalizing difficulties. This result is in keeping with previous findings that link
family functioning with psychosocial development (Guralnick, 1999) and particularly
with behavioural problems (J. Allen et al., 2002). Previous research by Kinsella and
colleagues (1999) has emphasized the role of the family in the development of
behavioural sequelae specifically following childhood TBI. The authors argue family
dynamics can influence both child responses and access to appropriate intervention.
In turn, TBI may affect family functioning including parental responses to poor
behaviour (Rutter, 1985). Understanding how family function may impact on
behavioural problems in the long term is important for the development of
appropriate intervention programs and should remain a focus for future studies.

6.6.4 Inter-relationships between outcome domains
Emotional and regulatory outcome were best predicted by executive outcome,
and as such the hypothesis regarding the relationship between executive function and
regulatory skills/emotional symptoms was supported. Executive function also played
role in predicting externalizing problems, although to a lesser extent. Findings are
consistent with previous research linking executive skills with and behavioural
control and coping (Milders, et al., 2003; Prigatano, 1992). Links between executive
outcome, regulatory abilities, and behavioural and emotional problems have been
previously identified following pediatric head injury (Williams & Mateer, 1992),
probably due to involvement of common neuroanatomical circuits and processes
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(Todd & Lewis, 2008). Results highlight the importance of assessment and
intervention with regard to outcome in both cognitive and wider psychosocial
domains and of understanding of how these may interact.
Hypotheses regarding patterns of reciprocal relationships amongst
psychosocial domains were generally supported. Social outcome was closely
associated with behavioural regulation and the presence of internalizing/externalizing
symptoms, consistent with previous findings that suggest children socialize with
other children who are happy and able to control their emotions (Denham, et al.,
2003) and who can inhibit inappropriate behaviour (Calkins & Dedmon, 2000;
Gilliom, et al., 2002). In addition, social problems predicted a significant amount of
variance in difficulties with regulation of behaviour and internalizing/externalizing
symptoms. Again, this supports the contention of previous researchers that children
who experience social difficulties often develop emotional symptoms and behaviour
problems (Hymel, et al., 1990; Kupersmidt & Patterson, 1991), which can affect later
adult mental health (Bagwell, et al., 1998; Repetti, et al., 2002).

6.6.5 Implications
Results suggest injury severity is related to cognitive and executive outcome,
with the presence of a loss of consciousness associated with poorer outcome. In
addition, the presence of a lesion was associated with behavioural regulation
difficulties. Awareness of injury indicators that are related to long-term outcome may
help physicians identify children „at risk‟ of poorer outcome in the acute setting, and
refer them for early support or intervention. In addition, knowledge of risk factors for
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global versus domain specific difficulties will allow clinicians to appropriately tailor
intervention programs to the individual child.
As injury severity can only predict a small amount of variance in long-term
outcome, clinicians must also consider how other biopsychosocial risk and protective
factors may interact with injury severity to influence long-term outcome. For
example, socio-economic status was found to predict a significant amount of variance
in long-term outcome and therefore children from disadvantaged backgrounds may
require extra assistance to access resources and implement interventions in the home
setting.
Results highlighted the role of the family environment in influencing
behavioural difficulties in the long-term. Awareness of the role of family may enable
clinicians to routinely include measures of family functioning in the home setting in
initial post-injury assessment programs. Those „at risk‟ of behaviour problems or a
dysfunctional home environment could be offered the opportunity to participate in
family-based intervention programs. Family-based therapy should also be considered
for children presenting with late-onset behavioural difficulties following early
childhood TBI.
Examination of developmental variables suggested that children may
demonstrate a pattern of emerging problems over time after sustaining a head injury
during infancy. This highlights the need to provide families with access to
appropriate services not just immediately post injury but throughout ongoing
recovery. Offering the opportunity for follow-up evaluation and assessment, at times
that represent „critical‟ developmental periods is also advocated. Future research that
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focuses on identification of these time points would be beneficial, with an aim to
providing education to parents and support personnel.
Examining inter-relationships between outcome domains highlighted the role
of executive processes in predicting variation in psychosocial outcome. Currently,
neuropsychological assessment focuses on identification of cognitive difficulties
including executive dysfunction and possibly includes screening measures of mood or
behavioural difficulties. However psychosocial difficulties are often referred to and
treated by clinical psychologists. Educating clinicians about the reciprocity of
difficulties across domains may allow for closer collaboration and integration of
treatment programs within allied health. Treating problems in a holistic rather than
domain-specific way may be more appropriate following early childhood head injury.
In a related manner, interrelationships between behavioural, emotional and
psychological problems should also be acknowledged. Again, assessment and
intervention should include all components of psychosocial outcome and parents and
support personnel should be educated regarding reciprocity of problems. Finally,
consideration of other individual risk and protective factors may allow early
identification of children and families „at risk‟ of psychosocial difficulties in the longterm with appropriate support and early intervention offered in the post-acute phase.
Overall, clinical implications of the current study relate to the need for a
biopsychosocial approach to identifying and understanding difficulties following
early childhood TBI and subsequently the need for a holistic, integrated approach to
assessment and intervention for assisting children and families.
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6.6.6 Limitations and future research directions
As was the case for Study 1, potential limitations of this investigation include
the relatively small sample size and associated reduction in power. In respect to the
factor analyses, a larger ratio of participants to variables would be ideal. Examination
of effect sizes in conjunction with statistically significant findings somewhat helped
in alleviating the chance of type 2 error, and preliminary checks of suitability of data
for factor analyses helped alleviate some of the concern regarding ratio of participants
to variables. However ideally for factor and regression analyses a much larger sample
size is required in order to enhance the generalizability of findings. Accordingly, the
current research was conducted in a largely exploratory way. Future research should
focus on providing empirical validation of the „SOCIAL‟ model using a larger group
of children following early head injury. Equation modeling could be utilized to
provide statistical validation to hypothesized relationships. Inclusion of a group of
children with a severe TBI would also be beneficial.
Another limitation of the current study was the inability to measure premorbid and interpersonal (internal) factors. Additionally, the impact of the initial
trauma and the corresponding effect on emotional development was unable to be
assessed. The retrospective nature disallowed researchers to include internal elements
or trauma-related variables in evaluating the „SOCIAL‟ model, so future prospective,
longitudinal research measuring these factors is necessary.
Relying solely on parent-reports of psychosocial difficulties may also be
problematic, given the potential for bias or reduced insight. Future research should
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consider using parent and teacher ratings with administration of individual clinical
interviews to tap into psychosocial difficulties.
The next challenge for researchers and clinicians will be designing,
implementing and evaluating appropriate support and intervention programs for
children and families following early childhood TBI. Placing an increased emphasis
on multi-disciplinary input and treating children in an individualised and holistic
context will be particularly challenging but is ideal. Increased awareness of common
risk/protective factors regarding outcome will assist in identification of children and
families most at risk of adverse outcome and will allow for the provision of targeted,
early intervention and support.
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7.1 Overview of findings
7.1.1 Research aims
The current study investigated long-term outcome following pediatric mild
or moderate TBI, sustained during infancy. These parameters were chosen due to
the increased vulnerability of young children to the effects and consequences of
TBI, and the possibility of emerging deficits in the longer-term stages post-injury.
Study 1 aimed to better characterize outcome following a moderate TBI sustained
at a young age, and investigate severity-specific patterns of outcome in cognitive
and psychosocial domains. Study 2, an exploratory study, used a biopsychosocial
model as a theoretical framework to identify important relationships between
aetiological risk factors and long-term outcome for children injured in infancy.
The main findings from each study are outlined below.

7.1.2 Study 1
The first aim of Study 1 was to better characterize outcome following a
moderate TBI. Results suggested below-age expected performances on new
learning and selected executive tasks (sustained attention, dual tasking and
everyday attention abilities), and elevated ratings of emotional (e.g.
anxiety/depressive, somatic, withdrawal and abnormal thought), behavioural (e.g.
aggressive and rule breaking) and social problems. In addition children were
reported to have poorer development of social competency skills and significant
difficulties with managing everyday practical and adaptive abilities. Results
suggested children with moderate TBI were disadvantaged in executive and
psychosocial domains, compared to age-matched peers.
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The second aim of Study 1 was to perform severity-specific comparisons.
Results suggested cognitive, executive and psychosocial deficits differed across
groups of injury severity. Children were increasingly vulnerable to poorer
neuropsychological performance (e.g. general intellectual ability, learning and
memory, information processing, cognitive flexibility and goal setting) and
elevated risk of behavioural (externalising and regulation), emotional
(internalising) and social problems following a moderate injury. Although mild
injury groups generally performed in a similar manner to typically developing
controls, the complicated mild group was also disadvantaged on a measure of
complex attention (dual tasking) and with regards to internalizing/externalizing
emotional and behavioural difficulties.
Severity-specific patterns of findings somewhat conformed to
dose/response expectations, with increased difficulties emerging alongside
increasing injury severity. However, the extent of difficulties observed appeared
to be dependent on task requirements and outcome domains assessed. Following
complicated mild TBI, subtle deficits appeared to become more pronounced on
complex attention tasks, and difficulties were evident when assessing problems in
psychosocial domains. Future research should focus on recruiting a larger sample
and including a severe injury group to better characterize severity-specific
patterns of outcome.
Results indicate it will be advantageous for clinicians and health
professionals to consider classification of pediatric head injury across a
continuum of injury severity with injury-related vulnerability and situation
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specific/activity dependent requirements contributing to individual outcomes.
Individualised provision of support and early intervention would be ideal to assist
children and families experiencing significant difficulties.

7.1.3 Study 2
Results demonstrated significant relationships between many elements of
the „SOCIAL‟ model (Beauchamp & Anderson, 2010), supporting a
biopsychosocial approach to understanding the aetiology of difficulties following
a peadiatric TBI.
Examination of developmental variables suggested that in the restricted
age at injury (1 month – 3 years, 11 months) examined, there was no association
between age at injury and outcome in any domain. Correlations suggested
increased age at assessment was associated with worse outcome, suggestive of a
pattern of emerging problems over time. Findings imply evaluation of long-term
outcome is important in order to understand the impact of early TBI on
development over the life span.
As expected, injury-related factors (such as the presence of a lesion or
LOC) were found to relate to outcome in cognitive and executive domains, and to
behavioural regulatory problems. However in contrast to expectations, the relative
contribution of injury to long-term neuropsychological (cognitive and executive)
outcome was small and less substantial than environmental variables.
Additionally, injury-related factors were unrelated to other behavioural, emotional
or social problems. Findings suggested that following a mild or moderate TBI,
individual developmental and environmental factors play a more important role
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than injury-related factors in predicting outcome in the long-term. More
specifically, socio-economic status was able to predict a large amount of variance
in cognitive and executive outcome, whilst family functioning was able to predict
a moderate to large amount of variance in behavioural outcome.
Examining inter-relationships between outcome domains highlighted the
role of executive processes in influencing psychosocial outcome, and reciprocity
of behavioural, emotional and psychological problems.
Study 2 aimed to increased awareness of common risk/protective factors
regarding long-term outcome, to assist identification of children and families most
vulnerable to poorer recovery. Findings highlighted the need for a holistic,
integrated approach to assessment and intervention when assisting children and
families following early childhood TBI. Future research should focus on
designing, implementing and evaluating appropriate support and intervention
programs for children and families with increased emphasis on multi-disciplinary
input and targeted, early intervention and support.

7.2 Clinical implications and contributions
Research regarding pediatric TBI often seeks to identify common
problems experienced by children in many areas of functioning.
Acknowledgement of related risk and protective factors further allows
optimization of treatment protocols in the acute post-injury phase, and assists with
implementation of appropriate intervention and treatment programs over time.
The current research has identified several key findings that may inform clinical
practice.
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7.2.1 Severity-specific characterization of outcome
Firstly, the study provides insight regarding severity-specific patterns of
impairment, and characterization of outcome following a moderate TBI.
Study 1 demonstrated that the impact of early childhood head injury is
distinguishable between different severity groups. It suggested that the moderate
severity group was increasingly vulnerable to the impacts of pediatric TBI, which
emphasizes the need for moderate TBI groups to be considered as distinct from
mild especially in research contexts. In addition, Study 1 demonstrated
complicated mild injury was associated with difficulties in complex environments
or on challenging tasks, which supports the call for a stratified classification of
minor head injury and mild TBI. Increased clinical emphasis on treatment and
management of mild TBI may be required, especially with regard to early
therapeutic intervention for functional difficulties.
As previously acknowledged, findings suggest that long-term deficits
following early TBI are related to injury severity but manifest in task-dependent
ways and in the psychosocial domain. Identifying situations that place increased
demands on children and attempting environmental modification or remediation
are important clinical goals that would assist children optimize functioning
(Anderson & Catroppa, 2006; Galbiati et al., 2009; Thone-Otto & Walther, 2003;
van Hooft, 2010).
It is also important to note that Study 2 determined the ability of injury
severity to predict long-term outcome is somewhat limited following a mild or
moderate injury (a finding also supported by previous research of Anderson et al.,
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2005). Consideration of other aetiological factors highlighted the contributory
role of environmental and developmental variables. The intricate interplay of risk
and protective factors in influencing outcome explains the heterogeneity of
presentation for children following pediatric TBI, and should be considered when
educating parents and healthcare professionals about the consequences of TBI.
In sum, the current research is unique in characterizing outcome following
moderate TBI sustained at a young age, with results showing consequences are
measurable and distinct from mild TBI even after approximately 8 years postinjury. The study also contributed to the debate surrounding the appropriateness
of a stratified definition of mild TBI, providing evidence that uncomplicated and
complicated mild TBI can be differentiated in terms of long-term outcome.

7.2.2 Characterization of outcome following injury sustained at a young age
Secondly, the study provides insight regarding outcome for children
injured during a critical stage of development. The current findings suggest poor
development of complex cognitive functions following neurological compromise,
and increased vulnerability to deficit with increased injury severity. A similar
pattern was observed in psychosocial domains, where poor outcome was noted for
both complicated mild and moderate groups, with additional functional and
practical deficits evident following a moderate TBI. Patterns of vulnerability
following an early TBI are consistent with previous findings of Crowe et al.,
(2012b; 2012c) and lend support to literature regarding the impact of injuryrelated disruption to skills in rapid stage of development (Dennis, 1989). Findings
have implications regarding clinical management of children following early
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childhood TBI, suggesting more emphasis needs to be placed on providing
appropriate support and intervention even following a mild injury.
Additionally, Study 2 suggested that the period of early vulnerability
lasted up to four years, with no clear disadvantage for children injured at a
younger age within this range. Knowledge regarding a discrete period of increased
risk may assist development of specialized early TBI management protocols.

7.2.3 Characterization of long-term outcome after a significant period of
development
Thirdly, the study advances knowledge regarding outcome after a
significant period of development by examining how difficulties may present at
approximately 8 years post injury.
Results from Study 1 suggest that children are generally able to function
within an age appropriate range following an uncomplicated mild TBI. However,
significant group differences for neuropsychological task performance and for
psychosocial problems suggest recovery may not be complete following
neurological compromise due to complicated mild TBI and/or moderate TBI.
Residual impairments observed using standardized measures can manifest in
considerable functional difficulties (Anderson & Catroppa, 2006; Crowe et al.,
2012b), suggesting children are vulnerable to presenting with problems even after
a significant time post-injury. Research has also shown that early childhood TBI
may be associated with a pattern of emerging deficits, due to an increasing
demand for higher level thinking and the application of more sophisticated
cognitive and psychosocial skills (Ewing-Cobbs et al., 2006).
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Study 2 demonstrated that increased age at injury was often associated
with poorer task performances and increased ratings of behavioural, emotional
and social difficulties, consistent with previous findings. Study 2 also emphasized
the role of aetiological factors in predicting outcome at 8 years post-injury. As
previously acknowledged, environmental variables are increasingly important in
influencing outcome over time (Anderson et al., 2005), likely due to the increased
role of more proximal factors (including family functioning and SES) for children
who are younger at injury (Crowe, et al., 2012b).
In sum, the current research emphasized the presence of deficits at 8 years
post-injury, the possibility of emerging problems over time and the importance of
proximal environmental factors in predicting long-term outcome. Findings
reiterate the need for ongoing monitoring of progress following early TBI, and the
provision of education and support for children and families regardless of the
presence of deficits in the acute post-injury phase.

7.2.4 Clinical/empirical support for conceptualized biopsychosocial models
Finally, the current findings provide some level of clinical/empirical
support for hypothesized aetiological components described in the SOCIAL
model (Beauchamp & Anderson, 2010). Relationships observed between
individual injury-related, developmental and environmental risk factors and
outcome variables corresponded to hypothesized influences and emphasize the
need for a holistic and integrated approach to assessment, management and
intervention following early childhood head injury.
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Acknowledgement of reciprocity between executive and psychosocial
outcomes may also assist in developing appropriate remediation programs. For
example, Galbiati and colleagues (2009) found that remediation of attention skills
had a positive effect on other functional and adaptive skills following childhood
TBI. Findings suggest that neuropsychologists need to develop skills in
management of and intervention for behavioural and emotional problems in
children with TBI, and that education and awareness regarding the need for
complimentary intervention programs can lead to greater functional recovery for
parents and children.
7.3 Limitations and future research directions
Several factors limited the generalizability of results from the current
study. Firstly, the retrospective study design and age at injury disallowed
collection of baseline data, including individual premorbid circumstances and
acute consequences of injury. In addition, using assessment at a single time point
could only provide a limited indication of functioning and did not allow for
investigation of recovery profiles over time. Thirdly, the small sample size
(especially for complicated mild and moderate groups) detracted from the power
of statistical analyses. In particular, contact was unable to be established with over
50% of potential eligible participants for the moderate TBI group and due to
ethics restrictions it is difficult to determine the representativeness of the final
sample with regards to demographic characteristics. Finally, differing audit years
for recruitment of mild and moderate TBI groups may have been associated with
differences between injury groups in regards to acute injury management
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protocols, which in turn may have impacted on long-term outcome. Attempts
were made to compensate for some of these shortcomings, for example by
incorporating pre-morbid circumstances into exclusion criteria and using
measures such as effect size to reduce the possibility of Type 2 error. In addition,
matched age, gender and demographic characteristics between groups were used
to control for the influence of pre-injury variables (Anderson et al., 2006;
McKinlay, Dalrymple-Alford, Horwood, & Fergusson, 2002) and care was taken
to match participating and non-participating children with TBI for age at
injury/time since injury to keep the groups as representative of presentations to
the RCH as possible. Despite this, current results need to be interpreted in the
context of limitations. Future research should focus on replication of results using
a larger sample size, and utilizing a prospective, longitudinal design.
Another potential limitation relates to the use of a typically developing
control group, as opposed to a comparison group of children following orthopedic
injury (Taylor et al., 1999; Yeates et al., 2010). Typically developing children
have not been subject to the trauma of sustaining an injury, and therefore the
effect of trauma could not be controlled for in the present analysis. However,
uninjured controls have been argued to provide a more suitable comparison group
for children injured at a very young age, due to the larger role of environment
both as a critical risk factor for TBI and as influential for outcome following TBI
(Crowe, et al., 2012b; Lalloo & Sheiham, 2003). Therefore typically developing
children may be a more appropriate choice for comparison group in the current
study.
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The study design was also limited by the reliance on parent-ratings of
psychosocial outcome, Using a variety of parent report measures may have
contributed to shared rater variance which may contribute to the high correlations
observed amongst different measures of psychosocial outcome. Future research
may benefit from the development of a unified measure of behavioural, social and
emotional functioning following TBI that involves both qualitative and
quantitative elements. Parent-rated measures were also limited by reduced
sensitivity towards subtle deficits faced by children following childhood TBI.
While current attempts are being made to develop appropriately sensitive
measures, such as Muscara and colleagues‟ (2010) development of the DASC,
more emphasis on appropriate evaluation of emotional and behavioural change is
necessary. In addition, it would be beneficial to incorporate teacher-rated
measures of performance in the school environment, given the increased
challenges faced in a classroom setting which may capture brain-related
impairments that traditional neuropsychological testing fails to identify (Dennis,
1991; Taylor & Alden, 1997).
Finally, the limited availability of appropriately sensitive neuroimaging
techniques to distinguish between uncomplicated and complicated mild injury
groups presents a limitation. Researchers relied on documented evidence of
pathology noted in the medical file, so the accuracy of group allocation relied
heavily on the precision of reports by medical personnel regarding symptoms or
neuropathological findings. In addition, many children did not receive
neuroimaging due to the cost and difficulties associated with imaging young
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children (such as the need for generalised anesthetic). Future prospective,
longitudinal studies may have the opportunity to use appropriately sensitive
imaging techniques both at the time of injury and then over time with recovery, to
accurately establish injury-severity category and determine which injury-related
risk factors are related to outcomes. In line with the critique offered by Saatman
and colleagues (2008), future emphasis should also focus on establishing clearer
and more fine-grained injury classification schemes based on underlying
pathophysiology. Unfortunately there are limited tools available to reliably assess
injury severity in young (especially preverbal) children (Simpson, Cockington,
Hanieh, Raftos & Reilly, 1991). The children in the current clinical sample were
aged less than 4 years when they sustained their injury, and tools such as the
Westmead PTA screen have only been reliably applied for children aged from 7
years and up. Although current attempts are being made to create and modify
screening instruments for identifying subtle deficits assisted with TBI in pediatric
patients (Falf, Cederfjall, von Wendt & Soderkvist, 2005; Grubenhoff, Kirkwood,
Gao, Deakyne and Wathen, 2010), future validation is still required.

7.4 Conclusions
The current findings showed children are vulnerable to a range of
neuropsychological and psychosocial deficits at 8 years post-injury, following a
moderate TBI sustained at a young age. Findings also support a stratified
definition of mild head injury by showing outcome following uncomplicated and
complicated mild TBI can be differentiated on measures of complex cognitive
functions, and in the psychosocial domain. Results supported a biopsychosocial
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model of aetiology regarding long-term deficits, and emphasize the role of
environmental and developmental factors in prediction of outcome. Implications
relate to the need for increased emphasis on clinical management of mild and
moderate TBI sustained in early childhood, and for a holistic and integrated
approach to assessment, management and intervention.

APPENDICES

A – Copies of the Developmental Assessment of Social Competence
A.1 – Child version aged 5-11
A.2 – Child version aged 12 +

B - Structured Interview for parents
C – HREC Approved recruiting letter
D – Data Treatment Methods
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Appendix A: The Developmental Assessment of Social Competence

A.1 Child version, ages 5-11 years
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Appendix D: Data treatment methods
Table 8.1
Data Treatment for outliers and non-normal variables
Variable

Z skew

Outer limits

Range

Treatment

1.558

Z
Kurtosis
0.16

Verbal Fluency
(MOD)
BRIEF MI
(CONT)
BRIEF Shift
(CONT)
BRIEF Working
Memory
(UCM)
CBCL Anxiety
(UCM)
CBCL Anxiety
(CM)
CBCL Anxiety
(CONT)
CBCL
Withdrawn
(UCM)
CBCL
Withdrawn

Final Z Final Z
skew
Kurtosis
1.36
-0.08

Final Range

3.50 - 8.50

7.00 - 19.00

5.04

7.25

10.00 - 88.00

3.15

3.15

15.50 - 72.50

2.21

2.59

25.00 - 73.00

35.00 98.00
36.00 74.00
36.00 76.00

Trimming
outlier
Trimming
outlier
Trimming
outlier
Trimming
outlier

3.25

2.65

35.00 - 80.00

1.14

-0.91

36.00 - 75.00

0.55

0.05

36.00 - 71.00

4.97

4.81

42.00 - 60.00

3.07

0.31

50.00 - 60.00

3.04

0.64

50.00 - 66.00

3.33

0.52

50.00 - 58.00

50.00 68.00

Trimming
outlier
Trimming
outlier
Trimming
outliers
Trimming
outliers

3.40

1.48

35.50 - 68.50

5.81

7.03

43.50 - 58.50

5.65

7.57

38.00 - 62.00

2.52

-0.06

50.00 - 57.00

7.54

11.52

44.00 - 56.00

50.00 67.00

Trimming
outliers

2.33

-0.93

50.00 - 53.00

50.00 73.00
50.00 70.00
50.00 -67.00

7.00 - 18.00
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(CONT)
CBCL
Withdrawn
(MOD)
CBCL Attention
Probs (CONT)
CBCL Social
(UCM)
CBCL Social
(CONT)
CBCL Thought
Probs (UCM)

3.80

2.57

35.00 - 65.00

50.00 85.00

7.07

13.16

43.50 - 58.50

6.73

12.56

36.00 - 66.00

6.78

0.49

48.00 -54.00

4.03

3.29

27.00 - 75.00

CBCL Thought
Probs (CONT)

4.23

3.24

34.50 - 67.50

CBCL Thought
Probs (CM)
CBCL Thought
Probs (MOD)
CBCL Rule
Breaking
(COMP)
CBCL Rule
breaking
(CONT)
CBCL Rule
breaking
(MOD)

2.94

1.08

28.50 - 73.50

2.36

1.06

17.00 - 97.00

3.58

1.96

28.50 - 73.50

4.25

4.63

4.21

3.68

Trimming
outliers
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2.77

0.31

50.00 - 65.00

50.00 Trimming
66.00
outlier
50.00 -78.00 Trimming
outlier
50.00 Trimming
60.00
outliers
50.00 Trimming
77.00
outlier + SQRT
Transformation
50.00 Trimming
69.00
outlier + SQRT
Transformation
50.00 SQRT
71.00
transformation
50.00 -81.00 SQRT
transformation
50.00 LN
72.00
transformation

3.28

0.98

50.00 - 57.00

2.95

0.50

50.00 - 61.00

3.58

1.35

50.00 - 54.00

3.21

1.22

7.07 -8.43

3.30

0.79

7.07 - 8.00

2.78

0.79

7.07 - 8.43

2.09

0.46

7.07 - 9.00

3.30

1.37

3.91 - 4.28

28.50 - 73.50

50.00 57.00

LN
Transformation

4.00

3.96

3.91 - 4.04

42.50 - 57.50

50.00 74.00

Trimming
outliers and LN
transformation

2.75

0.30

3.91 - 4.26
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CBCL Rule
2.94
1.08
28.50 - 73.50 50.00 LN
2.66
Breaking
71.00
Transformation
(UCM)
CBCL
7.00
9.62
47.00 - 53.00 50.00 Trimming
3.94
Aggression
62.00
outliers and LN
(CONT)
transformation
CBCL
2.53
0.33
28.00 - 76.00 50.00 LN
2.24
Aggression
67.00
transformation
(UCM)
CBCL
2.75
0.46
21.50 - 78.50 50.00 LN
2.50
Aggression
72.00
transformation
(CM)
CBCL
4.58
5.18
29.00 - 71.00 50.00 Trimming
2.48
Aggression
90.00
outliers and LN
(MOD)
transformation
CBCL Somatic 3.88
4.98
15.00 - 99.00 50.00 LN
2.81
(UCM)
87.00
Transformation
CBCL Somatic 2.21
-0.32
19.50 - 82.50 50.00 LN
1.98
(CM)
70.00
Transformation
CBCL Somatic 4.23
3.69
33.00 - 69.00 50.00 LN
3.75
(CONT)
68.00
Transformation
CBCL Somatic 0.24
-1.24
22.50 - 97.50 50.00 LN
-0.06
(MOD)
73.00
Transformation
Note. UCM = Uncomplicated Mild; CM = Complicated mild; CONT = Control; MOD = Moderate.

219

-0.07

3.91 - 4.22

1.35

3.91 - 3.97

-0.07

3.91 - 4.20

0.01

3.91 - 4.28

0.08

3.91 - 4.20

2.47

3.91 - 4.47

-0.61

3.91 - 4.25

2.62

3.91 - 4.22

-1.27

3.91 - 4.29
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