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Abstract 

 

There is limited knowledge of cognitive outcome extending beyond 5 years 

after childhood traumatic brain injury, CTBI. The main objectives of this 

thesis were to investigate cognitive outcome at 6 14 years after CTBI, and 

to evaluate if advancements in the neurosurgical care, starting 1992, did 

influence long-term outcome and early epidemiology. An additional aim was 

to study the relationship between early brain injury parameters and early 

functional outcome. Study 1 evaluated cognitive progress during 14 years 

after CTBI, over three neuropsychological assessments in 8 patients with 

serious CTBI. Study 2 used patient records to investigate early epidemiol-

ogy, received rehabilitation and medical follow up in two clinical cohorts, 

n=82 and n=46, treated neurosurgically for CTBI before and after 1992. An 

exploratory cluster analysis was applied to analyse the relation between early 

brain injury severity parameters and early functional outcome. In Study 3, 

participants in the two cohorts, n=18 and n=23, treated neurosurgically for 

CTBI before and after 1992, were subject to an extensive neuropsychologi-

cal assessment, 13 and 6 years after injury, respectively. Assessment results 

of the two cohorts were compared with each other and with controls. Data 

were analysed with multivariate analyses of variance. Results and discus-

sion. There were significant long-term cognitive deficits of similar magni-

tude and character in the two cohorts with CTBI, treated before and after the 

advancements in neurosurgical care. At 6 14 years after injury, long-term 

deficits in verbal intellectual and executive functions were found, and were 

discussed in terms of their late maturation and a decreased executive control 

over verbal memory-functions after CTBI. Visuospatial functions had a 

slightly better long-term recovery. The amount of rehabilitation received was 

equally low in both cohorts. The length of time spent in intensive care and 

the duration of care in the respirator may have a stronger relationship to 

early outcome than does a single measure of level of consciousness at ad-

mission. Main conclusions are that cognitive deficits are apparent at long-

term follow up, 6 13 years after neurosurgically treated CTBI, even after 

advancements in the neurosurgical care in Sweden. Measures of verbal IQ, 

verbal memory and executive functions were especially low while visuospa-

tial intellectual functions appear to have a better long-term recovery. 
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Abbreviations 

BRC brain reserve capacity 

CRC cognitive reserve capacity 

ct  Children‟s Category Test 

CTBI childhood traumatic brain injury 

d2 tne d2 Test of Attention, total numbers - errors 

FAS, or fas Verbal Fluency Test (letters F, A, S) 

ft d Fingertapping Test, dominant hand 

ft nd Fingertapping Test, non-dominant hand 

GCS Glasgow Coma Scale 

GOS   Glasgow Outcome Scale 

ICD-10 International Classification of Diseases, 10
th
 Revision 

ICD-9 International Classification of Diseases, 9
th
 Revision 

PIQ   performance intelligence quotient 

rav ir Rey Auditory Verbal Learning Test, immediate recall 

ravl Rey Auditory Verbal Learning Test, total correct  

 recalls 

ravrc Rey Auditory Verbal Learning Test, recognition 

ravre Rey Auditory Verbal Learning Test, delayed recall 

RLS Reaction Level Scale 

ry3m Rey Complex Figure Test, three min recall 

ryc Rey Complex Figure Test, copy 

ryrc Rey Complex Figure Test, recognition 

ryre Rey Complex Figure Test, 30 min recall 

sd standard deviation 

SPIQ translated: a quick test of language based intelligence 

TBI traumatic brain injury 

tmt-a Trail Making Test - part A 

tmt-b Trail Making Test - part B 

VIQ verbal intelligence quotient 

WAIS Wechsler Adult Intelligence Scale 

WAIS-R Wechsler Adult Intelligence Scale - Revised 

wibm Blockdesign WISC-III/WAIS-R  

wiof Vocabulary WISC-III/WAIS-R  

WISC Wechsler Intelligence Scale for Children 

WISC-III Wechsler Intelligence Scale for Children, 3rd. ed 

wisr Digit-span WISC-III/WAIS-R  
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Introduction  

A traumatic brain injury in childhood is one of those things that we wish did 

not happen. However, it does. Traumatic brain injuries, TBI, refer to the 

brain-injuries that are caused by an external force and come unexpectedly, 

interrupting a normal life. The two main causes of childhood traumatic brain 

injury, CTBI, are traffic accidents and falls. When an accident results in a 

brain injury, society need to be prepared to provide the initial emergency 

care. The child is taken care of and transported to a hospital and a decision is 

made whether it is a mild injury that mostly needs observation, or whether it 

is a more severe injury that needs intensive care. In the present thesis we 

have studied the children that acquire a brain injury of such severity that 

neurosurgical intensive care were needed. This group varies regarding the 

grade of severity. For example, the time spent in the intensive care differs a 

great deal between children with milder injuries and children with severe 

ones, from a few days up to over a month. Scientific advancements have 

resulted in therapeutic improvements and the survival rates for adult patients 

are higher today than one or two decades ago. We know that among adult 

TBI patients, the higher rate of survivors has not led to more patients in a 

vegetative state. We also know that the psychosocial problems involving 

work adjustment, marital conflicts, dependence and economy have been 

reported to increase amongst the adults affected by a TBI. This means that 

the group of adult patients leaving the neurosurgical intensive care after a 

traumatic brain injury is different from what it was 20 years ago. One of the 

main objectives of this thesis is to address the question of whether develop-

ments in neurosurgical intensive care have resulted in any changes in out-

come for children who have suffered traumatic brain injury. The other main 

objective is to contribute to the investigation of the long-term cognitive out-

come after a traumatic brain injury in childhood. From earlier research on 

children who have suffered a serious brain injury, we know that impairments 

in cognitive skills are common, and that cognitive and behavioural impair-

ments sometimes become more visible over time when the earlier acquired 

capacity is insufficient to master daily activities. Cognitive problems can be 

hard to distinguish in daily life, and the character of the problems also 

changes over time and unfortunately often ends up as unmet or unrecognized 

needs. When it comes to cognitive outcome several years after a traumatic 

brain injury in childhood, our knowledge is limited. In order for society to be 

prepared to take care of the group of children that have remaining cognitive 
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deficits after a traumatic brain injury, we need to know what the main cogni-

tive features are. Which functions are vulnerable, and which functions might 

be more robust in a long-term perspective? Are the cognitive problems seen 

today of a different kind from what we saw 20 years ago, before the thera-

peutic improvements in acute care? The overall aim of this thesis is to con-

tribute to the body of knowledge in this field.  
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Theoretical background 

The connection between childhood traumatic brain injury, CTBI, and func-

tional outcome is complex, and to a large extent remains unexplained, even 

after grouping children into traditional classifications according to the sever-

ity of their injury (Taylor, 2006). Factors that have been shown to predict the 

functional outcome are: the severity of injury, location of injury, age at time 

of injury, time since injury (Anderson et al, 2005, 2006; Anderson & 

Catroppa, 2006) and  family factors (Anderson et al., 2006; Anderson & 

Catroppa, 2006; Yeates et al, 2005) and the premorbid function of the child 

(Anderson et al, 2006; Yeates et al, 2005). In addition, gender has been re-

ported to influence the early outcome of adults with TBI (Rogers & Wagner, 

2006) and cognitive functioning after CTBI (Donders & Hoffman, 2002; 

Donders & Woodward, 2003; Niemeier, Marwitz & Lesher, 2007). The type 

of neurological intensive care provided has influenced the early outcome of 

adults with TBI (Eker, 2000) and later rehabilitation methods and techniques 

are known to influence the long-term cognitive outcome (Laatsch et al., 

2007). In recent years, two other variables have been presented as modera-

tors of the outcome after a CTBI (Dennis, Yeates, Taylor, Fletcher, 2007). 

They are the brain reserve capacity (BRC), meaning the passive capacity of 

the brain to function in a deficit free manner after a trauma, and the cognitive 

reserve capacity (CRC), the ability to optimize or maximize performance 

through differential recruitment of brain networks (Stern 2002). In this the-

sis, the focus is on the long-term cognitive outcome of CTBI. An overview 

by a model of the relation between CTBI and cognitive outcome might con-

tribute to making the complex situation a bit more coherent. The model pre-

sented here is an extension of the developmental model of reserve capacity 

moderating functional outcome of CTBI presented by Dennis et al (2007).  

The injury inflicted when a CTBI occurs and long-term cognitive outcome 

constitutes the main variables in the model. The mediating variables between 

the start of the morphological injury and the end point of cognitive outcome 

are brain reserve capacity and cognitive reserve capacity, which determine 

the functional plasticity, responsible for the recovery of injured functions 

and the development of new ones. The CTBI treatment moderators are the 

initial treatment and the long-term rehabilitation. The patient-related vari-

ables of age at injury, gender, time since injury, present age and ability to 

cope each influence, at different periods, the process between the injury and 
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final long-term cognitive outcome. Each concept in the model is discussed in 

the following text. 

 

 
FIGURE 1. Influences on long-term cognitive outcome after a CTBI 

Epidemiology of CTBI  

Worldwide, injury is the main cause of death and disability in children (Ser-

gui-Gomez & MacKenzie, 2003). After the post-neonatal period, traumatic 

brain injury (TBI) are the most common type of acquired brain injury. A 

traumatic brain injury (TBI) is an injury to the central nervous system caused 

by an external force acquired after the neonatal period. The international 

annual incidence of TBI in children (CTBI) is 180/100 000 (Kraus, 1995), 

when all grades of severity of injury are included. Boys are more often than 

girls admitted to paediatric intensive care units for CTBI (Parslow, Morris, 

Tasker, Forsyth & Hawley, 2005).  

In the United States, 475 000 children under 14 years of age sustain a TBI 

each year, with 90 % of them being released immediately upon being seen in 

the emergency department (Keenan & Bratton, 2006). Anderson & Catroppa 

(2006) reported that epidemiology data from the United States suggest that 

200 per 100 000 children will experience TBI each year. Half of them will 

seek medical attention and according to a study by Emanuelson & von 
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Wendt (1997) 5 10% of them will experience temporary and/or permanent 

neuropsychological impairment. The most common external causes of CTBI 

in a Swedish population of CTBI patients were traffic accidents, where the 

children were passengers or bicyclists. In the same population in the UK, 

pedestrian accidents were the most common causes of injury, and most often 

occurred in the late afternoon and early evening, with most admissions to 

intensive care occurring in the summer (Parslow et al., 2005). In a study of 

Australian children, those with mild TBI were more likely to have sustained 

injuries in falls, while severe injuries were most often caused by motor vehi-

cle accidents; moderate injuries were more evenly distributed between falls 

and motor vehicle accidents (Anderson et al., 2001).  

Injury characteristics 

During and after a traumatic insult to the brain, the course of events is in-

tense, complex and not completely understood; the ensuing injuries are, 

however, separated into primary and secondary injuries (Emanuelson, 1999). 

A primary injury arises from a mechanical external force. Secondary inju-

ries, in contrast, occur minutes to days after the primary insult and are mani-

fested by symptoms such as cerebral oedema and an elevation of intracranial 

pressure (Emanuelson, 1999). Secondary injuries are caused by the response 

of the brain to a primary injury, and, during the last few decades they have 

been implicated as a major contributor to worsened morbidity and mortality 

(Ylvisaker et al., 2005). Salorio et al (2008) suggested that an altered blood 

pressure and hypotension could be markers of secondary injury and may be 

used as predictors of the cognitive outcome 1 year post-injury.  

A brain injury can be described as focal, diffuse or a combination of the 

two (Vik, Kvistad, , Skandsen & Ingebrigtsen, 2006). A traumatic brain in-

jury is different from that of a haemorrhage due to the force of the traumatic 

insult to the brain. Diffuse axonal injury is common after traffic injuries (Vik 

et al., 2006), and the consequence of non-penetrating CTBI is more often a 

diffuse injury (Levin, 2003). A diffuse injury results from sudden accelera-

tion and deceleration and the simultaneous rotation of the freely moving 

head, and is further exacerbated by a secondary injury associated with 

ischemia, brain swelling and the release of excitatory neurotransmitters 

(Levin, 2003). Axonal damage often occurs hours or days after a primary 

injury. Vik et al. (2006) reported that recent studies have shown that secon-

dary injuries most often occur as a result of oedema. The most common lo-

cation of axonal injuries is in the connections between white and grey matter 

within the frontal and temporal lobes (Vik et al., 2006). Wilde et al. (2007) 

reported a symmetric decrease in the volumes of subcortical structures 1 10 

years after a CTBI, lending support to the understanding that an injury is 

also global and diffuse rather than being of a solely focal nature. In the 
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study, the hippocampus was revealed to be especially vulnerably to TBI, 

even after exclusion of children with hippocampal lesions, further supporting 

the global nature of TBI. Of focal CTBIs, the frontal region is most fre-

quently involved (Mendelsohn et al., 1992). 

Injury severity grades are usually defined by the level of consciousness 

after the injury. Clinically, they are most commonly measured by the Glas-

gow Coma Scale, GCS, which evaluates a patient‟s motor, verbal and eye-

opening responses (Teasdale & Jennett., 1974). A severe injury corresponds 

to a level below 8, a moderate injury would have a score between eight and 

12 and a mild injury corresponds to the levels 13 15 (Teasdale & Jennett., 

1974). The Swedish Reaction Level Scale, RLS, (Starmark, Stålhammar & 

Holmgren, 1988) can assess overall responsiveness or consciousness level, 

without the use of verbal cues or eye-opening. That can be an advantage 

with young children, intubated patients or patients with swollen eyelids. For 

adults, agreement between the GCS and the RLS has been found to be good, 

with RLS functioning as well as the GCS for the critically injured (Walther, 

Jonasson & Gill, 2003). In a study of adults and a small group of children, 

Johnstone et al. (1993) found that both scales function well in cases of se-

vere and minor head injury, but he found that both have weaknesses when 

defining moderate head injuries. As one would expect, the more severe the 

grade assigned to a CTBI, the worse the anticipated outcome (Anderson et 

al., 2001). The description of outcome varies within the group classified as 

being severe from one country to another, but among the severely injured the 

following numbers are usually reported: a mortality rate of one third, with 

most deaths occurring before hospital admission, a good recovery for one 

third, and the remaining third of the patients will exhibit residual disability 

(Anderson & Catroppa, 2006).   

CTBI treatment  

In the past decades, knowledge has emerged about the relationship be-

tween the secondary insults, and the morbidity and mortality of patients with 

CTBI, and thus many clinical trials have attempted to address secondary 

injuries to improve the long-term outcome (Ylvisaker et al., 2005). In Swe-

den, the “Lund Protocol” for the neurosurgical treatment of patients with 

severe TBIs aims at controlling intracranial pressure (Grande 1989, 2006; 

Asgeirsson, Grande & Nordström, 1994). It was introduced in 1992 and 

evaluated on the adult population. A comparison with patients treated with 

an older neurosurgical method revealed that the mortality was markedly 

reduced, while the number of patients in a vegetative state remained on the 

same level. In contrast, psychosocial problems involving work adjustment, 

marital conflicts, dependence and financial problems were reported to in-

crease. More than 40 % of the group were reported to be dependent on rela-
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tives to cope with their daily life (Eker, Schalén, Asgeirsson, Grände, Ran-

stam, & Nordström, 2000). When children with TBI were treated according 

to the Lund protocol, Wahlström, Oliviecrona, Koskinen, Rydenhag & 

Naredi (2005) reported that 80% of them had a favourable outcome, indi-

cated by a level of 4 or 5 on the Glasgow Outcome Scale (GOS).  Moderate 

disability refers to level 4 on the scale and implies that a person assigned to 

this level of injury will be disabled, but independent, and therefore, for ex-

ample, able to work in sheltered environments (Jennett & Bond, 1975).  

In the setting in which the initial treatment occurs, the first step in a po-

tential rehabilitation process is taken with the decision made about whether a 

child could benefit from rehabilitation. This issue may be influenced by feel-

ings from both medical professionals and family members that the child has 

been put through enough, having survived an accident and been subjected to 

many medical procedures to ensure his or her survival. Unfortunately, for 

many children with moderate and severe injuries, sequelae remain after the 

point at which medical stability is reached, and rehabilitation is needed to 

optimise recovery and the re-entry into everyday life (Beaulieu, 2002). Te-

pas et al. (2009) evaluated the relationship between a delay in the transition 

from acute care to rehabilitation, and found that comprehensive delays in the 

rehabilitation diminished the outcome in the severe group. In the moderate 

group, the delay was related to an increase in the duration of the rehabilita-

tion. This result implies the need for a seamless transition during the early 

care to optimise the recovery during the window of opportunity that presents 

itself in the early stages following a CTBI. Beaulieu (2002) states that it is 

unwise to put one‟s faith in a recovery after a CTBI in the neural plasticity 

itself, remarking that “while neural plasticity offers the potential for reor-

ganisation, it is the behavioural demands of the environment that allows the 

organism to take advantage of this potential and to maximise recovery” 

(p 393).   

Early cognitive outcome 

The early consequences of a CTBI are seen in a wide range of areas, includ-

ing gross and fine motor problems, problems with speech like dysarthria, 

cognitive impairments and behavioural adjustment deficits (Anderson et al., 

2001; Anderson  & Catroppa, 2006). In the initial phase after a CTBI, the 

injury-related cognitive characteristics differ markedly depending on the 

severity of the injury. Anderson et al. (2001b) reported that after a period of 

6 months had elapsed since receiving a CTBI 50% of those with severe inju-

ries were found to have moderate to severe problems in multiple functional 

domains. In the moderate group, 40% had both physical and memory prob-

lems. 
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Once a child has recovered sufficiently to have regained her general ori-

entation, and has become goal directed and purposeful relative to her age 

expectations, she will generally return to his or her previous everyday life, at 

home and at school. Owing cognitive deficits, depending on the complexity 

of the tasks and the situations in which she is to be conducted, the child is 

likely to perform at different levels. Concrete situations requiring only minor 

cognitive or emotional demands can work out fine, however the child‟s be-

haviour or the efficiency of her information processing may deteriorate with 

an increase in the cognitive demands or psychosocial stress (Ylvisaker, 

1998). Unfortunately, descriptions of the functions that are more resistant to 

CTBI are rare in the literature. However, one exception is the report that 

procedural memory, a form of implicit memory that is either perceptual-

motor or cognitive and mediated through inferior and posterior regions, is 

less likely to be affected in children and adolescents with moderate-severe 

TBI (Ward, Shum, Wallace & Boon, 2002).  

Difficulties with attention is very common in the early stage after CTBI. 

In a follow-up study conducted 1 year after the injury, Kramer et al. (2008) a 

group with CTBI and a control group with orthopaedic injuries activated 

similar networks relevant to sustained attention processing, but the group 

with CTBI showed a neural over-activation in these areas. The results for the 

group with CTBI contrasted with the under-activation documented in studies 

of children with attention-deficit/hyperactivity disorder, commonly referred 

to as ADHD (Kramer et al., 2008). Levin et al. (2007) investigated changes 

in children‟s symptoms related to inattention and hyperactivity 2 years after 

CTBI. In a group that had been diagnosed as having ADHD prior to receiv-

ing their injury, symptoms related to hyperactive/impulsive behaviour and 

inattention predominated after the injury, while symptoms relating to a lack 

of attention were most common in the group where ADHD had only been 

diagnosed after the injury (Levin et al., 2007).    

Brain development   

The human nervous system begins to develop at 18 days gestation. About ten 

days later three major divisions of the brain are already discernible: the fore-

brain, that will later form the cerebral hemispheres, the limbic system, 

thalamus and hypothalamus; the midbrain forming part of the brainstem; and 

the hindbrain, hosting pons, medulla and cerebellum (Rosenzweig, 

Breedlove & Watson, 2007). The production of nerve cells, the neurogene-

sis, takes place in the ventricular zone. The cells that will give rise to neu-

rons either transform into nerve cells or into glial cells. The nerve cells 

formed at the ventricular level migrate along a particular kind of glial cell to 

their final destination in the emerging brain. Once in site, the process of cell-

differentiation starts, in which the neuron matures to attain the specific ap-
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pearance and the function characteristic of that region. An extensive growth 

of axons, dendrites and the proliferation of synapses then takes place, thus 

starting up the communication between the cells (Rosenzweig et al., 2007). 

Around birth, there is a large overcapacity of cells and those that make ade-

quate synapses remain, others die. Owing to this surplus in neurons, children 

have the capacity to adjust to different environments. Periods of cell death 

have been found to be followed by periods of synapse remodelling, where 

some synapses are lost, while others are formed. This is evident in the thin-

ning of the grey matter of the cortex as pruning of dendrites and axons 

makes synaptic connections more efficient (Rosenzweig et al., 2007). Glial 

cells are essential for developing the communication between cells. In the 

process of myelinisation, sheaths are developed around the axons, greatly 

speeding up the rate at which axons conduct messages (Rosenzweig et al., 

2007). Anderson (2007) has summarized a number of general rules for the 

myelination of the cerebral regions, suggesting that proximal pathways be-

come myelinated before distal ones, sensory pathways before motor ones, 

projection areas before association areas, central areas before the poles, and 

that posterior zones become myelinated before anterior ones. However, the 

selection of which connections are to be myelinated is guided by an interac-

tion between genes and experience. One example of the interaction is that 

synaptic stimulation influences which type of genes is activated. The impact 

of experience on neural development is best exemplified by the visual sys-

tem, for which there appear to be sensitive periods during which lack of ex-

perience can exert long-lasting negative effects. In the visual cortex, these 

effects are most extensive during the early periods of synaptic development, 

and visual deprivation in this period results in a loss of dendritic spines and a 

reduction in the synapses. Animal studies have shown that several weeks of 

visual deprivation during a sensitive period results in blindness, and manipu-

lation after the sensitive period will have little effect (Rosenzweig et al., 

2007).  

Magnetic resonance imaging (MRI) have revealed good options to study 

the normal structural brain development after birth in a safe way across age-

groups. (Evans 2006, Casey et al 2000).  In a study of Gogtay et al (2004) 

the thinning of grey matter was used as  an indicator of brain maturation. 

They used  MRI-scans every other year during 8 to 10 years in the study of  

the brain maturation of 13 healthy children, age 4 21. The result showed an 

overall increase of the grey matter thickening before puberty, with a follow-

ing decrease thereafter. The maturation started in primary areas, associated 

with more basic functions of sensory-motor functions, and processing of 

vision, olfactory and taste. Temporal regions were the last to mature. The 

direction of the thinning of cortical grey matter had a back to front progres-

sion in the frontal lobe, reflecting a late maturation of the prefrontal lobe. In 

accordance with the view of cortical grey matter loss as a sign for matura-

tion, increasing cognitive capacity is described to coincide with a gradual 
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loss of synapses, and a strengthening of remaining synapses (Gogtay et al 

2004). Lebel et al (2008) reported from a study of 202 persons between five 

and 30 years that most areas in the brain changed between ages of 5 and 30. 

One of the exceptions was the fornix, a white matter connection involved in 

basic memory and emotion, appeared to be more mature than other regions 

during infancy. Most areas matured in adolescence while a few continued 

into the twenties with the fronto-temporal connections of cingulum and un-

cinate beeing two of the last to mature.  Both studies give support for a non-

linear brain maturation (Lebel et al 2008, Gogtay et al 2004).    

Children and adults appear to use the brain in different ways. Casey et al 

(2000) compared brain activation of children and adults on tasks of attention 

and inhibitory control. Brain activation was found in the similar frontal areas 

but the activation was two to three times higher for the children compared to 

the adults, and still the children had more difficulties in the task. Another 

study described in the same article, reported activation on similar cortical 

regions on spatial working memory tasks for school aged children and 

adults. Their performance reached the same level at the beginning of the 

task, but at the end of the scan session the children´s performance had sig-

nificantly deteriorated. Compared to the children, the performance of the 

adults continued to improve as a function of time on task (Casey et al 2000). 

These results are god examples of the notion that brain functions differ be-

tween children and adults, and that brain maturation can result in both higher 

efficacy and higher endurance.  

Cognitive development  

The brain development and the cognitive development mutually influence 

and are mutually dependent of each other (Casey et al 2000), a fact that is 

particularly noticeable after a CTBI . Ylvisaker (1998) summarised broad 

interrelated trends in the normal cognitive development, aiming at providing 

a developmental template linked to themes that are often influenced by a 

traumatic brain injury in childhood. The themes are beneath presented in 

italics.   

A progression from the concrete to the abstract and hypothetical. In terms 

of cognitive development, the first 2 years in human life correspond to the 

sensory-motor stage of cognitive development described by Piaget (1982) in 

which the child explores the surroundings in a concrete way through sensory 

and motor abilities. Anyhow, a first sign of purposeful goal directed actions 

is seen already in infants (von Hofsten, 2004). When executing actions or 

observing the actions of others, infants fixate goals and sub-goals of the 

movements. When, for example, reaching for an object, the posture of the 

hand will adjust to the orientation of the object. Thus, the goal state is al-

ready represented when actions are planned (von Hofsten, 2004). The devel-
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opment of working memory is crucial to the ability of reflection, necessary 

for the later emerging abilities of hypothetical thinking. The first signs of 

working memory and the functionally close connected inhibitory control are 

seen between 7 and 8 months of life when infants can retrieve objects on a 

delayed response task when the delay was limited to 1 2 seconds (De Luca 

& Leventer, 2008). This is accompanied by early signs of progress in the 

frontal lobe seen between seven and 12 months (Bell & Fox, 1994). Major 

gains in working memory are seen during the following years (De Luca & 

Leventer, 2008). The executive functions of inhibitory control and sustained 

attention improve until the age of 5, and together with gains in working 

memory and strategy formation, they contribute to the maturation of the 

following new level of planning and goal-directed behaviour (De Luca & 

Leventer, 2008). 

In many societies, the age of 6 or 7 marks the beginning of a more struc-

tured education and period of socialisation. This coincides with the start of 

the most prominent progress in the development of attention control and 

performance speed (Anderson et al, 2001a). The earlier affective and sensory 

motor dependent memory functions change in favour of a more language and 

symbolic based memory (Piaget, 1982). The schoolchild reaches the stage of 

concrete operational cognition meaning that she has developed a new ability 

of reversible thinking with which she can imagine changes of situations she 

has experienced. The child will be able to think logically about a situation 

without having to try it in the real world (Piaget 1982). The development of 

executive functions is rapid during middle childhood and a developmental 

spurt of goal-setting skills occurs around 12 years of age (Anderson et al, 

2001a). The further development of working memory will be attributable to 

increased processing efficiency of activation, inhibitory control and strategic 

functioning . In a study of the relation between working memory and inhibi-

tory control, there was no correlation between functions of inhibitory control 

and working memory between six and 11 years of age, while the correlation 

was seen between 12 and 17 years, implying a stronger relation between 

these functions in adolescence (Roncadin, Pascual-Leone, Rich & Dennis, 

2007).   

A progression from surface to depth, for example, a development of 

awareness from attending to the superficial into a comprehension of underly-

ing causes (Ylvisaker, 1998). Owing to the increased memory capacity, 

around 18 months the child reaches the level of object permanence, meaning 

that the she now fully understands that an object still exists even when she 

cannot see it (Piaget, 1982) thus enabling the child to be aware of things that 

are not present at the surface. Around 6 to 7 years of age, in the stage of 

concrete operational cognition, the child will be able to imagine and under-

stand how objects in the present surface can be changed by different possible 

actions (Piaget, 1982), therefore reaching a new understanding of that the 

surface can change, even though the if underlying conditions are the same. 
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During adolescence, the theme of a comprehension of underlying causes 

is prominent. The capacity of attention and processing speed increases 

gradually throughout adolescence (Anderson et al., 2001a) and the cognitive 

development makes important advances, moving into the stage of formal 

operations (Piaget, 1982) in which a new ability for logical deductive cogni-

tion enables the adolescent to use a general principle to determine a specific 

outcome. The adolescent is not, as before, reliant on impressions from the 

outer world or earlier experiences to form new thoughts. This frees the mind 

from the experienced reality and often opens up an interest in philosophy, 

politics, religion, ideals or ethics, all to do with changing the outer world. 

Growth in meta-cognition, e.g., progression to strategic thinking and 

problem-solving. Hanten (2004) summarises the metacognitive development 

of the child. Young children can understand that an instruction to remember 

requires a special effort, but up to the age around 7, they can´t produce effec-

tive learning strategies. Not until the age of 8, children implement longer 

study-times when they are supposed to remember things for a long time or 

when they are supposed to remember more difficult information. For the 

schoolchild, an increasing inhibitory control contributes to a new independ-

ence towards adults. When younger, the child may have difficulty resisting 

the temptation to satisfy her immediate needs even if satisfying them is in 

conflict with external rules. At these ages, children can also independently 

assess social conditions that lead to social emotions, such as shame, guilt and 

pride (Havnesköld & Risholm Mothander, 2009).  

Progression from ego-centric to non-egocentric thinking and action.. 

Mentalising, that is, the ability to discern the mental state of others is an 

prerequisite for the participating in a socially shared and predictable world. 

Mentalising, or it´s precursors might be seen as early as at the end of the first 

year of life in the infant´s ability to understand teasing (Frith & Frith, 2007). 

From the age of 18 months, it is seen in the infant´s understanding of non-

verbal communication as pointing or gaze direction. After this, the child can 

treat social signals as deliberately communicative. A new step in this devel-

opment is taken by the age of 5 when the child also will be able to predict 

and explain other peoples behaviours in terms of mental states (Frith & Frith, 

2007). 

Another kind of development from ego-centric to non-egocentric func-

tioning is seen in the development of spatial cognition. In the normal devel-

opment of orienting strategies, the egocentrically orientation of infants is 

followed by strategies based on a limit of landmark cues which are dominant 

until the age of 5. The child knows for example that the door is in front of 

the later appearing picture on the wall. Later, by the age of 7, relational 

strategies begin to develop, enabling children to adopt an observer-

independent frame of reference, implying the use of survey. The child can 

with this strategy understand that since she is looking for the door from an-
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other direction, it is behind the picture on the wall. This strategy is fully de-

veloped at about 10 years of age (Lehnung et al., 2001). 

Increased efficiency of information processing. Also in this theme, the 

developing  executive functions are of outmost importance. Processing speed 

is a lower order skill on which efficient information processing rests. There 

is a gradual increase of attentional capacity and processing speed up through 

adolescence, possibly with a developmental spurt around 15 years (Anderson 

et al 2001a). Following the rapid development in early and mid-childhood, 

the maturation of executive functions continues during late childhood and 

adolescence, although at a slower rate. Skills of cognitive flexibility and 

monitoring appear to be stable between 11 and 15, thus maturing prior to 

adolescence (Anderson et al., 2001a). Since strategic cognitive performance 

is dependent on executive function, the impact of executive development is 

revealed through the increasing efficacy in other cognitive areas. Memory 

capacity, for example, normally increases because of the smoother execution 

of cognitive operations (Schneider & Pressley, 1997) and an important in-

crease in the use of elaborative memory strategies that takes place from late 

childhood to late adolescence (Yeates & Enrile, 2005).  

Growth in knowledge-base. Possession of a deep and well-organized 

knowledge-base of people, objects, events and ideas enables the child to 

assimilate new information in a more efficient way. Within an individual, the 

quality of the knowledge-base inevitably differs from one domain to another, 

reflecting their personal skills and interests (Ylvisaker 1998).  

Ylvisaker‟s account of normal cognitive development also serves as a 

summary of functions that are vulnerable in a CTBI. He concludes that many 

of these areas of development, particularly strategic thinking, non-egocentric 

thinking, abstract thinking, decentration and efficient use of organizing 

schemes are associated with the slow and protracted neuroanatomic and neu-

rophysiologic development of the prefrontal areas of the brain. Since frontal 

lobe function is most often disturbed after CTBI due to diffuse injuries (Vik 

et al., 2006) or focal injuries (Mendelsohn et al., 1992)  the cognitive profile 

after CTBI often resembles a cognitive profile of a younger child (Ylvisaker 

1998). 

Brain reserve capacity 

Variations in genetics, previous insults or exposure to neurotoxic agents at 

some time prior to receiving a brain injury give individuals a different brain 

reserve capacity (Dennis et al., 2007). The point at which the pathology-

burden of a brain insult is such that the brain substance is reduced below a 

critical level will, therefore, differ from one individual to another. The brain 

reserve capacity, henceforth referred to as the BRC, refers to the passive 

capacity of the brain at the time when the person is involved in the traumatic 
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accident. In the event of an accident or illness affecting their brain, individu-

als with higher levels of BRC will be deficit free for longer than individuals 

with lower levels (Dennis et al., 2007). In persons with more reserve, syn-

apse loss must be more severe before clinical symptoms appear (Stern, 

2002). An indirect measure of the brain reserve capacity can be obtained by 

using diffusion tensor imaging to examine the density in the cortical and 

subcortical white matter (Dennis et al., 2007), a higher density being indica-

tive of more developed myelinisation. BRC can also be measured in terms of 

the brain integrity prior to an insult. The integrity of the brain is affected in a 

negative way under various conditions: repeated brain insults in an animal 

study resulted in a type of cell damage that was not evident after a single 

mild injury, and cells in the hippocampus proved to be susceptible to cumu-

lative damage arising from repeated mild traumatic insults (Slemmer, Mat-

ser, De Zeeuw & Weber, 2002). Persons with pre-injury repetitive concus-

sion were more common among adults with severe TBI than among those 

with mild and moderate TBI (Saunders et al., 2009). Seizures are commonly 

seen after repetitive concussions (Saunders et al., 2009). Neurotoxic agents 

can result in significant cognitive impairment, for example from cancer 

treatment to the central nervous system (Smedler & Winiarski, 2008; Butler 

& Copeland, 2002) and from chronic exposure to alcohol during gestation 

(Green et al., 2009). Further factors that have been highlighted as having an 

impact on brain integrity are pre-term birth. A birth-weight under 1500 g is 

associated with a risk of having a smaller grey and white matter cortical 

volume (Nagy et al., 2009), and may result in a neurobehavioural organiza-

tion different from that of children born at term (Böhm, Lundeqvist & Smed-

ler, 2010). In addition, genetic defects in children are associated with deficits 

in the brain regions that are reliant on the neurotransmitters controlled by the 

deficient genes, thereby reducing brain substrate (Dennis et al., 2007). 

Neononatal infections in the central nervous system can result in neuropsy-

chological deficits as shown in the study by Englund et al. (2008), where a 

neonatal herpes virus infection had a negative impact on children‟s cognitive 

functions at the long-term follow-up. These are all examples of factors by 

which the BRC may be taxed.  

Cognitive reserve capacity 

In addition to the BRC, people also have a cognitive reserve. Like the BRC, 

the extent of the cognitive reserve capacity (CRC) differs between individu-

als and the level of this reserve also influences the outcome of a CTBI (Den-

nis et al., 2007). Cognitive reserve is according to Stern (2002)  the ability to 

optimise performance through a more efficient use of brain networks or 

through the ability to recruit alternate brain networks when a more standard 

approach is no longer operational. While the BRC concerns the passive ca-
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pacity within the available brain networks, the CRC concerns the way in 

which these networks are used (Stern, 2002). An example of differences in 

cognitive efficiency when using the same brain structure is presented in an 

article by Casey, Giedd & Thomas (2000) who compared the brain activa-

tion of children and adults on tasks requiring attention and inhibitory control. 

The results suggested a similar activation of the prefrontal areas, but with an 

activation level that was two or three times higher for the children than for 

the adults; the children still encountered more difficulty in conducting the 

task. This result exemplifies a higher CRC in the adult group.  

In children, the CRC is measured by proxies, some intrinsic to the child, 

others reflecting relevant environmental influences (Dennis et al., 2007). Fay 

et al. (2010) reported that children who prior to the injury had a lower cogni-

tive ability had an increased number of symptoms reported after a mild TBI. 

Pre-injury behavioural functioning has been reported to be a predictor of 

post-injury behavioural functioning (Taylor et al., 2002;  Catroppa & Ander-

son, 2008; Fay et al., 2009). The influence of the environment on children‟s 

CRC is seen in a study by Yeates et al., (2004), where pre-injury family-

related environmental factors characterised by a lower socioeconomic status, 

fewer family resources and poorer family-functioning moderated the long-

term social outcome of a CTBI in a negative manner. Dennis et al. (2007) 

commented on the result of Yeates and his coworkers‟, by expressing the 

opinion on that the result can be seen both as a description of the environ-

mental capacity to provide support after the injury, and as support for the 

hypothesis that privileged environments yield a greater CRC.  

Vulnerability versus plasticity 

Recovery of the brain is understood within the concept of plasticity, a 

prominent feature of the central nervous system that denotes several capaci-

ties such as the ability to adapt to changes in the environment and to assist 

learning (Johnstone, 2009). Plasticity works through modulation of the neu-

rogenesis, through changes in the strength of synapses and through reorgani-

sation of neural circuits (Johnstone, 2009). 

Developmental factors play a central role in the outcome after an early brain 

injury, but there is a debate about whether the immature brain has a greater 

capacity for plasticity and therefore has better options for recovery than the 

adult one, or the opposite, whether the immature brain is more vulnerable to 

insult compared to insults inflicted when older (Anderson et al., 2009c; Tay-

lor and Alden, 1997). Anderson et al. (2009c) summarise the origins of the 

debate; the plasticity perspective comes from the notion that plasticity is 

maximal within the central nervous system in early development and argues 

that the young brain is, therefore, less susceptible to early brain insult (Ken-

nard, 1936). The vulnerability perspective (Hebb, 1947) argues that brain 
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insult will affect development differently depending on the age at injury 

since the cognitive development of a person is dependent on the integrity of 

particular cerebral structures at certain periods during development.  

According to Taylor & Alden (1997), the literature has provided more 

support for the vulnerability perspective (see the next section, Age at injury). 

Conversely, some results considering the outcome of focal injuries lend sup-

port to the plasticity perspective. In a review of neuroplasticity following 

non-penetrating TBI, Levin (2003) reports from longitudinal studies of chil-

dren with congenital focal brain injuries that an initial lag in development 

tends to be followed by more typical development. When language functions 

were impaired, recruitment of homotopic areas in the right hemisphere was 

associated with recovery. Carlsson (1994) gives another example of the plas-

ticity of focal lesions when showing that early unilateral insult in the left 

hemisphere supporting verbal functions was followed by a re-lateralization 

of verbal abilities, thereby preserving verbal abilities and indicating early 

high plasticity of verbal functions. However, the re-lateralization of verbal 

abilities was followed by deficits in non-verbal abilities. Lesions in the right 

hemisphere resulted in impaired non-verbal functions and verbal abilities at 

a normal level, implying that there are different levels of plasticity available 

for different cognitive functions (Carlsson, 1994). The initial delay described 

above by Levin (2003) could be a possible manifestation of the re-

lateralization described by Carlsson (1994).  

According to Levin (2003), the literature is more vague concerning neu-

roplasticity of diffuse axonal injuries. Injury at the time of myelination could 

disrupt the development of connectivity and therefore diminish the eventual 

organization of cognitive skills and executive function. Furthering this, 

Levin (2003) argues that the view of enhanced plasticity might apply to early 

focal lesions, but has not been supported by studies of early severe and dif-

fuse injury. Anderson et al. (2009c) revealed results that supported the vul-

nerability perspective for focal injuries as well, since injury before 2 years of 

age was linked to global and often significant cognitive deficits, while chil-

dren injured when older performed more closely to normal expectations. 

Kochanek (2006) argues, without specifying the type of recovery, that the 

plasticity concept of Kennard might be too broad for CTBI and that an opti-

mal age-window might exist during in which neural plasticity and the asso-

ciated recovery is most pronounced.  

The recent review by Johnston (2009) describes how the mechanisms as-

sociated with enhanced plasticity in the developing brain can both contribute 

to a stronger capacity for learning and result in an increased vulnerability. 

The capacity to be influenced by the environment is stronger in children than 

in adults, resulting, for example, in quicker learning of languages. The in-

creased vulnerability, on the other hand, rests on an enhanced excitability 

across synapses, which increases the plasticity of the developing brain, but it 

also makes it more vulnerable to damage from drugs, seizures, sensory dep-
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rivation and abuse. Taken together, the greater plasticity of the developing 

brain does not translate into greater recovery from injuries than the recovery 

observed when brains are subject to damage at a different part of the life 

cycle (Johnstone 2009).  

Age at injury 

As described by Emanuelson (1999), several physical characteristics in-

crease the vulnerability of a child to traumatic brain injuries. A more vulner-

able skeleton and a skull that is relatively large when compared with the size 

of the body and containing a larger than normal proportion of water in the 

brain makes the child more sensitive to acceleration, deceleration and vio-

lence (Emanuelson, 1999). The cognitive outcome of TBI is also related to 

age at the time of injury (Koskiniemi, Kykkä, Nybo & Jarho, 1995; Taylor & 

Alden, 1997; Anderson, Catroppa, Morse, Haritou & Rosenfeld, 2000, 2005; 

Anderson, Morse, Catroppa, Haritou & Rosenfeld, 2004; Lehnung et al., 

2001; Dennis, Guger, Roncadin, Barnes & Schachar, 2001; Slomine et al., 

2002; Levin, 2003; Donders & Warschausky., 2007).  

Age-related effects have been most evident in comparisons of children 

younger than the age of 7 with older children and adolescents, and of infants 

and younger pre-schoolers in a comparison with somewhat older children 

(Taylor & Alden, 1997). For mild CTBI, age appears to be unrelated to re-

covery, while severe injuries received at a younger age are associated with a 

poorer outcome (Anderson et al 2000, 2005). For example, a severe TBI 

sustained at a younger age affected the ability to attain word fluency more 

than a comparable injury in older children, and, furthermore, the long-term 

recovery of language-abilities took place at a slower rate after severe CTBI 

at a young age than when they were older (Levin et al., 2001). The recovery 

of older children from severe TBI is better than that of younger ones, and is 

more closely aligned to the recovery seen in adults (Anderson et al., 2000).  

Skills that mature earlier in childhood may be less impaired of a CTBI 

than those that develop into adolescence, a difference that reflects the in-

creased vulnerability of emerging versus established abilities (Anderson, 

Catroppa, Morse, Haritou & Rosenfeld, 2000). In a study of Anderson and 

collaborators the vulnerability of emerging abilities was supposedly seen 

when sustained attention, divided attention and response inhibition, all of 

them maturing later in development, were found to be more vulnerable than 

focused attention, reaching adult levels during mid-childhood (Anderson, 

Fenwick, Manly & Robertson 1998). Further, in a study comparing mild, 

moderate and severe CTBI (Muscara, Catroppa & Anderson, 2008), no dif-

ferences between groups regarding attention control, a function maturing 

early in childhood. Conversely, cognitive flexibility, abstract reasoning and 

goal-setting, all being later maturing executive functions were areas where 
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performances differed between the groups. Lehnung et al. (2001) reported 

that earlier developed spatial orienting strategies were less affected found by 

a CTBI than later established ones. At a follow-up conducted 4 years after 

receiving a severe CTBI, (Lehnung et al., 2003) previously established spa-

tial learning skills had been restituted, while more advanced strategies, in the 

normal development fully functioning by the age of 10 years, were still im-

paired. A possible explanation of the vulnerability of emerging skills is that 

injury at the time of rapid myelination can disrupt the development of con-

nectivity and constrain the organization of networks mediating cognitive 

skills (Levin, 2003).  

In a study of children injured between the ages of 3 and 6, no age-related 

effects were found at an assessment 1,5 month after the injury (Taylor et al., 

2008). The result differed from earlier studies that have examined CTBI 

across wider age-spans. The authors pointed out two possible reasons for 

their results: the age at injury may be less strongly related to outcome during 

early childhood. Alternatively, the impact of a younger age at the time of 

injury may actually become more pronounced with an increasing period of 

time since the injury (Taylor et al., 2008). 

Linear or stepwise recovery? 

The question of whether the relationship between the age at injury and out-

come is linear or step-wise is a recent and interesting topic in the CTBI lit-

erature (Jacobs, Harvey & Anderson, 2007; Anderson et al., 2009; Ko-

chaneh, 2006) and is an issue that is also being studied in animals (Kolb, 

2004). Brain maturation is stepwise with different periods of alterations of 

grey matter density, possibly reflecting increased myelination and synaptic 

and dendritic growth (Gogtay et al., 2004; Lebel, Walker, Leemans, Phillips 

& Beaulieu, 2008). Cognitive development is also traditionally described as 

step-wise (Piaget, 1982), and may be reflecting developmental spurts in the 

brain. Jacobs et al. (2007) provided support for the existence of a more fa-

vourable age for recovery of executive outcome after focal frontal injury: 

Persons injured between 7 and 9 years of age had better outcomes than the 

groups comprised of those with a younger and older age at the time of injury 

and the authors argued that this could be due to the rapid development of 

executive skills during those ages.  

A study by Anderson et al (2009c) evaluated the outcome of 164 children 

with focal injuries, grouped according to their age at injury into six different 

developmental periods, progressing from congenital to late childhood. The 

results supported a linear association between the age at insult and the cogni-

tive outcome. Behavioural outcome, on the other hand, pointed to a different 

pattern of vulnerability since children injured between ages 7 and 9 per-

formed worse than the group injured between 3 and 6 years old. A study of 
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rats (Kolb, 2004) showed support for an age-related step-wise function of the 

vulnerability of cognitive functions. The results obtained by Anderson et al 

(2009c) revealing a linear recovery of cognitive functions diverge from other 

studies that have demonstrated a step-wise recovery of executive and behav-

ioural functions (Jacobs et al., 2007; Anderson et al., 2009c) and from results 

from animal studies Kolb, 2004). So far, the results on the topic of linear or 

stepwise recovery seem contradictory.  

Gender 

Gender seems to influence outcome after TBI although very few results of 

the influence of gender have been reported from the children´s population. 

Girls were found to have showed stronger memory function than boys 

(Donders & Hoffman, 2002; Donders & Woodward, 2003), a difference that 

was not present in a non-injured control-group (Donders & Woodward, 

2003). Concerning cognitive outcome, adult females have been reported to 

have stronger executive performances than males during acute rehabilitation 

after moderate to severe TBI (Niemeier et al., 2007). Adult females also had 

a better outcome than males at their discharge from rehabilitation 

(Groswasser, Cohen & Keren, 1998). Another study of adults showed that, 

while males had better results for visual analytical skills, the overall results 

indicated a better cognitive recovery for females (Ratcliff et al., 2007). One 

explanation of the moderating effect of gender could be the impact on sec-

ondary injuries, for example, Rogers & Wagner (2006) reported that adult 

females, implying females that have reached puberty, might be favoured by 

the neuroprotective aspects of progesterone, which appears to have the effect 

of reducing oedema in the damaged brain.  

Development after CTBI  

The child with a central nervous system insult faces the normal task of cog-

nitive development and at the same time the abnormal task of formulating an 

adaptive response to the insult in order to recover functions existing at the 

time of injury (Dennis et al., 2007). Initial impairments followed by catch-up 

are a reflection of reorganization, environmental accommodation or devel-

opment of compensatory strategies by the child. A worsening of impairments 

with age suggests latent injury effects, arrest of development in the deficit 

area or reduced capacity of the environment (Taylor, 2004). In this section of 

development after CTBI, we will start with the recovery of functions and 

continue with the development of new functions.  
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Recovery of functions 

The recovery of cognitive functions after a CTBI was found to occur primar-

ily during the first year after the injury, with little or no recovery of functions 

being observed in the following 2 to 4 years (Chadwick, Rutter, Brown, 

Shaffer & Traub, 1981; Ewing-Cobbs et al., 1997; Yeates et al., 2002). In a 

recent meta-analytic review, a substantial recovery in intellectual functioning 

was found in the moderately injured groups at 24 months or longer after 

CTBI. The recovery was strong especially in the PIQ and processing speed, 

while the VIQ, attention, working memory, problem-solving and visual per-

ceptual functioning showed no change from earlier impairments (Babikian & 

Asnarow, 2009). For the severely injured group, the results indicated a sub-

stantial recovery in intellectual functioning, again, stronger in terms of the 

PIQ than the VIQ. Further, small to moderate recovery was observed in sev-

eral aspects of executive functioning, processing speed and working memory 

(Babikian & Asnarow, 2009).  

Reports of the recovery of different cognitive functions are often contra-

dictory, and Babikian & Asnarow (2009) summarized the possible causes as 

follows: the characteristics of the TBI itself are intrinsic, such as the hetero-

geneity of injuries, the influence of social and developmental processes and 

the capacity of the brain to recover neurocognitive functioning. Different 

methodological designs also influence the outcome, for example, when pa-

tients are categorised according to their age at the time of injury or the pe-

riod of time which have elapsed since the injury. Finally, different measures 

of cognitive functions make it difficult to get an overall picture of cognitive 

outcome and to make valid comparisons between studies involving different 

groups of patients. 

Instead of the almost exclusively used variable-oriented approach of 

studying the differences and relations on a group-level, Fay et al (2009) used 

a person-oriented approach to study individual patterns of functional deficits 

across time. The individual patterns were then related to injury severity. The 

researchers reported, that the existence of severe CTBI predicted longitudi-

nal patterns of persistent deficits in domains of neuropsychological, adaptive 

and academic functioning, while a deterioration of function was seen in the 

behavioural domain. The results also showed that many children with severe 

TBI did not exhibit deficits in more than one of the domains used to measure 

outcome from 6 or 12 months post-injury to 4 years post-injury, revealing 

that variability within the severe group could be missed if results are only 

studied on the group-level. 

Hawley (2003) interviewed the families of 97 children with mild, moder-

ate and severe TBI, admitted to hospital for 24 hours or more. The inter-

views took place 2 years after injury with a follow up 12 months later. At 

follow-up, 24% of the problems were reported to have completely, or almost 

completely recovered, 14% had improved, but were still significant prob-
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lems. 54% of the problems originally reported had stayed the same and 8% 

had got worse. Problems most likely to disappear in the moderate/severe 

group were concerning sleep and epilepsy. Prigatano & Grey (2008) evalu-

ated the validity of parents´ ratings of their children‟s overall recovery and 

psychosocial function after TBI. The study showed that parental ratings were 

related to the severity of the injury, and therefore the results supported the 

validity of the parental perspective.  

Development of new functions 

The impact of a TBI on a child‟s ability to achieve developmental milestones 

is the critical factor in determining long-term outcome (Beaulieu, 2002).  

However, the understanding of the ongoing development of the brain and the 

cognitive functions after a CTBI is limited. Taylor (2004) summarized the 

state of knowledge as follows:  

“The central aim of most previous research has been to determine the nature 

and correlates of sequelae. Few investigations have been designed to test the 

theories of brain-behaviour relations, conceptualizations of the origins of 

post-injury behaviour or learning problems, or processes affecting develop-

ment after TBI. As a result we are aware of deficits, such as poor school 

performance and weaknesses in memory and executive function. But we 

have limited understanding of the neural bases of these impairments, their 

developmental implications, and how deficits in different domains relate to 

one another.” (p. 202). 

The family´s coping with persisting deficits 

Especially for children with moderate and sever injuries, deficits will be 

persistent, influencing the daily life of the families. Three years after a 

CTBI, families reported that children with moderate to severe injuries had 

problems, notably in the areas of attitude to their siblings, clumsiness, com-

pensation, concentration, follow-up, hearing, information needs, lost hobbies 

and activities, mobility, mood fluctuations, physical problems, schoolwork, 

school behaviour problems, general school problems, unsympathetic schools 

and temper (Hawley, 2003).     

In a study by Stacin, Wade, Walz, Yeates & Taylor (2008) injury-related 

stress among parents with children with CTBI was found to be related to the 

severity of the injury and to the presence of chronic life stressors. The use of 

denial as a coping strategy was related to an increase in parental burden and 

distress. Older age of the child at injury was associated with a greater burden 
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and more distress among parents, maybe related to higher expectations of 

school performance on older children (Stacin et al., 2008).    

Savage et al. (2006) describe that families are often helped by being given 

clear and understandable information about the consequences of the injury 

their child has suffered and by an explanation of how to cope with these in 

the everyday life. The families are often under ongoing emotional stress and, 

therefore, the information must be ongoing, updated and should engage the 

service providers involved in the child‟s care. Most TBIs are the result of an 

accident, and the guilt of not being able to protect their child makes guilt a 

common burden for the parents. The family may need support to cope with 

this issue. As a result of the complex connection between injury and out-

come, the prognostic information tends to be limited. The parents, therefore, 

have to cope with the uncertainty surrounding their child‟s cognitive recov-

ery, and as behavioural changes and cognitive needs become more evident at 

school and at home, the parents are faced with the challenge of identifying if 

and how these changes might be related to the injury. If there are no service 

providers informing the school about how the child has been affected by the 

injury and how the educational situation can be arranged to suit the child at 

the time of recovery and during the subsequent periods, the parents are left 

with the task of informing the school about their child‟s needs. After the 

return to school, there is an ongoing need for information to be supplied to 

new teachers as the child with remaining deficits changes classes and 

schools. Alternatively, in the absence of such communication, no informa-

tion reaches the school, and the child is supposed to continue as usual. When 

an adolescent with remaining deficits moves into early adulthood, the par-

ents have to cope with more problems, regarding questions related to inde-

pendence and community-integration. A loss of friends and social isolation 

is reported from the group, with the consequence that these youngsters tend 

to have a larger reliance upon siblings and family members (Savage et al. 

2005).  

Persisting deficits influences the daily life, and contrary, family factors 

also influence the outcome of the child after a CTBI. This is described in a 

30 months follow up study by Anderson et al (2006) where children with 

severe TBI were more likely to have lower socioeconomic status than the 

groups with moderate and severe TBI. The results were discussed in terms 

of low performance due to severe injuries possibly being exacerbated by 

environmental factors. Yeates et al (2005) also found that measures of ex-

ecutive functioning after CTBI were related to socioeconomic functions in 

the families.  

Crosson et al. (1989) described three levels of awareness of deficits, cor-

responding to the level of compensation of remaining deficits that can be 

used. The first level is the intellectual one, in which a person has an intellec-

tual understanding of the fact that a function has been impaired. The next 

level is the one of emergent awareness, in which a person has a capacity to 
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recognize a deficit when it is influencing a current situation. The highest 

level of awareness is the anticipatory one. Here, a person can anticipate 

situations where deficits will cause troubles, therefore being able to avoid 

the difficulties in advance. An anticipatory awareness of how to avoid trou-

bles might be of particular importance for parents of children with TBI, since 

those children have often reduced awareness of strengths and weaknesses in 

their abilities (Beardmore, Tate & Liddle, 1999). A statement from Ylvisaker 

et al. (2007) might explain some of the ineffectiveness of an information 

session: ventral frontal lobe injury, often seen in TBI and associated with 

disinhibition and weak reinforcement learning, reduces the capacity to learn 

from the consequences of previous experiences and to inhibit behaviours 

based on past consequences. The authors argued for proactive prevention of 

negative behaviour and systematic facilitation of positive behaviour, thereby 

rendering the negative behaviours irrelevant. The above mentioned level of 

anticipatory awareness (Crosson et al., 1989) of the parents then becomes 

necessary to enable them to provide situations and settings to give their child 

opportunities to be successful. Helping the parents with identifying deficits 

and how to prevent negative consequences should be a common goal in re-

habilitation. 

However, help from health care professionals are often missing after 

CTBI (Hawley 2006, Slomine et al., 2006). 12 months after injury, 31% of 

parents of children with CTBI reported unmet or unrecognized health care 

needs, with the most frequent type of unmet need being for cognitive ser-

vices. The top three reasons given for needs to remain unmet were: that in-

terventions were not recommended by doctor, not recommended or provided 

by school, and finally, costing too much (Slomine et al., 2006). The caregiv-

ers with psychosocial problems prior to a CTBI were three times more likely 

to report unmet needs compared to caregivers to children without pre-

existing psychosocial problems (Slomine et al., 2006). 

The child´s coping with persisting deficits 

Beardmore and co-workers (1999) described why it can be hard for a child to 

become aware of the deficits he or she has accumulated subsequent to a 

CTBI. In general, small children have a limited and concrete approach to 

illness, relying heavily on external cues, resulting in a simplified perception 

of the nature of the brain. Children with a TBI often make a good physical 

recovery and therefore have a normal appearance, which gives no concrete 

external cues of their deficits either to them, or to people around them. Chil-

dren who remember their life before their injury probably also continue to 

regard themselves as normal children for a shorter or longer time. A direct 

consequence of the brain injury, in the form of impaired meta-cognition 

(Hanten et al., 2004), may also decrease the capacity of the child afflicted to 
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show awareness (Beardmore et al., 1999). However, the study by Hanten et 

al. (2004) points at circumstances that can be helpful for meta-cognitive 

abilities for children with TBI. In the study, children were asked to predict 

their performance on a word list learning task, and to evaluate the result after 

the learning-trials. Before the trial, children with severe TBI exhibited a 

deficiency with respect to anticipating their likely scores compared to both 

the controls and to those with mild TBI; this discrepancy was smaller after 

the trial, although the accuracy of the children with severe injuries at antici-

pating their likely performance remained rather low. The results were dis-

cussed in terms of difficulties in integrating meta-cognitive self-knowledge 

with meta-cognitive monitoring abilities. The results were clarified in terms 

of the children with severe injuries having a memory of the past that was 

relatively well preserved, thus helping their metacognitive abilities. In com-

parison,  without earlier experiences, metacognitive abilities were hampered 

(Hanten et al., 2004). This result can be beneficial in everyday life by show-

ing how circumstances can improve meta-cognition after CTBI. It also ex-

emplifies how the cognitive reserve of the child is influenced by the envi-

ronment: the metacognitive networks can be used when the questions con-

cerns facts that the child has an experience of.   

According to Beardmore et al. (1999), children with a TBI most com-

monly reported physical problems and memory-related difficulties. They 

reported having fewer problems than their parents reported them to have and 

the discrepancy was most frequent in the areas of behaviour and concentra-

tion. An information session providing the children with facts about their 

brain injury and its consequences did not improve their knowledge. Further-

more, the children who had the most limited levels of awareness were also 

reported to have the highest levels of self-esteem. The low level of aware-

ness was not related to a coping-style of denial. From this perspective, chil-

dren‟s awareness of their deficits is a complex matter that needs to be han-

dled with care. According to the results of Hanten et al. (2004), an informa-

tion session should attempt to refer to concrete situations and activities from 

the child´s previous experiences, to make it as easy as possible for her to 

relate to and remember the information given.  

The school´s coping with persisting deficits  

School plays a significant role in everyday life for all children, also after a 

CTBI. The child‟s normal teachers are extraordinarily important for the eve-

ryday provision of support and compensation, both in the period of rapid 

recovery and in the long-term perspective. For long-term planning to be se-

cured the schools, and in some cases, the social services, have to be in-

formed both of the present deficits of the child concerned and of how the 

everyday consequences may evolve in the coming years (Savage et al. 2005). 
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Ylvisaker et al. (2005) pointed out that studies have shown that the profile of 

cognitive and behavioural abilities after injury at a young age often worsens 

over the years after the injury, instead of improving as might be expected by 

parents and teachers. Ylvisaker et al. (2005) outlined detailed descriptions of 

research-based instructional strategies associated with common CTBI im-

pairments, such as organizational impairment, inefficient learning, decreased 

speed of processing and fluctuating attention. However, many children with 

special educational needs attributable to TBI are not identified and their 

needs may not be connected to the injury (Ylvisaker et al., 2005). Reasons 

for the gap in services were presented as insufficient training of teachers and 

school psychologists of how to recognise and work with children with TBI 

(Ylvisaker et al., 2005). 

Time since injury  

Subsequent to a CTBI, the most pronounced recovery occurs during the first 

year after the injury (Chadwick, Rutter, Brown, Shaffer & Traub 1981; Ew-

ing-Cobbs et al., 1997; Yeates et al., 2002). In their meta-analytic review of 

neurocognitive outcomes and recovery after pediatric TBI, discussed previ-

ously, Babikian & Asnarow (2009) reported that the group with severe TBI 

not only failed to catch up with its peers, but also appeared to fall further 

behind over time. The magnitude of the difference between those with TBI 

and the controls was also found to increase in studies with longer mean post-

injury intervals, a result that was further confounded by the age of the child 

at the time of injury. The authors believed that this reflected significant and 

persistent neurocognitive impairments in a subset of children with severe 

TBI (Babikian & Asnarow, 2009). Such a variation within the severe group 

is supported by the results of Fay et al (2009) in their person-oriented study 

of functional deficits over time in individual children. There was a pro-

nounced variation within the group of the severely injured, covering persons 

with four persistent deficits to persons with few deficits 4 years post-injury.  

The influence of time is discussed further in the section entitled Long-

term cognitive outcome.  

Age at assessment 

The effects of a CTBI may become obvious at different ages. Results from 

cross-sectional studies, for example, have revealed that cognitive weak-

nesses among children with early brain insults are more prominent in older 

children than in younger ones. It was not clear if this suppression of the 

normal growth rates relative to peers after an early brain injury reflected 

deterioration in skills, failure of children to develop at age-appropriate rates, 
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or age-related differences in task complexity (Taylor and Alden, 1997). 

Frontal damage acquired early in life may, for example, exhibit its most 

prominent sequelae in later childhood when the executive and self-regulating 

processes associated with the frontal lobe are critical to psychological devel-

opment (Taylor and Alden, 1997). Outcome can also vary depending on the 

different expectations that the child or adolescent receives from the envi-

ronment at various ages. The expectations of those in the child‟s environ-

ment might follow the tracks of a child exhibiting normal development, with 

expectations that the child‟s capacity to take on responsibility and develop 

independence will increase, but these are hard to accomplish with the defi-

cits remaining after a CTBI. In the study of parental burden conducted 

within the first months of their children‟s TBI, Stacin et al. (2008) found that 

a higher age at injury was related to higher levels of parental stress, possibly 

because of additional concerns relating to a return to school and expectations 

related to academic performance. The parenting of younger children may 

render fewer concerns about changes in cognitive functions, which are im-

portant for school performance. An alternative reason put forward by the 

authors is that deficits in cognitive neuropsychological functions may be 

more apparent in older children, thus contributing to the parental burden of 

the parents of the children in this age group (Stacin et al. 2008). In a long-

term study of outcome after CTBI, Koskiniemi et al. (1995) found that, 

while half of the group managed school with average results, only a quarter 

were able to work full-time in adulthood. They argued that special problems 

may be picked up and addressed through the provision of individual assis-

tance more frequently when a child is at school than might be the case later 

in life. 

Rehabilitation 

According to Ylvisaker (1998), rehabilitation is intended to re-enable people 

to do what they want to do after an injury or subsequent to some other cause 

of acquired disability. Rehabilitation is crucial after CTBI in order to foster 

recovery through neural reorganisation and, thereby, to improve long-term 

outcome (Beaulieu, 2002). The importance of fostering recovery is most 

crucial during the early stages after CTBI (Tepas et al., 2009; Beaulieu, 

2002). In a review of rehabilitation considerations, Catroppa & Andersons 

(2009) cited the description of the three phases of rehabilitation set out by 

Mazaux & Richter (1988). In the first phase, the focus is to provide sensory 

stimulation during coma and arousal states. The second phase focuses on 

facilitating recovery of impairments and learning to compensate for residual 

difficulties. The main concern of the third phase is to facilitate re-entry into 

the community.  
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In rehabilitation with children, the developmental aspect is prominent 

since the expressions of the impairments will vary in different developmen-

tal stages. According to Beaulieu (2002), CTBI rehabilitation should address 

the way development has been affected and consider to what extent devel-

opment can be expected, given the nature and severity of the injury and age 

of the child concerned at the time the injury occurred.   

Catroppa & Anderson (2009) described different rehabilitation ap-

proaches as follows:  

Direct approaches, where lost functions are trained and impaired skills 

are worked on by providing the maximum relevant stimulation to the person 

concerned, for example, through attention training (Van‟t Hooft et al., 2005).  

Behavioural interventions, another kind of direct approach, aimed at 

overcoming cognitive deficits through means such as self-instructional train-

ing and the use of a token economy. Emanuelson, von Wendt, Lundälv & 

Larsson (1996) recommended behavioural and social training since behav-

ioural problems hampered the readjustment in society at 2 6 years after dis-

charge from early rehabilitation after a severe CTBI.   

Environmental modifications and supports, where education of the fam-

ily, school and community aims at a better understanding of the child‟s al-

tered abilities, and aims to determine how the child‟s functioning can be 

facilitated through changes in the everyday environment.  

Psycho-educational treatments directed at the parents have been found to 

be beneficial. For example, Ponsford et al. (2001) showed that early infor-

mation provided to children and parents after mild CTBI reduced stress, 

optimised early management and reduced the frequency of misattributing 

problems of mild TBI to pre-existing causes. Long-term family function and 

child outcome are reciprocally interrelated (Ylvisaker et al., 2005).  

Family-based interventions. An example of these was the indirect family-

supported rehabilitation evaluated in the study of Braga, Da Paz Junior & 

Ylvisaker (2005). The program consisted of a two-week long assessment 

period, with the goal being to work out an individualised manual of interven-

tions, based on simple activities that could be performed back home by the 

parents. The parents were also involved in coping-groups. After this period, 

the families continued to implement the programme at home. For 12 months, 

each family was supported by two case managers who made home visits and 

if necessary, mobilised other professionals. The evaluation, based on a ran-

domised control design, showed that the children in the indirect family-

supported rehabilitation program exhibited significant improvements in cog-

nitive and physical outcome measures, unlike the group with clinician-

delivered hospital based rehabilitation (Braga et al, 2005).  

However, there is otherwise a lack of research having been conducted on 

integrated interdisciplinary models, and with much of the existing research 

being limited to discipline-specific approaches (Catroppa & Anderson, 

2009). Another exception is the evaluation of a coordinated family and 
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community outreach program for children with mild, moderate and severe 

acquired brain injury and their parents. When compared to a group having 

only two medical follow-ups, the multi-disciplinary outreach team providing 

ongoing services was related to significantly higher levels of knowledge 

about TBI among parents and greater improvements in the school perform-

ance of the children (McDougall et al., 2006).   

In a review of cognitive rehabilitation for children with acquired brain in-

jury Limond & Leeke (2005) found the publication rate was lower than one 

publication per year, resulting in a very limited evidence base. Only one 

study had sampled more than 10 participants and therefore few generalisa-

tions could be made. Comparisons between studies were impossible by het-

erogeneity in participant variables, treatment variables and assess-

ment/outcome variables (Limons & Leeke, 2005).  Two years later, a review 

of cognitive and rehabilitation treatment studies by Laatsch et al. (2007) 

resulted in evidence-based recommendations for the treatment of children 

and adolescents with acquired brain injury. The authors stated that service-

providers should consider attention remediation to assist recovery (Van‟t 

Hooft et al., 2005, Butler & Copeland, 2002) and that service-providers 

should consider involving family-members as active treatment providers in 

the rehabilitation treatment plan (Braga et al., 2005). As far as the use of 

information-providing materials was concerned, the recommendation of 

Laatsch et al. (2007) was that parents or guardians seen in an emergency 

department would most likely benefit from the provision of an information 

booklet (Ponsford et al., 2001) clarifying the symptoms of TBI and discuss-

ing how the symptoms should be handled. Laatsch et al. (2007) expressed a 

need for experimentally derived prospective studies with randomly assigned 

experimental-control groups and masked outcome measures.  

Longterm cognitive outcome 

The section of Early cognitive outcome described outcome when most chil-

dren are back in everyday life, at home and at school, still being in the phase 

of recovery. In this thesis, the expression long-term outcome implies that 

most of the recovery has already taken place, but somehow the outcome still 

changes, moderated by subsequent physical, psychological and social devel-

opmental phases. However, there are comparatively few studies that have 

adopted such a long-term perspective, so little is known about progress made 

after the first 5 years. The few studies that do exist will be reviewed briefly 

below.  

According to a study by Yeates et al. (2002), children with severe TBI 

who displayed deficits in neuropsychological functions maintained the defi-

cits in a variety of domains 4 years post-injury. 10 years after moderate and 

severe CTBI, the intellectual functions of the children afflicted were signifi-
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cantly lower than for controls, especially in tests of verbal IQ, verbal learn-

ing and memory, visuo-constructive ability and executive functions (Horne-

man & Emanuelson, 2009). Muscara, Catroppa et Anderson (2008) evalu-

ated executive functions 10 years after mild and moderately severe CTBI 

and reported that the combined moderate and severe group had weaker re-

sults than the mild group on several measures of executive functions. An 

exception was for attention control, which matures earlier in childhood. 

Long-term studies of the outcome after severe TBI in childhood and adoles-

cence have shown that former CTBI patients display a decreased ability to 

lead an independent life and poor assimilation in society, despite basic intel-

lectual function having been preserved and regardless of only moderate to 

mild motor disability (Cattelani, Lombardi, Brianti & Mazzucchi, 1998; 

Emanuelson et al, 1998). In a late outcome investigation conducted 23 years 

after mild to severe brain injury in childhood, intellectual and emotional 

problems were the most frequent sequelae identified by self-reports. The 

intellectual complaints included difficulties with learning, memory, intellec-

tual functioning and slowness of thinking (Klonoff, Clarc & Klonoff, 1993). 

Quality of life has been found to be negatively affected 10 years or longer 

after injury (Horneman et al., 2005; Cattelani et al., 1998). For a group of 

124 persons, 14 years after CTBI, difficulties were reported to have persisted 

into adulthood. All groups, mild, moderate and severely injured, exhibited 

poorer school performance and had employment difficulties. Those in the 

moderate and severe groups also had an increased risk of having mental 

health problems, and the severe group reported a poor quality of life (Ander-

son, Brown, Newitt & Hoile., 2009). A study of persons who had been se-

verely brain injured at a preschool age (Koskiniemi et al., 1995) found that 

the outcome in adulthood, defined as the capacity to care for oneself, was 

poor. Outcome was worse among those who were the youngest at the time of 

the injury, even if the period of unconsciousness was only of short duration. 

In a 30-year follow-up study of a group of 27 CTBI patients (Nybo, Sainio & 

Muller, 2004), only nine persons worked fulltime, a further two had subsi-

dised jobs and 16 were not working. Neuropsychological functions were 

evaluated, and preserved cognitive flexibility revealed to be associated with 

full-time employment. A methodological comment on long-term outcome 

measures was given by Donders & Warschausky (2007), saying that long-

term follow-up should focus on sensitive neuropsychological tests or stan-

dardised ratings of real-life specific skills, such as obtaining of a driver‟s 

license, rather than measures of global ability levels.   

Even though a number of studies are presented here, the cognitive long-

term consequences of CTBI are poorly understood. In comparison to the 

relatively extensive literature on adult TBI, where significant problems have 

been described from follow-ups over several decades after the injury, there 

are only a handful of studies following a group with CTBI up to early adult-

hood (Anderson, Brown, Newitt & Hoile, 2009). Taylor (2004) summarised 
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the need for long-term studies to be conducted in the future: we have much 

to learn about patterns of change after CTBI and the processes that underlie 

those changes. There is a need to know more about how sequelae evolve 

with age. Furthermore, the patterns of recovery, from the initial manifesta-

tions of sequelae to their residual forms or resolution should be studied. 

Children should be followed for more than 5 years. There is a need for more 

detailed assessments of components exhibiting change, including: the degree 

of initial deficit, the rate of catch-up to normative expectations over the first 

few years after a CTBI, the type of residual deficit and, finally, the long-term 

changes in residual deficits (Taylor, 2004). One more aim can be added; we 

need to know if the sequelae change over time, following advancements in 

neurosurgical CTBI treatment.  

There is a lack of studies examining long-term cognitive outcome, a lack 

of knowledge about how sequelae evolve over time and an absence of or 

deficiency in the quality of the evaluations of the outcome of children after 

the international advancements in the neurosurgical care, including those 

made in Sweden. This was the framework for the choice to make long-term 

cognitive outcome after a childhood traumatic brain injury the focus of the 

thesis. 
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Present investigations 

Aims  

The main objective of this thesis is to provide new knowledge about the 

long-term cognitive outcome for more than 5 years after a CTBI. Further-

more, to evaluate if the long-term cognitive outcome of CTBI had been in-

fluenced by advancements in neurosurgical care. Additional objectives were 

to describe Swedish epidemiology and the early process of care, to evaluate 

if the advancements in neurosurgical treatment had influenced the early out-

come and, finally, to study the relationship between early brain injury pa-

rameters and early functional outcome. 

 

For study 1, the primary aim was to evaluate how neuropsychological func-

tions progressed over 14 years after a TBI in childhood and adolescence. The 

secondary objective was to evaluate the psychosocial long-term outcome of 

those afflicted with a CTBI.   

 

In study 2, the aim was to describe the causes and severity of injury, the 

process of care from the initial emergency care to rehabilitation, to specify 

the rate at which rehabilitation and medical follow-up were received in two 

clinical cohorts, treated in 1987 1981 and 1997 2001, before and after the 

initiation of the “Lund Protocol”. For the group treated in a more structured 

way after the initiation of the “Lund Protocol”, an additional aim was to 

relate the severity of the brain injury parameters during the acute care stage 

to the functional outcome at discharge. 

 

In study 3, the aim was is to investigate groups with CTBI who had been 

treated neurosurgically in 1987 1991 and 1997 2001, respectively, to 

evaluate if there were long-term cognitive deficits and to see if advance-

ments in neurosurgical care had influenced long-term cognitive outcome.  
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Participants in the studies  

The participants in the three studies were drawn from two cohorts of CTBI 

patients, 10 years apart, as presented in Figure 2.  

 

 

 

 
 

FIGURE 2. Persons with CTBI who were injured between 1987 1991 and between 
1997 2001 in the Western Swedish Healthcare Region and their connection with the 
studies 

 

 

 

Participants of Study 1 

The subjects in the first study were part of a patient population of 210 chil-

dren who suffered serious traumatic brain injury during the period 

1987 1991 in the Western Swedish Healthcare Region. Serious injury was 

defined as one hour or more of unconsciousness and/or neurological or 
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neuro-radiological signs of a brain contusion or haemorrhage. The popula-

tion of the Western Healthcare Region is 1.5 million, with the city of Goth-

enburg accounting for 500 000 inhabitants and the remaining areas being 

considerably more sparsely populated. In total, 32 of the survivors had re-

ceived rehabilitation where the first clinical neuropsychological assessment 

also was conducted. 18 of those patients were included in an outcome-study 

made 7 years after the CTBI (Emanuelson et al., 1998). Finally, nine of them 

accepted the invitation to participate in an additional follow-up study 

(Horneman & Emanuelson, 2009) conducted 14 years after their TBI. These 

nine persons had therefore results from three neuropsychological assess-

ments. One patient with a brainstem injury was excluded owing to a re-

stricted ability to participate in neuropsychological testing, and the remain-

ing eight (five females and three males) constituted the study group as indi-

cated in Figure 2. Seven persons were injured at around 15 years of age, and 

one was 7 years old at the time of the injury. Seven of them had suffered 

injuries from traffic accidents and one had been injured in a shooting acci-

dent. The mean length of coma was 12.5 days (range 2 21) and the median 

score for the coma depth was 3 on the Glasgow Coma Scale six hours after 

the injury (range in coma depth: 3 8). They underwent post-injury rehabili-

tation for a mean time of 244 days (range 30 527). As a group, the patients 

in Study 1 were considered to be the most severely injured subgroup in this 

thesis. These eight persons are part of Group 1 in study 2, since they all had 

neurosurgical treatment, and Group 1 in study 3, since they also were part of 

the follow-up study by Horneman & Emanuelson (2009).  

Participants of Study 2 

Study 2 was based on two groups of CTBI patients admitted 10 years apart. 

Group 1 originated from the same population as the patients in Study 1, 

which consisted of 210 children, aged 0 17 years who were injured between 

1987 1991 in the Western Swedish Healthcare Region. In this study, we 

were interested in patients who had received neurosurgical treatment, which 

meant all patients having been neurosurgically treated on the Sahlgrenska 

University Hospital. Of the 149 traceable persons, 82 persons had received 

neurosurgical treatment, defining the first group, Group 1.  

In the same healthcare region, between 1997 2001, 46 children, 0 17 years, 

were admitted for neurosurgical treatment for traumatic brain injury at Sahl-

grenska University Hospital. The reason for their referral was unconscious-

ness, a brain hemorrhage or a contusion. These 46 persons constituted the 

second group, Group 2. 
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Neurosurgical methods used on the two cohorts 

Before 1992, the neurosurgical treatment at Sahlgrenska University Hospital 

for severe TBI was individualised for each case. Since 1992 and onward, 

however, neurosurgical care has followed the so-called “Lund protocol” for 

severely injured patients, with an emphasis on volume-targeted interven-

tions, aimed at controlling intracranial pressure (Grande, 1989, 2006; As-

geirsson et al., 1994). One consequence of this therapy is that the patients 

with CTBI started to be treated in a more structured manner, taking into con-

sideration the fact that the time taken for brain swelling and blood-brain-

barrier damage usually approaches 8 12 days. The change in treatment pro-

tocol that was introduced in 1992 gradually changed the grounds for referral 

to neurosurgical intensive care, with a stronger emphasis on volume-targeted 

interventions also in patients for whom the full Lund Protocol was not indi-

cated. Therefore, Groups 1 and 2 represent two different cohorts, with dif-

ferent grounds for referral to neurosurgical intensive care.   

Participants of Study 3 

Study 3 was based on data from two groups with the joint criterion of being 

admitted to neurosurgical care for a CTBI, and with a differing criterion 

being that Group 1 was a population based sample while Group 2 was a hos-

pital based sample. As in Study 2, the two groups with CTBI represent two 

different cohorts, with somewhat different grounds for referral to neurosur-

gical intensive care. Previously collected data from a control-group was also 

used in the study. 

 

Of children who suffered serious TBI between 1987 1991 in the Western 

Healthcare Region in Sweden, 53 of the surviving patients had agreed to take 

part in a neuropsychological follow up-study which has been described 

elsewhere (Horneman & Emanuelson, 2009). In Study 3, we were interested 

only in those who had received neurosurgical treatment. Of the 76 CTBI 

patients who survived the neurosurgical treatment, we had the results of a 

neuropsychological assessment for 24 persons. One person had too many 

missing data to be included, so the final group of 23 individuals constituted 

Group 1. The sub-group that was subject to neuropsychological assessment 

did not significantly differ from the original group, with respect to gender, 

(χ²= 0.910, p > 0.05), age at injury (t = -.266, df = 97, p > 0.05), results on 

the Glasgow Coma Scale (Mann-Whitney U, Z = -0.452 p > 0.05), the num-

ber of days of treatment in neurosurgical intensive care (t = .092, df = 92, 

p > 0.05) or the GOS (Mann-Whitney U, Z = -0.038, p > 0.05). Therefore 

Group 1 is representative of the original group of CTBI patients who be-

tween 1987 1991 survived the period of neurosurgical treatment.   
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Group 2 originated from the cohort of 46 children and adolescents, aged 

0 17 years, who had been admitted to the Sahlgrenska University Hospital 

for neurosurgical treatment after traumatic brain injury between 1997 2001. 

The whole group of survivors, 45 in total, were invited to take part in this 

study and 19 families accepted the invitation. Owing to the severity of the 

functional deficits, one person could not participate in the neuropsychologi-

cal testing, and was therefore excluded from the study. The remaining 18 

constituted Group 2. Group 2 did not differ from the original hospital-based 

group of patients, admitted to neurosurgical care, regarding gender 

(χ² = 0.006, p > 0.05), age at injury (t = -.023, df = 62, p > 0.05), RLS 

(Mann-Whitney U, Z=-1.121, p> 0.05), GOS (Mann-Whitney U, Z = -0.848, 

p > 0.05) and the number of days of treatment in neurosurgical intensive care 

(t = .068, df = 62, p > 0.05). We therefore regarded Group 2 as being repre-

sentative of the original hospital based population of children aged 0 17 

who were neurosurgically treated for CTBI in the period 1997 2001. Unfor-

tunately, the comparison with the total group of patients admitted to neuro-

surgical care was inconsequent since the comparison in Group 1 was based 

on the original group of patients surviving the period of neurosurgical care. 

However, only one person died during the period of the neurosurgical treat-

ment, and the inconsequent base for the calculations of the later period may 

result in minimal bias. 

 

The control-group consisted of 40 healthy individuals originally matched by 

age and sex with another group with CTBI (Horneman & Emanuelson, 

2009). They were recruited from the national school system and the adult 

education system and they came from four different areas in Sweden. The 

inclusion criteria were that they had never visited a hospital for a head in-

jury. The age of Group 2 differed at its assessment from that of Group 1  

(p < 0.001) and the control-group (p < 0.001).  

Procedure and statistical methods, Study 1 

Study 1 is a retrospective multiple case study, based on three neuropsy-

chological assessments at three points in time. The assessments took place at 

a mean time of 1 year post-injury (range 0 3 years), 7 years (range 5 9) and 

14 years (range 12 15) post-injury, respectively. Psychosocial data were 

collected from case-records and through a semi-structured interview at as-

sessment three. The first assessment was the clinical evaluation at the end of 

an early rehabilitation period. The second and third assessments were con-

ducted within two different follow up studies (Emanuelson et al., 1998, 

Horneman & Emanuelson, 2009). Because the setting changed and the time 

frame was extended, many of the tests differed between the three assess-

ments, with only a limited number of tests providing longitudinal results.  
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Six domains of neuropsychological functioning could be compared 

throughout the three assessments: verbal IQ, verbal fluency, attention and 

working memory, verbal comprehension, verbal learning and verbal mem-

ory. The tests of the domains are presented in Table 1.    

 

TABLE 1. Subtests by cognitive domain in the three assessments of Study 1  

Cognitive domains Subtests in the three assessments 

Verbal IQ I: Vocabulary WISC-III (Wechsler, 1977) 

II: SPIQ (Rydberg & Höhielm, 1974), Peabody 

Picture Vocabulary Test (Dunn & Dunn, 1981) 

III: Vocabulary, WAIS-R (Wechsler, 1996) 

Verbal fluency I, II, III: FAS, letter S (Tombaugh, Kozak & Rees, 

1999) 

Attention and work-

ing memory 

I, II: Digit-span WISC-III (Wechsler, 1977) 

III: Digit span WAIS-R (Wechsler, 1996) 

Verbal  

comprehension 

I, II, III: The Token Test (De Renzi & Faglioni, 

1978) 

Verbal learning I, II: Verbal learning 10 words, immediate correct 

recalls (Christensen, 1984) 

III: Rey Auditory Verbal Learning Test; imme-

diate correct recalls (Geffen, Hoar, Hanlon, Clarc 

& Geffen, 1990) 

Verbal memory I, II: Verbal learning 10 words, delayed correct 

recalls (Christensen, 1984) 

III: Rey Auditory Verbal Learning Test; delayed 

correct recalls (Geffen, Hoar, Hanlon, Clarc & 

Geffen, 1990) 

 

Procedure and statistical methods, Study 2 

Demographic data were gathered retrospectively from patient charts. The 

classification of injuries and diagnoses was performed according to the 

ICD 9 (800 804, 851 854) during 1987 1991 and the ICD10 system with 

S06 codes for head injuries during 1997 2001. The results are primarily 

presented descriptively. Group differences were tested with T-tests for inter-

val scaled data, and with the Mann-Whitney U test for ordinal scaled data, 

with the level of significance set at 0.05. In Group 2, individual profiles of 

the parameters relating to the severity of the brain injury were subject to a 

hierarchical cluster analysis in SPSS, identifying clusters, or subgroups, of 

patients characterized by similar profiles. We regarded Group 2 as a popula-
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tion since it covered a 5 year period and included all the 0 17 years old that 

were admitted to surgical care for a traumatic brain injury, in the second 

largest health care region in Sweden. The brain injury parameters were: days 

of care in the neurosurgical ward, hours of care in a respirator and level of 

consciousness measured by RLS. We took squared euclidean distances as the 

measure of the similarity of the profiles and used the Ward method to detect 

the number of clusters. The determination of the optimal numbers of clusters 

was primarily based on the theoretical meaningfulness of the solution and a 

striving to avoid a solution resulting in a sudden drop of the explained vari-

ance. The solution was validated by running a complementary cluster analy-

sis, using Complete Linkage as an alternative method of detecting clusters. 

This is a test of whether the result depends on the method or on the actual 

data and is therefore, a validation of the analysis.   

Procedure and statistical methods, Study 3 

The neuropsychological assessments were made by trained psychologists. 

The mean time to have elapsed since the injury was 13 years for Group 1, 

and 6 years for Group 2. 18 subtests were grouped into cognitive domains,  

presented in Table 2. The mean test-age was 23 years in Group 1, and 17 

years in Group 2. In order to compensate for systematic differences in the 

assessment age between the groups, all results were transformed to T-scores, 

based on age-adequate norms gathered from the references attached to each 

test above. Before the analysis, the distributions were examined for assump-

tion violations. Outliers with T-values of less than 10 (< -4 standard devia-

tions, sd) were temporarily withdrawn; mean-values and standard deviations 

were calculated excluding these cases, and then the outliers were rescored to 

two standard deviations from the mean and included in further analyses. A 

multivariate analysis of variance was performed to investigate group differ-

ences on cognitive domains and subtests. Preliminary assumption testing 

was conducted for all subtest-variables. Some violations were noted with 

regard to normality equality, error variance and equal variance and therefore 

Pillai‟s trace was used. In order to reduce the risk of Type 1 errors, the Bon-

ferroni correction of alpha levels was used when comparing group differ-

ences for the cognitive domains. For a measure of the strength of the results, 

partial eta squared, ηp², was presented as well. 
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TABLE 2. Subtests by cognitive domain in Study 3   

Functional 

domains 

Subtests 

Verbal  Vocabulary WISC-III 
1
/WAIS-R 

2
 

Intellectual Rey Auditory Verbal Learning Test 
3,4

, correct recalls 

 Rey Auditory Verbal Learning Test, immediate retention 

 Rey Auditory Verbal Learning Test, delayed recall 

 Rey Auditory Verbal Learning Test, recognition 

 Verbal Fluency Test 
5,6

 (letters F, A, S)  

Visuospatial Blockdesign WISC-III/WAIS-R 

intellectual Children‟s Category Test 
7
 

 Rey Complex Figure Test 
8
, copy 

 Rey Complex Figure Test, 3 min recall 

 Rey Complex Figure Test, 30 min recall 

 Rey Complex Figure Test, recognition 

Executive Digit-span WISC-III/WAIS-R 

function d2 Test of Attention 
9
, total numbers - errors 

  Trail Making Test 
10 

- part B 

Processing  Fingertapping Test 
11,12

, dominant hand 

speed Fingertapping Test, non-dominant hand 

  Trail Making Test - part A 
1 

Wechsler, 1999; 
2 

Wechsler, 1996; 
3 

Forrester & Geffen, 1991; 
4 

Geffen, 

Hoar, Hanlon, Clarc & Geffen, 1990; 
5
 Gaddes & Crockett, 1975; 

6 
Yeudall, 

Fromm, Reddon & Stefanyk, 1986; 
7
 Boll, 1993; 

8
 Meyers & Meyers, 1995; 

 

9
 Birkenkamp & Zillmer, 1998;

 10
 Spreen & Strauss, 1998; 

11
 Finlayson & 

Reitan, 1976; 
12

 Bornstein, 1985 

 

Results of Study 1  

The cognitive results are presented separately for each domain below.  

 

At assessment three, 14 years after the injury, six subjects obtained a verbal 

IQ below that obtained in their earlier assessments. Compared to norms, four 

subjects performed between -1 and -2 sd, and 2 subjects performed below -2 

sd. 
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FIGURE 3. Age at the time of the assessments plotted against the verbal IQ per-
formance 

The performance in the domain of verbal fluency seemed stable for five sub-

jects and increased after the first assessment for three subjects. At the third 

assessment, the test did not differentiate within the group.  

 

The result for the attention and working memory domain showed a low per-

formance level for four subjects on assessments two and three, -1.5 sd, or 

lower for half the group in the third assessment. On the whole, the perform-

ance over time seemed to be stable.     

 

In the domain of verbal comprehension, the performances suggested a stable 

function over time.   

 

Results on Luria‟s verbal learning test were evaluated against a cut-off score 

for pathological performance, -1.9 sd, according to which only one patient 

showed impairment. According to Rey Auditory Verbal Learning Test, at the 

last assessment, five persons performed below -1.5 sd and two of them be-

low -3 sd.  

In the domain of verbal memory, six persons had results that deteriorated 

over time, and the other two showed slight or clear improvements.  

 

It was not possible to discern any age at injury effect, primarily due to re-

striction of range. 

 

A summary of the cognitive results reveals that a weakening of the verbal IQ 

was seen over the three assessments and verbal learning was the cognitive 

domain in which the most pronounced impairments were recorded. Further-
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more, the group‟s performance in the attention and working memory domain 

at assessment three were low. As for life situation and adaptation, three of 

the eight subjects had gone straight from a school situation without special 

education provisions or adjustments to what was effectively an early retire-

ment. 

 

 

 

 

 

 

 

 

 

 

Results of Study 2 

In the epidemiological study, the gender distribution showed that boys were 

in the majority in both groups, 62% in Group 1 versus 67% in Group 2. The 

mean age at the time of injury in Group 1 was 9.9 years (range 

0.5 17 years), and it was 11.0 years (range 2 16 years) in Group 2, a non-

significant difference. Traffic accidents were the most common cause of 

injury in both groups, however in Group 1, most of the children had been 

injured while bicycling, while the traffic victims in Group 2 were mostly 

pedestrians. The Glasgow Coma Scale indicated a more severe injury level 

in Group 1 (Mann-Whitney U, Z = -2.964, p = 0.003). The mean length of 

care was 18.7 days for Group 1, and 14.5 days for Group 2. No significant 

differences were noted regarding the severity parameters, in terms of the 

number of hours of care in a respirator and days of care at the neurosurgical 

unit. Regarding neurosurgical procedures, „no procedures‟ (38%) was the 

most common alternative for Group 1, and intracranial pressure monitoring 

was the most common alternative for Group 2 (37%). By comparison, the 

rate of ICP monitoring was 13% for Group 1 which was markedly lower 

than in the later period. In Group 1, four children died during the period of 

intensive care and two children died during the period of rehabilitation, 

which gives a mortality of 8%. In Group 2, mortality was 2% since one child 

died during the period of intensive care. In both groups, the measure of func-

tional outcome, GOS, had the median of 5 at discharge, implying resumption 

of normal life even though there may be minor neurological and psychologi-

cal deficits that might need compensatory actions. The result on GOS re-

vealed no significant difference between the groups. The rate at which reha-

bilitation was provided was equally low in both groups, 27% versus 33%. 58 
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children in Group 1 and 30 children in Group 2 did not receive any rehabili-

tation. Of those, 14 children in Group 1, 18%, did not receive medical fol-

low-up either, and 15 children, 33% in Group 2 did not receive either reha-

bilitation or a medical follow-up of any kind. 

 

In Group 2, treated according to the more structured protocol, we investi-

gated individual profile subtypes of brain injury severity parameters. By 

application of a cluster analysis, five clusters - that is five profile subgroups - 

came out as a suitable solution explaining 79.6 per cent of the total error sum 

of squares. The validity check by the cross-method stability turned out in the 

same five cluster solution, thereby further supporting our solution. 

When checking the relation between cluster profiles and the clusters me-

dian level of GOS, the result indicates that the length of care and the length 

of time being cared for in a respirator had a stronger relationship with out-

come than did the level of consciousness according to RLS, when the two 

lengths of care-measures differed from the levels on the RLS. An example of 

this is shown in Figure 3, 4 and 5 where the RLS differs from the two other 

brain injury parameters. Despite a deeper unconsciousness at admission, 

Cluster 1 had a median of 5 on GOS, implying a good recovery; the patients 

have been able to return to a normal life, even though there may be minor 

neurological and psychological deficits that might need compensatory ac-

tion. Cluster 5 had an almost normal level of consciousness, while the length 

of care and time in respirator were somewhat high and had a GOS of 3.5, 

corresponding to dependence of daily support by reason of mental or physi-

cal disability. A similar situation was seen in Cluster 3, although the level of 

the mean RLS corresponds to a severe injury. According to the Z-values and 

the variation within the group, the length of care and time spent in respirator 

corresponds better to the low outcome score of this cluster, GOS 3.5.  

 

Cluster 1, consisting of eight persons, had a short length of care and time in a 

respirator but an RLS that indicated deeper unconsciousness. The mean 

length of care was 6 days, and the mean length of care in respirator care was 

19 hours, the mean RLS was 6.1: „unconscious, stereotype flexion move-

ments on pain stimulation‟. Looking at the outcome in Cluster 1, the median 

of the GOS was 5. Four patients received rehabilitation, and four did not.  
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FIGURE 3. Profile of the brain injury parameters for Cluster 1 

Cluster 5 was comprised of four patients who received a somewhat high 

level of length of care and time spent in the respirator and had a low RLS 

equivalent to an almost normal level. The mean length of care was 22 days, 

mean care in a respirator was 408 hours and mean RLS was 1.5: almost fully 

alert.  The median  GOS was 3.5 and none of the patients had rehabilitation.  

 
FIGURE 4. Profile of brain injury parameters for Cluster 5 

Cluster 3, with four patients, had a long length of care and time in a respira-

tor,  and low RLS equivalent  to light unconsciousness.  The mean length of 

care was 42 days, mean care in a respirator was 618 hours and mean RLS 

was 4.3: unconscious, localises but does not ward off pain. The median  

GOS was 3.5, two patients had rehabilitation and two had no rehabilitation.  

 

 
FIGURE 5. Profile of brain injury parameters of cluster 3 
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When the Z-values of length of care, time in respirator and level of con-

sciousness were similar, as in Cluster 2 and Cluster 4, seen in Figure 6 and 7, 

they appeared to correspond to the level of GOS.  

 

Cluster 2, holding 23 patients, had a short length of care and time in a respi-

rator and a low RLS. The mean length of care was eight days, mean care in a 

respirator was 30 hours and the mean RLS was 2.5: drowsy or confused, 

responsive to light stimulation. The median GOS for the group was 5. Five 

patients had rehabilitation, and 18 had no rehabilitation.  

 

 
FIGURE 6. Profile of brain injury parameters in cluster 2 

 

Cluster 4, comprising 7 patients, had a fairly high level of length of care and 

hours in a respirator and an RLS equivalent to deep unconsciousness. The 

mean length of care was 25 days, mean care in a respirator was 305 hours 

and mean RLS was 6.6: unconscious, stereotype extension movements on 

pain stimulation.  The median  GOS was 4, four patients had rehabilitation,  

and three had no rehabilitation. 

 

 
FIGURE 7. Profile of brain injury parameters in cluster 4 
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Results of Study 3 

The comparison between the cognitive functions of the groups with CTBI 

and the controls revealed significant differences, with the controls having 

significantly stronger results in all four cognitive domains when compared 

with Group 1, and in three of the domains when compared with Group 2. 

Long-term cognitive deficits of similar magnitude and character were ob-

served in both groups with CTBI. Compared to the controls, the abilities of 

the participants were especially low where executive functions, verbal mem-

ory and verbal intellectual functions were concerned. The results for the four 

domains are shown in Figure 8. The two CTBI groups differed significantly 

only in the executive domain, where Group 2 performed worse than Group 1 

(F = 6.713, p = 0.001, ηp² 0.33).   

 

 
Sign difference group 1 and controls p < 0.008: ◊◊, p < 0.017: ◊ 

Sign difference Group 2 and controls p < 0.008: **,  p < 0.017: *  

  

FIGURE 8. Results for the two groups with CTBI and the controls for measures in 
the cognitive domains of Verbal intellectual functions, Visuospatial intellectual 
functions, Executive functions and Processing speed 

The results for the memory domains indicated larger differences between the 

control-group and the CTBI groups for the verbal memory functions than for 

the visuospatial memory functions. This is seen in Figure 9, which exhibits 

the same information as Table 6 in the article of Study 3.   
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Sign difference group 1 and controls p < 0.012: ◊◊,  p < 0.017: ◊ 

Sign difference Group 2 and controls p < 0.012: **,  p < 0.017: * 

 

FIGURE 9. Results for the Verbal memory domain and the Visuospatial memory 
domain for two groups with CTBI and the controls  

When examining individual subtests, there were significant differences be-

tween Group 2 and the controls in 14 of the 18 subtests. The control per-

formed significantly better than Group 1 on 17 of the 18 subtests. The sub-

test results for the two groups with CTBI were also compared, with only one 

significant difference being found, on TMT B (F = 12.384, df = 1, p = 0.001, 

ηp² = 0.24).   
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General discussion 

The aims of this thesis were: 

 to provide new knowledge about the long-term cognitive outcome after 

CTBI  

 to evaluate if the advancements in neurosurgical treatment have influ-

enced the long-term cognitive outcome and the early overall outcome af-

ter a CTBI 

 to describe Swedish epidemiological features and the early process of care 

after suffering a CTBI  

 to study the relationship between early brain injury parameters and early 

functional outcome.   

Taken together, the results show that former CTBI patients, who received 

neurosurgical treatment, have significant deficits in most cognitive domains 

when compared to non-injured persons at long-term follow-up. The long-

term cognitive follow-up of the cohort injured between 1997 2001 com-

prised of patients who received a more structured neurosurgical treatment 

than the other cohort injured between 1987 1991 treated neurosurgically in 

an individualised manner. In Group 2, treated in the later period, abilities 

were particularly low in executive function, verbal memory function and 

verbal IQ. The cognitive results of the groups suggest a better long-term 

recovery of visuospatial cognitive abilities and a significant risk of deficits in 

long-term verbal intellectual abilities and executive functions after serious 

CTBI. There was no significant difference in the rate of mortality for the two 

cohorts, and both groups had an early outcome corresponding to GOS 5, also 

with no significant group difference. The rate at which rehabilitation was 

undertaken was equally low in both groups, 27% in Group 1 and 33% in 

Group 2. Of those who did not receive rehabilitation, half received no medi-

cal follow-up either. The results suggest that current arrangements for refer-

ral to rehabilitation and for follow-up of children post-injury have not im-

proved and are still not sufficient. The evaluation of the relationship between 

early brain injury parameters and early functional outcome indicates, that the 

length of care in the intensive care unit and length of care in a respirator may 

have a stronger relationship to outcome than does the single measure of the 

level of consciousness, RLS, at admission. The latter result is, however, 

quite explorative in nature, and must be replicated before even tentative con-

clusions are drawn.  
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Verbal and visuospatial intellectual functions 

Early post-injury results obtained using the WISC performance scale are 

often low owing to diminished functions of motor control and response 

speed (Slomine et al., 2002). Verbal intellectual functions often appear to be 

the strongest cognitive abilities in the initial phase after injury, and are some-

times used as a measure of a person‟s pre-injury intellectual ability (Slomine 

et al. (2002). This is the base for the interpretation of the results in Study 3. 

There it was claimed that recovery most likely had occurred in visuospatial 

intellectual functions whereas there were obvious long-term deficits in ver-

bal  intellectual functions. In Study 3, even though abilities related to verbal 

memory and verbal IQ were especially low, both of the performances of the 

visuospatial and the verbal domain are significantly lower compared to per-

formances of the controls. Since early results of visuospatial abilities, meas-

ured by the WISC performance scale are often initially low, and verbal abili-

ties, often initially spared, these results indicate a better recovery of visu-

ospatial functions and a long-term vulnerability of verbal intellectual func-

tions at a long-term follow-up. This knowledge has not been reported at this 

length of follow-up.  

Study 3 was based on comparisons between the CTBI groups and the con-

trols. The control group has a somewhat surprising profile of cognitive test 

results, as illustrated in Figure 8. This may be a reflection of the fact that the 

various test norms have been collected in different populations, and at dif-

ferent points in time. Therefore, there is no basis for analysing the profiles of 

the cognitive performance. Since the control group and the groups with 

CTBI were judged by the same norms, the comparison between the groups is 

not biased by the norms. The comparison between the groups was the main 

focus in this study. 

Study 3 suggested a better recovery of visuospatial intellectual functions. 

These findings are both supported by, and differ from, earlier reports. Earlier 

studies of long-term cognitive outcome have shown deficits on a similar 

level of visuospatial IQ and verbal IQ (Ewing-Cobbs et al., 1997, Cattelani 

et al., 1998). Some studies have reported visuospatial intellectual abilities as 

the ones that were most negatively affected by CTBI. This result was based 

on follow-ups at 1 year after injury (Catroppa & Anderson, 2002) and 

2 years after injury (Chadwick, Rutter, Shaffer & Shrout, 1981b). In the lat-

ter study, that of Chadwick et al. (1981b), the group of children with head 

injuries had a verbal IQ score that was almost equivalent to that of the con-

trols at the follow-up that took place 1 year after their injury, and therefore 

the verbal IQ part was excluded at the next follow-up, 2 years post-injury. 

Van Heugten et al. (2006) also excluded measures on verbal IQ at a follow-

up made at nearly 7 years after the patients‟ discharge from rehabilitation; 

they reported most problems in the domains of attention, memory and execu-

tive functioning. Other studies of those who have had a CTBI have reported 
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a better recovery for non-verbal skills, like visual perception, visual memory, 

visuo-motor skills and constructional abilities 1 year after the injury (Ander-

son et al 2000), 30 months after the injury (Anderson et al 2005) and 5 years 

after the injury (Anderson & Catroppa, 2007) and have reported that verbal 

intellectual abilities may be at risk of long-term persistent deficits (Anderson 

et al., 2000, Anderson & Catroppa, 2007). Our results are more consistent 

with the latter. The discrepancy in the results is a good example of what 

Babikian & Asnarow (2009) summarized when they reported on the incon-

sistencies between studies when it came to the nature of neurocognitive im-

pairment and recovery following CTBI (page 20). The divergent results in 

the studies presented above may be attributed to variations in the time to 

have elapsed since the injury and in the outcome measures, making it diffi-

cult to obtain an overall picture of cognitive outcome. The studies reporting 

the greatest negative impact of a severe CTBI on visuospatial functions are 

based on results from the first year after injury, while results supporting a 

better recovery of visuospatial skills come from studies where longer time 

had elapsed since the injury. Our results are further supported by the meta-

analytic review of Babikian & Asnarow (2009), where measures both from 

the moderate and severe groups show a substantial recovery in intellectual 

functioning, stronger in PIQ than VIQ, between 0 5 months and 24 months 

or more post-injury.  

In Study 1, the longitudinal verbal IQ, verbal learning and verbal memory 

showed signs of decline over time. One aspect that might be helpful when 

evaluating recovery and development in longitudinal studies is presented by 

Anderson, Catroppa, Morse, Haritou & Rosenfeldt (2009b), who points out 

the importance of taking into account the fact that IQ scores reflect devel-

opmental changes. Thus, if both normal development and recovery occur, a 

positive IQ gradient would be present over the time after the injury, how-

ever, when only recovery or development takes place there would be a flat 

trajectory; and in the absence of both development and recovery, a negative 

gradient would be exhibited. Our results in Study 1 reveal that, as far as ver-

bal learning is concerned, half of the people concerned exhibited a negative 

gradient, while the majority were found to have a negative gradient for ver-

bal IQ. This indicates that development has at best slowed, at worst been 

arrested. Negative trajectories could probably even reflect the loss of func-

tions. We interpreted flat trajectories to be representative of a stable situation 

and assume, in line with this discussion, that development has continued, but 

on a lower level. 

The challenge for neuropsychologists is to identify problems in behav-

iour, adaptive skills and learning, and to explain how these problems arise 

and to recommend effective interventions (Taylor, 2004). However, placing 

the emphasis on the problems could explain why it is so much easier to find 

results on impairments than on recovery and those functions that have been 

spared after a CTBI. Knowledge about spared functions is important for 
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opening up for initiating effective compensatory interventions, in addition to 

which, knowledge about recovery can improve our understanding of the 

process, and thereby provide the people struck by injury with hope.  

Vulnerability of verbal memory functions 

In Study 1, verbal learning was the cognitive domain that exhibited the larg-

est impairments, with results below -3 standard deviations. In Study 3, the 

difference between the groups with a CTBI and the controls was more pro-

nounced for verbal memory than for visuospatial memory. The vulnerability 

of the long-term verbal memory is supported in the literature (Catroppa & 

Anderson, 2007; Anderson et al., 2005; Catroppa,  Anderson, Ditchfield & 

Coleman, 2008). Further, Donders and Giroux (2005) reported a relation 

between prolonged coma after a CTBI and a weak result in a verbal learning 

and memory test similar to the one we utilized, the California verbal learning 

test. In the discussion in Study 3, it is argued that the diminished function of 

executive control, which is common after CTBI (Levin & Hanten, 2005), 

may negatively affect the learning strategies that people adopt (Yeates &  

Enrile, 2005) and, further, that normal brain development, with a late matu-

ration in the frontal and temporal lobe (Gogtay et al., 2004) and ongoing 

development of memory strategies (Yeates & Enrile, 2005; Schneider & 

Pressley, 1997), will gradually enlarge the gap between the people afflicted 

and uninjured people. Attention, working memory and verbal learning are 

dependent on the integrity of the frontal lobes however these are the parts of 

the brain most frequently involved in residual brain lesions after a childhood 

TBI (Mendelsohn et al., 1992).  

The standardised norms of the subtests in Study 3 support the notion of a 

late maturation of verbal functions, since there are quite large differences 

between the ages at which performance reaches the highest levels in the dif-

ferent subtests (Wechsler, 1996; Geffen, Hoar,Hanlon, Clarc & Geffen, 

1990; Meyers & Meyers, 1995; Spreen & Strauss, 1998; Yeudall, Fromm, 

Reddon & Stefanyk, 1986; Bornstein, 1985; Birkenkamp & Zillmer, 1998 & 

Boll, 1993). The subtests in the verbal intellectual domain are the last to 

attain a plateau in the development as seen in Figure 10. In the domain of 

processing speed, the highest levels of functioning are attained in adoles-

cence. As discussed earlier, the norms of these subtests are based on differ-

ent populations and determined at different points of time, and no meaning-

ful profiles of cognitive performances can be evaluated. Therefore, only the 

large differences can be informative in this figure, indicative of a prolonged 

developmental period for verbal intellectual functions.     
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FIGURE 10. Ages when development plateaus according to the published norms of 
the subtests within the four cognitive domains of Study 3  

The results of long-term memory impairments after CTBI are consistent with 

studies on hippocampal brain function. The hippocampus - a temporal struc-

ture important in memory processes - is vulnerable to TBI through both di-

rect and secondary causes (Archinegas et al., 1999). The hippocampus is 

particularly vulnerable to direct injury owing to its position in the skull, be-

cause it can be abraded against lower parts of the scull. Disrupted choliner-

gic functions arising from direct mechanical forces or diffuse axonal injury 

can also diminish hippocampal function (Archinegas et al., 1999). The ef-

fects of CTBI on brain growth and hippocampal volume might extend into 

adulthood (Tasker et al., 2005).   

The connection between outcome and received 
rehabilitation  

Evaluations of the impact of rehabilitation have shown significant improve-

ments in cognitive outcome (Braga et al., 2005; van´t Hoft et al., 2005), 

physical outcome (Braga et al., 2005), greater improvements of the chil-

dren´s school performances and higher levels of knowledge about TBI 

among parents (McDougall et al., 2006). Evidence-based recommendations 

have been made for the treatment of children and adolescents after an ac-

quired brain injury (Braga et al., 2005; van‟t Hoft et al., 2005). Service-
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providers should consider attention remediation to assist recovery and claim 

that service-providers should consider involving family-members as active 

treatment providers in the rehabilitation treatment plan (Laatsch et al., 2007).  

In Study 2, we saw that the amount of rehabilitation received and the fol-

low-up procedure were equally low in both groups, even though important 

advancements in the neurosurgical care had occurred. In the earlier period, 

27% of the group were admitted to rehabilitation. Of those that did not re-

ceive rehabilitation, 24% were left without medical follow-up. In the later 

period, 33% were admitted to rehabilitation and, of the remaining patients, 

only half of them had a medical follow-up. The results of Study 3 showed 

that the long-term cognitive function had the same level as the group treated 

in the later period.  The literature in the last few decades has provided an 

increasing number of reports concerning the cognitive and behavioural defi-

cits after CTBI, and one might therefore expect an increase in the rate of 

rehabilitation. Obviously, there is a discrepancy between research and clini-

cal practice.  

We have received reports of favourable outcome after TBI treatment with 

intra-cranial pressure targeted therapy (Wahlström et al., 2005), but even in 

the highest level of the GOS, minor neurological and psychological deficits 

that might need compensatory action are present. Almost two decades ago, 

Michaud, Rivara, Grady and Reay (1992) stated that an assessment score of 

„good recovery‟ according to the GOS at the time of a patient‟s discharge 

from acute care is likely to be an overestimate, since subtle neuropsy-

chological or neurobehavioural changes are not likely to have been detected 

before a patient‟s discharge from hospital.  

In the evaluation of the relation between early brain-injury measures and 

early functional outcome, we found that the level of consciousness at admis-

sion as measured by RLS may be a weak predictor of early functional out-

come when differing from the measures of length of care and length in respi-

rator. The result in the five-cluster solution was supported by the high 

amount of variance explained and by the validity check using an alternative 

method of identifying clusters. However, the result is based on a limited 

number of persons and needs to be replicated. A search in the literature has 

revealed that measures incorporating several data points from several differ-

ent measures (for example repeated measures of consciousness or the taking 

into account the various measures involved when decisions about the dura-

tion of the length of care provided to a patient) might be more reliable than 

measures based on more limited data, such as one measure on the RLS or the 

GCS (Massagli, Michaud & Rivara, 1996; Parslow, Morris, Tasker, Forsyth 

& Hawley, 2005). Secondly, predictors of the early outcome might not be 

the best predictors of the later outcome (Massagli et al., 1996; Niedzwecki et 

al., 2008). A single measure on the RLS may well serve an important role 

during acute treatment, but yet not predict long-term outcome. 
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According to the extensive evaluation of parental ratings conducted by 

Hawley (2003) and the evaluation of unmet needs by Slomine et al. (2006), 

follow-ups should be made available to the entire group of patients with a 

CTBI, that is mild to moderate, when the families notice TBI-related altera-

tions in everyday functions, or in the event that the health professionals 

know that soon everyday life, or up-coming developmental paths, might be 

influenced by the TBI. The final evaluation of outcome after a moderate to 

severe CTBI should not be conducted before adulthood. 

Methodological challenges 

Long-term cognitive outcome in Study 3 was evaluated with the common 

variable-oriented approach, with the results being examined on a group 

level. In that study, the mean-values of the groups showed that there are 

significant cognitive differences between the group of uninjured controls and 

the groups with a CTBI, and according to the levels of the partial eta squared 

these differences are often quite strong. However, the standard deviations of 

the cognitive variables of the groups are large, implying heterogeneous 

groups. According to Chapman (2001), the extreme heterogeneity in the 

population of those with a CTBI is one of the most consistent findings in the 

literature on CTBI and it is important to recall that group results do not pre-

dict the recovery of individuals over time. An example of this is seen in the 

study of Tasker et al. (2005) conducted 5 years after severe CTBI. The ma-

jority of a group who had had early monitoring of the intracranial pressure 

over more than three days had no evidence of cerebral atrophy. A sub-group, 

with a longer period in intensive care, had a smaller than expected volume of 

the occipito-frontal head circumference, exhibiting white matter loss and 

disproportionate hippocampal atrophy. In Figure 11, the results of Study 3 in 

the domain of verbal memory are shown, revealing that several persons in 

the group had performances that did not differ from an average to low per-

formance of the individuals in the control group, while others exhibited per-

formances that were quite low, and yet more had results that implied quite 

substantial deficits. The marked variation within the group is not explained 

by the study.  
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FIGURE 11. Individual outcomes of Study 3 in the domain of verbal memory for 
Group 2 and the control group 

One way to evaluate different paths of development is to study subgroups 

based on moderators such as the age at the time of injury, pre-injury factors 

concerning the family and the child, injury-related factors, treatment-related 

factors, post-injury factors including family function, rehabilitation, time 

since the injury and age at the time of the injury. Research involving sub-

groups of patients with a CTBI can be challenging, though. Since cohorts of 

clinical paediatric groups often are small and heterogeneous, the statistical 

analysis gets complicated (Smedler & Winiarski, 2008). Further division into 

subgroups based on different moderators diminishes the groups even more, 

further diminishing statistical power. 

Another way of investigating different paths of development is chosen by 

Fay et al. (2009). They used a person-oriented approach when looking at 

longitudinal patterns of functional deficits after a CTBI. This made it possi-

ble to study different courses of recovery of the individuals within the severe 

group. There was variation concerning the deficits within the group of se-

verely injured patients 4 years post-injury, with some having persistent defi-

cits in all of the four outcome domains in the study (neuropsychological, 

academic, adaptive and behaviour) while others did not have deficits in one 

or more outcome domains, a variation that would not have shown up if the 

result had been presented with mean values from a variable oriented, group 

based design.  

In the investigation of the relationship between brain-injury parameters 

and early functional outcome in Study 2, we used a person-oriented ap-

proach. We investigated the clusters of individual brain injury parameters, 
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which provides information about the profile of the parameters, as they oc-

cur for the individuals. This approach paves the way for a holistic evalua-

tion, relying on the theoretical assumption that the parameters can have a 

dynamic relationship that holds important information (Bergman, Magnus-

son & El-Khouri, 2009), in this case, information concerning how early pa-

rameters taken together may predict early functional outcome. Bergman et 

al. (2009) argue that individual development is best understood from the 

perspective of processes and from the use of holistic-interactionistic, inte-

grated models, since development often has a non-linear and dynamic char-

acter. A person-oriented holistic approach might be helpful in answering a 

question Beaulieu (2002) claims to be important for augmenting the avail-

ability of rehabilitation: what does a good candidate for rehabilitation look 

like? According to the individual variation within the groups of those with a 

CTBI, that emerges as an important question for further research. 

Summary of new knowledge  

The new knowledge added by the research presented in this thesis is summa-

rised below and then discussed in relation to the opening model of the thesis, 

described in Figure 1. The contributions of the thesis to the model are sum-

marised if Figure 12, page 56.   

 

 There are significant differences between the former groups of patients 

neurosurgically treated for CTBI, 6 13 years after they suffered the injury 

compared with non-injured controls. 

 Long-term cognitive deficits of a similar magnitude and character, sig-

nificantly lower than those of uninjured groups where found in the two 

cohorts, treated before and after advancements in the neurosurgical care. 

 In long-term outcome 6 13 after CTBI, verbal intellectual functions and 

executive functions were found to be vulnerable while visuospatial func-

tions  appeared to have a better long-term recovery.  

 Two Swedish cohorts, neurosurgically treated for a CTBI before and after 

advancements in neurosurgical care, had a similar rate of survival and an 

equally low rate of admittance to rehabilitation.  

 An exploratory evaluation of the relationship between early brain injury 

parameters and early functional outcome indicates that the length of time 

in intensive care and the length of care in a respirator may have a stronger 

relationship to early outcome than does a single measure of the level of 

consciousness at admission. The result provides an example of how a per-

son-oriented holistic approach can be used to evaluate profiles of predic-

tors of outcome.  
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This thesis has shown that there are significant differences between the   

patients neurosurgically treated for CTBI, 6 13 years after they suffered the 

injury compared with non-injured controls. The outcome of children with 

CTBI, neurosurgically treated, have previously not been evaluated after such 

an extensive period of time. Studies 1 and 3 are based on a small sample and 

need to be replicated. Despite this, it should be noted that the groups in-

volved in studies of CTBI are generally small and are also heterogeneous, 

implying the necessity to communicate results obtained from several studies 

to develop a critical knowledgebase.    

Verbal intellectual functions and executive functions were found to be 

vulnerable for long-term cognitive outcome, while visuospatial functions  

appeared to have a better long-term recovery. The result in this thesis sup-

port the finding that visuospatial intellectual functions recover better than 

verbal intellectual or executive functions (Babikian & Asnarow, 2009), but 

we add the knowledge that this is also the case at a follow-up as long as 

6 13 years after the injury. We suggest that it implies better development   

of visuospatial functions after a CTBI, however this has to be evaluated in 

further studies. In contrast, the low results for verbal intellectual, verbal 

memory and executive functions indicate that these either have a more lim-

ited recovery, or that the development of those functions is hampered. In this 

thesis, the low verbal IQ and verbal memory function are interpreted as be-

ing the result of hampered development of verbal functions, and of ham-

pered development of the executive control over verbal functions. These 

results provide new knowledge about Cognitive long-term outcome, particu-

larly in relation to Time since injury and also Present age. The indication of 

a better recovery of visuospatial functions provides hypotheses regarding 

Plasticity and Recovery of functions.  

Our results have also contributed by providing new data on Swedish pa-

tients, together with a recent study based partly on the same sample. Horne-

man & Emanuelson (2009) reported the long-term outcome of the complete 

group of 53 people treated in the earlier period who had been subject to the 

neuropsychological follow-up assessment presented in Figure 2, page 32. 

This thesis adds knowledge about the specific group of neurosurgically 

treated patients, treated before (Group 1) and after (Group 2) advancements 

in neurosurgical care had taken place. It also presents the results of long-

term cognitive deficits of a similar magnitude and character in both groups, 

and shows the cognitive functions of those concerned to be significantly 

lower than those of uninjured groups. These results provides new knowledge 

of the moderating influence of Initial CTBI treatment.    

The evaluation of the relationship between early brain injury parameters 

and early functional outcome indicates that the length of time in intensive 

care and the length of care in a respirator may have a stronger relationship to 

outcome than does a single measure of the level of consciousness. The result 
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is explorative but provides an example of how a person-oriented holistic 

approach can be used to evaluate profiles of predictors of outcome.  

Limited information is found regarding Coping with disabilities, more 

precisely the environmental coping. Study 1 described the process of initial 

information and the following school- and work adjustments, with the dis-

couraging results of initial information of cognitive deficits for five of the 

eight persons being followed by no school adjustments, and that three of the 

eight persons went from a school situation with no adjustments to adult life 

with an early retirement.  

We tried to evaluate the moderating effect of Gender, but subgroups be-

came too small for statistical power. The same state was true for Age at in-

jury.  

  

 
FIGURE 12. Influences on long-term cognitive outcome after a CTBI and the con-
tribution to the model from the research in this thesis 
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Limitations 

The number of subjects was very small, particularly in Study 1. The first 

assessment was made on a clinical basis and was not based on a standardised 

test battery, as in assessments two and three. Many of the tests in the first 

assessment differed from the ones in the following assessments, thus reduc-

ing the number of tests available for the purpose of this study. The measures 

used in the article were chosen because they offered the possibility of mak-

ing reliable and valid comparisons over the three occasions, but despite this,   

the conditions for comparison were not optimal. 

In Study 3, the original groups were limited in size, as is often the case in 

clinical studies. Furthermore, cognitive results were only available for 30% 

and 39% of the original surviving patients.  However, there were no system-

atic differences between the study-groups and their original groups, indicat-

ing that the study-groups did hold representativity of the original groups. 

However, the sample sizes are small and the results of this study need to be 

replicated in further studies, with larger samples, preferably obtained 

through multi-centre collaboration. 

In Study 3, there was a difference between the groups concerning the 

amount of time to have elapsed since injury: 13.2 years for Group 1 and 

6.1 years for Group 2. The most extensive changes in the development after 

CTBI occur in the year immediately subsequent to the injury (Chadwick, 

Rutter, Brown, Shaffer & Traub, 1981; Ewing-Cobbs et al., 1997; Yeates et 

al., 2002). However, as both groups were far beyond the first year after in-

jury, aspects of recovery unique to the first period, should not affect the 

groups differently. Concerning the long-term development, verbal and ex-

ecutive functions appear to be central. Since the patients in Group 2, with a 

mean age of 17, appear to be going through the developmental period with 

limited brain capacity, it is possible that their verbal intellectual deficits 

might become more pronounced over time. 

The small sample in study 1 was also part of Group 1 in Study 3, consist-

ing of some of the most injured persons in that group. However, the longitu-

dinal assessments in Study 1 allowed for a developmental analysis, which 

complements the result from a single assessment that was the base in Study 

3. Still, one should keep in mind that the long-term deficits in verbal and 

executive functions reported in both studies emanate from overlapping sam-

ples and that these findings need to cross-validated. 

The somewhat surprising profile of the control group in Study 3 is com-

mented on page 47, in the section “General discussion”. A possible explana-

tion presented was that the norms of the subtests come from different popu-

lations, and therefore the profiles of the cognitive performance should not be 

interpreted. In Study 1, the result is based on trajectory profile analyses even 

though the norms of some of the results in the same domain originate from 
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different subtests and populations. We aimed to minimise this bias by choos-

ing tests with measures of acceptable validity.  

In Study 2 we regarded Group 2 as a population in the evaluation of rela-

tionship between early brain injury parameters and early functional outcome. 

Following that, the result describes the situation for the actual population, 

but the study is small and exploratory and the findings cannot be generalised 

to other samples or populations. The result has to be replicated in larger 

groups.  

Suggestions for further research 

According to the literature of long-term development after a CTBI, it is ap-

parent that we have but limited knowledge about how brain injury affects 

and interacts with the child‟s ongoing development. The literature provides 

results on outcome measures, but the understanding is limited about plastic-

ity after CTBI, in terms of the brain-behaviour-environmental influences on 

recovery and development. We know that CTBI poses a threat to functional 

development, but there are important questions for future research. 

The results presented in this thesis suggest that adolescent development of 

verbal intellectual and executive functions may broaden the gap between 

groups with CTBI and controls. This needs to be further elucidated in longi-

tudinal studies. 

Age at injury has been presented as the time-variable most frequently ex-

amined. Present age, or age at testing, is a time-variable more rarely exam-

ined. Adding the moderator of present age, a longitudinal, person-oriented 

approach could provide knowledge about the ongoing development after 

CTBI, at different post-injury intervals and different developmental stages. 

Such an approach could investigate the long-term interplay between recov-

ery and development influencing the outcome of verbal memory after ado-

lescence. A holistic person-oriented approach might also be helpful in evalu-

ating how the relation of the moderating factors, described in Figure 1, influ-

ence the long-term outcome of a CTBI on the individual level. The same 

method could also be used to identify profiles of predictors of long-term 

outcome.   

There is also a great need for intervention studies in this field: What pro-

motes positive development after a CTBI, with regard to the interplay of age 

at injury, present age and time since injury? With such knowledge, what 

kind of rehabilitation interventions would be most beneficial at different 

ages? This knowledge is almost non existing in the literature today.  

As new treatment protocols are introduced in intensive neruosurgical care, 

there is a continuous need for  long-term follow-up studies. Ideally, patients 

with comparable brain injuries but treated according to different protocols 

should be matched and compared on relevant outcome measures. In reality, 
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such a quasi-experimental design is almost impossible to achieve. However, 

multi-centre efforts and international collaboration may bring us closer to 

achieving such a knowledge base.  

Conclusions 

Deficits in the cognitive domains of verbal and visuospatial intellectual func-

tions, executive functions and memory functions are apparent at long-term 

follow up, 6 13 years after neurosurgically treated CTBI, even after ad-

vancements in the neurosurgical care in Sweden. The time since the insult is 

an important factor when assessing the outcome after a TBI in childhood and 

adolescence, and therefore the assessment of final outcome should not be 

conducted before the child reaches adulthood. 

Measures of verbal IQ, verbal memory and executive functions were es-

pecially low at long-term cognitive follow-up. Verbal learning and the ex-

ecutive control of memory functions should be addressed with interventions 

aimed at coping and compensation. Visuospatial intellectual functions, in 

contrast, stand out as having a better long-term recovery. 

Despite important advancements in the neurosurgical treatment after a 

CTBI, and despite an increasing amount of reports being published of cogni-

tive and behavioural deficits after a CTBI, the current arrangements for a 

referral to rehabilitation and follow-up for the children concerned have not 

improved and are still insufficient in Sweden. 

The scientific knowledgebase is meagre where the long-term cognitive 

developmental trajectories of recovery and development after CTBI are con-

cerned. There is also a limited knowledge of the interaction between how the 

moderators of cognitive outcome interact. A person-oriented holistic ap-

proach can be used to evaluate the profiles of predictors of individual out-

come. 
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