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Chapter 1 
General Introduction
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DEFINITION AND EPIDEMIOLOGY OF ACQUIRED BRAIN INJURY (ABI)
IN CHILDREN AND YOUTH 

Definitions of Acquired Brain Injury (ABI) and children and youth
ABI refers to any post-neonatal damage to the brain, due to an external cause (traumatic 

brain injury, TBI) or an internal cause (non-traumatic brain injury, NTBI).1

According to the World Health Organization2 children are persons up to and including 14 years 

and youth persons up to and including 23 years. Within these age groups, preschool children 

(-5 years), adolescents (13-18 years) and young adults (19-23 years) can be distinguished.

Incidence of ABI
With respect to the incidence of TBI, epidemiological studies in children and youth have 

so far mainly focused on the age group up to 14 years. In this age group, the reported 

incidence rates for TBI vary from 70-798 per 100.000 persons per year.3 Differences 

among reported rates may be due to differences in classification, inclusion criteria, 

hospital registrations or national health care systems. Reported rates are probably an 

underestimation, as it is suggested that mild TBI is unreported or unrecognized in up to 

half of the cases of head injuries.4

Data on the incidence of NTBI are variable as well, and are mainly available for specific 

causes, including brain tumours (3.5/100.000 in the age group up to 14 years)5,6 and stroke 

(2-13/100.000 in the age group up to 14 years).7

Overall there is a trend towards an increasing incidence and prevalence of ABI in children 

and youth over the past decades.3 This is probably in part related to better registration and 

also to improvements in medical care. 

Causes of ABI
ABI in children and youth may result from events with an external cause (traumatic brain 

injury, TBI) such as accidents (in traffic, at home or during sports) and violence or from an 

internal cause (non-traumatic brain injury, NTBI), such as a brain tumour, stroke or infections 

such as meningitis or encephalitis.1

TBI has an acute onset, the onset of NTBI may also be acute (stroke) but is in some cases 

more gradual (tumour, infection). In the age group up to 4 years old NTBI is most often 

caused by meningitis; in the age groups from 5 up to 9 and 10 up to14 years old by brain 

tumours and in the group from 15 up to 19 years by toxic effects of substances.8 The cause of 

TBI determines the type of lesion and damage of brain tissue, e.g. more focal or diffuse injuries. 

The consequences of NTBI can both be local (stroke, tumour), or more diffuse, affecting the 

entire brain (anoxia, hypoxia or infection).9 Concerning the causes of TBI and NTBI in children 

and youth specifically in the Netherlands the information is sparse and incomplete.
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Severity of ABI
The severity of ABI is classified as mild, moderate or severe in both TBI and NTBI, however 

the classification systems are different.10,11 

Table 1 Classification of severity of injury

Glasgow Coma Scale 
(GCS)

Post Traumatic Amnesia 
(PTA) 

Loss Of Consciousness 
(LOC)

Mild 13-15 <1 day 0-30 minutes

Moderate 9-12 1 to 7 days 30 minutes to 24 hours

Severe 3-8 >7 days >24 hours

From: Eastvold et al., 2013

In TBI, the classification is usually done during hospital admission, using The Glasgow Coma 

Scale (GCS)10 (See Table 1) or the paediatric version of the GCS (PGCS)11 in preverbal children 

up to 2 years old (See Table 2) as the gold standard combined with neurological and imaging 

measures. 

Table 2 (Paediatric) Glasgow Coma Scale (GCS and PGCS)

Adult Pediatric

Spontaneously 4

Best Eye Opening

Spontaneously 4

To verbal stimuli 3 To verbal stimuli 3

To painful stimuli 2 To painful stimuli 2

No eye opening 1 No eye opening 1

Oriented 5

Best Verbal Response

Appropiate coo & cry 5

Confused 4 Irritable cry 4

Inappropriate words 3 Inconsolable crying 3

Incomprehensible 2 Grunts 2

No verbal response 1 No verbal response 1

Obeys commands 6

Best Motor Response

Normal spontaneous 6

Localizes pain 5 Withdraws to touch 5

Withdraws to pain 4 Withdraws to pain 4

Flexion to pain 3 Flexion to pain 3

Extension to pain 2 Extension to pain 2

No motor response 1 No motor response 1

From: Teasdale et al., 1974; Holmes et al., 2005

Moreover, the duration of Post Traumatic Amnesia (PTA) and of loss of consciousness (LOC) 

as well as other neurological signs are taken into account.12,13
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In addition to the abovementioned instruments, the King’s Outcome Scale for Childhood 

Head Injury (KOSCHI)14 and the Glasgow Outcome Scale (GOS)15 are developed and used to 

indicate the severity of injury and/or the prognosis in TBI.

Severity of NTBI (Table 3) is usually determined by means of the paediatric modified Rankin 

Scale (mRS),16 despite a lack of formal validation in this group of children.

Table 3  Modified Rankin Scale (mRS) 

Score Description

0 No symptoms at all

1 No significant disability despite symptoms; able to carry out all usual duties and activities

2 Slight disability; unable to carry out all previous activities, but able to look after own affairs without assistance

3 Moderate disability; requiring some help, but able to walk without assistance

4 Moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs 
without assistance

5 Severe disability; bedridden, incontinent and requiring constant nursing care and attention

6 Dead

TOTAL (0-6): _______

From: Bonita & Beaglehole, 1988

Consequences of ABI in children and youth
With ABI, depending on its nature and severity, multiple neural systems may be involved, 

resulting in a large variety of potential consequences in body functions and structures. In 

addition the course of outcome after ABI is highly variable, ranging from a) full recovery, 

b) persisting and severe impairment, c) absence of impairment initially, with emerging 

problems over time to d) early slowed development, with catch-up over time.17

The complex and intertwined interaction between the health problem (ABI) and its 

consequences in various health-related domains (body functions and structures, activities 

and participation, personal and environmental factors) is represented in the International 

Classification of Functioning, Disability and Health for Children and Youth (ICF-CY) 

model (Figure 1).18 Within this comprehensive framework ‘Functioning’ refers to abilities 

encompassing body functions (physiological functions of systems) and structures (anatomical 

parts), activities (execution of actions or tasks by an individual) and participation. Participation 

is the dynamic result of the complex interactions in the ICF-CY model, and defined as “the 

nature and extent of a person’s involvement in meaningful life situations at home, school, 

work and community life”.18 Thereby, participation is vital for the development of physical, 

psychological and social emotional skills and competences, the shaping of identity, the 

achievement of physical and mental health and well-being.19 It is conditional to fulfil one’s 



13

potential as an active participant at home and in the community and associated with positive 

outcomes in future life.20

In addition, the ICF-CY model underscores the influence of personal factors (individual 

background: e.g. gender, race) and environmental factors (physical, social and attitudinal 

environment) on body functions and structures and on activities and participation.

Furthermore, ‘disability’ is an umbrella concept, encompassing impairments of body 

functions and structures and limitations in activities and participation restrictions.17,20

Quality of life (QoL), with the ICF code nd-qol, refers to the general well-being of individuals, 

including mental, physical and social functioning, and is an important general outcome of 

ABI as health problem.20 Overall it is found that consequences of paediatric ABI may reduce 

QoL, in particular after severe injuries.21,22 In adolescent TBI survivors reduced QoL is seen in 

patients with all levels of severity.23

Figure 1   The model of the International Classification of Functioning, Disability and 
Health for Children and Youth (ICF-CY)

ENVIRONMENTAL FACTORS 

PRODUCTS 
AND 
TECHNOLOGY 

FAMILY 
FUNCTIONING  

FAMILY 
CHARACTERISTICS

FUNCTIONS

COGNITIVE             
(1) learning and 
applying knowledge 
(2) general cognitive 
tasks and demands 

(3) communication
(comprehension)

PHYSICAL 
ENVIRONMENT

SOCIAL EMOTIONAL              

(2) general social-
emotional tasks and 
demands

ACTIVITIES 

(4) mobility 
(5) self-care
(6) domestic life

PERSONAL 
FACTORS  
age 
sexe 
race 
personal and social 
experiences 
preferences

SUPPORT AND 
RELATIONS 

SERVICES 
SYSTEMS 
POLICY 

HEALTH CONDITIONS   
Acquired Brain Injury  

PARTICIPATION    

(7) social interaction and relations
(8) major life areas 
(9) community, social and civic life

PHYSICAL

(2) general physical 
and motor tasks 
and demands
(3) communication 
(speech) 

ATTITUDES

 

Based on: World Health Organization, 2007
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Consequences of Traumatic Brain Injury (TBI)
TBI is the leading cause of death and permanent disability among children and youth 

worldwide.1,3,4 Overall, the mortality rate in children with TBI is 1%.4 In TBI the primary 

injury results immediately from the initial trauma. Complications (secondary injury) include 

e.g. cerebral hypoxia, hypotension or cerebral oedema. These may occur in the hours and 

days following the primary injury and cause additional damage.24 Moreover, the physical 

consequences are associated with the presence or absence of injuries at other parts of the 

body.13 Some consequences may be transient, such as those occurring in the post-acute 

phase (e.g. post traumatic amnesia) or the recovery phase (e.g. temporary post commotional 

symptoms as headaches, dizziness and irritability).17 Some symptoms may recover quickly, 

whereas other problems such as limited energy or cognitive and behavioural consequences 

often persist at the long term and may impede participation.25 A small number of children 

and youth are still in a vegetative or minimal conscious state 1 month after onset of a severe 

TBI. Worldwide, according to calculations, the actual prevalence was calculated as 49 per 

million people (PMP, exact numbers are unknown in the Netherlands.26

Consequences of paediatric TBI regarding functioning in ICF2 terms are listed in Table 4. 

Table 4   Consequences (limitations) of Traumatic Brain Injury in children and youth, in 

categories of the International Classification of Functioning, Disability and Health 

for Children and Youth (ICF-CY)18 

PHYSICAL COGNITIVE SOCIAL-EMOTIONAL

FU
NC

TI
ON

S 
AN

D 
ST

RU
CT

UR
ES

physical health, seizures 
taxability/fatigue 30,31

general motor functions,  e.g. 
muscle tone, strength and 
endurance, coordination,32 and 
balance33

sensory functions35

general intellectual
functioning,35 cognitive/mental fatigue31

memory, attention, speed of information 
processing, linguistic and praxis 
abilities36, cognitive control (inhibition, 
working memory, flexibility of response)37

central sensory processing34 and 
sensory integration38

social cognition/information 
processing,40 problem solving41

specific behavioral / psychiatric 
disorders (e.g. impulsivity, 
disinhibition, temper control, mood 
swings, depression, loss of temper)4,42 

AC
TI

VI
TI

ES hip-extension strength, step 
length33; mobility, self care, daily 
routines28

learning and applying knowledge32 communicative competences43 and 
pragmatic language skills40 

PA
RT

IC
IP

AT
IO

N

physical activity and sports33 lower school performance, educational 
attainment and work status32,39 

social interpersonal interactions, 
relationships and activities,4,44 
diversity (preference) and intensity 
(frequency) in recreational activities45

social competence,46 social 
involvement during adolescence 
and young adulthood,47,48 perceived 
quality of life20,48,49

increased risk for alcohol and drug 
dependency50 
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Consequences of Non-Traumatic Brain Injury (NTBI)
In general, the death rate after paediatric NTBI is relatively high compared to TBI. In children 

and youth with stroke, a mortality rate of 16-42% is reported.27 The occurrence of persisting 

problems after NTBI is relatively high as well. In children and youth with stroke, long-term 

consequences are seen in 50-75% of the patients.27

Although it is suggested that the consequences of NTBI are often similar to those of TBI,28 

due to differences in their causes and nature the outcome after a TBI cannot be extrapolated 

to the various aetiologies of NTBI.29 Consequences of NTBI with respect to body structure 

and functions and activities and participation after paediatric NTBI are listed in Table 5. 

Table 5   Specific consequences of Non-Traumatic Brain Injury in children and youth in 

categories of the International Classification of Functioning, Disability and Health 

for Children and Youth (ICF-CY),18 in addition to Table 4  

PHYSICAL COGNITIVE SOCIAL-EMOTIONAL

BO
DY

 F
UN

CT
IO

N
S 

AN
D 

ST
RU

CT
UR

ES
 

Brain tumours growth, puberty, hormone system, 
sexual functions5

motor problems (e.g. ataxia , 
dysarthria, speech problems),51 
impaired sense of smell, impaired 
hearing, facial paralysis, dizziness, 
hypoesthesia52

aphasia52

visual (field) impairments, double 
vision, eye movements5

neurotoxicity29

spatial orientation52

Stroke hemiparesis53

visual field impairments, speech54

learning difficulties - mental 
retardation,59 poor attention54

behavioral problems54

Meningitis/  
encephalitis

motor deficits, including paralysis, 
ataxia and hemiparesis; loss of 
consciousness, seizures; visual and 
hearing difficulties55-57

decreased mental 
functioning57,60

behavioral problems 60,61

Anoxic/     
hypoxic 

poor motor outcome9

risk of persistent vegetative state 
(hypoxic injury, e.g. after nearly 
drowning), seizures58

poor outcome, mental 
retardation (some types of 
epilepsy)9

AC
TI

VI
TI

ES

Probably comparable with TBI in Table 4
No specific NTBI literature found

PA
RT

IC
IP

AT
IO

N

Probably comparable with TBI in 
Table 4
No specific NTBI literature found

Probably comparable with 
TBI in Table 4
No specific NTBI literature 
found

Socializing, wellbeing, quality 
of life5,54
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This list is not complete since some conditions are relatively rare, and thus limited 

information on their consequences is available. An example of such a condition is ADEM 

(Acute Disseminated Encephalo Myelitis).

Regarding the consequences of paediatric TBI and NTBI it should first be noted that so 

far, the knowledge on the outcomes of paediatric NTBI is relatively sparse, as the focus 

of most research in paediatric ABI has been on TBI. Second, the literature on outcomes in 

children and youth with ABI shows inconsistent results. This variability is due to several 

reasons: a) studies lack well defined groups with respect to the type and severity of injury; 

b) there is variation regarding age at the time of injury; c) the number of time points and 

duration of follow-up is often limited; d) there is large variation in outcome measures; and 

e) studies usually have small sample sizes, resulting in limited statistical power, and have 

other methodological flaws.42,62,63

Consequences of paediatric ABI on the family
The impact of ABI in youth may also result in family adversity, with high levels of 

perceived burden, disrupted family systems and unmet support needs.44 So far, studies on 

the consequences of family impact after ABI were mainly done in the United States and 

Australia, and were predominantly focused on TBI. It was found that although many families 

eventually adapt favourably to the often increased demands of the injury, still clinically 

significant stress was seen more than 12 months after the trauma in 40-45% of the families 

with a child with TBI.64 This observation did not only apply to severe, but also to mild or 

moderate TBI. It has been suggested that in some cases family members may experience 

more problems than the child with an ABI.64

Due to the unexpected onset of an ABI, the unknown and often not visible consequences and 

uncertain prognosis, the impact on the family is often delayed until recovery has reached a 

stable phase and efforts at community reintegration have begun.38

Hawley4 reported sibling stress in 56-33-13% and unmet information need in 83-79-71% 

of siblings, 2 years after the onset of severe-moderate-mild TBI, respectively. Brothers 

and sisters were found to suffer from mental stress (changes in mood, problems at school, 

feeling guilty, worries about recovery/future), changes in family functioning (roles, climate, 

activities), physical stress (extra tasks, sleeplessness) and chronically increased alertness 

and responsibility.64,66 Moreover, it was found that only few families sought support.67

Notably, the instruments used to measure the impact of ABI on the family varied widely, 

again allowing no valid comparison between studies.

“Nearly loosing a child was a very traumatic experience as a parent. People telling 

us how lucky we are that our child is still alive is very depressing, in fact we are 

still mourning about loosing our child of before the ABI” 

Quote of a parent of a child with ABI
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In conclusion, studies on the impact of paediatric ABI on families has so far mainly focused 

on TBI, with a variety of instruments used to determine its occurrence and severity. The 

availability of an appropriate instrument for family impact after ABI is important, as it has been 

previously suggested that measuring and monitoring family impact and functioning should be 

promoted as long-term patients’ outcome is related to family and environmental factors.66,67

Determinants of participation after ABI
Research in paediatric ABI has long been mainly focussed on physical and cognitive 

outcomes (body functions and structure) and their determinants, only more recent studies 

focus on psychosocial outcome,61 including participation. No systematic literature review 

study so far specifically addressed the determinants of participation outcomes in both TBI 

and NTBI. Only some narrative reviews on the outcome of ABI addressed the predictors 

of outcome.62,63,68,69 Factors which were reported to be associated most consistently with 

participation following paediatric ABI included: health conditions (especially severity of injury, 

neurological complications), body functions and structure (especially movement functions, 

cognitive functioning, behavioural functioning, mood, mental fatigue), activities (especially 

communication, self-care), environmental factors (especially family functioning, family 

nurturing/parenting style, social economic status, acceptance in community, availability of 

special programs) and personal factors (especially pre-injury behavioural competences, pre-

injury cognitive competences).26,28,32,70 The studies included in these reviews were mainly 

focused on TBI and employed a large variety of measurement instruments for both predictors 

as well as outcomes of ABI. In addition, these studies varied with respect to the duration of 

follow-up. 

Injury severity has been identified as an important predictor across all age groups, with 

more severe ABI being associated with greater problems with respect to motor, cognitive 

and behavioural functions than the mild group. The latter is consistent with a dose-response 

relationship between severity of injury and outcome.32,35 However, several other pre-injury 

and current personal and environmental factors were found to be strongly associated with 

outcome as well.70 It has been suggested that psychosocial outcomes do not always show 

the same relationship with severity of injury as physical and cognitive outcomes.71,72

Age at onset of ABI was found to be a major determinant for outcome of ABI in children and 

youth.73 The long-held assumption that ‘onset at earlier age means a better prognosis, due to 

relatively strong plasticity capabilities of the young brain’ may have contributed to the general 

underestimation of the impact of ABI in children and youth.74 Quite the opposite seems to be 

true, and this may be due to various reasons: a) brain maturation and development continue 

throughout childhood into early adulthood;46 and b) the developmental stage of the brain 
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during the injury is crucial: growth, maturation and development of the brain interact with 

injury parameters and impact on acquisition and modification of knowledge, competences 

and skills and executive functions (e.g. in transitions to higher levels of education, work, 

social intimacy or living independently).32,73 This cumulative phenomenon, the interaction 

between growth, maturation and ABI, is called ‘growing into deficit’46,74 after an immediate 

phase of recovery children and youth typically experience a decline in outcome that results 

in plateauing, as opposed to improving of outcome. The so-called “neurocognitive stall” 

(Figure 2) represents these developmental stage effects on recovery.75

Figure 2  The neurocognitive stall

Normal development

Neurocognitive Stall
Latent StageBrain Injury

Immediate Stage

Pe
rf

or
m

an
ce

Growing Up

Pediatric TBI: Two Stages of Recovery

From: Chapman, 2006

In conclusion, participation in children and youth with ABI is still an underrepresented area 

in the literature.32,63 More insight into the association between functioning and participation 

after injury on the one hand and injury characteristics, pre-injury functioning and personal 

and environmental factors on the other hand is essential to enable the development of 

tailor-made interventions. For that purpose, more data on the nature of the injury, patterns 

of recovery and associated factors are needed. In addition, the literature concerning 

determinants of participation of children and youth has not been reviewed systematically. 

Neurorehabilitation, ABI and serious gaming
Neurorehabilitation, i.e. rehabilitation programs for patients with ABI, is driven by plasticity 

of the brain: every stimulus results in changes in grey (cells) and white (connections) 

matter, independently of age.76 Specific knowledge about the mechanisms of recovery of 

motor and cognitive functions after ABI, however is lacking.77 Regarding the effectiveness 
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of neurorehabilitation in children and youth with ABI, systematic reviews42,78 concluded 

that the evidence for the effectiveness of interventions to treat motor/neurocognitive/ 

behavioural sequelae is sparse. Nevertheless, consensus statements about the principles 

of rehabilitation after ABI79 include the recommendation that rehabilitation should: 1) start 

as early as possible,71 (although the length of time since onset of the ABI should not be an 

exclusion criterion;79 2) be targeted, enjoyable, varied and tailor-made, with focus on the 

client’s own real-world circumstances (e. g. daily living activities) to improve generalization, 

transfer and participation,73 using and teaching of adaptive cognitive strategies;79 3) include 

interdisciplinary psycho-education, training and support in a systematic, structured and 

repetitive manner, with patients as active participants in goal setting and monitoring of 

progress79 and be family-centered, by including and empowering parents and siblings.80

Neurorehabilitation, based on above-mentioned principles, can be enhanced by computer-

based training. The latter is, in addition to conventional rehabilitation strategies, considered 

to be a promising tool. Some evidence for its effect has been demonstrated with gaming with 

commercial ‘off the shelf’ consoles’.81 A systematic review of six high quality RCTs in adults 

after stroke provides evidence that computer-based cognitive rehabilitation is effective with 

respect to the improvement of overall cognitive functions, especially memory, thinking 

operations, executive functions and orientation were measured, after stroke.82 Other recent 

studies showed effects of cognitive gaming on working memory in adults after stroke.83

A review of computer-based cognitive rehabilitation in children and youth has not been found. 

Overall, the authors of clinical studies on gaming, undertaken in children and youth with 

ABI, underscore the importance of more, large scale, methodical solid studies on the effect of 

neurocognitive outcome of gaming in rehabilitation after ABI in different age groups.84 

The aim of this thesis 

ABI in children and youth relatively often results in death or pervasive, lifelong problems in 

daily life at home, in school/work and community. Long-term consequences of ABI in children 

and youth on participation and family functioning and their determinants have been under 

researched. Current gaps concerning the knowledge on ABI in children and youth include:

• The incidence of ABI in children and youth in the Netherlands.

• The impact on participation and the family.

• Evaluation of effective rehabilitation strategies, in particular serious gaming.

This thesis therefore aims: 

• To determine the occurrence and causes of ABI in children and youth in the Netherlands.

• To review the literature on participation of children and youth with ABI and on factors 

associated with participation.
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• To translate, adapt and validate an instrument to measure and monitor participation after 

paediatric ABI into the Dutch language.

• To evaluate family impact in a cohort of children and youth with ABI and family.

• To evaluate the potential of gaming on improvement of physical, cognitive and social 

functioning of children and youth with ABI by means of a pilot study.

Outline of this thesis
• Chapter 1 gives an overview of the literature on ABI in children and youth.

• Chapters 2 and 3 describe a multicentre, retrospective cohort study on the incidence and 

causes of paediatric ABI in the Netherlands. 

• Chapter 4 presents the results of a systematic review on determinants of participation of 

children and youth with ABI.

• Chapter 5 describes the translation and cross-cultural adaptation and validation of the 

Child and Family Functioning Survey (CFFS), an instrument to measure and monitor 

participation after ABI, into the Dutch language. 

• The impact of ABI on the family is the focus of Chapter 6. 

• Chapter 7 describes a pilot study on the effect of gaming to improve functioning in 

children and youth with ABI. 

• In Chapter 8 the findings of the studies presented in this thesis are summarized and 

discussed. 
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