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ABSTRACT  

Traumatic Brain Injury (TBI) is a common cause of disability in children and adolescents. 

Research in children and adolescents with TBI is still relatively scarce, particularly in low- and 

middle-income countries. The aim of this study was to determine the early functional outcomes 

in children with TBI at discharge from acute hospitalisation and at three months’ post discharge. 

 

The study included 84 children and adolescents, aged three to twelve, who were admitted to 

Chris Hani Baragwanath Academic Hospital (CHBAH) with a diagnosis of a TBI, however, 

the inclusion was not limited to solely children with isolated TBI and in addition included 

children with associated injuries. The TBI cohort was heterogeneous and included participants 

with mild (n=71), moderate (n=6) and severe (n=7) head injuries. Motor function was assessed 

using the Gross Motor Function Classification System (GMFCS); the Gross Motor Function 

Measure (GMFM-88) and the Movement Assessment Battery for Children – Second Edition 

(MABC-II). At the three-month follow-up, the primary caregivers completed two 

questionnaires; The Assistance to Participate Scale (APS) and the Pediatric Quality of Life-

Family Impact Module (PedsQL-FIM) to ascertain the amount of assistance the participant 

requires from the primary caregiver to participate in the home, social and community setting 

and to determine the impact the TBI has had on the primary caregiver’s health related quality 

of life (HRQOL) and family function.  

 

At hospital discharge, the participants ranged from a level nought to a level four on the GMFCS, 

indicating that there were participants that required a wheelchair for ambulation. On the 

GMFM-88 the participants scored the lowest in Dimension E (mean: 87.54%, SD: ±30.12) 

which consists of running, hopping, and jumping skills. On the MABC-II, the participants 

scored the lowest in the throwing and catching component (mean: 7.75, SD: ±3.59). The 

MABC-II revealed that at hospital discharge, 54.76% of participants had no motor difficulties, 

23.8% were ‘at risk’ for motor difficulties and 21.43% had a high likelihood of motor 

difficulties. 

 

There was a statistically significant difference between the GMFCS levels (p<0.00), the 

GMFM-88 (p<0.00), and the MABC-II (p<0.00) scores of the participants at discharge and at 

the three-month follow-up, with the majority of the sample demonstrating an improvement in 

motor function. The participants ranged from a level nought to a level two on the GMFCS, 

indicating an improvement in ambulatory function. The mean total score on the GMFM-88 was 
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99.38% (SD: ±2.62) indicating almost perfect scores on this outcome measure. The MABC-II 

revealed that the majority of participants (76.06%) demonstrated no motor disabilities. 

However, a considerable percentage (23.95%) were still classified as ‘at risk’ of motor 

impairment or had a high likelihood for motor impairment.  

 

There were statistically significant correlations (p<0.00) between the initial GCS score and the 

functional outcome on the three primary motor outcome measures at the three month follow-

up period. There were also statistically significant correlations between the initial GCS score 

and the type of TBI (p<0.00), and the initial GCS score and the type of associated injuries 

(p<0.00). There was also a statistically significant correlation (p<0.03) between sex and 

associated injuries sustained. Although, there was no direct correlation between age and 

outcome, there was a statistically significant correlation (p<0.01) between the age group and 

the type of TBI sustained. Younger children were at higher risk of sustaining a TBI, yet the TBI 

sustained tended to be more mild in nature compared to the older age groups.  

 

The majority of the participants were independent in the home, social and community setting 

at the three-month follow-up (mean APS score: 39.65; range: 19-40; SD: ±2.53). Primary 

caregivers also reported that the injury had negatively impacted their HRQOL (mean: 69.06; 

range: 17.92-100; SD: ± 20.44) and family functioning (mean: 64.75; range: 4.17-100; SD: ± 

26.78). 

 

In conclusion, motor function recovered in 76.06% of the participants of this study. Long term 

follow-up is warranted to determine residual implications of the injury on a variety of functional 

domains. 
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CHAPTER ONE – INTRODUCTION TO THE STUDY  

1.1  INTRODUCTION 

Traumatic brain injury (TBI) is caused by an external force to the brain resulting in transient or 

permanent neurological dysfunction (Khan et al., 2003). TBI can affect multiple body systems 

causing impairments of body structure and function which can lead to decreased participation 

in society and a reduced quality of life (Linder-Lucht et al., 2007, McGuire et al., 2004).  

Annually, at least ten million people, including children, are either hospitalised or die from a 

traumatic brain injury (Vavilala et al., 2016). Paediatric traumatic brain injury (PTBI) is a 

worldwide critical health problem as it results in premature mortality and disability amongst 

children and adolescents (Norman et al., 2007). The burden of TBI is manifested in all regions 

of the world, however it is particularly prominent in low- and middle-income (LMIC) based 

regions, such as Sub-Saharan Africa (Hyder et al., 2007). In South Africa the large number of 

paediatric TBI is predominantly related to the high incidence of road traffic accidents (RTA) 

(Levin, 2004).  

According to a study conducted by Schrieff-Elson et al. (2017), TBI requires careful 

surveillance as it is responsible for most long-term disabilities and deaths resulting from injury. 

Furthermore, whilst the goals and guidelines for rehabilitation within the adult age group have 

been fairly well established, it is not the case for the younger population (Yen and Wong, 2007). 

Research in children and adolescents with TBI is still relatively scarce and data from the adult 

population is often extrapolated to determine the medical management and rehabilitation of 

children and adolescents with TBI (Saatman et al., 2008). However, according to Yen and 

Wong (2007), the simple transference of data between the age groups poses several issues, 

many of which can be extremely detrimental and dangerous. There are distinct differences 

between the anatomy and physiology of the adult and paediatric brain which can directly impact 

numerous factors such as the type of brain injury and its age-related consequences (Araki et al., 

2017, Saatman et al., 2008). Moreover, children and adolescents have an immature nervous 

system at the time of injury and are still in the process of skills acquisition and development 

(Chaplin et al., 1993, Anderson et al., 2011). Understanding the complexities of the 

aforementioned differences is vital for the appropriate management of the paediatric population 

post cerebral insult in order to optimize recovery (Kolb et al., 2003, Araki et al., 2017).  
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The functional outcomes after a traumatic brain injury are inconsistent. The available studies 

mostly contain relatively small sample sizes, are conducted in high-income countries, and often 

take place after the children and adolescents have spent a considerable time in an in-patient 

rehabilitation facility. Moreover, the majority of the studies do not focus on a combination of 

all three TBI classifications (mild, moderate, and severe) and the mild TBI’s are often isolated 

from the moderate and severe TBI’s, which are often grouped together. It is therefore difficult 

to compare and determine functional outcomes in a TBI cohort containing all three 

classification types.  

This dissertation engages with numerous layers of the TBI pandemic. It is a human-centric 

discourse on the topic that delves into complex topics such as neural-plasticity and neural-

vulnerability. The multifaceted anatomical and physiological differences between the adult and 

the paediatric brain and how they relate to injury and potential recovery post cerebral insult are 

explored. The complicated pathophysiology and TBI classifications are also discussed. The 

available research pertaining to functional outcomes after a traumatic brain injury in the 

paediatric and adolescent population will be critically explored and analysed. This is a South 

African story that can be impactful in the fight against PTBI and the gaining of knowledge 

around the subject. 

1.2   PROBLEM STATEMENT 

Currently, there is limited data regarding the epidemiology of paediatric traumatic brain injuries 

in Sub-Saharan Africa. The epidemiological studies undertaken at the Red Cross Memorial 

Hospital in the Western Cape have highlighted the great need for further research in this topic 

(Schrieff et al., 2013).  

In addition, most studies exploring the functional outcomes in children with TBI are conducted 

in high income countries where the children receive extensive inpatient rehabilitation 

(Anderson et al., 2005b, Kramer et al., 2013). These results are not entirely transferable to the 

South African context as access to inpatient rehabilitation centres is limited. It is estimated that 

only two percent of people with disabilities living in LMIC countries have access to 

rehabilitation services (Hyder et al., 2007).  

1.3  RESEARCH QUESTION 

What are the early motor functional outcomes in children with traumatic brain injuries with or 

without confounding injuries? To what degree do the participants require assistance by the 
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primary caregiver to participate in activities of daily living three months after a traumatic brain 

injury? To what extent is the primary caregivers’ quality of life impacted by the child’s 

traumatic brain injury in the early stages of recovery?  

1.4   AIM OF THE STUDY 

To determine the early functional outcomes in children with traumatic brain injuries at 

discharge from acute hospitalisation and at three months’ post discharge. 

1.5   OBJECTIVES 

1. To evaluate the gross motor function in children with TBI at discharge using the Gross 

Motor Function Classification System (GMFCS) classification system. 

2. To determine the gross motor function in children with TBI at three months’ post 

discharge using the GMFCS classification system.  

3. To evaluate the functional motor outcomes in children with TBI at discharge using the 

GMFM-88 and MABC-II.  

4. To determine the functional motor outcome in children with TBI at three months’ post 

discharge using the GMFM-88 and MABC-II. 

5. To explore parents’ perspectives on the amount of assistance that a child with a TBI 

requires to participate in play and leisure activities at home and in the community at 

three months’ post discharge using the Assistance to Participate Scale (APS). 

6. To describe the health-related quality of life and family functioning of parents of 

children with TBI at three month’s post hospital discharge using the Pediatric Quality 

of Life – Family Impact Module (PedsQL-FIM). 

7. To investigate clinical and demographic factors that may be associated with functional 

outcome of children with TBI at discharge and at three months’ post discharge.  

1.6   SIGNIFICANCE OF THE STUDY 

Limited data has been published about the nature and severity of PTBI in South Africa, 

particularly outside of the Western Cape. Such data is critical to assess the outcome and the 

severity of PTBI in order to assist with appropriate resource allocation, rehabilitation, and 

intervention strategies. Despite paediatric TBI having higher incidence rates in low- and 

middle-income countries such as South Africa, there is far less literature emerging from these 

countries compared to high income countries (Schrieff et al, 2013). Moreover, the majority of 
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research investigating motor function in this population group pertains to long term functional 

outcomes and takes place in high income-based countries. This study is based in a LMIC and 

focuses on early functional outcomes (i.e., during the acute and subacute period following TBI) 

as a means of filling the gaps and contributing to evidence-based recommendations for future 

management, particularly in this vulnerable population group.  

1.7  CONCLUSION  

Paediatric and adolescent TBI is a worldwide problem. It is known to be prominent in LMIC 

such as South Africa, yet appropriate surveillance of the condition is lacking. There is a paucity 

of data available regarding the demographics of PTBI in South Africa, particularly the Gauteng 

region. Furthermore, motor function recovery in the acute and subacute period following 

cerebral insult is minimally researched in this population group. Early and accurate predictors 

of outcomes post paediatric and adolescent TBI are vital for streaming resources, community 

re-entry, long-term treatment planning, family adjustment and coping techniques (Kramer et 

al., 2013, Medrano et al., 2013a).  
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CHAPTER TWO – LITERATURE REVIEW  

2.1   INTRODUCTION 

This literature review will serve to provide an overview of the following areas. Firstly, the 

definition and global incidence of paediatric traumatic brain injury, with a specific focus on 

African, South African and Gauteng statistics. Secondly, the anatomical and physiological 

differences between an adult and child brain will be analysed which leads into the complex 

discussion of neural plasticity and its effect on functional recovery. The most common patterns 

of paediatric TBI, the complex pathophysiology and associated medical management of the 

condition will subsequently be explored. Thirdly, the classification of TBI will be explained 

which then guides the in-depth analysis of each type of brain injury and the related research on 

functional recovery. Lastly, an overview of outcome measures used in this study to assess early 

motor impairments and their effect on family function and participation will be presented.  

Literature dating from 1967 to present was searched using PubMed and Google Scholar search 

engines. Articles were also physically sourced from the Health Sciences library at the 

University of the Witwatersrand. The following key words were used when searching traumatic 

brain injury, paediatric neurotrauma, functional outcome, children and adolescents, motor 

recovery and outcome measures.  

2.2  DEFINITION  

The term ‘head injury’ has been replaced with ‘traumatic brain injury’ (Roozenbeek et al. 

(2013) as it better encapsulates the importance of the brain and the subsequent damage to it as 

a result of the traumatic event.  

The World Health Organisation (WHO) and the United States of America’s (USA) Centre for 

Disease Control and Prevention (CDC) have provided similar definitions for traumatic brain 

injury (TBI), or cranio-cerebral trauma as it is often referred (Thurman, 2014). TBI results from 

a brain injury that is caused by an external physical force. The traumatic event causes the brain 

to move rapidly within the skull, leading to damage (Prins et al., 2013). The event may be 

classified as either impact or non-impact. Impact refers to the direct contact that the head makes 

with an object and non-impact refers to an injury that results from a non-impact force such as 

rapid acceleration and deceleration or blast waves (Prins et al., 2013). A TBI may include the 
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following findings or symptoms: 1. decreased or altered level of consciousness or amnesia; 2. 

neurophysiological or neurological changes; 3. skull fractures; 4. traumatic intracranial lesions; 

or 5. death (Thurman, 2014).  

This definition is broad and thus includes brain injuries that may have several manifestations, 

ranging from transient and mild disruptions of cerebral function (e.g. a concussion) to more 

severe pathologies (e.g. diffuse axonal brain injury) that may result in long term disability and 

death (Thurman, 2014).  

2.3  EPIDEMIOLOGY 

In a 2016 study conducted by Wong et al. (2016), it was estimated that by the year 2020, TBI 

would be the leading cause of mortality and morbidity worldwide, particularly in low- and 

middle- income countries (LMICs). TBI is a global critical public health and socioeconomic 

problem, hence, epidemiological monitoring of incidence, prevalence and outcome is critical 

(Peeters et al., 2015). The frequency of TBI is currently higher than that of any other disease, 

including those such as breast cancer, acquired immunodeficiency syndrome (AIDS) and 

Parkinson’s Disease (Prins et al., 2013). Owing to this, trauma forms part of the three tier 

structure referred to as “the triple burden of disease”, the other two being communicable and 

non-communicable diseases (Prins, 2006). In one of the most up to date qualitative studies 

reporting on paediatric TBI globally, it stated that TBI annually affects more than three million 

children worldwide. In contrast, human immunodeficiency virus (HIV) affects approximately 

two million children per year and meningitis accounts for 500,000 new cases every year (Dewan 

et al., 2016).  

Many countries have acknowledged that TBI is a critical healthcare issue and that further 

research in this field is necessary to quantify the incidence and mortality rates, risk factors, 

specific causes and longer term outcomes of these injuries (Thurman, 2014). Results have 

yielded and continue to yield vital information, particularly amongst the younger population, 

which can assist with implementing better safety regulations to reduce this burden (Roozenbeek 

et al., 2013). Some of the epidemiological studies and continued surveillance of TBI in the 

paediatric and adolescent populations have therefore been conducted in various countries and 

continents such as: The United States of America (USA) by Faul (2010), Langlois et al. (2005); 

in Estonia by Ventsel et al. (2008); in the Netherlands by Daniëlle van Pelt E (2011); in 

Australia by Crowe et al. (2009); in Norway by Olsen et al. (2019) and in Asia by Dewan et al. 

(2016). There have been a few reports from Africa such as that done by Wong et al. (2016), 
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including those focused on South Africa by Naidoo (2013), Buitendag et al. (2017), Schrieff et 

al. (2013), Buitendag et al. (2017). These efforts have all been focused on an attempt to curb 

the “silent epidemic” (Hyder et al., 2007). A detailed breakdown per region highlights a focused 

worldwide effort.  

2.3.1  THE UNITED STATES OF AMERICA 

In a research study conducted in the USA, the results revealed that a TBI occurs every 15 

seconds which results in approximately 1.7 million new people affected by TBI per year, 

resulting in 50,000 deaths. Moreover, 80 000 people are left with permanent disabilities, costing 

the USA more than $77 billion on average per year (Faul, 2010). This research was further 

strengthened by a study conducted by Thurman (2014), whose epidemiological study focused 

on the young population of North America. His study estimated that in the year 2014, in the 

under-20 age group of the USA, there would have been approximately 630 000 children and 

youths treated in emergency departments, 60 000 hospitalised and 7500 deaths as a result of 

traumatic brain injuries. This is further compounded by the fact that these numbers are likely 

to be much greater than those estimated as the data described in the study only involved brain 

injuries that were medically attended to or fatal. This leaves a substantial portion of brain 

injuries unaccounted for. Patients often do not seek medical assistance for mild head trauma 

such as a concussion (Thurman, 2014). However, these unattended injuries are potentially 

consequential as they are prone to repeat, leading to adverse long term outcomes (Torres et al., 

2019). This is particularly prevalent in sports amongst adolescents and falls amongst the 

younger age groups.  

In the USA motor vehicle accidents (MVA’s) still account for the majority of severe TBI’s in 

children despite improved road safety regulations. This is often due to the ineffective use of 

child restraints such as car seats and safety belts. The leading cause of fatal traumatic brain 

injuries amongst older children and youths is firearms. It is important to note that this finding 

is less likely to repeat in other high-income countries owing to different gun law policies and 

availability of firearms. The majority of the less severe TBI’s among younger children in North 

America are caused by falls, closely followed by sports and recreation (Thurman, 2014). 
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2.3.2  EUROPE 

In Europe, one of the very first comprehensive systematic reviews of the epidemiology of TBI 

was conducted by Tagliaferri et al. (2006). This was followed up by research involving the 

systematic reviews and meta-analyses of articles conducted by Peeters et al. (2015) in which 

28 epidemiological studies on TBI from 16 European countries published between 1990 and 

2014 were reviewed. A living systematic review on the epidemiology of TBI in 23 European 

countries was then set up in 2015 as part of the Collaborative European NeuroTrauma 

Effectiveness Research in Traumatic Brain Injury (CENTER-TBI) project with a primary aim 

of improving outcomes for people with TBI through improved surveillance and management 

(Brazinova et al., 2018). The studies included and reviewed TBI’s sustained across all age 

ranges and not merely the paediatric or adolescent population. The lowest reported crude 

incidence rate was 47.3 per 100,000 population per year and the highest was 849 per 100,000 

population per year. The reported crude mortality rates ranged from 3.3 to 28.10 per 100,000 

population per year. These results are remarkably similar to those depicted in the 2006 study 

by Tagliaferri et al., and the study by Peeters et al., (2015). Hence, the results from the above 

studies do not suggest decreasing trends in incidence of TBI in Europe. Although a change in 

epidemiological patterns over time can be noticed, as prior to the year 2000 the main cause of 

TBI was RTA’s which has now shifted to falls. This shift may indicate success of previous 

public health initiatives to reduce road related traumatic brain injuries, but it also indicates the 

need to better understand fall related TBI’s particularly amongst young children and the elderly. 

In spite of the shift, RTAs remain the primary cause of moderate and severe TBI’s amongst the 

European population.  

2.3.3  OTHER COUNTRIES 

Epidemiology of paediatric and adolescent TBI has also been documented in other countries. 

Studies have demonstrated that paediatric TBI contributes to more than half the injuries 

amongst children in Iran. It accounts for approximately 20% of trauma admissions in India and 

around 30% of paediatric injuries in Korea. Moreover, adolescent TBI affects more than 486 

per 100,000 adolescent population per year in Australia. Although there are hundreds of reports 

from dozens of countries describing traumatic brain injuries in children and adolescents, one 

should assess general epidemiological overview of the condition as it relates to the global 

population with caution (Dewan et al., 2016).  
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It is clear from the above information that TBI amongst all age groups, and particularly amongst 

the paediatric and adolescent population, is a global health concern expanding across 

continents. It is now important to hone into the epidemiology of the condition that has been 

reported with regards to the African continent and particularly the South African region. 

2.3.4  AFRICA 

The exact extent of paediatric trauma in Africa is difficult to ascertain as there is limited 

reporting regarding this health issue. The majority of the available records are from hospital 

based data and interpretation of such reports is difficult to extrapolate to the general population 

(Ademuyiwa et al., 2012). Owing to the lack of information regarding this significant public 

health issue, Wong et al. (2016) conducted a study which was aimed at providing estimates of 

TBI in 2050 for the African population. The study had various limitations. Most of the studies 

that were included for review included RTAs with the assumption that RTAs translated to TBI’s 

and therefore the study excluded any other causes of TBI’s such as falls. These authors used 

information from a Kenyan based study that only included the RTA rate in the country. It was 

assumed that this Kenyan data could be extrapolated to Africa in general. Furthermore, two 

other studies were selected from high income countries that included New Zealand and the USA 

and this information was used to develop a model to estimate what the future burden of TBI 

would be in Africa in 2050, assuming Africa would develop in a way that resembled New 

Zealand or the USA today. Even with these study limitations, the researchers still expected that 

there will be approximately 10 million or more TBI cases in Africa by the year 2050.  

In a Nigerian study, 127 children were admitted and managed for head injuries between October 

2006 and December 2011 within a teaching hospital that deals with neurosurgery. Paediatric 

TBI’s accounted for 13% of all head injuries managed over the five-year period. This number 

is likely to have been higher if there were not such strict inclusion criteria which did not allow 

for all mild TBI’s to be included. Thus most of the data collected in this study represents 

moderate and severe TBI’s which represents the smallest group in terms of the type of TBI 

sustained in the paediatric and adolescent population (Udoh and Adeyemo, 2013). The majority 

of children sustained their TBI’s as a result of motor vehicle and motor-vehicle related 

accidents.  
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2.3.5  SOUTH AFRICA 

South Africa has a population of approximately 59 million people, of whom 17 million are 

children and adolescents aged less than 14. The youth roughly constitute 28.8% of the South 

African population (Stats SA, 2019). In South Africa, trauma is reported to be the leading cause 

of death and disability in this vulnerable age group (van As and Millar, 2012). It is estimated 

that at least 6500 children between the ages of one to 14 years die annually as a result of 

unintentional injuries – TBI being included in this category. This rate is 10 times higher than 

that of any European country. Unpublished data by Childsafe South Africa shows that a child 

growing up in Cape Town is 25 times more likely to be admitted to hospital with an injury than 

a child growing up in Birmingham, UK (van As and Millar, 2012). In spite of these fear 

invoking figures, South Africa, just like the rest of Africa, currently has no national trauma 

registry to track the epidemic of TBI. Currently there are only a handful of local reports and 

audits which document the situation as it pertains to TBI in South Africa (Buitendag et al., 

2017).  

Despite limited data on this particular subject, Red Cross War Memorial Children’s Hospital 

(RCWMCH) in Cape Town has consistently reported on paediatric TBI. A series of reports 

over the last four decades reveal an epidemic of TBI in children and adolescents that has been 

largely ignored (Buitendag et al., 2017). Schrieff et al. (2013) reviewed children admitted to 

RCWMCH over a five-year period who sustained a severe TBI. One hundred and thirty-seven 

children were admitted, all of whom required intracranial brain monitoring. The mortality rate 

was 14.6%. In the group of 117 survivors, 94.02% had a TBI as a result of blunt trauma/closed 

trauma and 5.13% as a result of penetrating/open trauma. Most of the injuries were as a result 

of pedestrian related MVA’s (Schrieff et al., 2013).  

Another South African study conducted by Buitendag et al. (2017) involves a retrospective 

review in the KwaZulu-Natal Province in an attempt to create a comprehensive overview of 

TBI among the paediatric and adolescent population and compare this with previous audits 

from South Africa . The study included all patients 18 years and younger who were admitted 

by the Pietermaritzburg Metropolitan Trauma Service (PMTS) with TBI between December 

2012 and December 2016. During this four-year period, a total of 563 children and adolescents 

were treated by PMTS. This study included all types of TBI’s unlike the RCWMCH study. 

Mild TBI constituted more than 80% of the injuries. This once again highlights the need for a 

nationwide trauma registry as the current reporting is not providing the South African 
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population with accurate numbers as all the studies are different and thus the scope of paediatric 

TBI as a national public health burden is being compromised.  

In a retrospective record review of all patients admitted to the paediatric intensive care unit 

(PICU) at CHBAH between January 2011 and January 2013, there were a total of 919 

admissions. Trauma accounted for 20% of all admissions, which was the highest percentage 

per category. RTA’s accounted for 66% of these PICU admissions and 64% of the total 

mortalities (Patel et al., 2017).  

2.3.6  SUMMARY 

These epidemiological studies expose the extremity and extent of TBI and specifically 

paediatric and adolescent TBI globally. TBI appears to be prominent in low-middle income 

countries such as South Africa as well as in high-income countries such as the United States. 

The trends of incidence rates worldwide do not appear to be decreasing. This once again 

reiterates the importance of analysing the current situation, particularly in South Africa where 

the enormous burden of trauma is overwhelming (van As and Millar, 2012). 

In order to understand the impact of TBI on children, a thorough understanding of the 

anatomical and physiological differences between the brain of a child and the brain of an adult 

needs to be explored. This is presented in section 2.4. 

2.4 ANATOMICAL AND PHYSIOLOGICAL 
DIFFERENCES BETWEEN THE BRAIN OF AN 
ADULT AND THE BRAIN OF A CHILD 

The central nervous system anatomy (CNS) and physiology in children is different to that of 

adults. These differences can be attributed to age-related structural changes. (Araki et al., 

2017). The brain anatomy and physiology in children develops over several years to gradually 

assume the adult form. Some of the notable differences stem from the rapid development of 

cerebral metabolism in the early years (Takahashi et al., 1999). This is driven by cortical 

development, synaptogenesis, and rapid myelination. Furthermore, a child’s anatomy is vastly 

different in early life and includes: the presence and disappearance of the fontanels; the 

presence and closure of the cranial sutures; the thickness and pliability of the cranium; the 

anatomy of the vertebra and the strengthening of the cervical ligaments and its associated 
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musculature. These differences increase a child’s vulnerability to sustain a TBI (Kannan et al., 

2014) and will be explored further in this section.  

2.4.1 ANATOMICAL DIFFERENCES BETWEEN CHILDREN AND 
ADULTS  

2.4.1.1 THE HEAD SIZE 

One of the most obvious differences is the head to body ratio in the newborn and infant 

compared to adults. In the newborn and infant, the head is disproportionally large. The large 

head to body ratio leads to a high centre of gravity which predisposes the head to being a 

‘primary’ target for trauma (Cameron et al., 2006). At birth, the newborn’s brain is roughly 

25% of its adult size while its body is only five percent of its adult weight. Furthermore, the 

heavy head is poorly supported by a neck that has weak ligaments and muscles. This results in 

the head carrying a greater weight relative to the child’s body. The comparatively heavy head, 

on a weak supportive base, predisposes the child’s head and cervical spine to injury when a 

child encounters external physical trauma (Cory et al., 2001). A fall is understandably the most 

generic form of head trauma in the nought to fours year age group (Haarbauer-Krupa et al., 

2019).  

2.4.1.2 THE SCALP 

The scalp is highly vascularized in children which can result in a lethal amount of blood loss if 

injured. Even a small amount of blood loss can result in haemorrhagic shock in the newborn, 

infant and toddler. This can occur in the absence of external bleeding (Cameron et al., 2006, 

Kannan et al., 2014, Araki et al., 2017). The younger child has thinner skin and thus a poor 

ability to cushion the underlying structures against external forces (Cory et al., 2001).  

2.4.1.3 THE SKULL  

The skull undergoes various age-related changes with regards to the closing of fontanelles and 

sutures. The posterior fontanelle is usually closed by two months of age and the anterior 

fontanelle usually fuses between 12-18 months of age (Figaji, 2017). The lack of skull fusion 

in children assists with some buffering of increased intracranial pressure (ICP) – provided the 

increase is gradual. However, the subsequent increased compliance can only accommodate for 

brain swelling to a certain extent and can be exhausted rapidly if the intracranial volume rises, 

which is likely to happen in a traumatic event. It is also important to note that normal ICP and 
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blood pressure (BP) in young children are naturally lower than that of adults, resulting in 

significant adverse effects with small rises in ICP (Figaji, 2017, Prange and Margulies, 2002). 

In addition to the delayed closure of the fontanelles and sutures in the skull, the calvarium is 

extremely thin, soft, and rich in bone marrow in young children. This allows for easy 

deformation when external pressure is applied even in the absence of a fracture. Nevertheless, 

these properties, together with the fact that the calvarium is securely attached to the bone cortex, 

provide a certain advantage during injury. The continuity of the skull tends to be well 

maintained and bone fragments are less likely to occur if a fracture is present (Margulies and 

Thibault, 2000, Ommaya et al., 2002, Prange and Margulies, 2002, Prange et al., 2004, 

Cameron et al., 2006). 

2.4.1.4 THE CEREBRAL WHITE MATTER 

Throughout a child’s life there is a progression of myelination and not all areas of the brain 

undergo myelination at the same time. As a child develops, the amount of myelination of 

neurons within the cerebral white matter increases. This affects the functional outcome of a 

child post TBI – depending on which area of the brain is damaged and at what age. The degree 

of myelination results in varying absorption of traumatic forces, with an increased susceptibility 

to TBI in the unmyelinated regions (Cameron et al., 2006).  

Myelination generally follows a pattern of progression which includes a caudo-cranial and 

posterior-anterior predominance. The frontal lobe is one of the last areas of the brain to undergo 

myelination, predisposing it to greater damage (Cameron et al., 2006). Furthermore, this 

problem is compounded by the protruding forehead in young children which places the frontal 

skull and its underlying parenchyma at risk to damage caused by an external force (Araki et al., 

2017). This may explain why children that undergo a TBI often present with neurocognitive 

and behavioural problems post injury (Anderson et al., 2011).  

2.4.2  PHYSIOLOGY OF EARLY BRAIN DEVELOPMENT 

Brain development begins from the third week of gestation and continues into early adult life. 

The brain’s maturation is complex and consists of various developmental spurts which are 

believed to impact the functional outcome following a paediatric TBI (Kolb et al., 2000b). The 

understanding of these physiological changes and how they are influenced by factors such as 

the age and developmental skill level of the child can assist in understanding recovery after a 

brain insult (Anderson et al., 2011).  
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2.4.2.1 NORMAL BRAIN DEVELOPMENT 

Normal development is based on a variety of both exogenous and endogenous influences. 

Endogenous referring to the molecular events occurring through gene expression and 

exogenous referring to the environmental inputs (Stiles and Jernigan, 2010).  

The major elements impacting brain maturation are dendritic growth, synaptogenesis, and 

myelination. These elements have overlapping timetables and sequences. These sequences 

begin in-utero and are critical for establishment of cerebral connectivity (Ismail et al., 2017). 

Whilst the prenatal period is primarily involved in the gross structural formation of the CNS, 

the postnatal development involves the elaboration of the CNS through differentiation and 

maturation processes (Anderson et al., 2011).  

Rapid dendritic growth and synaptogenesis occur from eight months to two years resulting in 

higher levels of dendrites than those seen in adulthood. The rapid growth is then followed by 

selective elimination known as pruning which is a process that allows the CNS structures to be 

influenced by the environment and experience (Uylings, 2006).  

Dendrites alone display their most intense growth spurts between the ages of 16 months and 

two-and-a-half years. Dendrites then continue to grow at a fast but less intense rate until five 

years of age. This is followed by a consistent period of regular growth up until the age of 27 

years (Koenderink and Uylings, 1995). Pruning follows the initial overproduction of dendrites, 

allowing only the most functional dendritic branches to remain (Anderson et al., 2011). The 

pruning process of the CNS structures is highly influenced by the extent of exogenous input 

provided (Luciana, 2003, Uylings, 2006).  

A similar timetable exists with regard to synaptic formation – Huttenlocher and Dabholkar in 

Krasnegor et al. (1997) suggested maximum synaptic density between 15 months and two to 

three years followed by a decline in formation over the next 16 years. With regards to 

myelination, research shows that peaks in myelination have been documented around the ages 

of two, 7-9 and 11-12 years (Levin, 2003). As mentioned above, the extent of myelination 

greatly impacts the absorption of external forces on brain tissue.  

These overlapping stages may provide a window for learning and opportunity following a brain 

insult and they may underpin critical periods in development that are associated with better 

outcomes (Kolb et al., 2000b) which are discussed later on.  
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2.4.2.2 DISRUPTIONS ON EARLY BRAIN DEVELOPMENT POST TBI 

Early brain lesions have been associated with disruptions in dendritic development and 

consequently synaptogenesis (Kolb et al., 2000b). A brain lesion can result in dendrites being 

thinner with fewer spines and shorter branches which consequently affects neuronal synapses, 

hence impeding brain function. Disruption to myelination periods can result in decreased 

conduction velocity, increased refractory periods after synaptic firing and frequent conduction 

failures which obstruct normal development (Kolb et al., 2000b). Unlike with damage to the 

mature CNS, the immature CNS has to contend with the injury itself as well as the fact that the 

normal developmental processes will be derailed. Thus, timing of the disruption may prove to 

be significant in terms of potential recovery post paediatric and adolescent TBI.  

2.4.2.3 CRITICAL AND SENSITIVE PERIODS IN BRAIN DEVELOPMENT 

The periods of overproduction of dendrites and the consequent synaptogenesis as well as peak 

periods of myelination, may provide a window of opportunity following a brain insult. These 

processes may underpin ‘critical’ and ‘sensitive’ periods in development (Anderson et al., 

2011).  

‘Critical’ and ‘sensitive’ periods in brain evolution are hallmarks of early development and any 

insult that occurs at these stages could result in either positive or negative outcomes as this is 

the period when the brain is the most amenable to change (Kolb et al., 2000b).  

Within normal development ‘critical’ and ‘sensitive’ periods are times when the neural 

networks are most sensitive to environmental influences such as learning and instruction. An 

insult during these periods can either cause cessation of development or alter its course. Brain 

development appears to follow a set-sequence and if its progression does not occur 

appropriately the following may happen: it may never occur; it may delay the development of 

damaged brain regions; or result in asynchrony of neural connections (Schneider and Koch, 

2005, Johnston, 2009).  

Previous literature has often referred to ‘critical’ and ‘sensitive’ periods synonymously, 

however, with research progression it appears as if the two are interlinked but are not the same. 

‘Critical’ periods for neural circuits refer to a stage when the neural circuits are committed to a 

single pattern of connectivity that is largely established by the genetic blueprint. This pattern is 

consolidated by the presence of a preferred stimulus. In the absence of the preferred stimulus 

the normal connectivity is disrupted leading to permanent abnormal connections i.e., there are 

no alternatives available (Ismail et al., 2017).  
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Contrary to this, ‘sensitive’ periods are more broadly defined as windows during which the 

effect of experience on brain development is unusually profound and can thus modulate the 

neural circuits. During ‘sensitive’ periods the neural circuits are motivated to change and have 

the ability to choose which patterns to select based on the stimulus provided. In the absence of 

a preferred stimulus the network is still malleable and open to change if the stimulus is 

reintroduced. Therefore, all critical periods are sensitive periods but not all sensitive periods 

are critical periods, yet both represent a time of heightened capacity for change (Ismail et al., 

2017). Animal research suggests that brain insults occurring during these ‘sensitive’ periods 

can result in optimal outcome, particularly if they occur during a developmental stage that is 

associated with periods of synaptic and dendritic growth (Kolb et al., 2000b). 

The question remains: What property allows the brain to be influenced and undergo change? 

2.4.2.4  NEURAL PLASTICITY 

Neural plasticity refers to an intrinsic property of the central nervous system (CNS) that 

provides it with the ability to respond to changes in the environment and experiences in a 

dynamic manner via modification of the neural circuitry. This phenomenon occurs throughout 

the lifespan as an individual’s brain develops and functions (Anderson et al., 2011, Ismail et 

al., 2017). Neural plasticity is a widely used term, but it is not easily defined. What is known is 

that it is a complex process that is heightened during time sensitive periods of pre- and post-

natal development and it allows the brain to be altered by a wide variety of experiences (Kolb 

et al., 2000b).  

In the context of healthy development, research has demonstrated plasticity to be a beneficial 

property as it facilitates adaptive changes in response to environmental stimuli, such as routine 

learning or specific training. Plasticity allows for the establishment of both new neural 

connections and the modifications to the mapping between behaviour and neural activity 

(Ismail et al., 2017). Many clinical observations have led to the longstanding notion that the 

developing brain has greater plasticity compared to the adult brain. Children generally learn a 

second language more efficiently, display easier acquisition of complex motor skills such as 

learning a musical instrument and have demonstrated the capacity to recover gross motor skills 

after a hemispherectomy for intractable seizures (Ismail et al., 2017).  

The above observations would allow one to argue that an insult to the developing brain should 

recover better than an insult to an adult brain as it allows for the re-networking of neural 

pathways. However, clinical observations suggest great variability in outcome from an early 
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brain insult. Even though a child’s brain has greater capacity for plasticity, it is not directly 

proportional to the child’s recovery (Prins, 2006). These inconsistencies frame the two 

contradictory schools of thought – ‘cerebral plasticity’ versus ‘cerebral vulnerability’ 

(Anderson et al., 2011). 

2.4.2.5 CEREBRAL PLASTICITY VERSUS CEREBRAL VULNERABILITY  

‘Cerebral plasticity’ and ‘cerebral vulnerability’ are the two contradictory concepts in the 

discussion around recovery post TBI within a paediatric framework. Each recognises that the 

age at injury impacts the child’s recovery. They essentially interpret a linear relationship 

between age at insult and functional outcome differently. The debate between the two concepts 

stems from the different understandings of how the brain is structured and the extent to which 

it can rehabilitate post injury (Anderson et al., 2011). The concept of ‘cerebral plasticity’ 

believes that the younger the age at the time of insult the better the functional outcome whilst 

‘cerebral vulnerability’ believes the opposite true (Anderson et al., 2011).  

2.4.2.6 CEREBRAL VULNERABILITY 

The concept of ‘cerebral vulnerability’ stems from the theory that different cerebral areas, such 

as speech and memory, are innately specialized to particular brain regions. The ability to 

recover post insult to a specified region is therefore hindered, ultimately leading to a poorer 

functional outcome. Evidence gathered for this argument has largely focused on language 

outcomes. If one were to take the perspective of a localizationist then any damage to the left 

hemisphere, which is the ‘pre-specified’ region for language, would result in language 

impairment with minimal ability to regain the skill post injury. This undermines the substitution 

theory which suggests recovery via reorganisation and transfer of damaged tissue to healthy 

brain areas (Anderson et al., 2011). 

2.4.2.7 CEREBRAL PLASTICITY 

‘Cerebral plasticity’ believes that the immature brain has ‘equipotential’ with minimal 

functional localization happening in the early stages of development. This ‘equipotential’ is 

what allows the non-damaged brain tissue to subsume the functions previously performed by 

the newly damaged areas. Lenneberg (1967) provides evidence in support of this model by 

citing a lack of speech impairment in children who underwent a left hemispherectomy for the 

treatment of intractable epilepsy. This model essentially translates to good recovery potential 

post injury owing to the brain’s ability to transfer and reorganize functions previously 
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performed by damaged brain tissue to undamaged brain tissue (Kolb et al., 2000b, Anderson et 

al., 2011). 

If these two concepts were absolute, then why has recovery post brain injury eluded scientists 

for decades? How does one explain the child’s ability to relearn language if the predetermined 

language region has been removed? How does one explain the child’s inability to resume 

normal activities of daily living after a severe brain injury if the brain is equipotential? 

2.4.2.8 THE RECOVERY CONTINUUM 

The recovery continuum was termed by Anderson and Colleagues (2011), whereby a 

psychological approach is undertaken. The article acknowledges that ‘cerebral plasticity’, and 

‘cerebral vulnerability’ are severely limited in explaining the functional outcomes observed 

after insult to the immature brain. The authors determine the plasticity and vulnerability theories 

to characterize extremes in the recovery continuum.  

Animal and human research has broadened the framework of this debate to extend further than 

the brain itself (Kolb et al., 2000b). Evidence has suggested that the environment (parenting 

styles, social context, and access to interventions) and pre-morbid characteristics (gender, age 

at insult, adaptive abilities, temperament) play major roles as potential mediators of recovery 

after early cerebral injury. Anderson et al. (2011) argues that the individual child’s recovery 

falls somewhere along a continuum that is influenced by a range of factors. Some of these 

factors include injury related factors such as the severity and nature; constitutional factors such 

as developmental stage at time of injury, cognitive capacity, gender etc.; and the environment 

of the child during recovery. The varied outcomes of recovery observed post early brain injury 

are likely a result of the dynamic interaction between all the above factors on the ‘recovery 

continuum’.  

How does one define and understand the complexity of ‘recovery’? 

When a brain undergoes an insult there is resultant destruction and disruption of neural 

networks. Within the human CNS the destroyed neurons are not replaced, and the abnormal or 

damaged axons struggle to spontaneously regenerate thus rendering areas of brain tissue dead 

or dysfunctional. The functional improvements that are observed post brain insult can be 

attributed to certain levels of compensation that the injured person has learned in order to 

navigate around the disability – be it physically or cognitively (Kolb et al., 2000b).  



19 

The concept of recovery is poorly understood as there are such a vast number of outcomes that 

have been clinically identified in children post early brain insult. An important development in 

the past 30 years has been the demonstration that it is possible to stimulate functional recovery 

after cerebral injury in laboratory animals. Scientists believe that the rodent models of cerebral 

injury have provided a necessary tool for developing rehabilitation programmes in humans with 

TBI (Kolb et al., 2000b).  

Has the literature identified specific factors that can assist in recognising predictors of 

outcomes and functional recovery in children and adolescents post traumatic brain injury? 

2.4.2.9 AGE AT INSULT AND TIME SINCE INSULT 

Research has suggested that the age at which a child sustains a brain insult will influence their 

development and mastery of skills, although the relationship is not simple and investigating age 

at insult in isolation may be misleading (Catroppa et al., 2008). Another principal factor to 

consider is the time that has lapsed since injury onset. This is owing to: the rapid recovery that 

occurs post insult and the potential for children with early brain insult to struggle to keep up 

with their peers developmentally, particularly in the neurobehavioral domain (attention, 

executive skills, processing speeds etc.). This leads to two ideas: delayed development and 

emerging deficits. Delayed development refers to impairments identified in the acute stages of 

recovery that are likely to be transient and will improve with time whereas emerging deficits 

refers to the failure to identify impairments that are yet to develop as the environmental 

demands increase and the child is unable to make age-appropriate developmental gains 

(Anderson et al., 2011). For example, a toddler who experiences a brain injury may initially 

present without impairment, however, by adolescence when the environmental demands have 

increased, executive problems may ‘emerge’. Several studies, both human and animal, provide 

support for this notion of the development of ‘new’ impairments with time (Kolb et al., 2000a, 

Westmacott et al., 2009). Delayed impairments and their effect on function is also highlighted 

by Koskiniemi et al. (1995) who studied 39 people, who sustained a severe TBI between the 

ages of one and seven years old, into adulthood. Although school performance was good in half 

the sample, only 36% went on to live independently at home and only 23% were able to work 

independently.  

Furthermore, research has demonstrated that the age at which the insult occurs is relevant based 

on the previously discussed notions of ‘critical’ and ‘sensitive’ periods in brain development. 

It has been established that there is capacity for neural restitution either through neural regrowth 

or anatomical reorganization after early brain insult, however the ‘window of opportunity’ for 
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a good recovery is fairly restricted (Anderson et al., 2011). In the context of diffuse insults, 

vulnerability appears to continue through the first five or six years of life with infants and 

preschool children showing poorer outcomes than school aged children. Müller et al. (1998) 

used a sentence-generated task in their study which demonstrated weaker asymmetry in 

children aged less than six compared to those with later lesions (>10 years of age).  

Moreover, research by Anderson et al. (2005a) demonstrated that in children who sustain TBI’s, 

there appears to be a pattern in which better outcomes were observed in those that suffered a 

less severe insult at an early age and more severe insults at a later stage. Thus, there appears to 

be a link between age at insult and insult severity. A study by Kuhtz-Buschbeck et al. (2003a) 

revealed that young age at injury was not associated with better recovery and the study covered 

a fairly large age range which included children between four - 15 years old. Dumas and Carey 

(2002) and Dahl and Emanuelson (2013) also suggest that age had no impact on motor recovery 

in their research studies. Moreover, Costeff et al. (1985) stated that the degree of recovery for 

motor impairments in 31 children where the age at injury was between three -15 years old, was 

also not related to the timing of the traumatic brain injury. Klonoff and colleagues (1993), 

whose follow up period spanned more than 20 years, arrived at the same conclusion. Other 

authors have even reported a worse outcome in younger individuals who sustain a traumatic 

brain injury (Michaud et al., 1993, Koskiniemi et al., 1995).  

2.4.2.10 DEVELOPMENTAL STAGE AND SKILL LEVEL AT TIME OF INJURY 

Based on the study of language in children with TBI, Dennis (1988) highlighted that there is a 

link between acquired developmental skills at the time of injury and functional recovery. There 

appears to be a strong correlation between brain maturity, nature of skill (lower-or-higher order) 

and level of skill maturity (emerging, developing and established) and the subsequent functional 

outcomes post TBI. For example, an insult that occurs during infancy when skills are emerging, 

has widespread implications for the future development of all skills and may result in anomalies 

in timing or order of skill acquisition. Brain insults that occur when new skills are developing 

may influence the rate, proficiency, and strategy of these skills. Therefore, the developmental 

stage at which the TBI occurs can potentially alter the developmental processes resulting in: 

delayed development; lower quality skill acquisition and compensatory strategies for skill 

mastery (Anderson et al., 2011). According to Dennis’ model which has gained traction in 

empirical research, the patterns of improvement observed post childhood TBI vary depending 

on the level of skill development at the time of insult. This theory may also provide some 

explanation as to why children recover gross motor skills better than neuro-behavioural skills 
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post injury as these skills are generally mastered at a younger age than higher order skills such 

as attention and social cognition. Various researchers such as Barnes et al. (1999) and Ewing-

Cobbs et al. (2004) have suggested that both the age and the developmental level at the time of 

the TBI influences the outcome in educational areas. Children who sustained early brain insult 

during preschool years were at higher risk for developing reading difficulties over time when 

compared to children who were injured at an older age. Chaplin et al. (1993) further suggest 

that when a child undergoes a neurological insult and the child has not yet developed 

proficiency in the execution of fundamental motor skills, the child’s ability to develop these 

skills can be impaired by that injury. The lack of skills then leads to the inability to keep up 

with peers which subsequently may result in avoidance and withdrawal from participation 

which further leads to the underdevelopment of motor skills.  

2.4.2.11 NATURE, EXTENT, SITE OF INSULT 

Injury-related factors are the best investigated recovery variables. Animal and human literature 

consistently report that larger lesions produce greater impairment and thus poorer functional 

outcomes post injury. There are others that speculate that the extent of the lesion and the 

outcome can be represented in a U-shaped curve, with small and large lesions having better 

outcomes than intermediate lesions, or that there may be no relationship between injury and 

outcome at all (Ismail et al., 2017). As one would expect, small, focal lesions appear to be the 

most ‘plastic’ as they demonstrate the best recovery. In humans, good recovery outcomes have 

been demonstrated in large, unilateral lesions with the hypothesis that interhemispheric transfer 

of function can be forced, resulting in minimal loss of function. One of the most consistent 

predictors of functional outcome in children is the extent of the brain damage, rather than the 

site of the lesion. When early brain insult is bilateral or diffuse, regardless of the age at insult, 

there is most often greater impairment observed. Thus, there needs to be the presence of some 

undamaged brain tissue for potential functional recovery. Literature suggests that injury 

severity has been identified as a predictor of functional outcome, with more severe TBI being 

associated with greater impairments (Catroppa and Anderson, 1999, Ewing-Cobbs et al., 2004, 

Catroppa et al., 2008). 

2.4.2.12 SITE OF LESION 

Human research has demonstrated that all cortical regions show plasticity but not all areas 

respond in the same fashion to a variety of experiences (Kolb et al., 2000b). The sensory and 

motor regions respond differently to the prefrontal or hippocampal regions. For example, the 

sensory and motor regions demonstrate large chronic changes in response to complex housing 
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(rodents with TBI are placed in complex environments with novel and changing stimulation 

and exercise for at least a month to investigate the neural response) whereas the prefrontal 

regions demonstrate transient changes that disappear after a few days (Robinson and Kolb, 

2004). Although all cortical regions demonstrate plasticity, the location of the injury is less 

predictive of recovery outcome following early brain insult. This is thought to be due to 

incomplete functional localization of brain regions in the immature brain(Kolb et al., 2000b). 

Furthermore, diagnosis of lesion severity is difficult because conventional magnetic resonance 

imaging (MRI) is not sufficiently sensitive to detecting diffuse axonal injury (DAI) 

(Caeyenberghs et al., 2011). However, research conducted by Kuhtz-Buschbeck et al. (2003a) 

demonstrated that there was a correlation between Glasgow Coma Scores (GCS), the number 

of brain regions affected and sensorimotor outcome in children with moderate and severe TBI. 

Children that presented with lower GCS scores and a higher number of affected brain regions 

had poorer baseline function scores on all outcome measures used, indicating increased 

sensorimotor deficits. Accordingly, Emanuelson et al. (1997) found a significant correlation 

between CT score and clinical outcome of children with TBI at discharge from a rehabilitation 

unit.  

2.4.2.13 SEX  

Evidence is emerging supporting gender specific effects following an early brain insult. Animal 

studies reveal that cortical development and recovery post injury do not follow the same path 

in both males and females and this is largely due to hormonal factors in which the female brain 

develops more rapidly during early childhood (Kolb et al., 2003). These results are consistent 

with MRI studies done on normal children, which highlight that grey matter volume peaks at 

around 10 years in females and 12 years in males (Gogtay et al., 2004). Females have also 

demonstrated larger dendritic volumes than males and functional MRI studies have revealed 

that females exhibit more bilateral cerebral activation (Anderson et al., 2011). Several other 

researchers Strauss et al. (1995) and Vargha-Khadem et al. (1992) report that the male brain is 

less mature than the female brain and therefore more vulnerable to cerebral insult.  

2.4.2.14 ENVIRONMENT AND EXPERIENCE  

Within normal development it is a longstanding notion that stimulating and enriching 

environments are required for optimal development (Anderson et al., 2011). This is highlighted 

by research involving tactile stimulation in which healthy babies provided with a stimulus 

demonstrated faster growth and earlier hospital discharge (Field et al., 1986). Additionally, 

studies have suggested that when children from deprived backgrounds were placed in enriched 
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environments, they showed accelerated developmental growth (Fox et al., 2010). This 

highlights the importance of parent nurturing and specific training on normal childhood 

development (Williams et al., 2001). 

Giza et al. (2005), reported that the environment may also have a role to play in recovery post 

brain injury. Several studies done on rodents have highlighted that the manipulation of the post 

injury environment has an effect on the injured brains’ structure and its subsequent ability to 

learn (Kolb et al., 2000b). Animal researchers have detected environmentally linked CNS 

changes particularly in cortical thickness, the size of dendrites and axons as well as an increase 

in the number of synapse formation. Kolb and Gibb (2010) demonstrated that in young rats, 

brief exposure to enriched environments can decrease evidence of brain pathology and 

behavioural impairment.  

Moreover, it has become evident that recovery post paediatric brain injury is largely influenced 

by family function, socioeconomic status and response to disability (Taylor et al., 2002). 

Research using the International Classification of Functioning (ICF) model has been able to 

identify that it is not merely the relationship between impairments in body structure and 

function that directly affects an injured child’s capabilities but the environmental and 

demographic factors also play a major role (Mihaylov et al., 2004). The environment can 

sometimes have more of a dominating influence on the participation and outcome of children 

with disabilities than the physical impairments (McGuire et al., 2004). A review of research 

exploring influential factors in the environment identified in the ICF, found that the extent of 

the disability friendliness of physical and social environments around children with disabilities 

greatly influences what opportunities are available to those children (Mihaylov et al., 2004). 

Studies evaluating these factors suggest that environment and experience may become even 

more important with time, particularly in the context of injury severity. Children with severe 

traumatic brain injuries from disadvantaged backgrounds with limited access to appropriate 

resources demonstrate significantly greater impairment and slower recovery compared to those 

with better socio-economic status (Taylor et al., 2002). The family’s role is often fundamental 

to the enablement of the child’s participation and reintegration into the community post injury 

(Bourke-Taylor et al., 2009). Research by Mihaylov et al. (2004) highlighted that the restrictive 

or facilitative nature of the child’s home life which includes: the physical; economic; and 

attitudinal environment directly affected parental availability and capability to support the 

participation of the disabled child.  
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Moreover, a study conducted by O'Flaherty et al. (2000) identified that there was a tendency 

for lower maternal education and maternal unemployment to be associated with those subjects 

with severe TBI. This suggests that the socio-economic status may not only affect the recovery 

post injury, but it can potentially predispose the children to a higher risk of sustaining a 

traumatic brain injury. 

In light of the above, the role of the rehabilitation services offered to paediatric and adolescent 

patients post TBI in both the acute and later stages becomes imperative. Research has 

demonstrated that early rehabilitation programmes should consist of a multidisciplinary team, 

of which physiotherapy plays a pivotal role. Early rehabilitation has shown to improve 

functional outcome, particularly when the environment in which it is performed is based on real 

world demands and experiences and an ‘enriched environment’ is created. These experiences 

are necessary for stimulating the neuronal plasticity required for functional recovery. Owing to 

the fact that TBI is a heterogeneous condition, the rehabilitation programmes should be tailor 

made and should focus on allowing children to re-experience life and face life’s challenges 

again. Evidence demonstrates that the greatest benefit from rehabilitation is seen in those who 

receive it early after the onset of injury (Yen and Wong, 2007).   

Moreover, the family’s role in the rehabilitation process cannot be over emphasized owing to 

the critical involvement of the family in the everyday lives of children. Physiotherapists and 

the other interdisciplinary team members, have a role to play in the education of the family and 

the primary caregivers of these children. Such education should include the nature and severity 

of the child’s injury, the rehabilitation goals and the likely short and long term needs of the 

child. It is important that the family understand the condition and that they are motivated to 

participate in the programme. Early involvement of the family has been shown to reduce long 

term dependence on hospital based systems and subsequently reduce the cost of caring for 

children with disabilities. The reduction in costs and the decreased burden on the medical 

system are vital in all countries but specifically in LMIC such as South Africa, where the 

medical system is under strain and the level of trauma is high (Yen and Wong, 2007).  

2.4.3  SUMMARY 

Neural plasticity is a feature of the young brain that allows it to adapt and respond to 

environmental influences and experience. The extent to which the immature brain can recover 

post TBI is complex and appears to be reliant on numerous factors. However, evidence is 

suggestive of the brains’ ability to develop compensatory strategies as a result of functional 

neural plasticity which can assist in guiding future rehabilitative programmes.  



25 

2.5 MOST COMMON PATTERNS OF TBI SEEN IN 
CHILDREN 

The radiological pattern of PTBI demonstrates distinctive differences compared to an adult 

traumatic brain injury. Some of the notable differences will be discussed in this section.  

2.5.1  SKULL FRACTURES 

Research on paediatric skull fractures seems to have gained traction owing to their dire 

consequences should they occur. Skull fractures in children are generally a consequence of the 

skull’s increased pliability (Bir et al., 2015, Muhonen et al., 1995, Singh et al., 2016). Linear 

fractures most commonly occur in the parietal bone followed by the occipital, frontal, and 

temporal bones respectively (Bonfield et al., 2014). A linear fracture (often considered a simple 

fracture and the mildest form of skull fracture) may represent significant underlying 

parenchymal damage which is generally caused by marked deformation at the time of injury. 

In spite of this cerebral insult there is often minimal evidence of brain damage on a CT scan. 

This makes skull fractures a unique feature of young children. At the moment of impact, the 

fractured bone and its edges tear the dura. This leads to soft tissue dispersing between the 

fractured edges interfering with bone healing and fusion of the skull fracture. The fracture size 

gradually increases with time as the brain and the cranium grow. This leads to a vicious cycle 

as this process then pulls the dural edges further away from the brain tissue. Surveillance for 

continuously growing skull fractures is therefore crucial as surgery is often required to rectify 

this problem in the paediatric population (Singh et al., 2016).  

With regards to depressed skull fractures, the simple type is more common amongst the 

paediatric population and generally results from a localized external force. These fractures can 

often be treated conservatively as spontaneous reduction generally occurs but older children 

may require cranioplasty (Figaji, 2017). It is reported by Vitali and Steinbok (2008) that 11% 

of depressed skull fractures are accompanied by dural injuries that result in intracranial lesions. 

When these fractures occur above dural sinuses, the children should be monitored in the 

intensive care unit (ICU) for progression of epidural haematoma and posttraumatic venous 

sinus thrombosis (Figaji, 2017).  

Another common skull fracture in children, particularly those under the age of three, is a 

diastatic skull fracture. This fracture causes separation of the unfused sutures owing to direct 
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trauma or deformation. These fractures are often accompanied by raised ICP making them a 

medical emergency should they occur (Figaji, 2017).  

Basal skull fractures (BSF) are also common in children, particularly in crush injuries. These 

fractures can cause a cerebrospinal fluid leak or even an injury to the carotid artery that runs 

through the canal at the base of the skull. The injury to the carotid artery may be silent in 

children if there is adequate crossflow through the circle of Willis, making this type of fracture 

in children very dangerous (Lew et al., 1999). In age groups where facial bones are still 

developing, BSF can result in cranial nerve and vascular injuries (Araki et al., 2017). In a study 

conducted by Alhelali et al. (2015), BSF occurred in 26% of their patients and appear to be 

independent predictors of mortality.  

2.5.2  INTRACRANIAL INJURY 

2.5.2.1 EPIDURAL HAEMATOMA  

Acute epidural haematoma (EDH) is relatively rare in young children owing to the dura mater 

being strongly adhered to the inner surface of the skull, especially in the region of the suture 

lines (Araki et al., 2017). In children the epidural bleeds are mostly caused by the fractured 

bone fragments piercing the underlying dura, whereas in adults the bleed is often due to damage 

to the middle meningeal artery which is more incorporated into the bone compared to children. 

An epidural haematoma in children often occurs in a wider variety of locations compared to 

adults owing to the haemorrhages being mostly venous and not arterial (Chowdhury et al., 

2012).  

2.5.2.2 SUBDURAL HAEMATOMA  

A subdural haematoma (SDH) occurs between the dura matter and the arachnoid membrane. 

This type of injury is thought to occur as a result of vascular rupture caused by direct external 

force or a collision of a moving skull with a stationary object. The sudden deceleration results 

in a shearing force and rotational acceleration which causes vascular and cerebral parenchymal 

injury (Araki et al., 2017). 

2.5.2.3 SUBDURAL FLUID ACCUMULATION 

This is a major subject of research linked to paediatric TBI. The accumulated fluid in the 

subdural space can vary from a haematoma to a highly concentrated protein or a mixture of the 
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two. The fluid collection is often incidentally diagnosed on imaging and the treatment largely 

depends on the area of the accumulation – subdural or subarachnoid (Araki et al., 2017). 

2.5.2.4 SUBARACHNOID HAEMORRHAGE  

Subarachnoid haemorrhage (SAH) is caused by microvascular ruptures in the subarachnoid 

space or on the brain surface. Hochstadter et al. (2014) analysed 171 children who sustained a 

severe TBI (pre-sedation GCS of eight or below) and underwent a CT scan within the first 24 

hours of hospital admission. The results demonstrated that a SAH was present in almost half of 

all the cases and its presence was indicative of TBI severity. Although the SAH was not 

independently associated with increased risk of mortality amongst the paediatric patients.  

2.5.2.5 INTRAVENTRICULAR HAEMORRHAGE  

An Intraventricular haemorrhage (IVH) is often caused by intraventricular perforations of 

intracerebral haematomas that are located next to the ventricles. It can also be observed in cases 

where there is subependymal vascular ruptures and damage to the paraventricular structures 

including the transparent septum, corpus collosum and the fornix. The shearing and rotational 

forces that occur in a DAI can also result in rupture of the blood vessels in the subependymal 

and ventral corpus collosum resulting in an IVH. ICU is highly recommended in paediatric IVH 

in order to monitor for secondary hydrocephalus (Araki et al., 2017).  

2.5.2.6 CEREBRAL CONTUSIONS 

This type of injury is relatively common in paediatric TBI and generally occurs just below the 

site of impact of the external force. Contusions are most often seen on the grey matter while the 

white matter is generally well preserved. Cerebral contusions tend to occur in the frontal and 

temporal lobe regions because of their anatomical makeup. Primary contusion can result in 

cerebral swelling which can subsequently result into an extensive hypoxic lesion that surrounds 

the original injury. A rapid increase in focal cerebral pressure can quickly progress to cerebral 

herniation and death (Figaji, 2017).  

2.5.2.7 DIFFUSE AXONAL INJURY  

DAI is more common amongst paediatric TBI compared to adults and its sequelae are the most 

frequent cause of poor clinical outcome (Caeyenberghs et al., 2011). DAI is characterized by 

widespread axonal damage due to shearing forces by acceleration, deceleration, or rotation of 

the brain. DAI mostly affects the white matter predominantly in areas which include the corpus 
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callosum, subcortical white matter structures and the brainstem (Caeyenberghs et al., 2011). 

Injuries to these areas of the brain could potentially result in a child presenting with a severe 

clinical presentation, such as a coma, even if typical neuroimaging may appear relatively 

benign. Typical neuroimaging in not sensitive to axonal damage making an accurate diagnosis 

of DAI in children challenging (Prange and Margulies, 2002).  

2.5.2.8 INTRACEREBRAL HAEMORRHAGE  

An intracerebral haemorrhage (ICH) caused by trauma is generally observed in the frontal and 

temporal white matter and can also be seen in the basal ganglia and the cerebellum in the 

paediatric population. It is often difficult to determine and should be considered as a differential 

diagnosis should there be a sudden neurological deterioration (Araki et al., 2017).  

2.5.2.9 DIFFUSE CEREBRAL SWELLING  

Diffuse cerebral swelling (DCS) is referred to as a secondary injury and is considered one of 

the most life-threatening complications of a TBI. It tends to develop more readily in children 

because of the relative lack of cerebrospinal fluid (CSF) available for displacement. 

Furthermore, children are vulnerable to cerebral hyperemia, which can result in intracranial 

hypertension, owing to an underdeveloped auto-regulatory mechanism for cerebral blood flow 

(CBF) (Araki et al., 2017).  

2.5.2.10 PNEUMOCEPHALUS  

A pneumocephalus is defined as the presence of air in the epidural, subdural or arachnoid space 

within the brain parenchyma or ventricular cavities. Trauma is the most common cause in which 

dura is opened or torn and air penetrates the cranial cavity(Dabdoub et al., 2015). Most of the 

cases reported involve skull fractures as they create a space for the air to enter the cranial cavity. 

A pneumocephalus can become a tension pneumocephalus in which case the air causes a rise 

in intracranial pressure. This can be a medical emergency, however, in 85% of cases a 

pneumocephalus gets absorbed within two to three weeks without any clinical manifestations 

and can be treated conservatively (Dabdoub et al., 2015) 

2.5.3   SUMMARY 

The specific anatomy and physiology of a paediatric brain results in common injury patterns. 

The pathophysiology of a TBI and the related complications will now be explored in the 

following section.  
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2.6 PATHOPHYSIOLOGY OF A TRAUMATIC BRAIN 
INJURY 

2.6.1  PRIMARY INJURY VERSUS SECONDARY INJURIES 

A TBI can be separated into the primary injury and the secondary injury. The primary injury 

refers to the immediate brain damage as a result of the initial impact (either impact or non-

impact) causing displacement of the brain within the skull. Secondary injury represents 

consecutive pathological processes initiated at the moment of injury with delayed clinical 

presentation (Kinoshita, 2016).  

2.6.2  THE TBI 

Following a severe primary cerebral insult, a cascade of events amplifies the initial damage 

leading to secondary damage. Owing to the fact that the primary brain damage is mechanical 

in nature and therefore irreversible, therapeutic modalities are targeted at influencing and 

limiting the dire consequences of the secondary brain injuries which occur as a delayed 

consequence of the primary damage (Kinoshita, 2016). Cerebral ischaemia and cerebral 

hypertension are examples of conditions related to secondary brain damage. Both these 

conditions are sensitive to therapeutic modalities and interventions. Hence knowledge of 

pathophysiology post TBI is necessary for appropriate and patient-oriented treatment (Werner 

and Engelhard, 2007). 

Secondary brain damage occurs as a result of changes in CBF, cerebral metabolic dysfunction, 

inadequate cerebral oxygenation, and impairment of cerebrovascular autoregulation. Moreover, 

excitotoxic cell damage occurs, resulting in inflammation and subsequent brain cell apoptosis 

and necrosis (Werner and Engelhard, 2007). 

2.6.3 THE CASCADE OF EVENTS OCCURRING IN 
SECONDARY BRAIN INJURY  

The first stages of cerebral damage after a TBI are characterized by direct tissue damage and 

impaired regulation of CBF and metabolism (Werner and Engelhard, 2007). The biochemical 

changes result in transient cell membrane disruptions which leads to redistribution of ions and 

neurotransmitters, consequently altering the meticulously controlled membrane potential 

making the membrane more permeable (Prins et al., 2013). 
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This disequilibrium causes an influx of sodium and calcium into the intracellular space and the 

efflux of potassium into the extracellular space. The ATPase pumps subsequently work 

overtime to restore membrane potential, however it leads to rapid energy expenditure and 

depletion of cellular energy stores. This leads to an initial increase in glucose uptake which is 

followed by a prolonged period of glucose metabolic depression (Prins et al., 2013). Research 

suggests that the longer the glucose metabolic depression, the more severe the TBI. 

The second stage of the cascade takes place when there is terminal membrane depolarization 

and excessive release of excitatory neurotransmitters such as glutamate and aspartate (Werner 

and Engelhard, 2007). Within one-hour post injury (acute phase), the presynaptic terminals 

release large amounts of glutamate, resulting in disruptions of the ionic equilibrium on the 

postsynaptic membranes and glutamate excitotoxicity (Prins et al., 2013).  

The influx of calcium and sodium into the intracellular space results in catabolic intracellular 

process which increases the concentration of free fatty acids and free radicals. This process, 

together with the activation of specific proteins involved in cellular deoxyribonucleic acid 

(DNA), initiates progressive structural changes of biological membranes and nucleosomal 

DNA. Subsequently this causes DNA fragmentation and inhibits DNA repair resulting in 

membrane degradation on a vascular and cellular level, ultimately causing necrosis and 

apoptosis (programmed cell death) to occur (Werner and Engelhard, 2007).  

2.6.4 CEREBRAL BLOOD FLOW (HYPOPERFUSION AND 
HYPERPERFUSION) 

The normal brain has several mechanisms for regulating volume and pressure (known as brain 

autoregulation). The purpose of these mechanisms is to maintain continuous CBF and adequate 

oxygen supply. Brain autoregulation occurs despite changes in systemic arterial pressure (SAP) 

and cerebral metabolic requirements as a result of the reaction of the small vessels in the brain 

to hydrostatic pressure changes and their regulation of vascular tone through vasoconstriction 

and vasodilation. CBF remains constant when mean arterial pressure (MAP) is kept between 

60 and 160mmHg (Werner and Engelhard, 2007).  

The severely injured brain alters this brain autoregulation resulting in poor reactivity to 

systemic and arterial pressure changes which consequently cause CBF changes. Changes in 

CBF can result in harmful and irreversible conditions such as hypoperfusion e.g. brain 

ischaemia or hyperperfusion e.g. hyperemia (Kinoshita, 2016). These changes to CBF may lead 

to raised ICP resulting in irreversible and catastrophic damage (Werner and Engelhard, 2007).  
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2.6.5 VASODILATION AND VASOCONSTRICTION IN 
CEREBRAL VASCULATURE 

The cerebrovascular constriction or dilation cascade is autoregulated by the CBF. Vasodilation 

would be used to increase the blood flow to brain tissue and vasoconstriction would be used to 

limit blood flow to brain tissue. Within a normal brain, the autoregulatory system would 

vasoconstrict the blood vessels in an attempt to minimize cerebral blood volume (CBV) or 

vasodilate the vessels to maximize the CBV. This usually occurs in response to cerebral 

perfusion pressure (CPP). A lower CPP results in vasodilation and a higher CPP causes 

vasoconstriction (Kinoshita, 2016). 

After a TBI the CBF autoregulation, in response to increases and decreases in CPP, is impaired 

or abolished in most patients (Hlatky et al., 2002). A drop in CPP in response to a drop in 

systemic arterial pressure (SAP) will trigger a vasodilation cascade of the cerebral blood vessels 

which will result in a subsequent increase in CBV in the brain (Rosner et al., 1995). Some 

causes for a drop in SAP could be dehydration, hypocapnia due to hyperventilation therapy, 

hypoxemia, and pharmacologic agents. Cerebral vasodilation can lead to a drop in SAP which 

subsequently leads to an increase in CBV and ICP. This leads to hyperperfusion of the brain 

tissue which can lead to hyperemia. Conversely a vasoconstriction cascade can be triggered 

with a drop in SAP. This could potentially drive a drop in CBV and CPP causing brain 

ischaemia (Hlatky et al., 2002).  

2.6.6  CEREBRAL OXYGENATION 

TBI is characterized by a mismatch between cerebral oxygenation consumption and delivery. 

As previously mentioned, this occurs as a result of several different haemodynamic and 

vascular mechanisms leading to poor oxygen supply to brain tissue and consequent brain tissue 

hypoxia. The critical threshold for brain tissue oxygen pressure in adults has been identified as 

10-15mmHg. Anything below these values results in infarction of neuronal tissue (Rose et al., 

2006).  

2.6.7  OEDEMA  

Cerebral oedema frequently occurs as a result of either the primary or secondary brain injury. 

Two types of oedema can occur – vasogenic brain oedema and cytotoxic brain oedema 

(Unterberg et al., 2004). The prior relates to the breakdown of the endothelial cell layer of brain 

vessels in response to mechanical, autodigestive, and functional collapse. This destruction of 
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the endothelial cell layer results in the disintegration of the blood brain barrier (BBB) as it forms 

part of the essential structure of the BBB. Damage to the endothelial cell layer allows for 

uncontrolled ion and protein transfer into the extracellular space within the brain compartments 

causing water retention and subsequent increase in extracellular space volume leading to 

vasogenic brain oedema (Werner and Engelhard, 2007).  

Cytotoxic brain oedema is more common and occurs due to increased intracellular water 

accumulation of neurons, astrocytes, and microglia. This is induced by increased cell membrane 

permeability for ions and ionic pump failure. Irrespective of the type of oedema, increased brain 

tissue swelling can result in increased ICP and secondary ischaemic events (Unterberg et al., 

2004).  

2.6.8  INFLAMMATION 

TBI induces an array of inflammatory tissue responses. Both the primary and the secondary 

insults lead to the release of cellular mediators including pro-inflammatory cytokines, 

prostaglandins, and free radicals. These processes induce chemokines and adhesion molecules. 

This subsequently results in the mobilization of immune and glial cells which infiltrate 

defective and intact endothelial cell layers causing disruptions in the BBB. Injured and adjacent 

tissue will undergo phagocytosis as a result of these inflammatory processes. Within hours, 

days, and weeks the astrocytes create scar tissue formation through the production of 

microfilaments and neutropines. The progression of tissue damage that occurs as a result of 

these inflammatory processes relates to the direct release of neurotoxic mediators or indirectly 

to the release of nitric oxide and cytokines. These processes lead to further reduction in brain 

tissue perfusion and consequently an aggravation of secondary brain damage (Potts et al., 

2006). 

2.6.9  NECROSIS VERSUS APOPTOSIS 

Both necrosis and apoptosis refer to brain tissue cell death that can occur after a TBI. Necrosis 

occurs in response to severe mechanical or ischaemic/hypoxic tissue damage with the excessive 

excitotoxicity of amino acid neurotransmitters and brain metabolic failure. Conversely, 

apoptosis refers to programmed cell death. This type of brain cell death occurs to neurons that 

are initially morphologically intact post injury and are able to maintain a normal membrane 

potential and adequate ATP-production. Hence, apoptosis occurs hours or days after the 

primary insult owing to negative occurrences discussed above. Apoptosis is thus clinically 
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significant as it provides a potential window of opportunity for anti-apoptotic therapeutic 

interventions (Eldadah and Faden, 2000).  

2.6.10 SUMMARY 

TBI causes mechanical stress on brain tissue (primary injury), which leads to a cascade of 

negative events (secondary brain injury) resulting in an imbalance between CBF and 

metabolism, excitotoxicity, oedema formation, inflammatory responses as well as brain tissue 

cell death. Understanding the pathophysiology assists in the management of TBI, yet the 

individual’s brain response is unpredictable with every TBI, making medical management of 

the condition extremely challenging (Werner and Engelhard, 2007). However, the common 

medical management protocols will be discussed in section 2.7. 

2.7 MEDICAL MANAGEMENT IN THE PAEDIATRIC 
POPULATION WITH TBI 

Children are a vulnerable population group which results in scarcity of research and subsequent 

data available for the appropriate management of paediatric traumatic brain injuries. This has 

led to the lack of normative data for children which has subsequently resulted in the 

inappropriate generalization from adult studies on how to correctly treat children following a 

TBI (Figaji, 2017). At best these generalizations can be inappropriate or at worst they can be 

extremely dangerous. Children cannot be treated as a homogenous group especially given the 

marked changes in brain development and patterns of injury, nevertheless, some of the main 

medical management principles will now be discussed.  

2.7.1  SURGICAL MANAGEMENT  

The current guidelines for surgical management of TBI in the paediatric and adolescent 

population is recommended in the following cases (Araki et al., 2017): 

1. A CSF leak  

2. Detection of a foreign body 

3. The necessary debridement of a local wound 

4. Infected wounds 

5. The necessary evacuation of a haematoma 

6. Cosmetic reasons  
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The majority of paediatric skull fractures can be managed conservatively. When skull fractures 

occur in a paediatric TBI, the injury generally involves two or three fractured bones. Frontal 

bone fractures are more likely to require repair in children (Bonfield et al., 2014). 

Hospitalisation is not usually necessary in children with non-displaced skull fractures provided 

there is no change in the mental status; additional injuries or suspected non-accidental aetiology 

(Arrey et al., 2015). 

Osteogenic potential in childhood bone also has its pros and cons. If the dura is intact following 

a small skull fracture, the fracture generally heals well. Yet, if a bone flap replacement is 

required the resorption rates of the bone are higher in young children, especially if there is a 

delay in bone replacement (Figaji, 2017). 

Furthermore, cranioplasty using foreign material poses a risk in the young brain owing to the 

growing head and the pulsatile nature of the brain. Split calvarial grafts are usually advised but 

are difficult to use in children under the age of three owing to the underdeveloped medullary 

layer (Figaji, 2017).  

Decompressive craniectomy is performed in the paediatric population to control intracranial 

hypertension and has proven to be effective in ICP reduction. Bifrontal craniotomy is likely to 

be selected in children, however, more studies are needed to determine its effect on mortality 

and long term outcomes, particularly those pertaining to higher cognitive functions (Araki et 

al., 2017).  

Cerebrospinal fluid drainage is used as another method to control ICP by reducing the volume 

of the contents of the intracranial vault. An external ventricular drain (EVD) is commonly used 

but this does increase the risk of complications from haemorrhage and infection (Araki et al., 

2017).  

2.7.2  INTRACRANIAL PRESSURE  

ICP monitoring is an invasive procedure yet it is the only scientifically proven method for early 

detection of raised ICP in children with severe TBI (Araki et al., 2017). In a report by Alali et 

al. (2015), the use of ICP monitoring resulted in reduced in-hospital deaths of children with 

severe TBI. The thinner skull in the paediatric population poses a challenge for ICP monitoring 

as surgeons are reluctant to use bolt systems and prefer not to measure ICP. Nevertheless, there 

are various procedures that can be performed such as tunnelling the monitor and adapting the 
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bolt thread based on the thickness of the skull. Monitoring ICP in children is critical and the 

young age should not be a deterrent to its measurements (Dixon et al., 2016).  

2.7.3  CEREBRAL PERFUSION PRESSURE  

Contrary to the adults, the effect of ICP and CPP on outcomes of TBI are not well documented 

in the paediatric population. Management of ICP and CPP in combination has become standard 

practice for children with severe TBI based on the notion that uncontrolled ICP and CPP has 

negative effects on outcome (Araki et al., 2017). Chambers et al. (2005), proposed age stratified 

critical levels of CPP, specifically for the age groups of two to six, seven to ten and 11-16 years. 

The CPP values that were associated with good outcomes were 43, 54 and 58mmHg, 

respectively.  

2.7.4  THERAPEUTIC TREATMENT  

The most common therapeutic drugs used for anaesthetic purposes in paediatric TBI are 

sedatives, analgesics, and neuromuscular blockade. Neuromuscular blockade is utilized 

primarily to improve compliance with mechanical ventilation, reduce metabolic demand and 

eliminate shivering (Araki et al., 2017).  

Intravenous mannitol and hypertonic saline are routinely used to control intracranial 

hypertension and hypovolemia in children with severe TBI. Moreover, children have lower 

seizure thresholds and are at higher risk for early seizures compared to adults. Thus immediate 

prophylactic administration of anticonvulsants is recommended for children with severe TBI 

(Kannan et al., 2014). 

Hyperventilation is also utilized to reduce ICP. Hyperventilation reduces CBF by causing 

cerebral vasoconstriction of the arterioles. However, caution should be taken when severe 

hyperventilation is used as a treatment modality as it can lead to subclinical cerebral ischemia 

and should be avoided (Kannan et al., 2014). 

Hypothermia has been proven effective at lowering ICP as an adjunct to standard medical 

treatment. The guidelines provide level II evidence to use hypothermia as a treatment modality 

for a duration of 48 hours, followed by slow rewarming. Slow rewarming is imperative as it 

prevents rebound intracranial hypertension over 12-24 hours in children with severe TBI. If 

hypothermia is not possible, it is recommended to at least avoid hyperthermia which can result 

in extensive secondary brain damage by increasing metabolic demands, excitotoxicity and 

lowering seizure threshold (Araki et al., 2017).  
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2.7.5  SUMMARY 

The heterogeneity of paediatric traumatic brain injury adds to the complexity of the medical 

management of this population group. It is thus imperative that a thorough clinical examination 

is done on every individual and the appropriate treatment plan is formulated in order to achieve 

the best possible outcome.  

2.8 CLASSIFICATION OF A TRAUMATIC BRAIN 
INJURY 

Verified and validated classification systems form an essential element in the diagnosis and 

treatment of human disease. A classification system also assists with the subsequent guidance 

of neuro rehabilitation and is needed for reliable clinical research (Friedland, 2013). The 

classification of TBI is a complex and evolving medical problem. Progress in classifying TBI 

has lagged behind other diseases such as cancer and this is thought to have slowed down the 

progression of medical management in this field (Hawryluk and Manley, 2015). TBI is a 

heterogenous injury and therefore no two brain injuries present exactly the same. This 

heterogeneity is considered one of the most significant barriers to finding effective therapeutic 

interventions (Saatman et al., 2008).  

In any two scenarios, the mechanism of injury and the anatomical location of the lesion are 

likely different. For example, two individuals sustain a TBI and lose consciousness yet one TBI 

may include a localized bleed to the left frontal lobe caused by a blow to the skull and the other 

TBI may be sustained by an MVA and include multiple skull fractures and brain bleeds. Yet, 

owing to the level of consciousness both TBI’s may be recorded as ‘severe’ by certain 

classification systems (Saatman et al., 2008). This is when severity is used as the sole 

classification indicator. However, the injuries are comprehensively different and the medical 

management and prognostic outcome for both individuals is unlikely to be the same.  

The above scenario is an indication of the complexity in the classification of TBI’s. It highlights 

the difficulty in creating a uniform classification system for a condition that is so vast and 

different in every case.  

Does one classify based on the severity of the injury, the anatomical location, or the mechanism 

of injury? Even if all of the above are used how does one standardise a classification system to 

incorporate every different injury, the consequent management and the prognostic outcome 

thereafter? (Saatman et al., 2008) 
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A workshop in 2007 was hosted by the National Institute of Neurological Disorders and Stroke 

to address the above complexities. The workshop was designed to outline the steps needed to 

develop a reliable, efficient, and valid classification system for TBI’s. The aim was to 

modernize the current classification systems and create one that was able to link specific 

patterns of brain and neurovascular injury with appropriate therapeutic interventions (Saatman 

et al., 2008). The workshop predicted that with a sustained and coordinated effort, a new TBI 

classification system for targeted therapies could be achieved by the year 2012 (Saatman et al., 

2008). Currently there appears to be no available research suggesting that a new TBI 

classification system, incorporating multiple indicators, has been developed since the 

workshop.  

Mayo Classification System for TBI Severity 

The most updated classification system appears to be the Mayo Classification System for TBI 

Severity (Friedland, 2013). This classification system is seen as innovative as it incorporates 

multiple indicators (GCS score, post traumatic amnesia score, neuroimaging and has included 

skull fractures) for classifying injury severity as opposed to relying on a sole indicator. 

However, this classification system also has its limitations as it fails to differentiate between 

severe and moderate TBI’s, and it clusters the two together. This appears to be problematic as 

the outcome for a severe and moderate TBI can vary significantly. Therefore, it is advised to 

use this classification system in conjunction with other systems for a more accurate approach 

to prognostic outcomes following a severe and moderate TBI (Friedland, 2013).  

2.8.1 SEVERITY OF THE TBI USING THE GLASGOW COMA 
SCALE  

In 1974, Graham Teasdale and Bryan J. Jennett, both professors of neurosurgery at the 

University of Glasgow, developed the 15 score Glasgow coma scale (GCS) as a means to 

measure the level of consciousness of an individual (Teasdale and Jennett, 1974). This scale 

was designed especially for patients with head trauma.  

Despite advances in the development of new and improved severity classification scales, such 

as the Brussels Coma Grades, Innsbruk Coma Scale, the Four Score scale and the Grady Coma 

Grades, the GCS is still the most widely used measure of injury severity following a TBI in 

both the adult and paediatric population (Ghaffarpasand et al., 2013). It is suggested that this is 

owing to its generally good prognostic capabilities and its high inter-observer reliability 

(Narayan et al., 2002). As there is no objective measure of coma such as temperature or blood 
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pressure, the level of coma has to rely on clinical scores – allowing room for error (Fischer et 

al., 2010).  

The GCS uses a patient’s clinical symptoms – resulting in overall scores – to classify the 

severity of the brain injury as either mild, moderate, or severe. The GCS comprises of three 

parameters: eye response, verbal response, and motor response. The GCS score is the sum of 

the assessment in each of these categories (Ciurea et al., 2008). The scoring system ranges from 

3-15 and the score recorded relates to a classification of TBI severity. A score of 13-15 is 

classified as a mild TBI, a score ranging between 9-12 is classified as a moderate TBI and a 

severe TBI constitutes a score of 8 or less. This means that the lower a score on the GCS, the 

more severe the brain damage and a poorer prognostic outcome should be expected (Saatman 

et al., 2008).  

There are several limitations with the GCS as a classification system. Some of these limitations 

include: the impracticality of assessing the verbal score in an intubated patient; the exclusion 

of brainstem reflexes; the predictive value in patients undergoing modern neuro-intensive care; 

and the inaccuracy of scores based on early medical interventions that can affect consciousness. 

Some of these may include the administration of paralyzing agents, sedation, intubation and 

facial injuries (Friedland, 2013). 

Furthermore, the reliability of the GCS remains elusive in the paediatric population. The scoring 

system is based on consciousness and a level of understanding of orders and commands which 

is not always applicable in the paediatric population, particularly in the preverbal age group 

(Ciurea et al., 2008). Some adaptations have been made to the GCS scoring system for 

paediatrics (particularly those younger than two years of age) and neonates to improve 

suitability (Ghaffarpasand et al., 2013). Research (Lieh-Lai et al., 1992, Chung et al., 2006) has 

demonstrated that the more accurately the patients’ GCS score is recorded, the greater the 

reliability the measure becomes in predicting the outcome post TBI, particularly in the 

paediatric population. This research suggests that the cut off value for measuring a severe 

paediatric TBI on the GCS should be a score of five rather than eight. Hence, the threshold for 

neurophysiologic dysfunction should be decreased in the paediatric population. This is 

highlighted by research conducted by Lieh-Lai et al. (1992) and Bruce et al. (1978) in which it 

was observed that the mortality rate was greater in children with scores of three to five than 

those with scores greater than five. Furthermore, children with scores below five developed 

severe disabilities compared to the improved outcomes observed in the children who scored 

five and above.  
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The majority of the clinical research studies tend not to alter the original GCS scoring system, 

but rather exclude the population group younger than two when using GCS as an outcome 

measure. Despite its shortcomings the GCS is still the most feasible, accessible and reliable 

predictor of TBI outcome in the paediatric population and it can be adjusted if needed 

(Ghaffarpasand et al., 2013). 

The above limitations with the GCS as a classification system, reinforces some of the 

difficulties with the available TBI classification systems. These limitations assist in 

highlighting why the use of single indicators as a ‘gold standard’ for TBI classification during 

clinical research should be discouraged, particularly when it is being used as a prognostic 

outcome measure.  

2.8.2  THE ANATOMICAL LOCATION OF THE BRAIN INJURY 

The anatomical location of the brain injury provides insight into which part or parts of the brain 

are affected by the injury. The more widespread the damage, the more severe the brain injury 

is likely to be and thus a poorer predicted outcome can be expected for the individual (Saatman 

et al., 2008).  

The importance of understanding the anatomic location and how it relates to function is 

highlighted in a study conducted by Gagnon et al. (2004) in which balance was assessed in 

children who had sustained a mild traumatic brain injury. Forty-two percent of the sample 

presented with a posterior site of impact. This result is thought to have some significance as 

there are a number of structures involved in postural control such as the visual cortex that are 

located in the posterior region of the brain. By noting the anatomic location of the injury and 

the associated functions of the region, one can be alerted to potential functional problems that 

may accompany such an injury which can guide assessment and rehabilitation protocols.  

The anatomical location in both the adult and paediatric population groups is generally 

diagnosed using neuroimaging which assists in the diagnosis of the extent, multiplicity, 

distribution and location of the insult (Saatman et al., 2008). Computed tomography scanning 

(CT) remains the modality of choice in paediatric patients presenting with an acute TBI as it is 

fast, widely available and extremely sensitive in the detection of skull fractures and conditions 

that require emergency attention such as large space occupying haematomas or an acute 

intracranial haemorrhage (Suskauer and Huisman, 2009). CT scans of the head can easily be 

combined with cervical spine CT scans to rule out spinal injuries, particularly if the cause of 

injury is unknown. However, the CT scan cannot exclude ligamentous injury and it provides 
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limited information on injury to the spinal cord itself (Sledge et al., 2001). Although the value 

of the CT scan in the acute setting is firmly established, it is limited in identifying the exact 

extent of the diffuse axonal injury (Suskauer and Huisman, 2009). 

MRI is generally only recommended in acute TBI patients in which the neurological deficits 

are unexplained by the CT scan (Saatman et al., 2008). However, in diffuse axonal injuries, the 

MRI has proven to be more useful in the diagnosis and detection of white matter lesions (Sheriff 

and Hinson, 2015). MRI is also superior to CT scans at detecting oedema and contusions. It has 

also proven superior in visualizing damage to the posterior fossa and brainstem (Cameron et 

al., 2006). Clinical correlation with conventional MRI findings in mild TBI cases is still lacking 

as the damage is often diffuse and microscopic. Neuroimaging often reveals no abnormalities 

on inspection and subsequently a TBI is excluded (Cameron et al., 2006, Eierud et al., 2014). 

Since neuroimaging became routine for neuro-trauma patients in the 1980’s, the correlation 

between the location of the injury and its effect on outcome has long been recognized (Saatman 

et al., 2008). This is owing to the fact that there is an intimate relationship between brain 

structure and function (Irimia and Van Horn, 2015). The majority of patients with more severe 

TBI’s generally have more than one injury type when using the anatomical location of the injury 

as a classification. The medical staff usually work systematically from the outside of the head 

inwards to ensure accurate diagnosis. Such injuries may include scalp lacerations and 

contusions; skull fractures; haemorrhages (epidural, subdural and subarachnoid); brain 

contusion and laceration; intraparenchymal and intraventricular haemorrhages.  

Furthermore, traumatic brain injuries are generally classified as focal or diffuse based on 

neuroimaging results (Saatman et al., 2008, Ciurea et al., 2008). A Focal brain injury usually 

appears in a specific location and generally occurs as a result of a contact or ‘impact’ brain 

injury. An example of a focal TBI may be a brain insult caused by a direct strike to the head 

such as a baseball bat. This type of injury generally results in local parenchyma damage, 

compression of surrounding structures or cerebral herniation. Some of these injuries may 

include: a brain contusion; laceration of the brain tissue; and/or haemorrhages such as an 

intracerebral, epidural, subdural and intraventricular haemorrhages (Werner and Engelhard, 

2007). Focal injuries typically have symptoms that are related to the specific area of the brain 

that was damaged. For example, if the speech area of the brain known as the Broca’s area is 

damaged, problems relating to speech are likely to be present. This once again reiterates the 

complimentary relationship that exists between brain structure and function and how structural 

damage relates to functional outcome (Irimia and Van Horn, 2015). 
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Diffuse brain injury, as its name suggests, occurs over a more widespread area, and often 

includes damage to blood vessels. Unlike focal brain injuries, much of the damage in a diffuse 

brain injury is microscopic making detection and accurate deductions from neuroimaging 

challenging. This type of brain damage is often as a result of non-contact or ‘inertial’ forces 

such as acceleration/ deceleration injuries and rotational forces which are common in high-

velocity motor vehicle accidents (Suskauer and Huisman, 2009). Brain damage caused by 

rotational, shearing, tensile and compressive forces, usually result in diffuse axonal injury and 

brain ischemia/hypoxia caused by the pathophysiological changes secondary to the primary 

insult (Marshall, 2000). Diffuse axonal injury is thought to occur because of the heterogeneity 

in brain tissue consistency, particularly between the grey and white matter. Patients with DAI 

tend to have a severe TBI, and clinical findings are often a prolonged, deep coma. Diffuse 

lesions often correlate with poorer prognostic outcomes (Sheriff and Hinson, 2015). 

Neuroimaging is accompanied by its own limitations in classifying TBI and using it as a 

functional outcome predictor. Neuroimaging can underestimate the extent of the brain injury, 

particularly when there is DAI owing to its decreased sensitivity into axonal damage detection 

as mentioned above. The timing of the neuroimaging has also proven to be somewhat crucial 

in providing an accurate TBI diagnosis (Friedland, 2013). Owing to secondary injuries such as 

brain swelling, the patient may initially present with an abnormal scan leading to a diagnosis 

of TBI. However, if the patient was not scanned within the acute phase of the injury and an 

MRI is only conducted 12-months post insult, once there has been brain tissue recovery, the 

scan may appear normal. This would subsequently suggest that the patient never experienced a 

TBI leading to a potential misdiagnosis (Friedland, 2013). 

Moreover, neuroimaging in the paediatric population needs to be approached with caution 

owing to its high radiation exposure. Even though an MRI provides less radiation it is still 

widespread practice to use CT scan imaging in the acute setting for its advantages mentioned 

previously and should be performed without hesitation (Suskauer and Huisman, 2009). 

Over the last two decades there has been great advances in neuroimaging and the scans are 

becoming increasingly more accessible and informative to the medical fraternity (Torres et al., 

2019). Innovative neuroimaging design is now more focused on the study of microstructural 

injuries which have proven to have an increased sensitivity to recognizing and diagnosing DAI. 

As a result, a body of literature has and continues to emerge in which imaging-based biomarkers 

of tissue injury and predictors of functional outcome after paediatric TBI. It is hypothesized 

that with these technological advancements there should be a subsequent enhancement in the 
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predictability of long term injury sequela and a more focused rehabilitation approach for the 

child post injury – particularly in the physical, neurocognitive and behavioural domains 

(Suskauer and Huisman, 2009, Konigs et al., 2018).  

2.8.3  THE MECHANISM OF INJURY  

Understanding the aetiology of the injury is advantageous in that it allows one to somewhat 

predict the pattern of injury based on one’s knowledge of how precise forces at specific 

magnitudes affect the brain tissue. This is determined by whether the head is struck by or strikes 

an object. This mechanism of injury (MOI) refers to a contact or ‘impact’ brain injury. The 

other type of MOI is when the brain tissue moves within the skull and this is referred to as a 

noncontact or ‘inertial’ brain injury (Saatman et al., 2008). 

Classification by aetiology can further be divided into blunt closed head injuries, penetrating 

open head injuries and blast head injuries. The latter has recently become a separate category 

owing to the development of improvised explosive devices (IEDs) used in military warfare 

(Ellenbogen et al., 2017). The TBI’s caused by explosions are not yet fully understood but it is 

believed that the blast waves cause the brain tissue to rattle within the skull resulting in tissue 

damage (Sheriff and Hinson, 2015).  

Blunt head injuries are the most common type of TBI and are usually far less lethal than 

penetrating TBI in the paediatric population. Blunt or closed head injuries are often used to 

describe falls, MVA’s and or assaults in which the brain or skull is not exposed as a result of 

the insult (Ciurea et al., 2008). A classic example of a closed TBI is a concussion. Penetrating 

or open brain injuries occur when something has broken the skull or scalp and entered the brain 

tissue itself. Gunshot or stab wounds are common examples of this type of traumatic brain 

injury (Ellenbogen et al., 2017). This type of head injury is generally associated with more 

severe TBI’s and poorer prognostic outcomes.  

There is a strong but not absolute correlation between physical mechanism of injury and the 

associated anatomical location. For example: the presence of a skull fracture may not 

necessarily indicate damage to the underlying brain tissue (anatomical location), but it does 

provide an indication that there was an impact force (MOI) that resulted in the injury and the 

patient should be investigated further. This point was also discussed above in which a focal 

brain injury (the type of injury) generally results from a direct strike to head (the mechanism of 

injury being an impact force) which highlights the correlation between the mechanism of injury 

and the classification thereof (Saatman et al., 2008). 
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2.8.4  SUMMARY 

The classification of TBI’s in both the adult and paediatric population has proven to be a grave 

challenge for the medical world for many years. Advances in technology, particularly in 

neuroimaging, are providing hope that we will soon be able to identify and classify the brain 

damage with greater accuracy and precision. Consequently, this will contribute to improved 

prognostic functional outcomes and a more focused rehabilitation approach particularly in the 

paediatric and adolescent population groups with traumatic brain injuries (Suskauer and 

Huisman, 2009). 

2.9  MILD, MODERATE AND SEVERE TBI 

As previously discussed, traumatic brain injuries are typically diagnosed as either mild, 

moderate, or severe depending on the classifications used.  

2.9.1  MILD TRAUMATIC BRAIN INJURIES  

2.9.1.1 DEFINITION  

The terms Mild Traumatic Brain Injuries (MTBI) and concussion are commonly used 

interchangeably. The injury is most often diagnosed following a blow to the head with or 

without a brief disruption in consciousness (Eme, 2017). 

Mild Traumatic Brain Injury is defined as ‘any period of loss of consciousness; any loss of 

memory for events immediately before or after the accident; any alteration in mental state at 

the time of the accident (e.g., feeling dazed, disorientated, or confused); loss of consciousness 

of ~30 minutes or less; an initial Glasgow Coma Scale of 13-15; and post-traumatic amnesia 

not greater than 24 hours’ (Andersson et al 2012, p. 26).  

In addition to the signs and symptoms mentioned in the definition, there are further indications 

that a child may have sustained a MTBI and these include: nausea; vomiting; headache; 

irritability; sensitivity to light and sound; unsteadiness; diplopia; seeing stars; insomnia or 

sleepiness; impact seizure; slowed response time; decreased concentration; vacant stare, slurred 

speech; anxiety; depression and sometimes personality changes (Kozlowski et al., 2007). In the 

past, loss of consciousness (LOC) was the primary marker for a concussion diagnoses, however, 

with an increase in studies and their subsequent findings, a concussion can occur in the absence 

of loss of consciousness (Eme, 2017). Thus, a full history of the child’s mechanism of injury 

and its subsequent symptoms should be recorded for an accurate diagnosis.  
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2.9.1.2 PATHOPHYSIOLOGY 

The exact pathophysiology of MTBI is not yet completely understood, however it is likely to 

involve a series of multifocal axonal injuries triggered by the initial trauma. Advanced 

neuroimaging; as discussed in 2.8.2; have revealed both structural and functional abnormalities 

following a MTBI (Bodnar et al., 2019). Almost 90% of concussions are transient with 

symptoms usually resolving within four weeks. However, there are a minority of patients that 

remain symptomatic several months’ post insult. Some of the most common symptoms include 

dizziness, headaches, decreased mental alertness, sleep disturbances, frustration, forgetfulness, 

and fatigue. Symptoms that continue for more than 28 days post insult are referred to as Post-

Concussion Syndrome (PCS). PCS is a condition comprising persistent headaches; sensitive 

eyes; poor concentration; fatigue and drowsiness; and disturbed sleep patterns which can result 

in negative effects such as school absenteeism and impaired academic performance. 

Furthermore, other symptoms such as mood changes and depression can affect a child’s 

interaction with family members and peers and subsequently result in a lower quality of life 

and loss of social activities (Torres et al., 2019).  

In the last decade, there has been significant advances in research that has focused on the 

potential long-term consequences of recurrent and undiagnosed concussion. A condition known 

as Chronic Traumatic Encephalopathy (CTE) has been described. A link between recurrent 

concussion and CTE has been identified, however the progress from concussion to potential 

CTE is unknown and not all cases of concussion will result in the condition. Examples of 

famous athletes who have succumbed as a result of CTE are former England striker Jeff Astle 

and Bellini, who was Brazil’s football World Cup winning captain in 1958 (McKee et al., 2012).  

2.9.1.3 EPIDEMIOLOGY 

According to research conducted by Yeates (2010), 80-95% of all traumatic brain injuries 

occurring in children and adolescents are considered mild, many of which go unreported. 

However, the number of children and adolescents seeking care post MTBI is rising dramatically 

in countries such as the United States owing to the increasing public awareness regarding 

concussion; improved training of clinicians in concussion diagnosis and a legislation in all 50 

states that now requires clearance from a healthcare provider prior to returning to play (Torres 

et al., 2019). A study by the WHO highlighted that the mean annual incidence rate of MTBI at 

all ages is estimated to be at least 600 per 100 000 (Dahl and Emanuelson, 2013) with 14% of 

children experiencing some form of disability requiring specialised educational and medical 
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services (Rivara et al., 2012). These results are consistent with those reported in the studies 

conducted in South Africa as mentioned in 2.3.5.  

Falls are the most common cause for MTBI in the younger population, whereas sport related 

concussions increase exponentially with the older age groups. Furthermore, the literature 

suggests that boys are twice as likely to sustain an MTBI compared to girls, particularly from 

sport-related injuries (Willer et al., 2004, Kozlowski et al., 2007).  

A study conducted by Andersson et al. (2012), surveyed the places and activities where MTBI 

occurred in 358 children between 0-16 years of age. The most common causes of MTBI were 

falls from a height (44%) and falls from the same level (30%), most of which were sustained 

during ‘play’ activities. An interesting point to note is that the majority of the injuries occurred 

at home followed by school. These results highlight the alarming realisation that a child does 

not need to be in a high-risk environment and engaging in dangerous behaviour to sustain a 

concussion.  

2.9.1.4 OUTCOMES POST MTBI 

The impact of a MTBI on children and adolescents is variable and determinants of outcome are 

still poorly understood. However, in the last two decades the interest in people sustaining MTBI 

has increased which has led to substantial research development in the area. Because people 

with MTBI do not generally present with detectable neurological deficits to the extent seen after 

moderate or severe TBI, the investigation of gross motor abnormalities, particularly those that 

are subtle, have largely been neglected by the literature (Stephens et al., 2017). Previously, 

MTBI has been thought to cause more cognitive impairments as opposed to motor issues (Satz 

et al., 1997, Anderson et al., 2011). As a result, the physical impairments are largely ignored 

and few people with MTBI are referred for physiotherapy (Quinn and Sullivan, 2000).  

Research conducted on children with MTBI presents inconstant findings. This is possibly 

owing to changing variables used within the studies such as different study designs, outcome 

measures, time frames, and age groups. However, the constant outcome that is present in the 

majority of the studies on children and adolescents with mild traumatic brain injury is balance 

deficits. Guskiewicz (2001) examined the cognitive and balance performance of 11 college 

athletes one, three, five and ten days after they had sustained a mild traumatic brain injury. The 

results yielded were surprising as the athletes demonstrated no difference to the matched control 

group on the cognitive performance assessments, however, they performed significantly poorer 

than the uninjured control groups with respect to motor performance up until the third day. The 
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findings were attributed to sensory interaction issues which were as a result of the injured 

individual’s inability to utilize their visual systems effectively and their inability to resolve 

sensory conflict. The results of this small study contradict the previously mentioned notion that 

cognition is affected to a greater extent than gross motor abilities post MTBI.  

Studies conducted by (Gagnon et al., 2004, Stephens et al., 2017) provide important findings 

because despite the children with MTBI being discharged from hospital without overt motor 

deficits, motor disturbances were observed over time. Stephens et al. (2017) acknowledged that 

many of the standardized outcome measures fail to identify motor deficits in children with 

MTBI, particularly those aimed at detecting fine motor problems. The study used the Physical 

and Neurological Examination for Subtle Signs (PANESS) as an outcome measure which is 

designed to examine subtle signs of motor impairment during gait, balance, and timed motor 

functions. The study used two assessment points which were at two and 12-months’ post injury 

and included children 10 to 17 years old. The results suggested that the children had problems 

with gait and balance tasks particularly those pertaining to tandem walking and standing and 

hopping on one foot. The children in the TBI group had lower scores on the total PANESS 

score compared to the control group at two months compared to 12 months, however the gait 

remained poor throughout the study duration with no significant improvement in the TBI group.  

Similarly, Gagnon et al. (2004) highlight that a significant number of children who sustained a 

MTBI present with some form of postural instability during the first three months post injury. 

Although the deficits lessened over the initial three-month period, they were still present at the 

three-month assessment mark. The children with MTBI performed poorer than the control 

group on the items that required more refined postural control and higher levels of anticipatory 

postural control such as walking on a narrow balance beam with their eyes closed. The children 

in this study struggled on all three outcome measures when vision was eliminated. Moreover, 

Rhine et al. (2017) investigated adolescents between the ages of 11 and 16 years who presented 

within six hours following a MTBI. The children were followed for one month in a prospective 

observational cohort study to determine the postural impairments in children with MTBI in the 

acute setting. The Nintendo WII balance board and the Romberg Test were used as outcome 

measures. It was concluded that following an MTBI, children acutely demonstrate significantly 

more rigid sway patterns with eyes closed compared to eyes open. These finding suggests that 

like the study that investigated the college athletes, children and adolescents may struggle to 

solely rely on their vestibular and proprioceptive systems to provide the necessary feedback 

required for good postural control post mild traumatic brain injury.  
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Dahl and Emanuelson (2013) also researched motor proficiency in children with mild traumatic 

brain injury. Twenty-seven children between the ages of four to 17 years’ old who sustained a 

MTBI were compared with a control group of uninjured children. As with the study conducted 

by Gagnon and colleagues (2004), the Bruininks-Oseretsky Test of Motor Proficiency 

(BOTMP) was the primary outcome measure used. Tremor was also clinically evaluated in this 

study by a neurologist and a physiotherapist. The MTBI group demonstrated significantly 

poorer performance compared to controls with regards to balance. A statistical analysis was 

also conducted for children who performed below any of the norms in the sub-tests on the 

BOTMP. There was a significant difference between bilateral coordination and strength 

between the injured and the control groups. The children with MTBI did not differ from the 

norms with regards to fine motor and gross motor proficiency compared to the control group. 

The study also revealed that children with MTBI run an increased risk of developing tremor in 

their hands, particularly during fine motor activity, however, the tremor did not negatively 

affect fine motor performance. The authors deduced that tremor is rarely seen in children after 

MTBI but when it occurs it is generally non disabling, low amplitude, postural and kinetic and 

it may be a post-concussion symptom.  

Furthermore, Howell et al. (2014) investigated the effect of cognitive task complexity on gait 

stability in adolescents following a concussion. The adolescents performed worse than the 

control group as the complexity of the task increased. These results may represent a way to 

identify motor recovery following a concussion.  

Contrary to these findings, research by O'Flaherty et al. (2000) used functional outcome 

measure data in the two years after TBI in two groups of children to determine resource 

prioritization. The study compared functional outcomes between children with MTBI and 

severe TBI. The children in the MTBI group had no significant deficits at two years post insult. 

The virtual absence of functional disability in the MTBI group compared to the severe TBI 

group has led to the Westmead Hospital team altering their clinical practice. They no longer 

routinely perform diagnostic assessments on inpatients who are classified as sustaining a MTBI 

unless there are other reasons to do so, nor do they routinely follow-up these children. However, 

this appears to be the only study that failed to identify motor deficits in children post mild 

traumatic brain injury. This is potentially owing to the longer duration of follow-up compared 

to the other studies.  

Children and adolescents are typically permitted to return to regular physical activity during 

the initial month post injury depending on the concussion grade and provided the symptoms 
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have resolved. The South African Sports Concussion Programme, which has the latest 

concussion management protocols and technology, is available to South African school 

children and amateur athletes. Research has demonstrated that balance deficits exist amongst 

children post MTBI (Gagnon et al., 2004, Dahl and Emanuelson, 2013, Stephens et al., 2017). 

This emphasizes the importance of testing balance in children and adolescents following a mild 

traumatic brain injury to ensure a safe return to sports and other demanding physical activities. 

Poor coordination, delayed reaction times, exercise induced headaches and dizziness, and 

compromised vision can affect daily function in these children, thereby greatly increasing the 

risk of recurrent head or other injury, particularly in the acute stage (Gagnon et al., 2004).  

2.9.1.5 SUMMARY  

Historically, mild traumatic brain injury was predominantly viewed as a relatively benign 

injury, but with the discovery of permanent negative sequelae and complications such as Post 

-Concussion Syndrome, and Chronic Traumatic Encephalopathy, the condition and its 

subsequent management has gained traction. Owing to the advances in research of the 

condition, gross motor deficits have been identified in this group. Balance disturbances 

appears to be the major issue following a mild traumatic brain injury in children and 

adolescents, regardless of the outcome measures used by the different researchers. The results 

underscore that recovery after MTBI in the paediatric population can be a lengthy process and 

it is important to consider how subtle, ongoing motor deficits might impact occupational 

performance in academic, athletic, and social engagement (Stephens et al., 2017).  

2.9.2  MODERATE AND SEVERE TRAUMATIC BRAIN INJURY 

Moderate and severe traumatic brain injuries are often grouped together in the research and as 

a result they will be discussed together in this section of the literature critique.  

Approximately 10% of traumatic brain injuries in children and adolescents are classified as 

moderate and severe (Emanuelson et al., 1996). Children who sustain severe traumatic brain 

injuries usually require intensive rehabilitation owing to the multiple negative sequelae that 

accompany the condition. Some of these impairments can potentially affect the child’s 

cognitive skills, memory, and academic performance. Furthermore, it is reported that 

approximately 65% of children with severe TBI exhibit spasticity resulting in functional 

limitations and disability (Linder-Lucht et al., 2007). Spasticity and other movement disorders 

such as ataxia and bradykinesia, may lead to long term impairments of motor proficiency in 

children and adolescents with TBI. In everyday situations children with TBI may not be able to 
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perform tasks as fast and as effortlessly as their peers thereby affecting their quality of life 

(Kuhtz-Buschbeck et al., 2003b).  

Up to 80% of people who sustain a severe TBI present with some deficits in the standing 

position (Chaplin et al., 1993, Wade et al., 1997, Greenwald et al., 2001). Focal primary brain 

damage can lead to specific motor deficits that hinder balance (e.g., abnormal muscle tone) or 

affect single sensory systems (Shumway-Cook and Olmscheid, 1990, Ingersoll and Armstrong, 

1992, Wöber et al., 1993). The balance deficits observed in severe TBI can generally be 

attributed to the extensive and diffuse nature of the axonal injury (Graham, 1996). Diffuse 

damage is thought to contribute to the disruption of mechanisms responsible for the appropriate 

sensorimotor integration required for the maintenance of balance. Research by Shumway-Cook 

and Olmscheid (1990) suggest that people with severe TBI have sensory integration issues 

which lead to an increased postural sway in scenarios of reduced or conflicting sensory inputs.  

Kuhtz-Buschbeck et al. (2003a) investigated sensorimotor recovery in children after moderate 

and severe traumatic brain injury. The study included analysis of gait, gross motor, and fine 

motor skills over a five-month interval of inpatient rehabilitation after TBI. Twenty-three 

injured children were compared to healthy subjects that were matched for sex and age. The TBI 

group demonstrated reductions in gait velocity, stride length, cadence and impaired balance 

compared with the control group. The broad-based gait pattern and the increased double limb 

support indicate postural instability in children with brain injuries. The hand function tests (The 

Developmental Hand Function Test and the Purdue Pegboard test) revealed deficits in fine 

motor skills, speed, and coordination. The hand motor skills improved less than gait in the TBI 

group. The authors hypothesized that the differences in neuronal control of both functions may 

be the reason for the varying outcomes of fine motor control and gait. The basic pattern of 

walking is organized in neuronal circuits at the spinal and brainstem level (Patra, 1996) while 

fine motor control depends critically on the integrity of the cortical motor areas giving rise to 

corticomotoneuronal projections (Lemon, 1993). Moreover, the normal developmental rates of 

both systems differ with earlier maturation of the gait pattern compared to fine motor skills 

such as the precision grasp. 

In contrast to the relatively short term study by Kuhtz-Buschbeck et al. (2003a), Chaplin et al. 

(1993) investigated long term motor outcome of children with TBI. The primary purpose of the 

study was to determine if motor impairments exist beyond one-year post injury. The study 

included 14 traumatically injured children between five to 15 years old who were matched for 

sex and age to a control group. The study compared gross and fine motor performance using 
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the BOTMP. The study revealed high differences on the gross motor composite for the TBI 

group compared to the cohorts. There were no notable differences between the injured and 

uninjured children on the fine motor composite. On further investigation of the fine motor 

subtest that involved response speed, there were significant differences between the groups. 

The difference in design between the gross motor and fine motor composites in the BOTMP 

may provide a possible explanation for the differing results between the gross motor and fine 

motor outcomes in this particular study. The authors hypothesized that response speed is a 

major factor affecting function in children post traumatic brain injury and perhaps the fine 

motor tests on the BOTMP are not sensitive enough as they fail to detect these problems. 

Similar findings reported by Bawden et al. (1985) demonstrated that children with severe TBI 

had significantly lower scores on highly speeded tests compared to lower speeded tests. Other 

studies by Chadwick et al. (1981a) and Chadwick et al. (1981b) revealed that children presented 

with specific deficits on short-timed tests that require fast motor responses. Thus, the authors 

deduced that speed of hand-eye coordination is particularly sensitive to the effects of traumatic 

brain injury.  

Juxtaposed to the above studies that involved speeded tasks, Kuhtz-Buschbeck et al. (2003b) 

assessed functional motor behaviour of gait, reaching and grasping in children post moderate 

and severe traumatic brain injuries using quantitative and qualitative measures. The outcome 

measures used allowed more natural functional motor behaviour and permitted the children to 

move at their desired speeds. These measures allowed for greater variations in performance 

compared to the BOTMP which probed maximum speed and precision. This study examined 

20 children with an age range of six to 13 years old and compared them to an uninjured control 

group. Kuhtz-Buschbeck et al. (2003b) incorporated both short-term and long-term assessment 

points, which included an assessment at two-months and one-year post injury. Prior to the 

research study, the children had been enrolled in a rehabilitation program that included special 

schooling, neuropsychological support, physiotherapy, and occupational therapy (three to five 

hours per week). In this study, the children with TBI displayed motor performances that were 

characterized by slowness, unstable motor patterns and coordination deficits. Furthermore, the 

study included a neuropsychological test, the Kaufman Assessment Battery for Children (K-

ABC). Lower scores on the K-ABC which equated to lower cognitive scores were associated 

with prolonged reaction times in motor tasks. It was deduced that these results indicate that 

neuro-behavioural sequela of traumatic brain injury can involve functional domains.  

Dumas et al. (2002) also studied children who had been enrolled in an inpatient rehabilitation 

programme in order to identify functional recovery in this population group. 
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Pediatric Evaluation of Disability Inventory (PEDI), functional skills and caregiver assistance 

domains of self-care, mobility and social function were assessed in 79 children and adolescents 

with TBI on admission and at discharge from the rehabilitation centre. Self-care levels were 

greater than mobility and social function on both PEDI scales on admission to the rehabilitation 

centre. At discharge, the children demonstrated a significant improvement in all three domains. 

The amount of change between the domains was significantly greater for mobility compared to 

the other two. Social function had the least recovery and was the lowest score on both admission 

and discharge, whereas self-care was the least affected. Comparably to the results by Kuhtz-

Buschbeck et al. (2003a), children with greater functional deficits on admission, demonstrated 

greater functional gains after a period of inpatient rehabilitation. This particular study revealed 

that age was not related to the amount of recovery, although as mentioned in 2.4.2.9, age has 

been found to be a predictor of outcome in long term outcome studies (Michaud et al., 1993, 

Taylor et al., 2002, Ewing-Cobbs et al., 2004). 

O'Flaherty et al. (2000) followed 51 participants during 1992-1994 between the ages of nought 

to14 years old. The children were separated into mild or severe categories based on specific 

criteria and compared to a control group of 30 non-TBI related admissions. There were three 

data collection points: the initial assessment; six months later and at two years post insult. As 

mentioned in 2.9.1.4, the children with MTBI demonstrated no significant deficits at two years 

post injury. Contrary to the findings of the MTBI group, the children in the severe TBI category 

demonstrated continued problems with fine motor performance; neurologic status; self-care and 

academic performance at the two year follow up mark. With regards to fine motor difficulties, 

up to half of the group had persisting fine motor issues. Thirty-six percent of the severe TBI 

group continued to have motor difficulties on standardised assessment tools. On the qualitative 

assessments, one fourth to half of the group displayed the following: muscle tone differences; 

arm and hand control difficulties; poor handwriting or required a keyboard; abnormal or 

delayed handwriting grasp and had difficulty with bilateral upper limb activity. Fifty percent of 

the severe subjects had impaired gross motor function at six months and remained that way at 

two years post injury. Fifty-eight percent of severe TBI subjects had persisting neurologic 

problems such as tremor and cranial nerve impairment at the two-year mark. With regards to 

self-care, 25 to 30 percent of the severe TBI group still had self-care dysfunction and the severe 

TBI group had between three to four times the rate of children who required extra educational 

support at two years compared to the MTBI group. However, it is important to note that 32% 

of the MTBI group and 27% of the severe TBI group had not yet begun school as they were too 

young, and this may have skewed some of the data. Both the mild and the control group (who 
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had been admitted with some type of injury), also had subjects who required additional 

educational assistance. Thus, children, regardless of the severity of the injury, whether it be a 

TBI or not, may struggle to reintegrate into society and assume regular activities of daily living.  

Unique studies by Caeyenberghs et al. (2009) and Caeyenberghs et al. (2011) utilized advanced 

neuroimaging techniques to determine correlations between white matter integrity and motor 

function in children with TBI as an exploration of compensatory recruitment patterns. In the 

first study done in 2009, Caeyenberghs and associates aimed to compare brain activation 

patterns in typically developing children and children with TBI using functional MRI (fMRI). 

The primary focus of interest was the study of neural activation differences between both 

groups with emphasis on mechanisms of compensatory recruitment. Twenty-six children were 

included in the study, nine children with moderate and severe TBI were compared to 17 

controls. The children were recruited from rehabilitation centres in Belgium and were assessed 

at least six months’ post injury, when neurological recovery was stabilized. At the time of the 

study, the children were no longer in rehabilitation programmes. The interval between the time 

since injury and the assessment was on average three years and one month. The initial MRI or 

CT scan revealed neuropathological consequences in all patients typical of moderate and severe 

traumatic brain injury. Majority of the injured children showed signs of DAI as determined by 

a neuro-radiologist. The children were instructed to perform cyclical movements with their 

dominant and non-dominant hands and feet according to easy iso-directional and more difficult 

non-iso-directional mode. The Movement Assessment Battery (MABC) was also used to assess 

general motor performance. The TBI group scored on average worse than the control group on 

the total score of the MABC, however, performance between the two groups on the fMRI was 

similar. On analysis of the fMRI, the children with TBI showed enhanced activity in medial 

and parietal areas as well as the posterior cerebellum as compared to the control group. 

Furthermore, brain activation generally increased during the more difficult non iso-directional 

mode as compared with the easier iso-directional mode. Additional brain regions were involved 

when the degree of task difficulty increased. The findings of this study assist in supporting the 

notion of functional neural plasticity. The children with motor impairment, as a consequence 

of TBI, demonstrated changes in functional cerebral activity and exhibited compensatory 

activation. The results reflect increased recruitment of neural resources for attentional 

deployment and somatosensory processing.  

Furthermore, Caeyenberghs et al., (2011) used diffusor tensor imaging (DTI) to investigate 

microstructure and motor impairments in young TBI patients. Similar to their previous study, 

the MABC was used to measure the degree of motor impairment in children with TBI when 
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compared to normal developing controls. Instead of using fMRI, another sensitive 

neuroimaging technique, DTI was used. DTI uses fractional anisotropy (FA) to measure 

microstructural changes in the white matter (WM) caused by neuropathology. The DTI revealed 

that the brain regions where the WM was most severely affected in children with TBI were the: 

corpus collosum; cerebellum and the cortico-spinal tracts. The TBI group demonstrated 

significant negative correlations between the manual dexterity sub-score on the MABC and the 

FA of the cerebellum. The ball skills sub-score correlated with mean FA in the fibres passing 

through the cerebellum. Decreased static and dynamic balance sub-scores were associated with 

a lower FA in the corticospinal tracts. Interestingly, none of the MABC scores were correlated 

with FA within the control group. The DTI findings also provide further evidence of abnormal 

motor processing in the TBI group. The brain regions with significant correlations, coincided 

with neural areas known to be important in specific motor areas. For example, the cerebellum 

is essential for the function of coordination and balance, whereas the corticospinal tract is 

associated with voluntary body posture adjustments. In most of the regions where FA values in 

the TBI group were significantly lower than the controls, there were high correlations with the 

MABC scores. The findings of this study emphasize the vulnerability of the cerebellum to 

traumatic brain injury. Abnormalities found within the corticospinal tracts (including the corona 

radiata) appear critically associated with their observed motor deficits. Patterns of abnormality 

found in this study are consistent with preliminary case reports on DTI of children with TBI 

(Lee et al., 2003). Moreover, FA abnormalities in this study are consistent with previous DTI 

studies that have shown decreased FA in the corpus collosum following acute and chronic TBI 

(Arfanakis et al., 2002, Huisman et al., 2004, Inglese et al., 2005). The WM damage in the 

cerebellum in this study is consistent with several clinical reports of cerebellar atrophy seen in 

children following a traumatic brain injury (Soto-Ares et al., 2001, Gale et al., 2005, Spanos et 

al., 2007). These types of studies, hold promise for future measurement of neural plasticity and 

repair following a traumatic brain injury in children which can lead to a way of monitoring 

therapeutic response.  

Rossi and Sullivan (1996) used the same time interval as Caeyenberghs et al., (2011) of four 

years post TBI. The study examined motor performance including strength; agility; endurance 

and coordination. Their research revealed that the children and adolescents that had sustained 

a TBI had a lower level of performance which may affect the children’s participation in sports 

and physical activities. Although most of the children regained independent ambulation post 

severe TBI, long term gait impairments, including compromised balance and speed, have been 

noted in this population group (Di Scala et al., 1992, Emanuelson et al., 1996).  
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Early recovery of walking in children and youths after TBI was also examined by Haley et al. 

(2003). This particular study also included subjects with lower-limb fractures. High ambulation 

recovery post TBI was reported in this research study. However, the definition of walking used 

in the study is on a basic level and quality was not assessed. More than 70% of children and 

adolescents who were admitted to acute rehabilitation achieved basic indoor ambulation with 

or without a walking device at discharge. Of the 106 children and adolescents: 60.4% walked 

independently; 12.3% required an assistive device and 27.3% were non-walkers at discharge. 

The study identified the following to be predictors of walking with an assistive device: the 

presence of spasticity (more than 85% of non-ambulators had lower limb spasticity); lower limb 

injury (48%); unconscious on admission to rehabilitation (55%) and a severe TBI (55%).  

2.9.2.1 SUMMARY 

Motor recovery after moderate or severe traumatic brain injury in children and adolescents is 

complex and dependant of a variety of factors. The recovery rate appears fastest in the first six 

months post insult and then slows considerably (Kuhtz-Buschbeck et al., 2003b). Advances in 

neuro imaging have assisted in identifying microstructural changes in the white matter of 

specific brain regions which have been translated to functional outcomes on gross motor 

outcome measures. This has allowed researchers to extrapolate potential reasons for the motor 

deficits that one can observe in children post TBI, with the damage that one cannot overtly see 

(within the brain structures itself). Although varying degrees of functional recovery are 

obtained post moderate and severe TBI, the children and adolescents are likely to be left with 

impairments that can lead to a decreased quality of life.  

2.9.3. THE IMPORTANCE OF PAEDIATRIC REHABILITATION 

Paediatric rehabilitation is vital in optimizing recovery in children and adolescents post TBI. 

As mentioned in 2.4.2.14., the greatest benefit from rehabilitation is seen in those patients who 

receive the rehabilitation early after onset of injury. The rehabilitation should include ‘enriched 

environments’ and include an interdisciplinary team, of which the family and the primary 

caregiver’s play a pivotal role. Patients that received rehabilitation early after insult were shown 

to have reduced levels of impairment, disability and secondary complications as well as better 

long- term functional outcome (Taylor and Alden, 1997). Paediatric rehabilitation is a process 

and involves many qualified personnel. It is generally divided into acute and post-acute 

rehabilitation. Acute rehabilitation generally involves: prevention of complications related to 

reduced mobility, sensory stimulation, improving awareness of the environment and daily 
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events, stabilizing the sleep wake cycle, prompting and shaping automatic behaviours such as 

feeding as well as promoting active participation in familiar daily activities. Post- acute 

rehabilitation involves discharge from acute hospitalization and participation in an outpatient 

rehabilitation programme. Continued rehabilitation in the later stages is vital to continue the 

neuronal reorganization, further optimize physical and functional recovery, assist in the child’s 

transition to school and support the family’s coping abilities (Yen and Wong, 2007).  

2.10  OUTCOME MEASURES  

Recovery of motor function and achieving mobility are among the primary therapy goals during 

the rehabilitation of TBI. Although various rehabilitation programmes have been designed to 

improve motor function in the paediatric population with TBI, there are no universally accepted 

outcome measures for this age group (Linder-Lucht et al., 2007). As discussed extensively in 

section 2.9., various authors used different standardized assessment tools for similar study 

designs and purposes. The two most commonly used outcome measures in the pTBI population 

is the BOTMP and the M-ABC. Studies by Chaplin et al. (1993); Gagnon et al. (2004); and 

Dahl and Emanuelson (2013) used the BOTMP whereas Caeyenberghs et al. (2011) and 

Caeyenberghs et al. (2009) used the M-ABC to compare motor function between children with 

TBI to a cohort. Some of the other outcome measures mentioned to assess function, 

participation and QOL in the paediatric TBI cohort include: the GMFM, the Barthel-Index and 

the Pediatric Evaluation of Disability Inventory (PEDI) (Dumas et al., 2002, Kuhtz-Buschbeck 

et al., 2003a). The researchers in this field very rarely use the same outcome measures to 

document motor recovery. This limited overlap in research makes it difficult to identify trends 

and to extrapolate concrete conclusions. Moreover, the outcome measures used often 

incorporate a combination of various functional domains such as: cognitive; self-care and 

physical dimensions which often fail to distinguish between mobility and pure motor skills. 

This lack of differentiation complicates the quantifying and interpretation of isolated motor 

recovery (Linder-Lucht et al., 2007). The outcome measures chosen for this study will be 

discussed in more detail. 

2.10.1 GROSS MOTOR FUNCTION CLASSIFICATION SYSTEM  

The Gross Motor Function Classification System (GMFCS) was designed for children and 

adolescents with Cerebral Palsy. It is a five-level classification system (refer to table 2.1) that 

is based on self-initiated movement, with emphasis on sitting, transfers and mobility. 

Distinctions between levels are based on functional limitations, the need for handheld mobility 
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devices (such as walkers) or wheeled mobility. Quality of movement and prognosis for 

improvement is not the primary focus, but rather it is the individual’s present abilities and 

limitations in gross motor function that are of particular interest. The emphasis of this measure 

is on the child’s usual performance in the home, school and community setting rather than what 

they are able to do with their best efforts. The GMFCS was expanded in 2007 and includes an 

age band for youth aged 12-18 years. The GMFCS was designed with the World Health 

Organization’s International Classification of Functioning, Disability and Health (ICF) as its 

primary focus. The user is encouraged to be aware of the impact that the environmental and 

personal factors may have on the disabled individual’s functional ability (Palisano et al., 2008).  

Table 2.1: Gross Motor Function Classification System (E&R) 

Level I Walks without restrictions, limitations in more advanced gross motor skills 

Level II Walks without restrictions, limitations walking outdoors and in community 

Level III Walks with assistance of mobility device, limitations walking outdoors and in 

community 

Level IV Self-mobility with limitations. Children are transported or use power mobility 

outdoors and, in the community, 

Level V Self-mobility is severely limited even with the use of assistive technology 

(Palisano et al., 2008) 

Advantages of the GMFCS 

The tool is quick and easy to use. It includes detailed and age-appropriate descriptors which 

allow for a more accurate classification. It also includes pictorial representations for ages six 

through 12 which assists with easy identification and understanding of the differences between 

the classification levels (particularly, the subtle differences between level I and II). Research 

has demonstrated the GMFCS to have good inter-rater and test-retest reliability (Paulson and 

Vargus-Adams, 2017).  

Limitations of the GMFCS 

The classification system is ordinal but the distances between the levels must not be considered 

equal. For example, between a GMFCS level II and a GMFCS level III there is technically only 

a difference of one level. However, the difference between the levels is great in terms of an 

individual’s functional ability and the subsequent impact the disabilities have on the 

individual’s life. Therefore, one must be aware that the distances between levels is vast in terms 

of functional abilities and disabilities and that children are not equally distributed across the 

five levels (Palisano et al., 2008).  
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2.10.2 THE GROSS MOTOR FUNCTION MEASURE  

The Gross Motor Function Measure (GMFM) is recognised in clinical practice and international 

rehabilitation research as the gold standard for evaluating quantitative changes in gross motor 

function (Linder-Lucht et al., 2007). There are two versions of the GMFM available, the 

GMFM-88 (Russell et al., 1989) and the GMFM-66 (Russell et al., 2000). The GMFM is 

designed to determine the quantity of gross motor function rather than the quality of movement. 

The GMFM-88 was primarily designed to detect clinically significant changes in gross motor 

function in children with cerebral palsy (CP) (Russell et al., 1989) but has since been validated 

for children with Down Syndrome (Gémus et al., 2001) and children aged five to 17 years with 

spinal muscular atrophy (Nelson et al., 2006). The GMFM was validated with children and 

adolescents from five months to 16 years of age and is appropriate for usage in children with 

gross motor function at or below the level of a typically developing five-year-old (McCauley 

et al., 2012).  

There have been a few studies that have partially established the responsiveness of the GMFM-

88 to changes in motor function after TBI (Kuhtz-Buschbeck et al., 2003a, Thomas-Stonell et 

al., 2006). A study conducted by Linder-Lucht et al. (2007) evaluated the validity of both 

versions of the GMFM for use as responsive measures of change in motor function in children 

and adolescents with TBI. The multicentre trial provided sufficient evidence of responsiveness 

and the validity to support the use of both versions of the GMFM in clinical and research 

settings in this population group. Furthermore, in a recent study conducted by McCauley et al. 

(2012), the GMFM was recommended as one of the outcome measures suitable for evaluating 

the physical functioning domain in paediatric traumatic brain injury research. Linder-Lucht et 

al. (2007) also confirmed that the GMFM is more sensitive to change in the acute period 

following TBI injury. The study revealed that the change in gross motor function becomes 

fewer as the interval between brain injury and the first GMFM assessment increased. The total 

GMFM-88/-66 score in children and adolescents with date of injury more than one year before 

the first GMFM assessment was only 1.8% whereas it was 12.8% in patients for whom the 

interval between the injury and the first GMFM assessment was less than 1 year. This reflects 

clinical observation that patients with TBI show the largest motor recovery during the first year 

of rehabilitation and the GMFM is a sensitive measure that is suitable to detect this change 

(Jaffe et al., 1995). 

  



58 

Advantages of the tool 

The tool is freely available. Most of the equipment required is standard equipment in a 

physiotherapy gym (e.g., a mat, bench, toys etc.). No specific training is required to administer 

the GMFM-88 and the physiotherapist merely has to familiarise with the guidelines and score 

sheet prior to assessing the children. Both versions of the GMFM have been extensively studied 

and have sufficient validity, reliability, and responsiveness for the assessment of motor skills 

in both clinical practice and in research. The GMFM was shown to be highly reliable with an 

intraclass correlation coefficient (ICC) of greater than 0.98 as well as a high validity with an 

ICC of 0.99 (Alotaibi et al., 2013).  

Limitations of the tool 

The GMFM-88 can take long to administer (between 45-60 minutes) which may result in the 

child losing interest or becoming fatigued resulting in either inaccurate or uncompleted 

dimensions. The data derived from the GMFM-88 is ordinal. Ordinal data is ordered: i.e., 

scoring of individual items on the GMFM-88 is nought, one, two, three and equal credit is given 

for moving from nought to one, one to two and two to three. Although, the numbers imply that 

the distances between the numbers are equal, practically this is not necessarily correct as the 

difficulty between dimensions is not equal. Data from ordinal measures may actually under or 

over-estimate change over time. Because this tool was initially designed for children with CP, 

the scores can be compared to other children with CP of a similar age and similar GMFCS level 

at six and 12 months in order to gauge the child’s level of improvement. However, there is 

currently no such comparison for children with traumatic brain injuries (Russell et al., 2000).  

Furthermore, the test is performed in a controlled environment that does not necessarily 

translate to the child’s motor responses in their daily life. Thus, making the measure less 

sensitive to detecting improvements in everyday activity (Linder-Lucht et al., 2007). Moreover, 

the test only examines gross motor function and should be used in conjunction with other 

outcome measures to provide a comprehensive assessment of the individual’s activity and 

participation restrictions.  

Details on the administration, scoring and interpretation of the GMFM-88 can be found in 

Appendix 1. 
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2.10.3 MOVEMENT ASSESSMENT BATTERY FOR CHILDREN – 
SECOND EDITION  

The Movement Assessment Battery for Children – Second Edition (MABC-II) is a well-known 

standardized test for detecting movement difficulty in children (Brown and Lalor, 2009). It is a 

comprehensive measure of motor skills that does not assess gross motor function in isolation 

but rather the child’s development as a whole (Griffiths et al., 2018). The MABC-II is a revision 

of the well-known Movement Assessment Battery for children (MABC) and it was designed to 

identify and describe impairments in motor performance of children three to17 years of age 

(Brown and Lalor, 2009). 

The MABC-II was published in 2007 and the test and checklist were normed on a nationally 

stratified sample of 1172 children from the UK. The MABC-II test is used worldwide to detect 

movement impairments in children and adolescents (Jaikaew and Satiansukpong, 2019). It is a 

common outcome measure used in Western Countries but it has also been used in Asian and 

South American countries such as China, Japan and Brazil. Jaikaew and Satiansukpong (2019) 

studied the cross-cultural validity; content validity; and interrater reliability of the MABC-II in 

Thai children which proved to be successful. This demonstrates that the test can be used outside 

of the original country. 

Moreover, Griffiths et al. (2018) conducted a systematic review on the psychometric properties 

of seven commonly used gross motor function assessment tools. The study revealed the MABC-

II to be one of the most reliable tools for this population group. The tool also had one of the 

highest test-retest reliabilities and was one of two tests that demonstrated evidence of predictive 

validity.  

Advantages of the tool 

It covers a relatively broad age range which is in contrast to some of the other gross motor tools 

which use either a narrow age range (nought to five years old) such as the Peabody 

Developmental Motor Scales – Second Edition (PDMS-2) or an extremely wide age range (four 

-21 years old) such as the Bruininks-Oseretsky Test of Motor Proficiency – Second Edition 

(BOT-2). It is also less time consuming (20-40 minutes) to administer compared to other 

measures such as the PDMS-2 and the BOT-2 (Jaikaew and Satiansukpong, 2019). The test 

items are real life activities and appropriate for each child’s age group. The kit is easy to carry, 

the performance test items are engaging for children and the scoring system is user friendly 

(Brown and Lalor, 2009). Moreover, it is more sensitive at detecting subtle motor deficits 
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making it a relevant tool for children with mild traumatic brain injuries that may not present 

with overt motor impairments.  

Limitations of the tool 

The primary weakness of the MABC-II is its lack of evidence on reliability and validity and 

therefore clinicians should be wary to base their clinical decisions solely on the results of the 

MABC-II (Brown and Lalor, 2009).  

Details on the administration, scoring and interpretation of the MABC-II can be found in 

Appendix 2. 

2.10.4 ASSISTANCE TO PARTICIPATE SCALE  

The ICF instituted by the WHO has become a widely used guide for research, intervention and 

resource allocation for children and adolescents with disabilities (Majnemer, 2006). Research 

has highlighted that the participation of children with disabilities is hindered compared to their 

typically developing peers as they struggle to participate at the same intensity or in as many 

diverse activities (McGuire et al., 2004). Play and leisure activities provide children and 

adolescents with disabilities the opportunity to develop skills, social networks, and overall 

health. Therefore, the participation in such activities must be measurable so that efficacy 

research can be conducted (Bourke-Taylor et al., 2009).  

The Assistance to Participate Scale (APS) was designed to measure the amount of assistance – 

from the perspective of the primary caregiver – that a child and adolescent requires at home 

and in the community in order to participate in enjoyable activities such as play, leisure or 

recreational pursuits. It is a brief, psychometrically sound instrument that was designed as an 

outcome measure and to predict the amount and type of additional assistance families with 

disabled children require to facilitate their child in an important aspect of the child’s 

development and daily life: recreation and play (Bourke-Taylor et al., 2009).  

Advantages of the tool 

The tool is concise and easy to administer. It is free and readily available for download. Both 

subscales and the total on the APS showed good internal consistency and has demonstrated 

correlations with individual domains and overall scores for other validated measures such as 

the Pediatric Evaluation of disability Inventory caregiver scales and Pediatric Quality of Life 

Inventory (Bourke-Taylor et al., 2009). 

  



61 

Limitations of the tool 

It was designed in a high-income country and therefore the activities such as attending a ballet 

class are not always transferrable to a low-middle-income country. It is only available in 

English and translation to other languages has not be validated. 

Details on the administration, scoring and interpretation of the APS can be found in Appendix 

3.  

2.10.5 PEDIATRIC QUALITY OF LIFE FAMILY IMPACT MODULE  

Research on families coping with paediatric chronic illnesses has established that 

parents/caregivers are directly affected (Medrano et al., 2013b). The impact the disease has on 

family functioning is a salient concern given the essential role that the family plays in assisting 

the child with the necessary adjustments post injury (Varni et al., 2004). As previously 

established, traumatic brain injury is often accompanied with negative sequela and permanent 

disability. The injury and subsequent functional outcomes often require parents and family 

members to adapt and make major changes to living with a newly disabled child. Thus, the 

psychological impact the injury has on the parent and family as a whole is tremendous and 

identifying how the child’s functioning is affecting the family is imperative both clinically and 

from a research perspective (Medrano et al., 2013b). 

The PedsQL Family Impact Module (FIM) gives a quantitative indicator of the parents self-

reported health related quality of life (HRQOL) and family functioning as a result of their 

child’s health. The PedsQL-FIM consists of multiple domains and therefore the authors propose 

that the measure is sensitive and able to capture the numerous ways a parent can be affected by 

having a child with a chronic illness (Varni et al., 2004). This is in contrast to a few other similar 

measures that tend to be one dimensional and not specific to children’s health (Stein and Jessop, 

2003). 

Advantages of the tool 

The tool is concise and easy to administer. It is free and readily available for download. The 

PedsQL FIM has been found to be highly internally consistent in all the research studies that 

have reported using the FIM as an outcome measure (Varni et al., 2004, Scarpelli et al., 2008, 

Hsieh et al., 2009, Jastrowski Mano et al., 2009, Panepinto et al., 2009, Anthony et al., 2010, 

Kunz et al., 2011, Limbers et al., 2011).  
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Limitations of the tool 

It is only available in English and translation has not yet been validated. It was designed in a 

high-income country with people of different socio-economic status, therefore the questions 

may not be entirely relevant to this population group. Family function and parents HRQOL of 

this particular demographic could potentially be negatively impacted owing to social 

circumstances prior to the child’s injury which may have exacerbated the situation (Houtzager 

et al., 2005). 

Details on the administration, scoring and interpretation of the PedsQL-FIM can be found in 

Appendix 4. 

2.10.6 SUMMARY 

To summarise, motor impairment can negatively affect activity and participation levels of 

children and adolescents with a traumatic brain injury. Children with movement difficulties 

may struggle in performing activities of daily living (ADL’s), academic and social activities 

(Jaikaew and Satiansukpong, 2019). Healthcare professionals and researchers require 

standardized assessment tools to identify, classify and diagnose motor problems in children 

(Griffiths et al., 2018). Although, there is no gold standard for the assessment of motor problems 

in children and adolescents with TBI, the GMFM-88 and MABC-II have proven to be highly 

reliable assessment tools (Linder-Lucht et al., 2007, Griffiths et al., 2018). Furthermore, 

identification of motor impairments is a crucial step towards support and intervention for the 

child and their family. The caregivers and family members are often the ones who experience 

the enormous burden of the disease which can severely affect family functioning and quality of 

life. The PedsQL FIM and the APS are two measures that are able to quickly detect the 

functional and psychological impact on those living with a disabled child (Bourke-Taylor et al., 

2009, Varni et al., 2004).  

2.11  CONCLUSION  

It is not surprising that functional abilities may be compromised following brain injury at a 

critical developmental stage. Identified acute and long-term impairments in behaviour; 

attention; memory; education and adaptive deficits have been reported following paediatric and 

adolescent traumatic brain injury (Catroppa et al., 2008). Motor deficits in this population group 

have been studied, however, there is limited data available with regards to acute recovery 

amongst all three types of head injury classifications. Furthermore, the majority of the studies 

recruit children from rehabilitation units after they have received intensive therapy. Minimal 
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data exploring the untapped progression of motor recovery after a mild, moderate, and severe 

paediatric TBI is available, particularly from developing countries such as South Africa. This 

type of data is crucial in resource strapped nations where trauma forms part of the ‘triple burden 

of disease’ and resource allocation is imperative to optimize rehabilitation and functional re-

integration of children and adolescents post TBI.  
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CHAPTER THREE –  METHODOLOGY 

The methodology that was used to conduct the research is presented in this chapter.  

3.1  STUDY DESIGN 

A descriptive cohort study was conducted. Assessments were performed at two time points by 

the researcher. Gross motor function was determined using specific outcome measures at 

discharge and at three months post discharge. Parent questionnaires were administered at three-

month follow-up only.  

3.2  ETHICAL CLEARANCE 

Application for ethical clearance was made to the Human Research and Ethics Committee 

(Medical) of the University of the Witwatersrand and approval was granted prior to starting the 

data collection process. The study ethical clearance number is M1711107 (See Appendix 5). 

3.2.1  PERMISSION TO CONDUCT RESEARCH 

An application was made to CHBAH paediatric surgical department to conduct research on 

paediatric surgery patients. Permission was granted by Professor JA Loveland (Academic Head 

of Department of Paediatric Surgery) on 17 January 2018 (see Appendix 6). Participants and 

their primary caregivers were given information sheets with attached consent and assent forms 

prior to the commencement of the data collection (see Appendices 7 and 8). Written informed 

consent and assent (for children older than the age of six) was obtained from the participant and 

their relevant caregiver. 

3.2.2  ETHICAL CONSIDERATIONS 

The relevant informed consent or assent forms and information sheets which explained the 

purpose of the study and a detailed explanation of the research procedure were given to and 

completed by the study participants. For those patients who agreed to enrol in the research 

study, the Patient’s Rights Charter was emphasized. The principal investigator (PI) was 

responsible for conducting all the procedures and the data collection. All data collected 

remained confidential, with only the PI and the primary supervisor having access to the raw 

data. All data collected was kept anonymous through numbers and coding. The results were 

made available to the participants and their caregivers and the appropriate referrals were made 
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based on the results obtained. There was no risk to the participants in this study. The participants 

were able to withdraw from the study at any point of the study duration. Their withdrawal would 

not prejudice them in any way. The appropriate remuneration was provided for transport.  

3.3  LOCATION  

This study was conducted at CHBAH in Johannesburg, Gauteng. All assessments were 

conducted in the Paediatric Surgical Admissions Ward (PSAW). CHBAH is the third largest 

hospital in the world and the largest in Sub-Saharan Africa (Patel et al., 2017). The hospital 

serves a population of approximately 4.5 million people. It has a maximum capacity of 3600 

beds, and it is the referral centre for 17.3 million persons from Gauteng and the surrounding 

provinces. 

Within the hospital 383 beds are dedicated to medical paediatrics and general paediatric 

surgery. Paediatrics in the hospital include the nought to 15 age group. The PICU is an eight 

bed facility that caters for all medical and surgical patients except for burns which has its own 

separate unit (Patel et al., 2017). CHBAH is situated in Soweto with an approximate population 

of 1.6 million people (StatsSA, 2019). 

3.4  STUDY POPULATION  

3.4.1  SAMPLE SIZE 

The sample size was initially calculated using the M-ABC-2® as the primary outcome 

measure, a sample size of 31 children would have a 95% power to detect a three point change 

in the M-ABC scores, using a standard deviation of three. This allowed for a drop-out rate of 

30%. Testing will be done at a level of significance of 0.05. As this sample size was 

considered small due to expected heterogeneity of the population it was recalculated using 

Raosoft sample size calculator. Based on a monthly intake of 35 children with TBI and three 

months of follow up, a sample of 86 children was generated . This allows for a 5% margin of 

error and a 95% confidence level. The outcome measures used are sensitive to change 

(section 2.10) making the study sufficiently powered to detect changes at three months.  

3.4.2  INCLUSION CRITERIA 

The children and adolescents were eligible to participate in the study if: 

• They were between the ages of three to12 years. 
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• They were admitted to the Paediatric ICU and the surgical wards at CHBAH with a 

confirmed diagnosis of a TBI with or without other injuries. 

3.4.3   EXCLUSION CRITERIA 

• Children who had sustained a previous head injury. 

• Children with known developmental delay, neurological or psychological disabilities prior 

to the traumatic brain injury 

• Children who did not live in Gauteng. 

3.5  OUTCOME MEASURES 

3.5.1   THE GLASGOW COMA SCALE  

The GCS uses a patient’s clinical symptoms to classify the severity of the brain injury as either 

mild, moderate, or severe. The scoring system ranges from three to 15 and the score recorded 

relates to a classification of TBI severity. A score of 13-15 is classified as a mild TBI, a score 

ranging from nine to 12 is classified as a moderate TBI and a severe TBI constitutes a score of 

eight or less (Saatman et al., 2008).  

3.5.2 THE GROSS MOTOR FUNCTION CLASSIFICATION 
SYSTEM  

The Gross Motor Function Classification System (GMFCS) is a standardized classification 

system of motor impairment. It consists of five levels, ranging from one to five and primarily 

focuses on ambulation. A level one equates to the least motor involvement and a level five 

equates to significant motor impairment. A level one includes children that are generally 

independent in ambulation but have some degree of impairment with higher motor tasks such 

as coordination, jumping, stair climbing etc. A level five refers to children that are severely 

disabled in ambulation and require maximum assistance such as a wheelchair. For the purpose 

of this study, any of the participants that did not present with any motor impairment in 

ambulation and did not fit the criteria of a level one, were awarded a GMFCS level nought.  

3.5.3   THE GROSS MOTOR FUNCTION MEASURE  

The Gross Motor Function Measure (GMFM-88) is a standardized assessment tool which is 

used to measure the gross motor function in children. It has been proven effective in children 
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and adolescents with TBI (Linder-Lucht et al., 2007). The GMFM has been extensively studied 

and has sufficient validity, reliability, and responsiveness for the assessment of motor skills in 

both clinical practice and in research. The GMFM was shown to be highly reliable with an 

intraclass correlation coefficient (ICC) of greater than 0.98 as well as a high validity with an 

ICC of 0.99 (Alotaibi et al., 2013).  

3.5.4 THE MOVEMENT ASSESSMENT BATTERY – SECOND 
EDITION 

The Movement Assessment Battery – Second Edition (MABC-II) is a well-known standardised 

test for detecting movement difficulty in children (Brown and Lalor, 2009). It is sensitive at 

detecting subtle motor deficits making it a relevant tool for children with mild traumatic brain 

injuries that may not present with overt motor impairments (Brown and Lalor, 2009). 

3.5.5  THE ASSISTANCE TO PARTICIPATE SCALE  

The Assistance to Participate scale (APS) is a brief, psychometrically sound instrument that 

was designed both as an outcome measure and to predict the amount and type of additional 

assistance families with disabled children require to facilitate their child in an important aspect 

of the child’s development and daily life: recreation and play.   The APS demonstrated excellent 

internal reliability on the current sample with a Cronbach’s Alpha coefficient of α=0.98 

(Bourke-Taylor et al., 2009). 

3.5.6 THE PEDIATRIC QUALITY OF LIFE – FAMILY IMPACT 
MODULE 

The Pediatric Quality of Life – Family Impact Module (FIM) gives a quantitative indicator of 

the parents self-reported HRQOL and family functioning as a result of their child’s health 

PedsQOL-FIM demonstrated excellent internal reliability on the current sample with a 

Cronbach’s Alpha coefficient of α =0.93 (Varni et al., 2004).  

3.6  PROCEDURE 

3.6.1  RECRUITMENT 

The primary investigator screened the Paediatric Surgery Admissions book in PSAW, the PICU 

and the Paediatric Surgical Ward for patients with a diagnosis of TBI. If the patient fulfilled the 
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inclusion criteria, the primary caregiver was contacted either telephonically or verbally, if they 

were physically present in the ward and invited to participate in the research study. Caregivers 

were given the opportunity to read the letter of information and to sign the consent form. 

Children who were older than seven and cognitively able, provided assent to partake in the 

study.  

For those participants that agreed to participate in the study, the assessments were conducted 

on the day of hospital discharge and a follow-up appointment was scheduled for three months 

later. The required number of 86 participants were recruited between March 2018 and April 

2019. Of the 86 participants, one succumbed to his injuries and one was transferred to a private 

rehabilitation hospital rendering them ineligible for the study. The final study number thus 

consisted of a total of 84 participants. Of the 84 participants, 13 were lost to follow-up at the 

three-month mark for a variety of reasons (Figure 3.1.) 

 

 
Figure 3.1: Schematic summary of participant recruitment and loss to follow up. 

 

3.6.2  DATA FORM 

The PI completed the data form based on medical information extracted from the hospital file 

and from the primary caregiver report. This information included relevant information such as 

history of the injury, medical and surgical management, and socio-economic demographic 

information (Appendix 9).   
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3.6.3  MEASUREMENTS 

All measurements were conducted by the PI, an experienced paediatric physiotherapist. The 

assessments were conducted in the same room and the same environment in PSAW for each 

participant at discharge and at three-month follow-up. The room was quiet and free from 

distractions. Caregivers were present for the duration of the assessment.  

The PI completed the process described below with every participant: 

1. The GMFCS level was determined based on the GMFCS guidelines for each participant 

at discharge and the level was reviewed at three-month follow-up.  

2. The GMFM-88 was completed according to the guidelines in the user manual (Gross 

Motor Function Measure (GMFM-66 & GMFM-88) User’s Manual, Second Edition 

(2013)). Each child was allowed three attempts to complete an item, as per the 

instruction manual and scores were recorded on the scoring sheet (Appendix 10). The 

raw scores for each dimension were converted to a percentage out of 100 and entered 

into an Excel spreadsheet.  

3. The MABC-II was completed according to the guidelines in the user manual 

(Movement Assessment Battery for Children – Second Edition (2007)). Each child was 

given two practice rounds for each item on the manual dexterity and balance subscales 

and five practice attempts for the throwing and catching subscale, prior to the formal 

assessment which included two attempts for the manual dexterity and balance subscales 

and ten attempts for the throwing and catching subscale. If the participant scored 

appropriately in the first formal attempt, then attempt number two was not required (for 

the two subscales), for the throwing and catching subscale, all ten attempts were 

recorded. The raw scores were documented on the scoring sheet (Appendix 11) and 

converted to standard scores as per the user’s manual.  

4. At the three-month follow-up, the parents were given two questionnaires to complete – 

the APS and the PedsQL-FIM, (Appendices 12 & 13). The PI first explained and 

demonstrated how each questionnaire was required to be completed and if the primary 

caregiver was able to complete it correctly then they completed it independently. 

However, if there was a problem with understanding then the Matron of PSAW would 

assist with translating and completing the questionnaires correctly.  
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3.7  STATISTICAL ANALYSIS 

All data collected was analysed in consultation with a qualified statistician using IBM Statistical 

Package for the Social Sciences (SPSS) Version 26. Significance was set at p<0.05 and p<0.01. 

Cronbach’s Alpha was used to determine the internal consistency of the outcome measures on 

the specific sample size.  

3.7.1  DESCRIPTIVE AND INFERENTIAL STATISTICS 

Descriptive statistics were used to summarise the data. The demographic information of the 

participants was analysed using means, medians, standard deviations (SD), percentages, 

frequencies, minimum and maximum values.  

Inferential statistics were used to determine the statistical significance of relationships between 

the variables, and to statistically contrast these relationships. Normality assumptions were not 

met owing to the uneven distribution of data, thus a nonparametric equivalent of the dependent 

t-test; the Wilcoxon-signed rank test was used to determine whether there were statistically 

significant relationships between the motor scores at discharge and at three-month follow-up. 

This test was performed on the three primary motor outcome measures (GMFCS, GMFM-88 

and the MABC-II).  

3.7.2  CORRELATION STATISTICS 

Table 3.1: Statistical tests used to determine relationships between factors affecting 
outcome.  

 GMFCS GMFM-
88 

MABC-II Sex Type of 
TBI 

Type of 
associated 
injuries  

GCS 

GCS Pearson 
correlation 
coefficient 
(r) 

Pearson 
correlation 
coefficient 
(r) 

Pearson 
correlation 
coefficient 
(r) 

Pearson 
Chi-Square 
(Χ² 2) 

Fishers 
Exact Test 
(p) 

Pearson 
Chi-Square 
(Χ² 2) 

 

Sex Point 
Biserial 
Correlations 
(𝑟#$) 

Point 
Biserial 
Correlations 
(𝑟#$) 

Point 
Biserial 
Correlations 
(𝑟#$) 

 Pearson 
Chi-Square  
(Χ² 2) 

Fishers 
Exact Test 
(p) 

Pearson 
Chi-Square 
(Χ² 2) 

Age 
group  

Spearman’s 
Rank Order 
Correlation 
(r) 

Pearson 
correlation 
coefficient 
(r) 

Pearson 
correlation 
coefficient 
(r) 

Pearson 
Chi-Square  
(Χ² 2) 

Pearson 
Chi-Square  
(Χ² 2) 

Pearson 
Chi-Square  
(Χ² 2) 
 

Pearson 
Chi-Square  
(Χ² 2) 
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A variety of correlation tests (as demonstrated in Table 3.1) were used to determine whether 

there were significant statistical relationships between a variety of factors effecting functional 

outcome. The statistical tests used were the following: Pearson correlation coefficient (r), 

Pearson Chi-Square test (Χ² 2), Fishers Exact Test (p), Point Biserial Correlations (𝑟#$) and 

Spearman’s Rank Order Correlation (r).  

Pearson correlation coefficient (r) was used to measure the statistical relationship between two 

variables. The test is used to determine the degree of relationship between independent 

variables such as the GCS score and dependent variables such as the motor outcome. Two-

tailed t-tests were employed to determine whether or not these relationships were statistically 

significant and in which direction. This test was used to determine the relationship between 

GCS scores to the three main motor outcome measures at three-month follow-up (GMFCS 

level, GMFM-88, and MABC-II scores) this test was also used to determine the relationship 

between age groups to the three main motor outcome measures at the three-month follow-up. 

The Pearson Chi-squared test was conducted on categorical data to determine if there is a 

relationship. This test was used to determine a correlation between GCS level to a variety of 

variables which included: sex of the participants; type of associated injuries; and age groups. It 

was also used to determine if there is a relationship between age group to several variables 

which included: sex; type of TBI; and type of associated injuries. It was also used to determine 

a correlation between sex of the participants and the type of TBI sustained. The Fisher’s Exact 

Test was used to determine if there is a statistically significant relationship between categorical 

values. This test was used to determine a correlation between GCS level and the type of TBI 

and also if there was a correlation between sex and the type of associated injury. Point Biserial 

Correlations were used to determine if there is a relationship between the sex and the three main 

outcome measures (between the nominal and interval variables). The Spearman’s Rank Order 

correlation was used to determine the relationship between age group and GMFCS level (two-

ranked variables). The Multivariate Analysis of Variance (MANOVA) test was used to 

determine whether there are any differences between independent groups on more than one 

continuous dependent variable. In this case it was used to determine correlations between 

participants with isolated TBI’s, and their motor outcomes, and participants with a TBI in 

conjunction with associated injuries , and their motor outcomes, at discharge and at the three-

month follow-up, as well as, to compare the two groups at the corresponding two time points.  

The results obtained in this study will be presented in the following chapter.
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CHAPTER FOUR – RESEARCH RESULTS 

4.1  INTRODUCTION 

This chapter will present the data that were collected in an attempt to determine the early 

functional outcomes in children with traumatic brain injuries at discharge from acute 

hospitalisation and at three months’ post discharge. Interpretation and discussion of the results 

will follow in chapter five. 

4.2  DEMOGRAPHIC INFORMATION 

This section of the results chapter will deal with describing and reporting on the demographic 

information of the sample population.  

4.2.1 SEX, AGE AND SOCIO-ECONOMIC DEMOGRAPHICS OF 
THE PARTICIPANTS  

The sex and age ranges of the participants are depicted in table 4.1 below.  

 
Table 4.1: Sex and age of the participants (n=84) 

 Frequency (n=84) Percent (%) 

Sex 

Female 30 35.7 

Male 54 64.3 

Age group 

3-6 46 54.8 

7-9 31 36.9 

10-12 7 8.3 
n = number of participants  

 

Of the 84 individuals, the majority were male as they comprised 64.3% of the sample size. The 

age range of the participants spanned from three to 12 years old with a mean age of 6.25 years 

(SD: ±2.302). There was an uneven distribution of ages as depicted in figure 4.1 with the 

majority of children between the ages of three to six years old (54.8%). 
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Figure 4.1: A histogram depicting age group distribution. 

 

 
 
 
 

 
 

Figure 4.2: A line graph depicting test of normality for age group. 
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The socio-economic demographics will be depicted in table 4.2. below.  

Table 4.2: Socio-economic demographics 

 Frequency 
(n=84) 

Percent (%)  Frequency 
(n=84) 

Percent (%) 

Primary caregiver Marital status 
Parent 70 83.3 Single 59 70.2 

Grandparent 9 10.7 Married 23 27.4 
Aunt 4 4.8 Divorced 2 2.4 

Foster care 1 1.2    
 Number of dependants 

1 10 11.9 
2 16 19.05 

3 23 27.38 
4 15 17.86 
5 10 11.9 
6 5 5.95 
7 3 3.57 
8 0 0 
9 0 0 

 10 2 2.38 
Living conditions  Work status  

House 47 56.0 Employed 36 42.9 
Shack 24 28.6 Unemploye

d 
48 57.1 

Flat 4 4.8  
Room 8 9.5 

Missing data 1 1.2 
Transport Social grant  

Taxi 73 86.9 Yes  65 77.4 
Private Vehicle  11 13.1 No 18 21.4 

 Missing 
data 

1 1.2  

Number of taxi’s to CHBAH (return) Level of education  
0 11 13.1 Below 

grade 9 
14 16.7 

1 2 2.38 Grade 10-
11 

36 42.9 

2 43 51.2 Matric 27 32.1 
3 1 1.2 Diploma 5 6.0 
4 22 26.2 Tertiary 2 2.4 

5 0 0  
6 5 6.0 

n=number of participants   
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The majority of the primary caregivers (83.3%) were parents (either a mother or father). The 

majority of the primary caregivers (70.2%) were single. More than half (57.1%) of the primary 

caregivers were unemployed with a large percent (77.4%) receiving a social grant from the 

Government. A taxi was the primary mode of transport to and from the hospital (86.9%), with 

more than half (51.2%) requiring two taxi’s return (i.e., one taxi to the hospital and one taxi 

home). The majority (42.9%) of the primary caregivers had the highest level of education of 

either grade 10 or grade 11 with only 32.1% of them completing matric certification. Only 8.4% 

of those that completed matric furthered their studies (either diploma or tertiary studies). 

All 11 official languages of South Africa are represented by the sample as demonstrated in 

figure 4.2. 

 

 
 

 
Figure 4.3: Pie chart depicting the home languages spoken. 

IsiZulu was the dominant language (39%), followed by IsiXhosa (14%) and Sesotho (14%).  

4.3  MECHANISM OF INJURY  

All of the 84 participants sustained their traumatic brain injuries by a type of blunt force trauma 

as opposed to penetrating trauma. As can be seen below in Table 4.3. the majority of head 

injuries were caused by a type of road traffic accident (67.86%), where the participants were 

either passengers (13.1%) or pedestrians (54.76%). Of the participants that were passengers 
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(n=11) only 18.1% were restrained in the vehicle at the time of impact. An equal number of 

head injuries were caused by falls and objects striking the head (15.5%).  

Table 4.3: Table depicting the Mechanism of injury 

 

4.4  CLINICAL PRESENTATION ON SCENE 

The clinical presentation of the participants at the scene of the injury as extrapolated from the 

emergency service (EMS) report, the parent and/or primary caregiver, the participant and the 

hospital file will be demonstrated in Table 4.4. 

  

Mechanism of injury Frequency 

(n=84) 

Percentage 

(%) 

Road Traffic Accident           

Pedestrian vehicle accident  46 54.76 

Motor vehicle accident  11 13.1 

Restrained  

Unrestrained  

2 18.1 

9 81.82 

Falls 13 15.5 

Object striking the head  13 15.5 

Non accidental injury 1 1.2 
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Table 4.4: Presentation of participants at the scene of injury 

 Frequency (n=84) Percent (%) 

Altered LOC 

Yes 

No 

Undocumented 

49 58.3 

32 38.1 

3 3.6 

Vomiting 

Yes 

No 

Undocumented 

26 31.0 

51 60.7 

7 8.3 

Seizures 

Yes 

No 

Undocumented 

12 14.3 

62 73.8 

10 11.9 

Witness 

Yes 

No 

64 76.2 

20 23.8 
n=number of participants  

LOC: Loss of consciousness 

 

The majority of the children, (58.3%) were reported to have an altered LOC at the scene of the 

accident. Seizures were reported in 14.3% of cases. 

4.5  TRANSPORT TO HOSPITAL  

The participants were transported to CHBAH either via a private vehicle or the EMS. The 

number and percentages are depicted in Table 4.5. 

Table 4.5: Transport of participants to hospital 

 Frequency (n=84) Percent (5%) 

Private vehicle  

EMS 

39 46.4 

45 53.6 

n=number of participants  

EMS: Emergency services 

 

The majority of the sample (53.6%) were transported to CHBAH via EMS.  
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4.6  TBI SEVERITY  

The TBI severity of the participants was determined using the Glasgow Coma Scale (GCS), by 

either the EMS on scene or the medical professionals on hospital admission. The GCS levels 

for all participants per age group is presented in Table 4.6.  

Table 4.6: TBI severity per age group 

 Mild  

(GCS 13-15) 

(n=71)  

Moderate 

(GCS 9-12) 

(n=6)  

Severe 

(GCS 3-8) 

(n=7)  

Age group  

3-6 years (%) 47.62 3.57 3.57 

7-9 years (%) 32.14 2.38 2.38 

10-12 years (%) 4.76 1.19 2.38 

TOTAL (%) 84.5 7.1 8.3 

n=number of participants  

GCS: Glasgow Coma Scale  

 
As shown by the Glasgow Coma Scale (GCS) levels, the majority of the sample sustained mild 

head injuries (84.5%), followed by severe (8.3%) and moderate (7.1%) head injuries. The mean 

GCS was 13.49 (SD:  ±2.4). The younger two age groups were admitted to hospital with more 

minor head injuries and the 10-12 age group sustained proportionately more moderate and 

severe head injuries.  

4.7  TYPES OF TBI PRESENT IN THE PARTICIPANTS  

The type of TBI as determined by the admission diagnosis and the CT brain results are depicted 

in Table 4.7. 
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Table 4.7: Types of TBI present 

 Frequency (n=84) Percent (%) 

Unclassified head injury  36 42.9 

Nothing abnormal detected 

on CT brain 

24 8.6 

Subarachnoid 

Haemorrhage  

3 3.6 

Intracranial Haemorrhage  1 1.2 

Pneumocephalus 3 3.6 

Multiple  10 11.9 

Haematoma 7 8.3 
n=number of participants  

 

The majority of the sample (42.9%) were given a diagnosis of an unclassified head injury on 

hospital admission based on the medical history and the patient’s signs and symptoms. Of the 

57.1% (n=48) of children that had a CT brain post admission, 50% displayed no noticeable 

abnormalities and were given a diagnosis of nothing abnormal detected (NAD). A diagnosis of 

NAD was followed by 20.83% of these children sustaining multiple (more than one) types of 

TBI and this was followed by a haematoma (14.58%).  

4.7.1 PRESENTATION AND DISTRIBUTION OF MULTIPLE 
TYPES OF TBI 

Ten of the participants presented with multiple types of TBI on CT brain. The presentation and 

distribution of the type of TBI involved in the ‘multiple’ category is depicted in Table 4.8.  
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Table 4.8: Distribution of the types of TBI present in those subjects with multiple TBI (n=10) 

 Frequency (n=10) Percent (%) 

Subarachnoid 

haemorrhage  

6 60 

Pneumocephalus 3 30 

Intracranial haemorrhage  3 30 

Base of skull fracture  1 10 

Haematoma 5 50 

Diffuse axonal injury  1 10 

Epidural haematoma 4 40 
n=number of participants  

*the sum of the percentages does not add up to 100% as this table is a demonstration of the distribution of the 

TBI’s present in the ‘multiple’ diagnosis.  

 

Of the ten children that had a diagnosis of multiple TBI, a subarachnoid haemorrhage was 

present in six subjects; a haematoma was present in five subjects; an epidural haematoma was 

present in four subjects; pneumocephalus and intracranial haemorrhage were present in three 

subjects; diffuse axonal injury and base of skull fracture were each represented once on CT 

brain in the ‘multiple’ category.  

4.8  ASSOCIATED INJURIES 

The majority of the participants did not sustain isolated head injuries. Many of the head injuries 

were accompanied by soft tissue injuries, fractures and/or dislocations, medical and surgical 

complications, or combinations of the above. Medical and surgical management included the 

management of injuries relating to internal organs such as liver lacerations or lung contusions 

as well as those that required surgical intervention such as a tracheostomy or a craniotomy. The 

distribution and types of associated injuries will be depicted in Table 4.9. 
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Table 4.9: Distribution and type of associated injuries present in the participants. 

 Frequency  Percent (%) 

Associated injuries  (n=84)  

Yes 

No 

73 86.9 

11 13.1 

Type of associated injuries  (n=73)  

Soft tissue injuries 45 61.6 

Fractures and soft tissue injuries  17 23.29 

Fractures, soft tissue injuries, medical & 

surgical  

5 6.85 

Fractures 2 2.74 

Fractures and medical and surgical 2 2.74 

Soft tissue injuries and medical and surgical  1 1.37 
n=number of participants  

 

The majority (86.9%) of the participants had associated injuries in conjunction with the TBI. 

More than half (61.6%) of the associated injuries were isolated soft tissue injuries followed by 

a combination of fractures and soft tissue injuries (23.29%).  

4.8.1 DISTRIBUTION AND TYPE OF ASSOCIATED INJURIES 
PER AGE GROUP 

The distribution and type of associated injuries present in each age group is demonstrated in 

Table 4.10. 
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Table 4.10: Distribution and type of associated injuries per age group 

 3-6 years 

n=46(%) 

7-9 years 

n=31(%) 

10-12 years 

n=7(%) 

Associated injuries  

Soft tissue injury  52.17 58.06 42.86 

Fractures and soft tissue injuries 15.22 25.81 28.57 

None 19.57 9.68 0 

Fractures, soft tissue injuries, 

medical & surgical 

8.7 0 14.29 

Fractures  2.17 3.23 0 

Fractures and medical and 

surgical 

2.17 0 14.29 

Soft tissue injuries and medical & 

surgical  

0 3.23 0  

 n=number of participants  

 
Soft tissue injuries were the most common associated injury in all three age groups. The three 

to six age group had the highest number of no associated injuries (i.e.: they sustained isolated 

TBI’s), and the 10-12 age group all had an associated injury accompanying the TBI. The three 

to six and 10-12 age groups displayed similar patterns of injury with regards to soft tissue, 

fractures, and medical and surgical injuries. The seven to nine age group displayed a slightly 

different picture.  

4.8.2 ASSOCIATED INJURIES PER BODY REGION AND THE 

MEDICAL MANAGEMENT 

Table 4.11. will break down the type of associated injury per body region and the subsequent 

medical management. 
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Table 4.11: Type of associated injury per body region and the medical management 

 Percent (%) 

Fractures/dislocations (n=26) 

Upper limb only 11.54 

Lower limb only 3.85 

Pelvis 3.85 

Facial 3.85 

Skull  42.31 

Multiple  34.62 

Fracture/dislocation management (n=26) 

Open reduction external fixation 19.23 

Conservative  80.77 

Soft Tissue Injuries (n=70) 

Pelvis 1.43 

Chest 1.43 

Facial 31.43 

Skull 14.29 

Eye/orbital region 1.43 

Multiple  50.0 

Soft Tissue Injury management (n=70) 

Debridement  2.86 

Conservative  95.71 

Debridement and split skin graft  1.43 

Medical & Surgical (n=8) 

Multiple injuries 37.5 

Craniotomy 1.43 

Organ damage 1.43 

Lung contusion 1.43 

other 2.86 

n=number of participants 

 

Fractures and/or dislocations accounted for 30.95% of the associated injuries. Of the fractured 

areas, the skull region was the most common (42.31%), followed by multiple body areas 

(34.62%). The majority of the fractures and/or dislocations were managed conservatively 
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(80.77%), which included either a back slab, Plaster of Paris and/or skin traction, with only a 

small percentage (19.23%) requiring surgical intervention. The majority of the sample 

sustained some type of soft tissue injury (83.3%). Half of the sample (50%) sustained soft tissue 

injuries to multiple body regions. Of those that sustained a soft tissue injury, 95.71% of the 

cases required conservative management. The vast majority of the children (90.5%) did not 

sustain a medical and /or surgical injury but for those participants that did, 37.5% of them had 

multiple injuries.  

4.9  MEDICAL MANAGEMENT  

The following three tables (Table 4.12, Table 4.13, and Table 4.14) will demonstrate the 

medical and pharmacological management of the participants, their ventilation and 

neurosurgical management and will also include the length of relevant days and hours, 

including length of hospital and ICU admission.  

4.9.1  MEDICAL AND PHARMACOLOGICAL MANAGEMENT 

The most common medical and pharmacological management administered to the participants 

(n=84) on hospital admission are depicted in table 4.12. The full list can be found in Appendix 

14. 

Table 4.12: Medical and pharmacological management on hospital admission  

 n=84 (%) 

Neuro-observation 86.9 

Antibiotics 15.5 

Wound dressing  15.5 

Anti-epileptic drugs 21.4 

Analgesia  73.8 

Anticoagulants 4.8 

Inotropes 2.4 

Sedation  3.6 

Head up at 30 degrees 13.1 

Blood transfusion 7.1 

Oxygen 3.6 

n=number of participants   
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The primary treatment prescription of the participants was neuro observation (86.9%). 

Analgesia was prescribed to 73.8% of the patients and anti-epileptic drugs were prescribed to 

21.4% of the sample (either to treat seizures or as prophylaxis). 

Table 4.13: Ventilation and neurosurgical management 

 Frequency (n=84) Percent (%) 

EMS Ventilation  

No 84 100 

Yes 0 0 

Intubation on arrival 

No 78 92.9 

Yes 6 7.1 

ICP monitor 

No 82 97.6 

Yes 2 2.4 

Neurosurgery consult  

No 61 72.6 

Yes 23 27.4 
n=number of participants  

 
Emergency services did not ventilate any of the participants at the scene of the accident. The 

majority of the children (91.7%) did not require ventilation post TBI and of the 7.1% of children 

that required ventilation, 100% of them were ventilated on admission to CHBAH. A 

neurosurgery consult was required for 27.4% of the participants. 
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Table 4.14: Length of in-hospital medical intervention (hours and days) 

 Frequency of 

participants 

(n=84) 

Mean  

(median) 

Range 

(SD) 

Length of neuroprotection 

(hours) 

5 2.93 

(0.00) 

 

 

0-120 

(16.07) 

Length of ventilation (days) 6 0.41 

(0.00) 

0-13 

(2.06) 

Length of ICU stay (days) 4 0.75 

(0.00) 

0-21 

(3.45) 

Length of hospital admission 

(days) 

84 6.51 

(3.00) 

2-58 

(10.64) 

 
The average length of hospital admission was 6.51days (SD: ±10.64). Ten participants required 

ICU admission and the longest ICU stay was 21 days. Six participants required ventilation on 

admission, the longest time an individual was ventilated for was 13 days (median:0.00, SD: 

±2.06) and 120 hours was the longest period that an individual was placed on neuroprotection 

(mean: 2.93, SD: ±16.07).  

4.10  MOTOR OUTCOME  

The next section of the results chapter will describe the data obtained from the outcome 

measures used to determine motor function of the participants at discharge and at three-month 

follow-up, to determine significant changes in function in the preliminary period of recovery. 

GMFCS levels are presented as medians and range while GMFM-88 and M-ABC-II scores are 

presented as means, standard deviation (SD) and range. 
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Table 4.15: Motor outcome at discharge and three-month follow-up.  

 Discharge  

(n=84) 

3-month follow-

up (n=71) 

P value 

(Z value) 

GMFCS 

 

(median (SD), range/IQR) 

0.00 (1.24) 

(0-4/0) 

0.00 (0.41) 

(0-2/0) 

<0.00* 

(Z=2.99) 

GMFM-88 

(mean, (SD) range) 

93.2 (18.04) 

(23-100/0) 

99.38 (2.62) 

(84-100/0) 

<0.00* 

(Z= -3.52) 

M-ABC-II 

(mean, (SD) range) 

7.75 (3.75) 

(1-16/4) 

9.44 (2.86) 

(1-14/3) 

<0.00* 

(Z=-4.49) 
n=number of participants  

*comparison was significant at the 0.05 level. 

At discharge, on the Gross Motor Function Classification System (GMFCS), the greatest motor 

disability was a level four indicting that the child required physical assistance for ambulation 

(in most cases a wheelchair). The lowest score was a level nought, indicating no motor 

disability. At three-month follow-up, the maximum score was a level two indicating that the 

child could ambulate in most settings (sometimes with the use of a handheld device or physical 

assistance) and could climb stairs with the use of a railing. The Wilcoxon signed rank test 

demonstrated a statistically significant difference (Z= 2.99; p<0.00, correlation is at the 0.05 

level) between GMFCS levels at discharge and at three-month follow-up. Significantly lower 

GMFCS scores were present at three-month follow-up, indicating improved motor ability.  

On the Gross Motor Function Measure (GMFM-88), the mean at discharge was 93.20 (SD: 

±18.04) and this improved to 99.38 (SD: ±2.62) at three-month follow-up. One hundred percent 

is the maximum that a child could achieve on this scoring system, thus at three months almost 

all of the children obtained perfect scores on this measure, indicating no motor disabilities. The 

Wilcoxon signed rank test indicated a statistically significant difference (Z= -3.52; p<0.00, 

correlation set at the 0.05 level) between the GMFM-88 scores of the participants at discharge 

and their scores at three-month follow-up. The scores of the participants were significantly 

greater at three months indicating improved motor function.  

With the Movement Assessment Battery II (MABC-II), the mean score at discharge was 7.75 

(SD: ±3.75) and 9.44 (SD: ±2.86) at three-month follow-up. The Wilcoxon signed rank test 

indicated a statistically significant difference (Z= -4.49; p<0.00, correlation set at the 0.05 level) 

between the MABC-II scores of the participants at discharge and their scores at three-month 
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follow-up. The scores of the participants were significantly greater at three months indicating 

improved motor function.  

4.10.1 GMFCS, GMFM-88 AND MABC-II DISSECTED 

The following three tables (Table 4.16,  Table 4.17, and Table 4.18) will describe the motor 

outcome measures in greater detail and compare both the total and the subscales scores of the 

participants at discharge and at three-month follow-up. The bar graph (Figure 4.4.) will 

demonstrate the motor improvement in the participants based on the traffic light system of the 

MABC-II.  

Table 4.16: Comparison of GMFCS levels at discharge and at three-month follow-up. 

GMFCS Level At discharge 
(n=84) (%) 

At three months (n=71) 
(%) 

Level 0 73 (86.9) 68 (95.77) 

Level 1 0 (0) 0 (0) 

Level 2 2(2.38) 3( 4.23) 

Level 3 1(1.19) 0 (0) 

Level 4 8(9.52) 0 (0) 

Level 5 0 (0) 0 (0) 

n=number of participants 

 

At hospital discharge the GMFCS levels ranged from nought to four (median: 0.00; SD: 1.24). 

Seventy-three participants (86.9%) were given a classification of nought, indicating that they 

were independent in ambulation with no difficulties. Two participants (2.38%) were classified 

as a level two, indicating difficulty with climbing stairs, running, and jumping. One participant 

(1.19%) was classified as a level three indicating the need for a handheld mobility device in 

most indoor settings. Eight participants (9.52%) were classified as a level four indicating that 

the participant required physical assistance or powered mobility in most settings. The data 

obtained from the GMFCS was thus skewed as the majority of the participants were 
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independent in ambulation at hospital discharge. Only three participants (3.57%) positioned 

somewhere between nought and four. The rest of the data skewed towards a level four 

indicating ambulatory difficulties at hospital discharge. The data suggests that the children were 

either discharged as independent in ambulation or the children required a fairly high degree of 

physical assistance, likely a wheelchair, for ambulation.  

At three-month follow-up, the GMFCS levels ranged from nought to two (median:0.00; SD: 

0.41), with only three participants (4.23%) scoring a level two and the remaining 68 participants 

(95.77%) scoring a level nought. The results indicate that during the three-month follow-up 

period, only 4.23% of the sample did not return to independent ambulation.  

Table 4.17: Comparison of GMFM-88 scores at discharge and at three-month follow-up. 

GMFM-88 scores at discharge 

(n=84)  

GMFM-88 scores at three months 

(n=71) 

 

  Mean 

(SD) 

Range  Mean  

(SD) 

Range  P value 

GMFM 

Total (%) 

93.20 

(18.04) 

23-100 99.38 

(2.62) 

84-100 

 

<0.00* 

% Dimension 

A (Lying) 

99.07 

(4.88) 

69-100 100 

(0.00) 

100 <0.16* 

% Dimension 

B (Sitting) 

97.37 

(9.01) 

48-100 100 

(0.00) 

100 <0.02* 

% Dimension 

C (Crawling) 

92.10 

(24.79) 

0-100 99.69 

(1.84) 

88-100 <0.01* 

% Dimension 

D (Standing) 

89.89 

(26.09) 

0-100 98.94 

(4.07) 

79-100 <0.00* 

% Dimension 

E (Walking, 

running, 

jumping) 

87.54 

(30.12) 

0-100 98.15 

(7.85) 

49-100 <0.00* 

n=number of participants 

*comparison was significant at the 0.05 level  
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The participants improved by a total of 6.18% over the three-month period. The participants 

improved in all five dimensions from discharge to three-month follow-up, with two dimensions 

(Dimension A and B) yielding perfect scores at three months post discharge. Dimension C 

(crawling) improved by 7.59% and Dimension D (standing) improved by 9.05% over the three-

month period. At discharge, the lowest score was that of Dimension E (walking, running, and 

jumping). At three-month follow-up, this dimension had improved by 10.61% and was 1.85% 

away from being a perfect score of 100%. All the dimensions, except for dimension A, 

demonstrated statistically significant improvements over the three month period.  

Table 4.18: Comparison of MABC-II scores at discharge and at three months  
 

MABC-II scores at discharge 

(n=84) 

MABC-II scores at three months 

(n=71) 

  Mean 

(SD) 

Range  

  

 Mean  

(SD) 

Range  

MABC-II 

Total 

7.75 

(3.75) 

1-16 9.44 

(2.86) 

1-14 

Manual 

Dexterity 

(MD) 

7.81 

(3.11) 

1-15 8.66 

(2.89) 

2-15 

Throwing and 

catching 

7.75 

(3.59) 

1-15 8.93 

(2.48) 

2-15 

Balance 9.15 

(4.39) 

1-16 11.80 

(3.84) 

1-18 

n=number of participants  

 

The results depicted in Table 4.18. indicate that the participants improved in their total scores 

over the three-month period on the MABC-II. At discharge, the participants performed the 

worst in the throwing and catching component (mean: 7.75, SD: ±3.75) and performed the best 

in the balance component (mean: 9.15, SD: ±4.39) of the assessment battery. Furthermore, there 

was greatest improvement in the balance component over three months, followed by throwing 

and catching, with the least improvement in the manual dexterity component. The majority of 

children scored a mean standard score of 7.75 (SD: ±3.75) on the MABC-II, which is within 

one SD (one SD is a score of three), and is considered acceptable, indicating no significant 

motor impairment. However, the SD of the mean of the sample size is greater than three, 
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indicating that there were participants in the study that scored more than one SD from the mean 

standard score of 10 and would be considered ‘at risk’ for motor impairment and would require 

monitoring. At the three-month mark, the mean improved to 9.44 (SD: ±2.86) which is within 

one SD of the mean standard score of 10, indicating that the participants were unlikely to have 

significant motor impairment.  

The MABC-II consists of a traffic light system which classifies motor function based on colour 

zones. The red zone implies significant movement difficulty (at or below the fifth percentile), 

the amber zone signifies that the child is ‘at risk’ for movement difficulties (between the 6th and 

15th percentile) and the green zone signifies that the child is unlikely to have movement 

difficulties (above the 15th percentile). As depicted in the bar graph below (Figure 4.4.) at 

hospital discharge: 46 participants (54.76%) had no motor difficulties; 20 participants (23.81%) 

were ‘at risk’ of motor difficulties and 18 participants (21.43%) had motor difficulties. At three-

month follow-up: 54 participants (76.06%) had no motor impairment, nine participants 

(12.68%) were ‘at risk’ of motor impairment and eight participants (11.27%) had a high 

likelihood of motor impairment. Based on the traffic light system, the majority of the sample 

had returned to motor function at three-month follow-up, however, 23.95% of the sample were 

still classified as ‘at risk’ of motor impairment or had a high likelihood of motor impairment. 

A total of 21 participants (29.58%) changed traffic light categories within the three month 

period.  

 

Figure 4.4: Bar graph demonstrating motor improvement based on the traffic light system. 
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4.11  QUALITY OF LIFE  

The data from the two questionnaires that were administered to the parent and/or primary 

caregiver at three-month follow-up will be described below in an attempt to determine the 

extent of assistance the participant requires from the primary caregiver to participate in home, 

community, and social activities (Table 4.19). The impact the participant’s injury has had on 

the parent’s HRQOL and the family functioning as a whole, based on self-report, will also be 

described in Table 4.18. 

4.11.1 ASSISTANCE TO PARTICIPATE SCALE  

Table 4.19 demonstrates the mean, standard deviation (SD) and the ranges of the total scores 

of the two subscales (home alone activities and community and social activities) and the 

Assistance to Participate Scale (APS) total. The complete table, including the subscale 

components can be found in Appendix 15. The APS had a Cronbach Alpha of α=0.98, 

indicating excellent internal consistency or reliability on this population group.  

Table 4.19: Assistance to Participate Scale at three months 

 Mean 

(SD) 

Range  

Home alone activities Total  19.83 

(1.42) 

8-20 

Community and Social 

Activities Total  

19.82 

(1.16) 

11-20 

APS Total  39.65 

(2.53) 

19-40 

 

On the APS, the parents reported a mean total score of 39.65 (SD: ±2.53), indicating that the 

children were largely independent in the home setting (mean: 9.83, SD: ±1.42) and the 

community and social setting (mean: 19.82, SD: ±1.16) at three months.  

4.11.2 PEDIATRIC QUALITY OF LIFE – FAMILY IMPACT 
MODULE 

The total and subscale scores of the Pediatric Quality of Life – Family Impact Module (PedsQL-

FIM) are demonstrated in Table 4.20 using mean, SD and range and is explained in percentage. 
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The Cronbach’s alpha for the PedsQL FIM was α=0.93 indicating excellent internal consistency 

or reliability of this outcome measures on this population group. 

Table 4.20: Pediatric Quality of Life-Family Impact Module at three months 

 Mean 

(SD) 

Range  

Parents HRQOL Total (%)  69.06 

(20.44) 

17.92-100 

Physical functioning (%) 63.56 

(25.32) 

0-100 

Emotional functioning (%) 60.14 

(26.98) 

0-100 

Social Functioning (%) 71.48 

(27.62) 

0-100 

Cognitive functioning (%)  81.06 

(19.36) 

35-100 

Communication (%) 71.36 

(27.52) 

0-100 

Worry (%) 65.70 

(25.33) 

10-100 

Family Functioning  

Total (%) 

64.75 

(26.78) 

4.17-100 

Daily activities (%) 69.72 

(25.35) 

8.33-100 

Family relationships (%)  59.79 

(35.43) 

0-100 

PedsQL-FIM Total (%)  67.85 

(19.09) 

23.54-100 

*HRQOL – health related quality of life 

 

On the PedsQL-FIM, the parents reported a mean total score of 67.85% (SD: ±19.09). A 

maximum score of 100% indicates that the parent’s quality of life was not affected by the child’s 

injury and/or disability. The results indicate that the parent’s HRQOL had been affected to some 

degree. On the Parents HRQOL subscale and the Family Functioning subscale the parents 

reported mean totals of 69.06% (SD: ±20.44) and 64.75% (SD: ±26.28) respectively. Both 

parent and family function had been impacted by the child’s injury and/or disability with the 
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family function being slightly more impacted. The parents scored the worst on the emotional 

functioning (mean: 60.14, SD: ±29.98) and the best on the cognitive functioning subscale of 

the HRQOL (mean: 81.06, SD: ±19.36). Family relationships were the most affected by the 

TBI (mean: 59.79, SD: ±35.43) on the Family Functioning subscale.  

4.12  RELATIONSHIP BETWEEN OUTCOMES  

The next set of statistics explores whether there are significant relationships between clinical 

and demographic data (independent variables) on functional outcome and type of injury 

(dependant variables). Table 4.21 will explore correlations between several variables.  

Table 4.21: Factors affecting outcome. 

 GMFCS GMFM-
88 

MABC-
II 

Sex Type of 
TBI 

Type of 
associated 
injuries  

GCS 

GCS -0.60 
(p<0.00) 
** 

0.43 
(p<0.00) 
** 

0.55 
(p<0.00) 
** 

4.95 
(p<0.08) 
** 

29.92 
(p<0.00) 
* 

52.80 
(p<0.00) * 

 

Sex -0.06 
(p<0.58) 
** 

-0.01 
(p<0.91) 
** 

-0.08 
(p<0.51) 
** 

 7.18 
(p<0.42) 
* 

12.15 
 (p<0.03) 
* 

4.76 
(p<0.09) 
* 

Age 
group  

-0.13 
(p<0.24) 
* 

0.21 
(p<0.08) 
** 

0.11 
(p<0.35) 
** 

0.55 
(p<0.74) 
* 

28.28 
(p<0.01) 
** 

15.50 
(p<0.22) * 

4.98 
(p<0.30) 
* 

*comparison was significant at the 0.05 level. 
**comparison was significant at the 0.01 level. 

Table 4.21 depicts that the Pearson correlation coefficient revealed a strong correlation between 

the GCS score to the three primary motor outcome measures: the GMFCS, GMFM-88 and the 

MABC-II at three-month follow-up. The significant negative relationship between GCS scores 

and the GMFCS level (r (71) = -0.60, p<0.00, correlation is significant at the 0.01 level) at three 

months indicates that the lower the GCS score (the more severe the TBI), the higher the GMFCS 

level at three months, (the more motor disability the child had as a result of the injury). The 

significant positive relationships between the GCS score and the GMFM-88 (r (71) = 0.43, 

p<0.00, correlation is significant at the 0.01 level) and MABC-II (r (71) = 0.55, p<0.00, 

correlation is significant at the 0.01 level) at three-month follow-up indicates that the higher 

the GCS score, (the more mild the TBI), the higher the GMFM-88 and MABC-II scores at three 

months (the less motor disability present).  
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The Fishers Exact Test also revealed significant correlations between GCS score and the types 

of TBI as depicted in Table 4.22. The statistical significance (r=29.92, p<0.00, correlation is 

significant at the 0.05 level) indicates a relationship between the type of TBI and the severity 

of the TBI. The children that had mild head injuries generally had a diagnosis of unclassified 

head injury on admission (42.86%) followed by a diagnosis of nothing abnormal detected on 

computed tomography of the brain (CTB) (23.81%). Children that had a diagnosis of multiple 

types of TBI were more likely to sustain a lower GCS score and thus a more moderate (2.38%) 

or severe (3.57%) type of TBI. However, a diagnosis of ‘multiple’ did not necessarily indicate 

a more moderate or severe TBI and even children (5.95%) who sustained ‘multiple’ TBI’s could 

have a high GCS level, or rather a mild injury. Thus, although there is a correlation between 

GCS level and type of TBI, it is not absolute. 

There were no significant correlations between sex and motor outcome at three month follow-

up as demonstrated by the Point Biserial Correlation test. There were also no significant 

correlations between sex and the type of TBI sustained or sex and the initial GCS score as 

demonstrated by the Pearson Chi Square test. However, the Fishers Exact Test revealed a 

statistically significant (r=12.15, p<0.03, correlation is significant at the 0.05 level) relationship 

between sex and the type of associate injuries with males demonstrating more associated 

injuries compared to females.  
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Table 4.22: Relationship between GCS score and type of TBI 

 Mild  

(GCS 13-15) 

(n=71)  

Moderate 

(GCS 9-12) 

(n=6)  

Severe 

(GCS 3-8) 

(n=7)  

Type of TBI  

Unclassified head injury (%) 42.86 0 0 

Nothing abnormal detected on 

CTB (%) 

23.81 2.38 2.38 

Subarachnoid haemorrhage 

(%) 

1.19 1.19 1.19 

Intracranial haemorrhage (%)  0 0 1.19 

Pneumocephalus (%) 3.57 0 0 

Haematoma (%) 7.14 1.19 0 

Multiple (%)  5.95 2.38 3.57 
n=number of participants 

CTB= Computed Tomography of the Brain 
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Table 4.23: Relationship between GCS score and type of TBI present in the multiple TBI 
diagnosis (n=10) 

 Mild  

(GCS 13-15) 

(n=10) 

Moderate 

(GCS 9-12) 

(n=10) 

Severe 

(GCS 3-8) 

(n=10) 

Multiple TBI  

Subarachnoid haemorrhage  

(n=6) 

2 1 3 

Pneumocephalus  

(n=4) 

3 1 0 

Haematoma  

(n=4) 

2 1 1 

Epidural haematoma  

(n=4) 

3 1 0 

Base of skull fracture  

(n=2) 

1 0 1 

Diffuse axonal injury  

(n=1) 

0 0 1 

Intracranial haemorrhage  

(n=3) 

0 1 2 

n=number of participants  

Table 4.23 reveals the breakdown of the types of TBI present in the participants (n=10) that had 

a diagnosis of ‘multiple’ TBI to determine if there is a significance between the types of TBI 

present in a ‘multiple’ diagnosis and TBI severity. The presence of an ICH, diffuse axonal 

injury (DAI) and subarachnoid haemorrhage (SAH) appears to be indicative of more moderate 

and severe TBI whereas the presence of a pneumocephalus and EDH are indicative of a mild 

TBI.  
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Table 4.24: Relationship between GCS score and associated injuries 

 Mild  

(GCS 13-15) 

(n=71)  

Moderate 

(GCS 9-12) 

(n=6)  

Severe 

(GCS 3-8) 

(n=7)  

Associated injuries  

None (%) 14.23 0.0 0.0 

Fractures (%) 2.38 0.0 0.0 

Soft tissue injuries (%) 50.0 1.19 2.38 

Fractures, soft tissue injuries and 

medical & surgical (%) 

2.38 0.0 3.57 

Fractures and soft tissue  

injuries (%) 

15.48 4.76 0.0 

Soft tissue injuries and medical & 

surgical (%) 

0.0 0.0 1.19 

Fractures and medical and  

surgical (%) 

0.0 1.19 1.19 

n=number of participants 

The Pearson’s Chi-Squared test revealed a statistically significant correlation between GCS 

score and associated injuries (Χ² 2 = 52.80, p<0.00, correlation is set at the 0.05 level) as 

depicted in table 4.22. Participants with no associated injuries had more mild TBI compared to 

those that had associated injuries in combination with a traumatic brain injury. The more types 

of associated injuries present, the more severe the traumatic brain injury. Medical and surgical 

injuries were more likely to be associated with more severe TBI.  
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Table 4.25: Relationship between age group and type of TBI  

 3-6 years 

(n=46)  

7-9 years 

(n=31)  

10-12 years 

(n=7)  

Type of TBI  

Head injury on admission (%) 58.3 41.7 0.0 

Nothing abnormal  

detected on CTB (%) 

66.7 25.0 8.3 

Multiple (%) 30.0 40.0 30.0 

Subarachnoid  

haemorrhage (%) 

33.3 66.7 0.0 

Intracranial  

haemorrhage (%) 

0.0 0.0 100.0 

Pneumocephalus (%) 100.0 0.0 0.0 

Haematoma (%) 28.6 57.1 14.3 
n=number of participants 

CTB= computed tomography of the brain  

Table 4.25. reveals a statistically significant correlation between age group and type of TBI (Χ² 

2 = 28.28, p<0.01, correlation is set at the 0.01 level) as determined by the Pearson’s Chi-

Squared test. All of the participants in the 10-12 age group were admitted with head injuries 

that warranted a CT brain. The majority of the types of TBI in this age group were 

proportionally more severe (multiple types and ICH) compared to those sustained in the 

younger age groups.  
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Table 4.26: Relationship between sex and associated injuries  

 Male  

(%) 

Female 

(%) 

Associated Injury  

None 

(n=12) 

100.0 0.0 

Fractures 

(n=2) 

100.0 0.0 

Soft tissue injuries 

(n=45) 

60.0 40.0 

Fractures, soft tissue injuries and medical & 

surgical 

(n=5) 

60.0 40.0 

Fractures and soft tissue injuries 

(n=17) 

76.5 23.5 

Soft tissue injuries and medical & surgical 

(n=1) 

100.0 0.0 

Fractures and medical and surgical 

(n=2) 

50.0 50.0 

n=number of participants 

The Fishers Exact Test revealed a statistically significant correlation between the sex of the 

participants and the type of associated injuries (r = 12.15, p<0.03, correlation is set at the 0.05 

level) as depicted in table 4.26. Every female participant (n=30) had a TBI and an associated 

injury. Males had a larger percentage of associated injuries compared to females.  
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4.12.1 CORRELATIONS BETWEEN GMFM-88 SCORES OF 
INDIVIDUALS WITH AND WITHOUT ASSOCIATED 
INJURIES AT DISCHARGE AND AT THREE MONTHS  

A MANOVA test was used to determine if there is a statistically significant difference between 

both GMFM-88 scores of individuals at discharge and at a three-month follow-up as well as to 

compare those individuals with an isolated TBI and those with an associated injury and if there 

was a statistically significant difference between the scores of both groups at discharge and at 

three-month follow-up. The MANOVA test revealed a statistically significant relationship 

(F5,1= 6.45, p<0.00) between the above variables, with individuals in both groups that have 

demonstrated improved GMFM-88 scores at the three-month follow-up compared to discharge. 

The individuals with an isolated TBI had higher scores at discharge and at three-month follow-

up compared to individuals that had a TBI and an associated injury. Of the participants that had 

TBI and associated injuries, the participants with multiple injuries (fractures, STI and M&S) 

performed the worst at both discharge and at three months.  

4.12.2 CORRELATIONS BETWEEN MABC-II SCORES OF 
INDIVIDUALS WITH AND WITHOUT ASSOCIATED 
INJURIES AT DISCHARGE AND AT THREE MONTHS  

A MANOVA test was also used to determine if there is a statistically significant relationship 

between MABC-II scores of individuals with an isolated TBI and the MABC-II scores of 

individuals with a TBI and an associated injury and if there was a statistically significant 

difference between the scores of both groups at discharge and at three-month follow-up. The 

MANOVA test revealed a statistically significant relationship (F5,1= 4.67, p<0.00) between the 

above variables, with individuals in both groups displaying improved MABC-II scores at the 

three-month follow-up compared to discharge. The individuals with an isolated TBI had higher 

scores at discharge and at the three-month follow-up compared to individuals that had a TBI 

and an associated injury. 

4.13  SUMMARY OF RESULTS 

• There was a statistically significant difference between the GMFCS levels, the GMFM-

88, and the MABC-II scores of the participants at discharge and at three-month follow-

up, with the majority of the sample demonstrating an improvement in motor function.  
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• The majority of the participants were independent at the three-month follow up in the 

home, community, and social setting. The primary caregiver’s health related quality of 

life and family functioning had been impacted by the TBI.  

• Lower GCS scores (i.e., more severe TBI) was associated with higher GMFCS levels 

and lower GMFM-88 and MABC-II scores at three months. 

• Higher GCS scores (mild TBI) were associated with diagnosis of unclassified head 

injury on admission and NAD and lower GCS scores (moderate/severe TBI) were linked 

to a diagnosis of ‘multiple’ types of TBI.  

• Males had a higher percentage of associated injuries compared to females.  

• There were no significant correlations between age group on GCS score, type of 

associated injury, GMFCS level, GMFM-88, and MABC-II scores at three months.  

• Participants that sustained a TBI in isolation had better GMFM-88 and MABC-II scores 

at discharge and at three-month follow up compared to those individuals that had a TBI 

and an associated injury. 

4.14  CONCLUSION  

In conclusion, more males sustained TBI’s compared to females. The primary mechanism of 

injury was a type of RTA. The majority of participants were in the three to six age group and 

the majority of TBI’s were classified as mild. Most TBI’s had an accompanying associated 

injury. There was a statistically significant difference between the GMFCS levels, the GMFM-

88, and the MABC-II scores of the participants at discharge and at three-month follow-up, with 

the majority of the sample demonstrating an improvement in motor function. The main factors 

that demonstrated statistically significant relationships were the GCS level and the primary 

motor outcome measures, the GCS level, and the type of TBI and the GCS level and the type 

of associated injuries. There was also a statistically significant relationship between the sex of 

the participants and the type of associated injuries as well as the age group and type of TBI. 

The majority of the participants were independent at three-month follow up in the home, 

community, and social setting. The primary caregiver’s health related quality of life and family 

functioning had been impacted by the TBI. Interpretation and discussion of the findings will 

now follow in chapter five.  
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CHAPTER FIVE – DISCUSSION  

5.1  INTRODUCTION 

This research study set out to investigate the recovery of early motor function in children and 

adolescents aged three to twelve years old with a traumatic brain injury. The study included 

two assessment points, which were at discharge from hospital and at three months post 

discharge. This chapter serves to interpret and discuss the results of the present study. Clinical 

implications, limitations of the study and suggestions for future research will also be discussed.  

5.2  GENERAL 

The study included children and adolescents who were admitted to CHBAH with a diagnosis 

of a TBI, however, the inclusion was not limited to children with isolated TBI and included 

children with associated injuries. This TBI cohort was heterogeneous and included participants 

with mild, moderate, and severe head injuries. The heterogeneity of the sample is consistent 

with other research studies that also focused on motor outcomes post paediatric and adolescent 

TBI (Stephens et al., 2017, Buitendag et al., 2017).  

5.3  DEMOGRAPHICS 

This section will report and analyse the results that relate to the sex, age, and socio-economic 

status.  

5.3.1  SEX 

Males (64.3%) were the predominant sex compared to females (35.7%). The results are 

suggestive that males in the three to twelve age group, are at a higher risk for sustaining a TBI 

compared to females. The findings are consistent with the literature (Chaplin et al., 1993, 

O'Flaherty et al., 2000, Haley et al., 2003, Kuhtz-Buschbeck et al., 2003a, Willer et al., 2004, 

Kozlowski et al., 2007). 

There are several potential reasons as to why males are more prone to sustaining a TBI 

compared to their female counterparts. Males generally engage in riskier behaviour, have higher 

activity levels and tend to behave with greater impulsivity compared to girls (Udry, 1998). 

Moreover, there is different socialization of sons and daughters. Parents are less likely to 
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restrain exploratory play and behaviour of boys compared to girls. Boys are often allowed to 

roam further away from home than the same-age girls and are often given more opportunities 

to play alone with less direct supervision. This further increases their risk of injury 

(Morrongiello and Rennie, 1998). The higher likelihood of males sustaining a TBI is not 

conducive to the fact that the male brain develops at a slower pace than females (Gogtay et al., 

2004, Anderson et al., 2011).  

5.3.2  AGE 

The majority of the sample consisted of children in the three to six age group (54.8%), followed 

by the seven to nine age group consisting of 36.9% of the sample. The ten to twelve age group 

only comprised of 8.3% of the sample. It is important to note that the Paediatric Surgery 

Department at CHBAH did not consistently admit children older than 11 years into the 

Paediatric unit. They were often diverted to and managed by adult trauma and therefore many 

suitable participants of this particular age group were not identified by the researcher. This 

means that the percentage of participants identified in the 10-12 age group is likely not an 

accurate representation of this age group within this sample. 

However, the fact that the majority of the sample were in the younger age group is consistent 

with the anatomical and physiological design of the younger child which predisposes them to 

sustaining a TBI (Kannan et al., 2014). The anatomy of the young child both heightens the 

chances of a head injury and is poorly designed to cushion the impact. The young child’s head 

is disproportionally large compared to the body causing a higher centre of gravity. This high 

centre of gravity results in the child ‘leading with his or her head’ whether it be in a fall or in a 

motor vehicle accident. The thin scalp, increased skull pliability and decreased myelin content 

provide poor cushioning for the brain to absorb impact forces. Moreover, younger children have 

lower blood pressure (BP) and intracranial pressures (ICP) compared to older children and 

adults. This results in significant adverse effects with even the slightest increase in pressure 

predisposing the child to secondary brain injury such as oedema or ischaemia (Figaji, 2017).  

Although the younger age groups may have a higher predisposition to sustaining a TBI and 

consequently a higher number of hospital admissions, a substantial portion of the head injuries 

sustained are minor (Langlois et al., 2006). Conversely, the older age groups tend to have fewer 

hospital admissions but they tend to be admitted with more moderate to severe TBI’s (Huelke, 

1998). The results of the study are supportive of the above as they demonstrate that only 13% 

of the children in the three to six age group and only 5.55% of children in the seven to nine age 
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group were admitted with moderate to severe TBI’s, whereas 42.86% of the admissions in the 

10-12 age group were classified as moderate or severe.  

5.3.3  SOCIO-ECONOMIC DEMOGRAPHICS 

The socio-economic profiles of the study’s children and adolescents reveal a low socio-

economic status (SES). The three dimensions that typically characterize socio-economic status 

are employment, money, and education. Most children and adolescents are growing up in single 

parent households (70.2%) with the majority of the primary caregivers being unemployed 

(57.1%) and receiving social grants (77.4%). Furthermore, only 32.1% of the primary 

caregivers have matric certification and only 8.4% have furthered their studies (either a diploma 

or tertiary education). The deficit in education reduces job opportunities which are already 

scarce in a population that is struggling with a 39.5% unemployment rate (StatsSA, 2019).  

The home and environment plays a vital role in typical brain development (Anderson et al., 

2011). The immature CNS has the intrinsic property of neural plasticity which is reliant on 

environment and experience to nurture its development (Anderson et al., 2011). Based on the 

physiology of normal brain development, a ‘typically’ developing child growing up in an 

underprivileged circumstance is often deprived of enriched environments needed to maximise 

and nurture brain maturity. Growing up in a household where there is poor education, 

unemployment and a scarcity of monetary resources (low SES), places a normal developing 

child at a disadvantage with respect to brain development which could impact a child with a 

traumatic brain injury.  

A brain injury that occurs in an immature CNS allows for a ‘window of opportunity’ to 

maximise recovery depending on the developmental stage and age of the child (Kolb et al., 

2000a). In order to maximise this ‘window of opportunity’ a child needs to be provided with 

sufficient prospects that will positively modulate the neural circuits. A child growing up in a 

poor socio-economic demographic may miss or underutilize this ‘window of opportunity’ 

owing to inaccessibility to appropriate healthcare and rehabilitation services. Research has 

demonstrated that children with severe TBI’s growing up in disadvantaged backgrounds with 

limited access to appropriate resources have significantly greater impairment and slower 

recovery compared to those of better SES (Taylor et al., 2002).  

With regards to the recovery continuum model proposed by Anderson et al., 2011, factors such 

as the environment, family function, socioeconomic status, and demographics are some of the 

key factors influencing a child’s recovery post early cerebral insult. A child growing up in a 
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household of poor SES does not only have to contend with the adverse effects of the injury 

itself but the direct negative impact that the situation has on the recovery. A lack of funds affects 

the primary caregiver’s ability to travel to and from the hospital to provide the necessary support 

to the child in the acute recovery stage and the ability to bring the child to the hospital for 

follow-up consultations and therapy in the sub-acute and chronic phases. I experienced these 

difficulties first-hand when the participants needed to return to CHBAH for the three-month 

follow-up appointment. The follow-up often had to be rescheduled owing to insufficient 

transport funds. The return for follow-up increased when I started taking an additional contact 

person’s details (and not only that of the primary caregiver) for every participant prior to 

discharge from hospital. The second contact was often that of a family member or friend who 

assisted with financial support for transport which was reimbursed at follow-up as a component 

of the research study. However, a general follow-up consultation has no financial 

reimbursement. Therefore, the child may often miss the vital and scarce consultation or therapy 

service due to transport constraints.  

Furthermore, the catchment area in which a child resides determines the allocation of 

rehabilitation services. Should the local clinic be understaffed and lack resources or equipment 

such as wheelchairs and standing frames, the child’s recovery is further disadvantaged. In 

Gauteng, Tshwane Rehabilitation Centre is currently the only step-down State facility that 

caters for paediatric neurorehabilitation – of which TBI’s are not the only condition requiring 

such services. Based on the low results of the SES component in the study, it would seem that 

the home environments of the majority of children are not conducive to receiving home based 

therapy services. Home based care is a scarcity within the South African medical care setting 

owing to a lack of resources. Therefore for individuals to receive such care often requires 

financial input from the families. The rate of unemployment of this sample is suggestive that  

such finances are not readily available. Thus, it is evident that there is limited availability and 

accessibility to rehabilitation care for the children in this study.  

The level of education of the primary caregiver may also have a direct impact on the recovery 

of the child. A poorly educated caregiver may not fully understand or comprehend the child’s 

injury and what is required to assist with optimizing recovery. Moreover, it has been reported 

that children growing up in poor socio-economic households with unemployed and uneducated 

mothers have a higher chance of sustaining a severe TBI. Thus, the poor SES of the child does 

not only provide a barrier to recovery, but it also predisposes a child to sustaining a TBI 

(O'Flaherty et al., 2000).  
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In the early recovery phases post TBI and for the small percentage of children that remain with 

permanent disabilities, the caregiver may need to provide full time care to aid the recovery 

process. This may mean surrendering a job and earning vital wages which deepens the poverty 

and unemployment trap of the population. It is unlikely, based on the SES statistics of the 

sample, for the primary caregivers to afford a full-time carer. The primary caregiver has to stay 

at home and care for the disabled child. This idea is complex as 88.1% of the primary caregivers 

in the study had multiple dependants (Table 4.2). Unemployment, poverty and taking care of a 

disabled child is likely to have a negative impact on the emotional, physical, and mental well-

being of all the family members involved. Such a scenario is prone to place additional strain on 

family functioning and dynamics in families that are already facing tremendous challenges.  

It was positive to discover that all eleven official languages of South Africa were represented 

in this demographic. This indicates the diversity of the population group studied. This 

information increases the relevance of this research and emphasises the strength of the sample 

size and the likelihood of it being a reliable representation for the greater Gauteng demographic 

relying on state services.  

5.4  CLINICAL FINDINGS 

This section will focus on the clinical findings of the study and will include an analysis of the 

mechanism of injury, TBI severity, the most common types of TBI, the presence of associated 

injuries and the medical management.  

5.4.1  MECHANISM OF INJURY  

Blunt force trauma accounted for 100% of the traumatic brain injuries. Road traffic accidents 

(RTA) accounted for the majority (67.1%) of TBI’s, where the participants were either 

pedestrians (54.12%) or passengers (12.94%). These findings are consistent with data from 

Africa (Udoh and Adeyemo, 2013) and South Africa (Schrieff et al., 2013, Buitendag et al., 

2017). Similarly, the findings are consistent with data from other countries where an RTA 

primarily results in a larger percentage of moderate and severe TBI’s (Chaplin et al., 1993, 

Dumas et al., 2002, Haley et al., 2003, Kuhtz-Buschbeck et al., 2003b, Caeyenberghs et al., 

2009).  

The minibus taxi is the primary mode of transport for 86.9% of the participants. It is the most 

affordable and accessible means of transportation to the larger population yet travelling via a 

taxi vehicle (resulting in an MVA) or living in an area where there is a high saturation of taxi 
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vehicles (resulting in a PVA) may predispose the children of this particular demographic to 

sustaining a TBI via an RTA. Minibus taxis are not required to travel with car seats and there 

is poor enforcement of individuals to be restrained. Most children travel on the lap of an adult 

so as to maximize persons per seat. As mentioned above, it is critical that a child is appropriately 

restrained in a vehicle owing to the anatomical and physiological design of the young child as 

the head is the primary target for injury in the event of an RTA. The majority of TBI’s in the 

three to six age group were caused by a type of RTA (60.87%), specifically a PVA (54.35%). 

This is likely due to the younger children of this demographic being poorly educated on road 

safety along with the high saturation of minibus taxis on the roads and pavements within the 

catchment area of the study.  

The findings of this study contrast those from high income countries which report falls as the 

predominant mechanism of injury in the younger age groups (Andersson et al., 2012, Thurman, 

2014, Olsen et al., 2019) and a decline in RTA’s as a primary cause of TBI (Brazinova et al., 

2016). The comparison highlights how different demographics effect the aetiology of injury. It 

also highlights that South Africa desperately requires the implementation of legislative changes 

and educational programmes to reduce the elevated risk of road related traumatic brain injuries. 

Improved road safety regulations will assist in decreasing the burden on our hospitals, 

considering that the majority of TBI’s were caused by a type of road related incident. 

Furthermore, the statistics highlight the need for safer places for children in these areas to play, 

such as fenced parks, in order to prevent them from playing in the dangerous streets.  

5.4.2  TBI SEVERITY 

The Glasgow Coma Scale (GCS) was the primary tool to classify the TBI severity in this 

population. It is used by all emergency personnel and services within South Africa as a means 

of TBI classification. The GCS is prominent in the literature because it is the most widely used 

tool to classify TBI severity (Ghaffarpasand et al., 2013). In this sample, the majority (84.5%) 

of participants were classified as sustaining a mild traumatic brain injury (MTBI), 7.1% were 

classified as moderate and 8.3% were classified as severe. The mean GCS score of the sample 

was 13.49 (SD: ±2.4), indicating MTBI. The results are consistent with global findings with 

MTBI accounting for more than 80% of all worldwide head injuries in children and adolescents 

(Yeates, 2010). The participant’s initial GCS score was reliant on either the EMS or medical 

professionals and not the researcher herself. There were some irregularities noted in the 

recording of the GCS scores. For example, it would be recorded that a child has a loss of 

consciousness at the scene of the accident, yet the child would have still been given a score of 
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15 on the GCS. Because there is a range of at least three points per TBI classification, the 

inaccuracies were unlikely to be of great enough variance to alter classifications. Hence, the 

irregularities noted were unlikely to have significantly affected the results and were deemed 

negligible.  

5.4.3  MOST COMMON TYPES OF TRAUMATIC BRAIN INJURY 

The type of TBI was determined either by the admission diagnosis or the CT brain (CTB) results 

(where available). Unclassified head injury (42.9%) was the most common and was diagnosed 

without a CT brain. A CTB was performed on 57.1% (n=48) of the sample. The following types 

of TBI were the most represented on CTB (in descending order): Nothing abnormal detected 

(50%), haematoma (25%), multiple (20.83%), subarachnoid haemorrhage (18.75%), 

pneumocephalus (6.25%) and an intracranial haemorrhage (2.08%). The patterns of TBI 

observed in this study are consistent with the literature for the following reasons:  

Half the sample that had a CTB were diagnosed with nothing abnormal detected which is 

consistent with poor sensitivity of a CT brain to the microstructural changes that occur in a TBI, 

particularly those present in a MTBI (Cameron et al., 2006, Eierud et al., 2014). In the study 

sample, 76.92% of all fractures were skull fractures. This is consistent with the anatomical 

makeup of the pliable paediatric skull which predisposes it to fractures, making it a common 

injury type in this population group (Singh et al., 2016). An EDH was only present in 4.76% of 

the sample. The relatively small percentage is further consistent with the anatomical structure 

of the young brain in which an EDH is rarely seen owing to the strong adhesion of the dura 

mater to the inner surface of the skull (Araki et al., 2017). When an EDH is present, it is often 

in conjunction with a skull fracture (Araki et al., 2017) which was the case in this study sample 

in which every participant with an EDH also had an accompanying skull fracture. Four of the 

nine participants (44.44%) that had a SAH on CTB, had GCS scores of eight or below. These 

results are consistent with Hochstadter et al. (2014) who reported that a SAH was present in 

almost half of their study sample and its presence was indicative of TBI severity. A haematoma 

was fairly well represented in the sample and is supportive of the literature that suggests that 

this type of injury is relatively common in paediatric TBI (Figaji, 2017). Interesting to note, 

every child with an intracerebral haemorrhage on CTB (n=4), either had a severe TBI (n=3) or 

a moderate TBI (n=1). This is consistent with this type of injury involving damage to the white 

matter, basal ganglia and/or cerebellum and its presence often results in neurological 

deterioration (Araki et al., 2017). Moreover, when a pneumocephalus was present (n=6) it was 
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always accompanied by a skull fracture. This pattern of injury is consistent with the most 

common etiology of this type of TBI (Dabdoub et al., 2015). 

5.4.4  ASSOCIATED INJURIES  

Associated injuries were present in 86.9% of the sample. Soft tissue injuries were the most 

common and occurred in 61.6% of participants. Twenty-six participants (35.62%) sustained a 

fracture. Fractured body regions that were most likely to affect functional outcome (particularly 

at discharge) included: the upper limb, lower limb, and pelvis. Fractures in these areas would 

have contributed to limitations in motor function owing to weight bearing restrictions, limb 

immobilization and pain. Of the nine participants that sustained multiple fractures, three had 

fractures in either the upper limb (n=1), lower limb (n=1) or a combination of a pelvic and 

upper limb fracture (n=1). Therefore, 9.52% (n=8) of the entire sample (n=84) sustained 

fractures in primary ‘areas of interest’. Soft tissue injuries in ‘areas of interest’ could have also 

contributed to limitations in motor function at hospital discharge. Soft tissue injuries in ‘areas 

of interest’ were represented as follows: 15.48% of the sample had soft tissue injuries of the 

lower limbs, 13.1% had soft tissue injuries of the upper limbs and 8.33% had soft tissue injuries 

of the pelvis. As with fractures these injuries may have contributed to the poor gross motor 

function of the participants, particularly at discharge. 

5.4.5  MEDICAL MANAGEMENT 

The average length of hospital admission was 6.51days (SD: ±10.64). The majority of 

participants (86.9%) were admitted primarily for neuro-observation with only four participants 

requiring ICU admission. This is consistent with other research studies and appears to support 

the notion that CHBAH has similar MTBI protocols to those in high-income countries such as 

those in the Montreal Children’s Hospital, McGill University Health Centre, Montreal, QC 

(Gagnon et al., 2004). Many of the studies did not record the average length of hospital stay, 

but rather the average length of time that the child was in an inpatient rehabilitation centre 

making it is difficult to obtain comparative data (Dumas et al., 2002, Haley et al., 2003, Kuhtz-

Buschbeck et al., 2003a).  

The four children that were admitted to the paediatric ICU all sustained a severe TBI. Their 

medical management was consistent with those described in the literature. All four children 

were placed on neuroprotective ventilation with a SD of ±16.07 hours (range: 0-120) as a means 

of improving compliance with mechanical ventilation, reducing metabolic demand and 

eliminating shivering (Araki et al., 2017). An ICP monitor was inserted in two of the 
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participants (50%) that required ICU care as it is currently the only scientifically proven method 

of monitoring raised intracranial pressure in children with severe TBI (Alali et al., 2015). For 

the majority of the participants with moderate and severe TBI’s mannitol and hypertonic saline 

were used to control intracranial pressure and hypovolemia (Kannan et al., 2014). Anti-

epileptics were also given to a substantial portion of the TBI patients (21.4%) and was 

administered to every child in the sample with a GCS score of eight or less. This management 

is consistent with the paediatric physiology in which children have lower seizure thresholds and 

are at higher risk of early seizures compared to adults. The immediate administration of 

anticonvulsants particularly in children with severe TBI is therefore critical to prevent 

secondary brain damage (Kannan et al., 2014). Hypothermia has also proven to be effective in 

lowering ICP in paediatric patients but this therapeutic modality is not routinely used at 

CHBAH for paediatric TBI and none of the participants received this treatment (Araki et al., 

2017). 

Moreover, most of the fractures (80.77%) and soft tissue injuries (95.71%) were managed 

conservatively. None of the 23.81% of skull fractures needed surgical management which is 

consistent with the fact that the majority of paediatric skull fractures heal without intervention 

(Arrey et al., 2015), provided soft tissue does not disperse between the fractured edges 

interfering with bone healing and skull fusion (Singh et al., 2016). Paediatric fractures 

(provided they do not extend into the growth plate) generally heal rapidly owing to the 

paediatric skeletons unrivalled capacity for remodelling, hence the majority of fractures in this 

study sample did not require surgical intervention (Bryson et al., 2016).  

5.5  MOTOR OUTCOMES  

5.5.1  INTRODUCTION 

The early motor function of children and adolescents with a TBI is the focal outcome of this 

study. This section analyses the results demonstrated in chapter 4 for the three primary motor 

outcome measures – the GMFCS, the GMFM-88 and the MABC-II. This section will briefly 

discuss the three primary outcome measures; the results obtained at hospital discharge for each 

measure and then compare them to the results identified three months later. The results will be 

critically explored and analysed, compared to prior relevant research and appropriate 

conclusions will be deduced.  
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5.5.2 THE GROSS MOTOR FUNCTION CLASSIFICATION 
SYSTEM  

The GMFCS is a standard classification scale that ranges from one to five in severity. The 

GMFCS has been standardized with a focus on the Cerebral Palsy (CP) population in which a 

child is likely to have varying degrees of overt gross motor deficits. Thus, every level on the 

GMFCS includes some difficulty in ambulation. In this study, the classification system was 

used primarily as an outcome measure for gross motor improvement. The degree of change 

amongst the five levels of the GMFCS at the three-month period was taken to provide an 

indication of gross motor recovery within this particular sample. Owing to the rapid recovery 

in the first few months post TBI (Kuhtz-Buschbeck et al., 2003a), it was unlikely for the 

participants to remain within one level throughout the acute and subacute recovery stage. The 

changes noted on the GMFCS between discharge and follow-up would thus provide an 

indication of gross motor function improvement. However, most participants within the study 

sustained a MTBI and the injury did not cause motor deficits severe enough to render them a 

classification on the GMFCS as per the GMFCS guidelines. Therefore, a level nought was 

introduced by the researcher and it indicated that the participants did not have obvious issues 

in ambulation post their cerebral insult.  

5.5.2.1 GMFCS AT DISCHARGE 

The data in this study suggests that the children were either discharged as independent in 

ambulation or the children required a fairly high degree of physical assistance, likely a 

wheelchair, for ambulation. The GMFCS, similar to some of the outcome measures used in 

other studies (GMFM, PEDI) does not look at the quality of the ambulation, but rather the 

child’s ability to ambulate (Haley et al., 2003, Kuhtz-Buschbeck et al., 2003a). Owing to the 

fact that the majority of this sample sustained a mild TBI, it is understandable that overt motor 

issues such as ambulation were not present at hospital discharge. Thus, an outcome measure 

such as the MABC-II was implemented in order to detect the subtle motor impairments present 

in this population group. Nevertheless, the findings are similar to other studies in which the 

recovery of walking is on the high end, even in children and adolescents that sustain a severe 

TBI (Haley et al., 2003). In the study conducted by Haley et al, (2003), there was a high reported 

rate of ambulation recovery of 70% post severe TBI (although this was at discharge from a 

rehabilitation centre and should be taken into account). The definition of walking in this study 

is similar to that of the GMFCS, in that it is on a basic level and it focuses on the child’s ability 

to ambulate with or without assistance of any kind. Moreover, in a study conducted by Kuhtz-
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Buschbeck et al., 2003a, which consisted of children with moderate to severe TBI’s, most of 

the gait changes took place within the first two months post injury. The results of this 

particularly study are suggestive that the child’s ability to ambulate recovers fairly quickly post 

TBI and after five months of in-patient rehabilitation, most gait variables were within the range 

of the control values by Kuhtz-Buschbeck et al., 2003a).  

5.5.2.2 GMFCS AT THREE-MONTH FOLLOW-UP 

There was a statistically significant improvement (p<0.00) in the GMFCS levels of the 

participants. The GMFCS levels ranged from nought to two (median:0.00; SD: 0.41), with only 

three participants (4.23%) scoring a level two and the remaining 68 participants (95.77%) 

scoring a level nought. The results indicate that during the three-month follow-up period, only 

4.23% of the sample did not return to independent ambulation. Of the three participants that did 

not regain independent ambulation, two of them had a severe TBI with initial GCS scores of 

three and five respectively and the third had a moderate TBI with an initial GCS score of 11. 

Furthermore, the participant with a moderate TBI had also sustained a femur fracture which 

could have contributed to their ambulatory difficulties at the three-month mark. The presence 

of lower limb injuries contributing to slower ambulatory recovery in children and adolescents 

with TBI is consistent with the literature (Haley et al., 2003). The high proportion of 

participants improving in ambulatory function is consistent with prior research even in the 

studies that focused solely on moderate and severe TBI’s (Di Scala et al., 1992, Emanuelson et 

al., 1996, Rossi and Sullivan, 1996, O'Flaherty et al., 2000, Haley et al., 2003, Kuhtz-

Buschbeck et al., 2003b, Caeyenberghs et al., 2011). None of the studies reviewed used the 

GMFCS as an outcome measure therefore no direct comparisons can be deduced. However, 

this study revealed that the GMFCS showed statistically significant improvements with time 

and was sensitive to detecting changes. It could possibly be considered as a quick easy 

screening system for gross motor function in future research.  

5.5.3  GROSS MOTOR FUNCTION MEASURE 

The GMFM-88 was administered to all participants at discharge and at three-month follow up. 

It was used to determine the effects of TBI on gross motor function in the paediatric and 

adolescent population. This measure was useful for detecting gross motor function in the 

moderate and severe TBI population group and those children with associated injuries which 

were hindering their physical function such as an upper or lower limb fracture. The GMFM-88 

does not focus on the quality of the function but rather on the ability of a child to perform a 

specific function (Linder-Lucht et al., 2007). The inclusion of this measure was beneficial as it 
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was sensitive to change in physical function on a more basic motor skill level such as lying and 

sitting (Russell et al., 2000).The dimensions of the measure also span to incorporate complex 

gross motor skills like running and jumping (Russell et al., 2000). The inclusion of this measure 

was necessary because it allowed for the inclusion of participants with more complex injuries, 

and it was sensitive to their improvements over time. Outcome measures similar to the GMFM-

88, such as gait analysis, that focused on more natural motor behaviour as opposed to probing 

maximum speed and precision have been used in previous studies and have proven to be 

effective in tolerating greater variations in motor performance (Dumas and Carey, 2002, Haley 

et al., 2003, Kuhtz-Buschbeck et al., 2003a, Kuhtz-Buschbeck et al., 2003b). 

5.5.3.1 GMFM-88 AT DISCHARGE 

At discharge from hospital the mean total score on the GMFM-88 was 93.2% (SD: ±18.04), 

with a range of 23-100 (%). The participants scored the lowest in Dimension E (87.5%) which 

consists of walking, running, and jumping and scored the highest in Dimension A (99.07%) 

which consists of lying and rolling. Therefore, the participants performed the worst in the tasks 

that required more complex gross motor function. The findings are consistent with prior 

research where participants with a TBI struggled to perform more complex motor tasks in the 

acute phase of a TBI (O'Flaherty et al., 2000, Gagnon et al., 2004, Howell et al., 2014, Stephens 

et al., 2017). 

5.5.3.2 GMFM-88 AT THREE-MONTH FOLLOW-UP 

There was a statistically significant difference (p<0.00) between the GMFM-88 scores of the 

participants at discharge and at three-month follow up. The mean total GMFM-88 score had 

improved to 99.38% (SD:  ±2.62) with a range of 84-100 (%). There was a 6.18% improvement 

over the three -month recovery period. All of the participants (n=71) scored 100% on two of 

the dimensions (Dimension A and B) at the three-month follow-up. These dimensions measure 

an individual’s function in lying and rolling (Dimension A) and sitting (Dimension B). This 

highlights that none of the participants had difficulty in these motor skills. The greatest progress 

occurred in Dimension E (walking, running, and jumping) which improved by 10.61% to a 

mean total score of 98.15% at three-month follow-up. The results are consistent with a study 

conducted by Kuhtz-Buschbeck et al. (2003a) where most of the advances were made in 

Dimensions D and E respectively. It is interesting to note that the children in the aforementioned 

study made advances after a five -month interval of in-patient rehabilitation, compared to the 

children in this research study. Fifteen percent of the sample in the Kuhtz-Buschbeck et al. 

(2003a) study attained maximum GMFM-88 scores at the first assessment. The first assessment 
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was on admission to a rehabilitation unit and equated to roughly three months after the initial 

injury. Conversely, in this study, 77.5% of the participants attained perfect scores on the 

GMFM-88 at three months (i.e., at the same time point). The Kuhtz-Buschbeck et al. (2003a) 

study only included children that had moderate to severe TBI, whereas the present study also 

included mild TBI which could account for the comparably larger percentage of children 

attaining perfect GMFM-88 scores after three months. The results are thus suggestive of 

children and adolescents with MTBI having fewer gross motor problems compared to children 

with moderate and severe TBI at three months’ post TBI. Nonetheless, without separating the 

participants of this study into their appropriate type of TBI classification, the mean scores 

indicate that on a whole the participants of this study had minimal loss of gross motor function 

three months after a TBI. Dahl and Emanuelson (2013) reported similar findings in which the 

participants did not differ in motor proficiency compared to controls at three to six months post 

TBI. The fact that so many achieved 100% also points to the fact that the GMFM-88 has a low 

ceiling, and a more challenging test is needed to determine whether there were less overt gross 

motor problems. Using the GMFM-88 alone might result in under diagnosis of problems. 

5.5.4 THE MOVEMENT ASSESSMENT BATTERY FOR 

CHILDREN – SECOND EDITION  

The MABC-II assessed the participants in three areas: manual dexterity (MD), throwing and 

catching and balance. The inclusion of this outcome measure was beneficial because it included 

more complex motor tasks compared to the GMFM-88. The MABC-II was sensitive to milder 

forms of gross motor disability and was particularly useful for the participants in the MTBI 

category who did not present with overt gross motor issues and for whom the GMFM-88 had 

reached a ceiling. Although the direct aim of this study was to assess change in gross motor 

function, the MD component provided results on fine motor (FM) control. This allowed the 

research results to be compared to studies that included gross and fine motor measures and 

provided additional and relevant information (Chaplin et al., 1993, O’Flaherty et al., 2000, 

Dumas et al., 2002, Kuhtz-Buschbeck et al., 2003a, Dahl and Emanuelson, 2013, Stephens et 

al., 2017).  

5.5.4.1 MABC-II AT DISCHARGE  

The mean total score of the participants on the MABC-II was 7.75 (SD: ±3.75) at hospital 

discharge. The performance on the three subscales were as follows: throwing and catching 
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(mean: 7.75, SD: ±3.59); manual dexterity (mean: 7.81, SD: ±3.11) and balance (mean: 9.15, 

SD: ±4.39).  

According to the MABC-II, a score within one standard deviation (one SD is a score of three) 

away from the mean (10) is acceptable. When one analyses the above scores, a mean total score 

of 7.75 falls within one SD of ten, the maximum score is 19 and indicates that as a group the 

participants did not present with motor impairment. However, on closer investigation, the SD 

of the sample is greater than three, indicating that there were participants that were classified 

either ‘at risk’ for or had a high likelihood of motor impairment. Moreover, the SD scores for 

all the subscales were greater than three with the balance subscale having the greatest standard 

deviation.  

The MABC-II also uses the traffic light system to interpret the scores and it classifies the 

individuals into three colours (green, amber, and red). Green indicates no motor impairment, 

amber indicates ‘at risk’ for motor impairment and red indicates a high likelihood of motor 

impairment. At hospital discharge, 46 children (54.76%) were in the green category, 20 children 

(23.81%) were in the amber category and 18 children (21.43%) were in the red category. The 

traffic light system therefore provides a better indication and understanding of motor function 

of the study sample. Even though the mean standard scores fell within one SD of the mean, 

there was a significant percentage of the participants (45.24%) that were either ‘at risk’ for or 

had a high likelihood of motor impairment at discharge. These children would warrant further 

assessment and intervention from a physiotherapist. 

5.5.4.2 MABC-II AT THREE-MONTH FOLLOW-UP 

There was a statistically significant difference (p<0.00) between the MABC-II mean total 

scores at discharge (mean: 7.75, SD: ±3.75) and at three-months (mean: 9.44, SD: ±2.86), 

indicating an improvement in motor function. There were also improvements in all three 

subscale scores (in descending order): balance (mean:11.80, SD: ±3.84); throwing and catching 

(mean: 8.93, SD: ±2.48) and manual dexterity (mean: 8.66, SD: ±2.83). All the subscale 

standard deviation scores fell below three except for balance. The results highlight that the 

participants were unlikely to have motor impairments after three months, yet some participants 

still presented with balance problems.  

The traffic light system showed, 54 children (76.06%) as green, nine children as amber 

(12.68%) and eight children as red (11.27%). The traffic light system therefore provided us 

with a more precise picture of the motor function of the participants at three-month follow-up. 
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Whilst the vast majority of children had no motor impairment, 23.95% of the study were still 

either classified as at risk or had a high likelihood of motor impairment after three months. The 

unresolved motor deficits, extending post 12 weeks, are consistent with previous research 

studies (Chaplin et al., 1993, O’Flaherty et al., 2000, Dumas et al., 2002, Haley et al., 2003, 

Kuhtz-Buschbeck et al., 2003a, Kuhtz-Buschbeck et al., 2003b, Gagnon et al., 2004, 

Caeyenberghs et al., 2009, Caeyenberghs et al., 20011, Dahl and Emanuelson, 2013, Howell et 

al., 2014, Rhine et al, 2017, Stephens et al., 2017). 

5.5.5  THE SUBTESTS OF THE MABC-II 

The results of the three subtests of the MABC-II: 1) manual dexterity, 2) throwing and catching 

and 3) balance will now be explored further.  

5.5.5.1 MANUAL DEXTERITY  

The MD subtest demonstrated an improvement over the three-month period, but it yielded the 

least progress. The mean standard score for MD at discharge was 7.81(SD: ±3.11) which 

improved to 8.66 (SD: ±2.83) after three months. It is known that the establishment of hand 

dominance only happens at three years old (Dahl and Emanuelson, 2013) and fine motor control 

develops and matures later than gross motor skills (Lemon, 1993, Patra, 1996, Kuhtz-

Buschbeck et al., 2003a). Therefore, the early age at injury may be a contributing factor to the 

above results as the three to six age group was the highest represented in the study. These results 

may provide supportive evidence that the degree of functional recovery is largely reliant on the 

skills acquisition mastered at the time of the cerebral injury (Dennis, 1988, Chaplin et al., 1993, 

Barnes et al., 1999, Ewing-Cobbs et al., 2004, Anderson et al., 2011). Moreover, the relatively 

slower progress in fine motor skills, speed, and coordination after a TBI is consistent with 

previous studies and should be expected (O’Flaherty et al., 2000, Kuhtz-Buschbeck et al., 

2003a, Dahl and Emanuelson, 2013).  

The MD component of the MABC-II (for all three age ranges) consists of two fine motor tasks 

that are timed and one task requiring accuracy and precision (child is required to follow and 

stay within a narrow line using a pen). These results are consistent with prior research which 

suggests that tasks that require precision and accuracy are the most affected in children and 

adolescents post TBI (Chadwick et al., 1981a, Chadwick et al., 1981b, Chadwick et al., 1981c, 

Bawden et al., 1985, Chaplin et al., 1993, Kuhtz-Buschbeck et al., 2003a). Furthermore, the 

findings are similar to studies which demonstrate fine motor tasks that require upper limb speed 

and dexterity to be most affected post TBI (O'Flaherty et al., 2000). Thus, the MABC-II was 
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sensitive to detecting problems with fine motor control, similar to those identified in previous 

research.  

Associated injuries may account for some of the slower progress in manual dexterity scores. 

Fractures of the upper limb (5.95%) were the most common in the ‘areas of interest’ (as 

depicted in 5.4.4) and soft tissue injuries of the upper limbs (13.1%) were also well represented 

amongst the study sample. Fractures, particularly of the upper limb heal relatively quickly in 

children with healing times being inversely proportional to the age of the child, provided there 

are no complications (Bryson et al., 2016). As the youngest age group constituted the largest 

portion of the study, fractures of the upper limbs should have healed by the three-month follow-

up point unless there was weakness and/or loss of joint range of motion at the joint region. 

However, owing to the pathophysiology of fracture healing and the small portion of the sample 

that were affected, the associated upper limb injuries may be deemed almost negligible. 

Therefore, it is highly likely that the results represented are indicative of early motor recovery 

in manual dexterity function as a result of the TBI itself and this test was not overtly influenced 

by associated injuries. Moreover, if the upper limb injuries were to have had a significant impact 

on the outcome, there would have been a greater improvement noted as the associated injury 

would have resulted in low scores at discharge which would have improved drastically at the 

three-month point when the injuries healed. However, this did not occur, and the MD subtest 

progressed the slowest.  

5.5.5.2 THROWING AND CATCHING  

At three-months the throwing and catching subtest had greater improvement than the MD 

subtest but less improvement than the balance subtest. The mean standard score for throwing 

and catching at discharge was 7.75(SD: ±3.59) and 8.93(SD: ±2.48) at three months. Although 

the majority of the sample scored within one SD of the mean at hospital discharge, the SD was 

closer to four, indicating that there were participants who had difficulty performing this task. 

The results are suggestive that the participants did not have difficulty with this motor skill after 

three-months. For this particular subtest, the possible reasons for the lowest scores observed at 

discharge (i.e., in the acute recovery stage) will be explored.  

The complexity of this task may provide an explanation as to why the participants performed 

the worst on this subtest at hospital discharge. Throwing and catching is a complex motor skill 

that incorporates a prominent level of somatosensory processing in order for the child to execute 

the task successfully. It combines upper and lower limb function, hand eye coordination, 

bilateral limb coordination, and dynamic balance in a ‘functional manner’. Prior research has 
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revealed that children and adolescents post TBI, demonstrate poorer performance when the 

complexity of the task increases (Howell et al., 2014) 

The child’s ability to integrate visual information about the speed, flight and size of the object 

and make the appropriate postural adjustments is an example of such processing required. It 

also examines a child’s proprioceptive abilities as the child requires spatial awareness in order 

to make the appropriate body movements and adjustments. These results are consistent with 

previous findings where children and adolescents have difficulty with somatosensory 

integration post TBI (Shumway-Cook and Olmscheid, 1990, Ingersoll and Armstrong, 1992, 

Wober et al., 1993, Guskiewicz, 2001).  

Associated injuries affecting ‘areas of interest’ (upper limb, lower limb, and pelvis) were 

present in a substantial portion of the sample at hospital discharge. Unlike the manual dexterity 

tasks which included only the upper limbs or the balance tasks which included the pelvis and 

lower limbs, this task involved all the relevant limbs. Fractures in these areas were present in 

9.52% and soft tissue injuries of these areas were present in 36.91% of the sample. Such injuries 

would have affected lower limb weight bearing and upper limb mobility needed to perform this 

task. However, like with the MD subtest above, the fractures should have healed by the three-

month follow up and would no longer have interfered with the execution of this task. The level 

that the associated injuries could have directly impacted the initial results of this subtest pose a 

challenge to interpreting the results at three months as it is difficult to quantify what degree of 

functional improvement is as a result of recovery from TBI. It is important to deduce from these 

findings that there was a significant improvement in this subtest over three months regardless 

of the extent of the associated injuries. The results reveal that over three months, not only does 

a TBI recover to a certain extent, but a child is often able to make a remarkable recovery in all 

other aspects caused by the traumatic event, allowing the child to return to play and activities 

of daily living. 

Furthermore, in order for the child to execute the task successfully, the child is required to have 

good hand-eye coordination. The task requires the child to use the visual system and coordinate 

the information received through the eyes to control, guide and direct the hands to execute the 

task. Thus, the findings are supportive of previous research suggesting the speed of hand-eye 

coordination to be particularly sensitive to the effects of TBI (Chadwick et al., 1981a, Bawden 

et al., 1985, Chaplin et al., 1993, Kuhtz-Buschbeck et al., 2003b, Caeyenberghs et al., 2011, 

Stephens et al., 2017). Moreover, these findings are consistent with research that reports 

compromised vision, problems with bilateral coordination and delayed reaction times in 
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children and adolescents post TBI, which would further have contributed to poorer results at 

hospital discharge (Guskiewicz, 2001, Kuhtz-Buschbeck et al., 2003b, Gagnon et al., 2004, 

Caeyenberghs et al., 2009, Caeyenberghs et al., 2011).  

There are elements of postural control that are essential in performing a throwing and catching 

task. Postural control is a vital feature of this motor task because it involves anticipatory 

(feedforward) and reactive elements (feedback). The task requires a child to successfully adjust 

their position and transfer body weight (feedforward) whilst intercepting and catching a moving 

object (feedback). These results are consistent with prior research which has consistently 

identified postural instability post paediatric and adolescent TBI (Gagnon et al., 2004, Dahl and 

Emanuelson, 2013, Rhine et al., 2017). Results by Gagnon et al. (2004) pays particular attention 

to postural instability in the first three months post TBI. These findings provide support for the 

research and demonstrate that children perform worse when refined postural control and higher 

levels of anticipatory control are required, particularly in the acute recovery stage. 

5.5.5.3 BALANCE 

The balance results obtained in this research study are somewhat contradictory. On the one 

hand the highest scores were obtained in the balance subscale at both discharge and follow-up 

with the balance subscale also demonstrating the greatest improvement at follow-up. Yet on the 

other hand the balance subscale had the greatest variance in standard deviation at both discharge 

and at three-month follow-up which suggests that there were participants who scored poorly on 

this subtest. 

In previous studies, balance deficits have been identified in children and adolescents post TBI, 

particularly in those that sustained MTBI and did not present with overt motor impairments 

(Gagnon et al., 2004, Dahl and Emanuelson, 2013, Howell et al., 2014, Rhine et al., 2017, 

Stephens et al., 2017). In this study, the large variance in standard deviation, indicating the 

presence of balance deficits are consistent with the results of the aforementioned studies. 

However, this study yielded unexpected results compared to previous studies. The participants 

of this study not only obtained the highest scores on the balance subscale at hospital discharge 

and at three-month follow-up, but the subtest also demonstrated the greatest improvement over 

the recovery period.  

On closer inspection and examination of the results of this study there were several differences 

that could account for the higher balance scores. None of the balance components of the 

MABC-II required the individual to balance with vision eliminated. The MABC-II only 
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assesses the function of the proprioceptive and vestibular systems at varying difficulties such 

as standing on one leg, standing on an unstable surface and tandem walking on a narrow line. 

Studies that reported balance deficits post TBI utilized outcome measures such as the BOTMP 

(eyes closed on a balance beam) and the Pediatric Clinical Test of Sensory Interaction for 

Balance (P-CTSIB) which includes the three sensory systems required for balance: the 

proprioceptive, vestibular and the visual systems (Gagnon et al., 2004, Stephens et al., 2017, 

Rhine et al., 2017). Hence, the studies where balance issues were reported included tasks where 

vision was eliminated. The results of this study provide further support for the hypothesis 

discussed by Gagnon et al. (2004) which theorizes that the balance issues caused by TBI 

includes the integration of available sensory information required for balance control. The 

results indicate that the injured individual’s capacity to efficiently use the proprioceptive and 

vestibular information received in the absence of visual input is affected. These results could 

also challenge the findings that the visual system is commonly affected post TBI, and the visual 

deficits are the primary contributors to balance problems noted in this population. Further 

research investigating and focusing on vision would be required to make definitive conclusions 

regarding this hypothesis.  

The mechanism of injury could also potentially shed light on the balance results presented in 

this research. Children do not routinely undergo balance testing prior to sustaining a TBI and 

thus, there are no baseline results with regards to a child’s premorbid balance ability. It is 

possible that balance issues reported in prior studies may have preceded the injury. The children 

that had pre-existing balance deficits were potentially more susceptible to sustaining a 

concussive brain injury through falls – the most common mechanism of injury in most other 

studies. In some of the aforementioned studies that underscore balance deficits in participants 

that otherwise did not have overt motor deficits post TBI, only Gagnon et al. (2004), reported 

the mechanism of injury. Gagnon et al. (2004) reported that the vast majority (42%) of TBI’s 

resulted from falls, whereas in this study only 15% of TBI’s were as a result of falls and the 

majority (67.1%) were as a result of road traffic accidents (RTA). The mechanism that results 

in an RTA versus a fall is generally vastly different. The cause of an RTA has a higher 

likelihood of being independent of the injured individual and is often resultant of errors 

produced by another individual. This is particularly the case of a paediatric TBI in which the 

subject is unable to be the driver of the vehicle. In other words, the TBI’s sustained by the 

majority of participants in this study were caused by external factors that involved another 

individual and were not as a direct result of the child’s independent actions. This makes it 

difficult to assume that the TBI was a result of prior balance deficits. Conversely, the children 
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that sustain a TBI as a result of a fall have a higher likelihood that balance deficits existed prior 

to the injury because the mechanism of injury is largely dependent on the individual’s action. 

Therefore, the poor balance scores obtained in such research cases may not be as a result of the 

injury but rather a contributing factor to the cause of the injury. However, a larger number of 

research studies would need to be analysed further in order to support this hypothesis.  

Furthermore, the age range of the assorted studies could also account for the comparably 

different balance results. This study included participants extending from three to 12 years old, 

whereas other studies included children of ages extending further into adolescence (Chaplin et 

al., 1993, Kuhtz-Buschbeck et al., 2003a., Gagnon et al., 2004, Caeyenberghs et al., 2009, Dahl 

and Emanuelson, 2013, Howell et al., 2014, Stephens et al., 2017). These results could 

potentially reveal that balance post TBI is affected to a greater extent in the older adolescent 

population compared to the younger age groups. This may be further supported by the fact that 

the majority of participants in this study were pre-adolescence with the oldest age group (10-

12 years old) only comprising 8.3% of the sample size.  

Time since injury could also account for the differences in balance results. Two studies 

conducted by Caeyenberghs et al. (2009) and Caeyenberghs et al. (2011) that used the MABC 

as an outcome measure included participants that were three and four years post insult 

respectively. The lower balance sub-scores in the aforementioned studies were associated with 

lower FA in the cerebellum and the corticospinal tracts (CST) which are responsible for 

coordination, balance, and postural control. Previous studies have identified deterioration in 

these specific brain regions with time and have reported microstructural changes during the 

chronic stages of TBI (specifically moderate and severe TBI) as well as reduced cerebellar grey 

matter in children with TBI (Spanos et al., 2007). Research has revealed the vulnerability of the 

cerebellum to TBI and the negative long-term effects of TBI on the cerebellum, contributing to 

cerebellar atrophy and consequent balance and coordination impairments. Therefore, 

microstructural changes that occur with time may contribute to a delay in balance and 

coordination problems which could support the notion of emerging deficits that have been 

identified in children post TBI (Anderson et al., 2011, Koskiniemi et al., 1995). This hypothesis 

may be strengthened by several other long term follow-up studies that have also identified 

balance deficits in this population (Chaplin et al., 1993, Kuhtz-Buschbeck et al., 2003a).  
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5.5.6  FACTORS AFFECTING MOTOR OUTCOME  

The relationship between motor function and a number of demographic and clinical factors was 

investigated. Age at injury did not appear to affect motor function. This is consistent with 

findings reported in previous studies (Klonoff et al., 1993, Dumas et al., 2002, Kuhtz-

Buschbeck et al., 2003b, Dahl and Emanuelson, 2013). The sex of the participants also did not 

have any direct correlation to motor function which is consistent with results by Dahl and 

Emanuelson (2013). Lower GCS scores were associated with poorer motor function on the 

GMFCS, GMFM-88 and the MABC-II at the three-month follow-up. The results suggest that 

the more severe the TBI, the greater the motor disability and similar findings have been reported 

in the literature (O'Flaherty et al., 2000, Stephens et al., 2017). The type of TBI and the severity 

of the TBI were also correlated. The more types of TBI present, the greater the severity (the 

lower the GCS score) of the TBI and consequently the poorer functional outcomes.  

The results of this study also bring into question the ‘cerebral plasticity’ versus the ‘cerebral 

vulnerability’ concepts as the age at injury did not appear to have correlations to functional 

outcomes. The results rather provide supportive evidence for the recovery continuum model 

proposed by Anderson et al. (2011) in which recovery post paediatric TBI is reliant on various 

factors such as severity and type of the insult.  

5.5.7  SUMMARY OF MOTOR OUTCOMES 

The participants demonstrated significant improvements in motor function over the three-

month recovery period. Although there were still a substantial portion of participants that were 

either at risk of motor impairment or were likely to have motor impairment, the sample as a 

whole regained motor function after three months. The participants in the study did not only 

have an isolated TBI and many of them had associated injuries, yet they still demonstrated 

functional motor recovery. The findings provide supportive evidence that recovery of motor 

function occurs faster than other functional domains such as cognition which demonstrates 

persistent negative sequela post TBI (Caeyenberghs et al., 2011). This study provides further 

information that motor function can be regained as early as three months for the majority of 

TBI patients of all classifications and varied age ranges. The improvement or resolution of 

motor deficits observed from discharge to three months could be in part attributed to 

developmental maturation or familiarity with the measure, although this is unlikely as the 

scoring for the MABC-II incorporates age-based norms. Therefore, the children with TBI did 

not only improve numerically between tests but also caught up to their uninjured peers over the 
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three-month recovery period. Only severity of injury as determined by the GCS was associated 

with functional motor outcome.  

5.6  ASSISTANCE TO PARTICIPATE SCALE  

The ICF takes a holistic approach in determining the major factors that impact on recovery and 

return to function of a TBI. This classification predominantly focuses on the impacted 

individual. This study saw the need to extend the focus to the caregiver as a fundamental 

participant in recovery. Therefore, the Assistance to Participate Scale (APS) was applied which 

further determines the extent of involvement required by the caregiver in daily activities and in 

facilitating participation. The relationship between the disabled child and the family carer who 

enables the child’s participation is inextricably linked (Bourke-Taylor et al., 2009). Therefore, 

measuring the child’s capabilities must extend to measuring the extent of the caregiver’s 

assistance required.  

The results of the APS demonstrated that the children of this sample did not require assistance 

from the primary caregiver to participate in play and leisure activities in the home, community, 

and social setting (mean: 39.65, SD: ±2.53) at three months post discharge. The results are 

consistent with the motor function recovery demonstrated in 5.5 in which the majority of 

children and adolescents had no motor impairment at three months. Children with greater 

physical dysfunction generally require more assistance to participate in play and leisure 

activities compared to children with psychosocial issues (Bourke-Taylor et al., 2009). The 

findings are also supportive of research studies that report self-care-levels to be the highest in 

a group of TBI patients (Dumas et al., 2002).  

In future research it is warranted to extend this study to the affected child as the child’s 

perception is often underestimated. The child may not successfully communicate the extent of 

assistance required to perform optimally throughout their return to more subtle preinjury 

function. Certain aspects of daily life may require more assistance to enable participation 

compared to that which is perceived by the caregiver.  Further research also needs to be 

conducted to investigate the relationship between socio-economic status and APS. Factors such 

as access to services and well as caregiver education and understanding of the condition could 

be investigated.  

  



125 

5.7 PEDIATRIC QUALITY OF LIFE – FAMILY IMPACT 
MODULE 

Similar to the APS, the utilization of the Pediatric Quality of Life – Family Impact Module 

(PedsQL-FIM) allowed for the impact of the child’s injury on the primary caregiver and family 

function to be quantified. While the extent of environmental supports such as wheelchairs and 

communication devices can be easily measured, human support in the form of a family’s 

capacity to provide the assistance required (be it physical, emotional, or financial) is both 

complex and difficult to measure. The family play an integral role in the recovery of a disabled 

individual; however, this often impacts the quality of life of these family members. Quantifying 

this impact is vital because a family that is not coping with the burden of living with a disabled 

child can have tremendous knock-on effects on recovery. Research has demonstrated that the 

restrictive or facilitative nature of a child’s home life, including the attitudinal environment, 

affect the caregiver’s capacity to support the child’s participation and recovery (Bourke-Taylor 

et al., 2009, Medrano et al., 2013a). 

A study conducted in Brazil, which is considered to be of similar SES to that of South Africa, 

used the PedsQL-FIM to monitor the HRQOL of parents/guardians of children and adolescents 

with cancer in active therapy. The Brazilian version of the PedsQL-FIM was considered reliable 

and valid for assessing the impact of a chronic paediatric health condition on the HRQOL of 

parents and family functioning. This is an important finding as it suggests that the instrument 

can be cross-culturally adapted to suit the specific context in which it is used, such as in the 

case of this study (Scarpelli et al., 2008).  

The PedsQL-FIM revealed that in this study there were primary caregivers whose health-related 

quality of life (mean: 69.06%, SD: ±20.44) and family functioning (mean: 64.75%, SD: ±26.78) 

had been affected as a result of the child’s TBI. The parents scored the lowest on the emotional 

functioning component (mean: 60.14%) and family relationships (mean: 59.79%) had taken 

noticeable strain over the three-month period. The results are consistent with studies 

demonstrating that medically fragile children living at home have more of a negative impact on 

family functioning compared to those that are receiving ‘in-hospital’ care. This is imperative to 

note as none of the children in this study were placed in an in-hospital rehabilitation centre post-

acute care and were all discharged home, indicating that the strain placed on the families caring 

for them was significantly higher than those in a rehabilitation facility (Houtzager et al., 2005).  
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The disabled child relies on dedicated support structures in order to overcome the burden of 

disability and optimize recovery. Yet a family that is struggling to cope, such as the ones in this 

study, hinders the environment needed for recovery and participation enablement which 

negatively impacts on recovery according to the recovery continuum model (Anderson et al., 

2011). Government bodies and service providers rely on the availability of such data to track 

and predict needed financial and human service support, such as respite care, for primary 

caregivers and family members. Those caring for paediatric and adolescent TBI are a vital cog 

in the wheel and their functioning and emotional well-being is imperative to assist with the 

injured individual’s functional recovery. Implementation of support services and coping 

mechanisms for primary caregivers and family members (particularly of this study) should not 

be overlooked. Currently there is limited data available on the usage of the PedsQL-FIM, 

making it difficult to quantify the impact a childhood disability or chronic illness has on family 

functioning and quality of life. This study has revealed that the outcome measure is user- 

friendly and inexpensive making it an easy tool to capture such necessary data and could be 

used in future studies.  

5.8  STRENGTHS OF THE STUDY 

The strengths of the study are as follows: 

• The study included a fairly large sample size when compared to other studies that also 

researched motor function in this population group (Chaplin et al., 1993, O'Flaherty et 

al., 2000, Dumas and Carey, 2002, Haley et al., 2003). 

• The study had 84.5% of the sample return to follow-up. This is exceptionally high, 

particularly in a population with low socio-economic status. The high follow-up rate in 

this study is contrasted by a study conducted by Dahl and Emanuelson (2013) which 

took place in Sweden – a high income country – in which only 21% of the sample 

returned for follow-up.  

• It appears to be the first known study on paediatric and adolescent TBI in Gauteng and 

took place at CHBAH, which services a significant percentage of the Gauteng 

population. Thus, the results demonstrated in this research are likely transferable to rest 

of the Province and South Africa as a whole.  

• The study included a 12 week follow-up by which time the post-concussion symptoms 

should have resolved (Gagnon et al., 2004) and therefore it is unlikely that lingering 

neurological symptoms could have altered the outcome.  
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• The heterogeneity of the inclusion criteria (i.e., included all TBI classifications, all 

mechanism of injuries, all neuropathology’s, and a wide age range) are in conjunction 

with TBI being a heterogeneous condition and the findings can be extrapolated to motor 

recovery of TBI as a whole.  

• The MABC-II demonstrated a sensitivity to subtle changes in motor function, 

particularly in fine motor control, where other studies have reported the outcome 

measures used to be less sensitive to fine motor control problems, particularly in MTBI 

(Chaplin et al., 1993, O'Flaherty et al., 2000, Dahl and Emanuelson, 2013, Stephens et 

al., 2017). 

5.9  LIMITATIONS OF THE STUDY  

The limitations of the study are as follows:  

• On the whole the outcome measures were appropriate to use on this population, however 

the GMFCS had to be modified to incorporate a level nought which may have altered 

the reliability as it is a standardized outcome measure. 

• The parent questionnaires were in English but only 4.76% of the sample used English 

as their first language. A translator (in the form of the Matron in PSAW) was often 

required, but because the questionnaire is self-report, the translation may have affected 

the understanding and resulted in inappropriate answers.  

• The study included the quality of life of the primary caregiver; however, it did not 

include that of the participant and based on ICF, the quality of life of the individual is 

of vital importance.  

• At the three-month follow-up, several parents reported that the children were presenting 

with headaches, ill-disciplined behaviour, and poor attention, yet there was no formal 

recording of this information. Although PCS are transient in 90% of MTBI, there was 

no documentation for the remaining 10% that may have presented with lingering 

symptoms, such as those mentioned above (Bodnar et al., 2019).  

• Many of the research studies focus on gait post TBI, this study only looked at the 

participant’s ability to ambulate and not at the quality of ambulation. Gait problems 

have been identified in children and adolescents post TBI.  

• The MANOVA was used to determine correlations, yet it is only verified to be used on 

parametric data and the data of this study was non-parametric. Future studies, including 

more evenly distributed data for each TBI classification would be needed in order to 

verify the results obtained.  
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• Although vision has been identified as a problem after TBI, none of the outcome 

measures included visual motor control.  

• Not all of the children aged 10-12, admitted to CHBAH with TBI were included in the 

study. 

• The location of the brain injury was not recorded, and research has demonstrated that 

the site of the lesion may also be a prognostic factor for outcome as well as a predictor 

of potential problems based on structure versus function.  

• The results are only based on CT findings as MRI scans are not routinely done at 

CHBAH. Therefore, DAI as a diagnosis and the complete extent of the brain damage is 

possibly underreported in some of the participants. This underreporting and 

misdiagnosis may have affected correlations such as the type of TBI and functional 

outcome.  

• The parents HRQOL was only assessed at three-month follow-up and not at discharge. 

Baseline data would have assisted in more accurately ascertaining the direct impact of 

the child’s injury on the primary caregiver. 

5.10  CLINICAL IMPLICATIONS OF THE STUDY 

South Africa is a low- middle income country with limited access to healthcare and particularly 

in-patient paediatric rehabilitation services. (Hyder et al., 2007). It is of interest to note that the 

results of this study highlight that most children and adolescents regained motor function after 

three months post traumatic brain injury without receiving a structured inpatient rehabilitation 

programme. The study showed that mild traumatic brain injury is the most common type of 

paediatric TBI admitted to CHBAH. The majority of children did not require extensive medical 

and/or surgical management, however, it is crucial to note that 23.95% of the sample still 

presented with motor impairments or were at risk of developing motor problems after three 

months. These results should not be undermined by the 76.05% of the sample that regained 

motor function after three months. Structured rehabilitation programmes need to be 

implemented in order to maximise the recovery of this sizeable portion of participants. The 

outcome measures used in the study were sensitive to change over time and this provides further 

support for their usage in this population group.  

In spite of the positive results above, an initiative-taking management strategy should be 

implemented across the board as part of the discharge protocol for children and adolescents 

seeking care for TBI at a South African healthcare facility. South Africa should take heed from 

the successful implementations of discharge programmes such as those at the Montreal 
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Children’s Hospital in which children and adolescents who are hospitalised or seen in the 

emergency department after a TBI, are provided with activity restrictions and required to 

gradually return to school (Swaine and Friedman, 2001). The restrictions are particularly 

important for the first four weeks post insult when PCS have not yet resolved (Bodnar et al., 

2019). Such restrictions provide the necessary time for the vulnerable brain to heal and prevent 

further damage which is crucial considering the fact that children with a TBI have a higher 

likelihood of sustaining a subsequent TBI compared to the uninjured population (Gagnon et al., 

2004). Recurrent head injuries can have dire consequences (such as brain atrophy and impaired 

neuropsychological performance), particularly if such an event occurs during the healing period 

(Torres et al., 2019). Currently, there is no formal discharge documentation provided to the 

primary caregivers and children at CHBAH explaining TBI, post -concussion syndrome, signs 

of raised ICP as well as how to gradually return to daily activities. Formalized pamphlets 

explaining the above could be implemented, not only at CHBAH but in all primary, secondary, 

and tertiary facilities nationwide as an attempt to create awareness of the condition and prevent 

subsequent injury.  

The research results obtained, as they pertain specifically to physiotherapy, provide insight into 

the type of rehabilitation required post TBI in children. Owing to the lack of resources available 

in the State setting and the fact that the majority of the participants demonstrated positive motor 

outcomes after three months, there is now evidence that most children admitted to the hospital 

for general neuro-observation do not require routine physiotherapy intervention. For those 

children that had lower GCS scores, associated injuries, and sustained multiple types of TBI, a 

thorough assessment and rehabilitation intervention should be provided. The intervention 

should target sensorimotor integration, hand-eye coordination, manual dexterity, and balance 

training. Physiotherapists should also advocate and assist with the admission to inpatient 

rehabilitation for those children that meet the criteria, owing to the positive outcomes 

demonstrated in children that receive such services.  

Furthermore, a lack of State paediatric inpatient rehabilitation centres has been identified, yet 

this research study has acknowledged children that would benefit from long term inpatient 

rehabilitation in order to optimise function. This is of particular importance for this 

demographic where poor socio-economic status is a barrier to rehabilitation and recovery. Such 

research is crucial to provide the evidence required to assist with advocating appropriate care 

for this vulnerable population group who are at a critical juncture in their development and 

enriched environments can assist with optimizing functional recovery in all domains.  
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MVA and PVA were statistically the highest mechanism of injury in the research. Education 

strategies regarding road safety could be taught in schools from an early age in an attempt to 

limit the number of pedestrian vehicle accidents. Car seat and seat belt campaigns could be set 

up and promoted throughout the country to enforce their correct and effective usage. 

Interventions regarding formal car seat donations and allocations should be implemented. Taxi 

drivers should be incentivised to have car seats available and to prevent overloading of vehicles. 

If the country can work towards limiting the number of road related TBI’s, the burden on the 

healthcare system will be greatly reduced.  

South Africa should follow in the footsteps of many high-income countries that have national 

trauma registries. Such data is crucial for the improved tracking and surveillance of the TBI 

epidemic as a means of improving the morbidity and mortality in the paediatric and adolescent 

population of South Africa.  

The necessary support structures, such as psychological assessments and referrals, for primary 

caregivers and family members of children with disabilities should not be overlooked. The 

people caring for the disabled children play a crucial role in the participation enablement of the 

injured child and optimization of their functional recovery. Therefore, their health-related 

quality of life should be a focal element throughout the recovery process.  

5.11  RESEARCH IMPLICATIONS OF THE STUDY  

This is a purely paediatric centred research study. The results have thus contributed to the 

paucity of data present in the paediatric and adolescent population post TBI. One of the indirect 

aims of this particular research study included contributing to the lack of epidemiological 

surveillance of PTBI in a low-middle income country such as South Africa, with a particular 

focus on the Gauteng Province. By including a heterogeneous sample, the results extrapolated 

are relevant to PTBI has a whole. This is in contrast to other studies conducted in South Africa 

which had more stringent inclusion criteria (Schrieff et al., 2013). Although the Government is 

trying to regulate the taxi industry and improve road safety, the results of this study reveal that 

the high number of paediatric TBI in South Africa is still as a result of high incidence of road 

traffic accidents (Levin, 2004, Schrieff et al., 2013, Patel et al., 2017). Such research can be 

used to provide substantial evidence for improvements in road safety regulations.  

Vulnerability of the immature CNS to undergo a TBI appears to continue through the first five 

or six years of life with infants and preschool children demonstrating poorer outcomes than 

school aged children (Koskiniemi et al., 1995, Müller et al., 1998, Kolb et al., 2000a). Owing 
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to the fact that the majority of this sample were between three and six, a long-term follow-up 

for all participants is warranted. Such long term follow up may provide further information 

regarding recovery progression, emerging deficits and provide necessary insight into 

rehabilitation services required. Furthermore, future research including a bigger sample with 

regards to mechanism of injury – falls versus a road traffic accident – may assist in determining 

whether balance is a cause of or as a result of a traumatic brain injury. If future research is able 

to support this hypothesis it could lead to the implementation of preventative intervention 

strategies such as balance screenings in schools. Future research is warranted to compare the 

recovery (both short and long term) of children and adolescents from differing socio-economic 

circumstances. The results of such studies may provide insight into the factors which promote 

or inhibit paediatric functional recovery. Such information can assist in identifying appropriate 

allocation of resources to optimize recovery, particularly during the ‘window of opportunity’. 

Further research comparing children with severe functional disability at discharge who receive 

a home exercise programme containing specific training of the motor areas identified as being 

affected post TBI (as mentioned in 5.10.) to children that receive in-patient rehabilitation 

services would provide further insight into the necessity of inpatient rehabilitation as it pertains 

to motor function specifically. Future research could also include a child centred questionnaire 

to ascertain the child’s health related quality of life after a brain injury to determine if there are 

specific areas that can be targeted with rehabilitation therapy services to improve participation 

and activities of daily living.  

Many high income countries have national trauma registries (Buitendag et al., 2017). 

Considering that TBI in Africa is expected to be at 10 million cases by 2050, improved 

intervention and surveillance is required (Wong et al., 2016). CHBAH has recently set up a 

paediatric electronic database and research utilizing this data should be performed to improve 

injury surveillance and tracking leading to improved outcomes and prevention strategies.  
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CHAPTER SIX – CONCLUSION  

This study set out to investigate the early functional outcomes in children and adolescents with 

a traumatic brain injury at hospital discharge and after three months. The study utilized three 

primary motor outcome measures which included the GMFCS, GMFM-88 and the MABC-II.  

The study included children and adolescents aged three to twelve years old admitted with a 

traumatic brain injury but not limited to an isolated TBI. The three to six age group comprised 

the majority of the sample. More males sustained a TBI compared to females and road traffic 

accidents accounted for the majority of injuries. Mild traumatic brain injuries were the most 

common amongst the sample.  

The findings revealed statistically significant improvements in the motor function of the 

participants at three-month follow-up. The majority of the participants were independent in 

ambulation and had no gross or fine motor deficits. However, there was a considerable 

percentage of participants that were still classified as ‘at risk’ of motor impairment or had a 

high likelihood of motor impairment three months post brain insult.  

Factors that influenced the outcome included the GCS score, the type of TBI sustained, and the 

presence of associated injuries. Lower GCS scores at the time of the injury were associated 

with poorer functional outcomes at three months. The type of TBI and GCS scores were also 

related, with participants who sustained multiple types of TBI and intracerebral haemorrhages 

and have more severe head injuries. Although age was not a direct correlation to functional 

outcome at three months, the children in the three to six and seven to nine age groups were 

admitted with more mild types of TBI compared to those in the ten to twelve age group. Males 

sustained more associated injuries compared to the female participants. Children and 

adolescents that were admitted with isolated head injuries and higher GCS scores performed 

better than those that had lower GCS scores and associated injuries at three months.  

Moreover, the participants were largely independent in the home, community and social setting 

and they did not require assistance from a primary caregiver. The primary caregivers reported 

that their health-related quality of life and family functioning had been affected as a result of 

the TBI.  

To our knowledge, this is the first study of its kind conducted in South Africa that includes a 

large heterogeneous sample size of children and adolescents with TBI with a primary focus on 

functional outcomes. The results of this study are unique as they are a representation of the TBI 
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epidemic as it pertains to Gauteng and to a considerable extent South Africa as a whole. It 

demonstrates vital information that can assist with the stratification of resources in the State 

setting to enhance appropriate care for children with TBI to optimize recovery and functional 

outcomes. It was positive to note that the majority of the sample regained motor function at 

three months and physiotherapy services for this particular group would not necessarily be 

warranted. However, the fairly substantial portion of participants that remained with functional 

problems at three months should not be ignored. These children require extensive follow-up 

and appropriate rehabilitation services, many of which are lacking in South Africa. Future 

research is warranted to include long term follow-up of these children to determine residual 

impairments and emerging deficits in all functional domains.  

TBI in children remains a significant public health issue in South Africa, yet childhood injuries 

continue to receive little attention (van As and Millar, 2012). The study highlights that 

morbidity and mortality caused by a paediatric traumatic brain injury is largely preventable. 

Higher income countries around the world have implemented effective trauma systems and 

have put interventions in place. Their preventative measures and appropriate interventions have 

seen a drastic reduction in preventable TBI’s such as those caused by RTA’s (Ademuyiwa et 

al., 2012). Unlike the field of infectious diseases where vaccinations and prevention strategies 

are the norm, paediatric trauma is largely overlooked and prevention strategies are scarce (van 

As and Millar, 2012). Children are disproportionately affected by trauma and the findings of 

this study support the need for a close follow-up of these vulnerable children by a resolute 

interprofessional team. 

‘There can be no keener revelation of a society’s soul than the way in which it treats its 

children.’ Nelson Mandela, former President of South Africa 

 



134 

REFERENCES  

1. Adams, H. and Mink, J., 2013. Neurobehavioral features and natural history of juvenile 

neuronal ceroid lipofuscinosis (batten disease). J. Child Neurol., 28(9):1128-1136. 

2. Ademuyiwa, A., Usang, U., Oluwadiya, K., Ogunlana, D., Glover-Addy, H., Bode, C. 

& Arjan B Van, A. 2012. Pediatric trauma in sub-Saharan Africa: challenges in 

overcoming the scourge. J. Emerg. Trauma Shock, 5(1):55-61. 

3. Ahmad, F. 2014. Individual absorptive capacity of host-country national (HCN) 

workers of foreign MNC(s) in electrical and electronic sector In Malaysia. PhD, 

Universiti Sains Malaysia. 

4. Alali, A.S., Gomez, D., Sathya, C., Burd, R.S., Mainprize, T.G., Moulton, R., Falcone, 

R.A., Jr., De Mestral, C. & Nathens, A. 2015. Intracranial pressure monitoring among 

children with severe traumatic brain injury. J Neurosurg Pediatr, 16(5):523-532. 

5. Alhelali, I., Stewart, T.C., Foster, J., Alharfi, I.M., Ranger, A., Daoud, H. & Fraser, 

D.D. 2015. Basal skull fractures are associated with mortality in pediatric severe 

traumatic brain injury. J Trauma Acute Care Surg, 78(6):1155-61. 

6. Allen, D. and Goldstein, G., 2013. Cluster Analysis in Neuropsychological Research. 

New York: Springer. 

7. Alotaibi, M., Long, T., Kennedy, E. & Bavishi, S. 2013. The efficacy of GMFM-88 and 

GMFM-66 to detect changes in gross motor function in children with cerebral palsy 

(CP): a literature review. Disability Rehabil, 36(8):617-627. 

8. AL-Sagarat, A. and Al-Ghwyeen, W., 2016. Attitudes of health care providers toward 

the presence of family members during invasive procedures in 

children. Compr Child Adolesc Nurs, 39(4):272-286. 



135 

9. Anderson, V., Catroppa, C., Dudgeon, P., Morse, S., Haritou, F. and Rosenfeld, J., 

2006. Understanding predictors of functional recovery and outcome 30 months 

following early childhood head injury. Neuropsychology, 20(1):42-57. 

10. Anderson, V., Catroppa, C., Morse, S., Haritou, F. & Rosenfeld, J. 2005a. Functional 

plasticity or vulnerability after early brain injury? Pediatrics, 116(6):1374-1382. 

11. Anderson, V., Spencer-Smith, M. & Wood, A. 2011. Do children really recover better? 

Neurobehavioural plasticity after early brain insult. Brain, 134(8):2197-221. 

12. Anderson, V.A., Catroppa, C., Haritou, F., Morse, S. & Rosenfeld, J.V. 2005b. 

Identifying factors contributing to child and family outcome 30 months after traumatic 

brain injury in children. Journal of Neurology, Neurosurgery & Psychiatry, 76(3):401-

408. 

13. Andersson, E., Sejdhage, R. and Wage, V., 2012. Mild traumatic brain injuries in 

children between 0–16 years of age: a survey of activities and places when an accident 

occurs. Dev Neurorehabil, 15(1):26-30. 

14. Anghinah, R., Paiva, W., Battistella, L. and Amorim, R., 2018. Topics in cognitive 

rehabilitation in the TBI post-hospital phase. New York: Springer. 

15. Anthony, S.J., Hebert, D., Todd, L., Korus, M., Langlois, V., Pool, R., Robinson, L.A., 

Williams, A. & Pollock-Barziv, S.M. 2010. Child and parental perspectives of 

multidimensional quality of life outcomes after kidney transplantation. Pediatric 

Transplantation, 14(2):249-256. 

16. Araki, T., Yokota, H. & Morita, A. 2017. Pediatric Traumatic Brain Injury: 

Characteristic Features, Diagnosis, and Management. Neurol Med Chir (Tokyo), 

57(2):82-93. 

17. Araki, T., Yokota, H. And Morita, A., 2017. Pediatric traumatic brain injury: 

characteristic features, diagnosis, and management. Neurol. Med. Chir., 57(2):82-93. 



136 

18. Aras, B., Seyyar, G., Kayan, D. and Aras, O., 2018. reliability and validity of the 

turkish version of the Early Clinical Assessment of Balance (ECAB) for young children 

with cerebral palsy. J. Dev. Phys. Disabil., 31(3):347-357. 

19. Arfanakis, K., Cordes, D., Haughton, V.M., Carew, J.D. & Meyerand, M.E. 2002. 

Independent component analysis applied to diffusion tensor MRI. Magn Reson Med, 

47(2):354-63. 

20. Arnett, A., Peterson, R., Kirkwood, M., Taylor, H., Stancin, T., Brown, T., & Wade, S. 

2013. Behavioral and cognitive predictors of educational outcomes in pediatric 

traumatic brain injury. J. Int. Neuropsychol. Soc., 19(8):881-889. 

21. Arrey, E.N., Kerr, M.L., Fletcher, S., Cox, C.S., Jr. & Sandberg, D.I. 2015. Linear 

nondisplaced skull fractures in children: who should be observed or admitted? J 

Neurosurg Pediatr, 16(6):703-8. 

22. Ba, Q., Chen, Y., Deng, S., Wu, Q., Yang, J. and Zhang, J., 2017. An improved 

information value model based on gray clustering for landslide susceptibility 

mapping. ISPRS Int. J. Geoinf., 6(1):18. 

23. Barnes, M.A., Dennis, M. & Wilkinson, M. 1999. Reading after closed head injury in 

childhood: Effects on accuracy, fluency, and comprehension. Developmental 

Neuropsychology, 15(1):1-24. 

24. Bawden, H.N., Knights, R.M. & Winogron, H.W. 1985. Speeded performance 

following head injury in children. J Clin Exp Neuropsychol, 7(1):39-54. 

25. Beckung, E., Carlsson, G., Carlsdotter, S. and Uvebrant, P., 2007. The natural history of 

gross motor development in children with cerebral palsy aged 1 to 15 years. Dev Med 

Child Neurol., 49(10):751-756. 

26. Benjamin, N., 2021. A comparison of exercise endurance levels between children 

diagnosed with developmental co-ordination disorder and endurance levels of normal 



137 

children, between the ages of seven and ten years. Masters. University of the 

Witwatersrand. 

27. Beretta, E., Cimolin, V., Piccinini, L., Carla Turconi, A., Galbiati, S., Crivellini, M., 

Galli, M. and Strazzer, S., 2009. Assessment of gait recovery in children after traumatic 

brain injury. Brain Injury, 23(9):751-759. 

28. Besio, S., Bulgarelli, D. and Stancheva-Popkostadinova, V., 2019. Evaluation of 

childrens' play. Warsaw: Sciendo. 

29. Bibri, S., 2020. Smart sustainable cities of the future. New York: Springer. 

30. Bir, S.C., Kalakoti, P., Notarianni, C. & Nanda, A. 2015. John Howship (1781-1841) 

and growing skull fracture: historical perspective. J Neurosurg Pediatr, 16(4):472-6. 

31. Blecher, E., 2004. An international analysis of cigarette affordability. Tob. Control, 

13(4):339-346. 

32. Bodnar, C.N., Roberts, K.N., Higgins, E.K. & Bachstetter, A.D. 2019. A systematic 

review of closed head injury models of mild traumatic brain injury in mice and rats. J 

Neurotrauma, 36(11):1683-1706. 

33. Bohl, D., Ondeck, N., Samuel, A., Diaz-Collado, P., Nelson, S., Basques, B., Leslie, M. 

and Grauer, J., 2016. Demographics, mechanisms of injury, and concurrent injuries 

associated with calcaneus fractures: a study of 14 516 patients in the American college 

of surgeons national trauma data bank. Foot Ankle Spec., 10(5):402-410. 

34. Bonfield, C.M., Naran, S., Adetayo, O.A., Pollack, I.F. & Losee, J.E. 2014. Pediatric 

skull fractures: the need for surgical intervention, characteristics, complications, and 

outcomes. J Neurosurg Pediatr, 14(2):205-11. 

35. Botha, M., 2015. Evaluation of the tests of sensory integration function used with 

infants. Masters. University of the Witwatersrand. 



138 

36. Bourke-Taylor, H. and Pallant, J., 2013. The Assistance to Participate Scale to measure 

play and leisure support for children with developmental disability: update following 

Rasch analysis. Child Care Health Dev., 39(4):544-551. 

37. Bourke-Taylor, H., Law, M., Howie, L. & Pallant, J.F. 2009. Development of the 

Assistance to Participate Scale (APS) for children's play and leisure activities. Child 

Care Health Dev, 35(5):738-45. 

38. Bourke-Taylor, H., Pallant, J., Law, M. and Howie, L., 2012. Predicting mental health 

among mothers of school-aged children with developmental disabilities: The relative 

contribution of child, maternal and environmental factors. Res. Dev. Disabil., 

33(6):1732-1740. 

39. Boyd, R., Jordan, R., Pareezer, L., Moodie, A., Finn, C., Luther, B., Arnfield, E., Pym, 

A., Craven, A., Beall, P., Weir, K., Kentish, M., Wynter, M., Ware, R., Fahey, M., 

Rawicki, B., McKinlay, L. and Guzzetta, A., 2013. Australian cerebral palsy child 

study: protocol of a prospective population based study of motor and brain development 

of preschool aged children with cerebral palsy. BMC Neurol., 13(1). 

40. Bracken, B., 2011. The psychoeducational assessment of preschool children. 3rd ed. 

Boca Raton: Taylor & Francis. 

41. Brazinova, A., Rehorcikova, V., Taylor, M.S., Buckova, V., Majden, M., Psota, M., 

Peeters, W., Feigin, V., Theadom, A., Holkovic, L. & Synnot, A. 2016. Epidemiology 

of traumatic brain injury in Europe: a living systematic review. Journal of 

Neurotrauma, 33:1-30. 

42. Brown, T. and Lalor, A., 2009. The Movement Assessment Battery for Children—

Second Edition (MABC-2): a review and critique. Phys Occup Ther Pediatr., 29(1):86-

103. 

43. Brown, T., 2018. Movement Assessment Battery for Children: 2nd Edition (MABC-

2). Encyclopedia of Autism Spectrum Disorders, 1-20. 



139 

44. Bruce, D.A., Schut, L., Bruno, L.A., Wood, J.H. & Sutton, L.N. 1978. Outcome 

following severe head injuries in children. J Neurosurg, 48(5):679-88. 

45. Bryson, D.J., Shivji, F.S., Price, K.R., Lawniczak, D., Chell, J. & Hunter, J.B. 2016. 

The lost art of conservative management of paediatric fractures. Bone & Joint 360 

5(1):2-8. 

46. Budhan, J., Scarborough, D. and Kuren, M., 2019. The impact of a novel gaming 

reinforcement system on oral intake outcomes in pediatric feeding therapy: a single case 

study. Am J Speech Lang Pathol., 28(2):394-407. 

47. Buitendag, J., Kong, V., Bruce, J., Laing, G., Clarke, D. and Brysiewicz, P., 2017. The 

spectrum and outcome of paediatric traumatic brain injury in KwaZulu-Natal Province, 

South Africa has not changed over the last two decades. S. Afr. Med. J., 107(9):777. 

48. Burelli, K., 2016. Evidence-based practice in the paediatric respiratory physiotherapy 

setting. Masters. University of the Witwatersrand. 

49. Caeyenberghs, K., Leemans, A., De Decker, C., Heitger, M., Drijkoningen, D., Linden, 

C., Sunaert, S. and Swinnen, S., 2012. Brain connectivity and postural control in young 

traumatic brain injury patients: A diffusion MRI based network 

analysis. NeuroImage. Clin., 1(1):106-115. 

50. Caeyenberghs, K., Leemans, A., Geurts, M., Linden, C.V., Smits-Engelsman, B. C., 

Sunaert, S. & Swinnen, S.P. 2011. Correlations between white matter integrity and 

motor function in traumatic brain injury patients. Neurorehabil Neural Repair, 

25(6):492-502. 

51. Caeyenberghs, K., Leemans, A., Geurts, M., Taymans, T., Linden, C., Smits-

Engelsman, B., Sunaert, S. and Swinnen, S., 2010. Brain-behavior relationships in 

young traumatic brain injury patients: Fractional anisotropy measures are highly 

correlated with dynamic visuomotor tracking performance. Neuropsychologia, 

48(5):1472-1482. 



140 

52. Caeyenberghs, K., Leemans, A., Geurts, M., Taymans, T., Linden, C., Smits-

Engelsman, B., Sunaert, S. and Swinnen, S., 2009. Brain-behavior relationships in 

young traumatic brain injury patients: DTI metrics are highly correlated with postural 

control. Hum Brain Mapp, 31(7):992-1002. 

53. Caeyenberghs, K., Wenderoth, N., Smits-Engelsman, B., Sunaert, S. and Swinnen, S., 

2009. Neural correlates of motor dysfunction in children with traumatic brain injury: 

exploration of compensatory recruitment patterns. Brain, 132(3):684-694. 

54. Caeyenberghs, K., Wenderoth, N., Smits-Engelsman, B.C., Sunaert, S. & Swinnen, S.P. 

2009. Neural correlates of motor dysfunction in children with traumatic brain injury: 

exploration of compensatory recruitment patterns. Brain, 132(3):684-94. 

55. Camara, C., 2014. A comparative study of the metaperceptions of transracially adoptive 

mothers and adoptees in South Africa. Master. University of the Witwatersrand. 

56. Cameron, P., Jelinek, G. & Everitt, I. 2006. Textbook of Paediatric Emergency 

Medicine, London: Elsevier Health Sciences UK. 

57. Canto, A., Crisp, M., Larach, H. and Blankenship, A., 2016. Inclusion and students with 

traumatic brain injuries. Advances in Special Education, 157-177. 

58. Catroppa, C. & Anderson, V. 1999. Recovery of educational skills following paediatric 

traumatic brain injury. Pediatr Rehabil, 3(4):167-75. 

59. Catroppa, C., Anderson, V.A., Morse, S.A., Haritou, F. & Rosenfeld, J.V. 2008. 

Outcome and predictors of functional recovery 5 years following pediatric traumatic 

brain injury (TBI). J Pediatr Psychol, 33(7):707-18. 

60. Chadwick, O., Rutter, M., Brown, G., Shaffer, D. & Traub, M.U. 1981. A prospective 

study of children with head injuries: II. Cognitive sequelae. Psychological medicine, 

11(1):49-61. 



141 

61. Chadwick, O., Rutter, M., Shaffer, D. & Shrout, P.E. 1981c. A prospective study of 

children with head injuries: IV. Specific cognitive deficits. J Clin Neuropsychol, 

3(2):101-20. 

62. Chambers, I. R., Stobbart, L., Jones, P.A., Kirkham, F.J., Marsh, M., Mendelow, A.D., 

Minns, R.A., Struthers, S. & Tasker, R.C. 2005. Age-related differences in intracranial 

pressure and cerebral perfusion pressure in the first 6 hours of monitoring after 

children's head injury: association with outcome. Childs Nerv Syst, 21(3):195-9. 

63. Chan, R., 2001. Attentional deficits in patients with post-concussion symptoms: a 

componential perspective. Brain Injury, 15(1):71-94. 

64. Chaplin, D., Deitz, J. & Jaffe, K.M. 1993. Motor performance in children after 

traumatic brain injury. Arch Phys Med Rehabil, 74(2):161-4. 

65. Chartrain, A., Yaeger, K., Feng, R., Themistocleous, M., Dangayach, N., Margetis, K. 

and Hickman, Z., 2018. Antiepileptics for post-traumatic seizure prophylaxis after 

traumatic brain injury. Curr. Pharm. Des., 23(42):6428-6441. 

66. Chen, C., Chen, C., Wu, K., Chen, C., Hsu, H. and Lo, S., 2011. Motor Factors 

Associated with Health-Related Quality-of-Life in Ambulatory Children with Cerebral 

Palsy. Am J Phys Med Rehabil., 90(11):940-947. 

67. Chen, R., Hao, Y., Feng, L., Zhang, Y. and Huang, Z., 2011. the Chinese version of the 

pediatric Quality of Life Inventory™ (PedsQL™) Family Impact Module: cross-

cultural adaptation and psychometric evaluation. Health Qual Life Outcomes, 9(1):16. 

68. Cheng, G., Kong, R., Zhang, L. and Zhang, J., 2012. Mitochondria in traumatic brain 

injury and mitochondrial-targeted multipotential therapeutic strategies. Br. J. 

Pharmacol., 167(4):699-719. 

69. Chowdhury, S.N., Islam, K.M., Mahmood, E. & Hossain, S.K. 2012. Extradural 

haematoma in children: surgical experiences and prospective analysis of 170 cases. 

Turk Neurosurg, 22(1):39-43. 



142 

70. Chung, C.Y., Chen, C.L., Cheng, P.T., See, L.C., Tang, S.F. & Wong, A.M. 2006. 

Critical score of Glasgow Coma Scale for pediatric traumatic brain injury. Pediatr 

Neurol, 34(5):379-87. 

71. Ciurea, A.V., Sandu, A.M., Popescu, M., Iencean, S.M. & Davidescu, B. 2008. 

Neurotrauma pediatric scales. J Med Life, 1(4):403-14. 

72. Clark, L., Yun, S., Acquah, N., Kumar, P., Metheny, H., Paixao, R., Cohen, A. and 

Eisch, A., 2020. Mild traumatic brain injury induces transient, sequential increases in 

proliferation, neuroblasts/immature neurons, and cell survival: a time course study in 

the male mouse dentate gyrus. Front. Neurosci., 10(07):330118 

73. Cook, W., Tomlinson, G., Donaldson, M., Markowitz, S., Naglie, G., Sobolev, B. and 

Jassal, S., 2006. Falls and fall-related injuries in older dialysis patients. Clin. J. Am. Soc. 

Nephrol., 1(6):1197-1204. 

74. Cory, C.Z., Jones, M.D., James, D.S., Leadbeatter, S. & Nokes, L.D. 2001. The 

potential and limitations of utilising head impact injury models to assess the likelihood 

of significant head injury in infants after a fall. Forensic Sci Int, 123(2-3):89-106. 

75. Costeff, H., Groswasser, Z., Landman, Y. & Brenner, T. 1985. Survivors of severe 

traumatic brain injury in childhood. II. Late residual disability. Scand J Rehabil Med 

Suppl, 12:10-5. 

76. Crowe, L., Babl, F., Anderson, V. & Catroppa, C. 2009. The epidemiology of paediatric 

head injuries: data from a referral centre in Victoria, Australia. J Paediatr Child Health, 

45(6):346-50. 

77. Dabdoub, C.B., Salas, G., Silveira, E.D.N. & Dabdoub, C.F. 2015. Review of the 

management of pneumocephalus. Surgical neurology international, 6:155-155. 

78. Dahl, E. & Emanuelson, I. 2013. Motor proficiency in children with mild traumatic 

brain injury compared with a control group. J Rehabil Med, 45(8):729-33. 



143 

79. Dahl, E. and Emanuelson, I., 2013. Motor proficiency in children with mild traumatic 

brain injury compared with a control group. J Rehabil Med, 45(8),729-733. 

80. Dalvand, H., Dehghan, L., Hadian, M., Feizy, A. and Hosseini, S., 2012. Relationship 

between gross motor and intellectual function in children with cerebral palsy: a cross-

sectional study. Arch. Phys. Med. Rehabil., 93(3):480-484. 

81. Van Pelt D.E, De. Kloet. A., Hilberink S.R., Lambregts S.A., Peeters E., Roebroeck 

M.E, Catsman-Berrevoets C.E. 2011. The incidence of traumatic brain injury in young 

people in the catchment area of the University Hospital Rotterdam, The Netherlands. 

Eur J Paediatr Neurol., 15(6):519-526. 

82. Dennis, M. (1988). Language and the young damaged brain. In T. Boll & B. K. Bryant 

(Eds.), The Master lecture series, Vol. 7. Clinical neuropsychology and brain function: 

Research, measurement, and practice., 89-123. American Psychological Association. 

83. Deo, R., 2019. Fiji, WHO and US CDC to determine cause of death of American 

couple. The Fiji Times, [online] Available at: <https://www.fijitimes.com/fiji-who-and-

us-cdc-to-determine-cause-of-death-of-american-couple/> [Accessed 10 Aug 2020]. 

84. Dewan, M.C., Mummareddy, N., Wellons, J.C., 3rd & Bonfield, C. M. 2016. 

Epidemiology of global pediatric traumatic brain injury: qualitative review. World 

Neurosurg, 91:497-509.e1. 

85. Di Scala, C., Grant, C.C., Brooke, M.M. & Gans, B.M. 1992. Functional outcome in 

children with traumatic brain injury. Agreement between clinical judgment and the 

functional independence measure. Am J Phys Med Rehabil, 71(3):145-8. 

86. Dixon, R.R., Nocera, M., Zolotor, A.J. & Keenan, H.T. 2016. Intracranial pressure 

monitoring in infants and young children with traumatic brain injury. Pediatr Crit Care 

Med, 17(11):1064-1072. 

87. Drijkoningen, D., Leunissen, I., Caeyenberghs, K., Hoogkamer, W., Sunaert, S., 

Duysens, J. and Swinnen, S., 2015. Regional volumes in brain stem and cerebellum are 



144 

associated with postural impairments in young brain- injured patients. Human Brain 

Mapping, 36(12):4897-4909. 

88. Dumas, H.M. & Carey, T. 2002. Motor skill and mobility recovery outcomes of 

children and youth with traumatic brain injury. Phys Occup Ther Pediatr, 22(3-4):73-

99. 

89. Dumas, H.M., Haley, S.M., Ludlow, L.H. & Rabin, J.P. 2002. Functional Recovery in 

Pediatric Traumatic Brain Injury During Inpatient Rehabilitation. American Journal of 

Physical Medicine & Rehabilitation, 81(9):661-669. 

90. Eemeren, F., Garssen, B. and Meuffels, B., 2009. The confrontation stage: the freedom 

rule. Fallacies and Judgments of Reasonableness, 85-109. 

91. Eierud, C., Craddock, R.C., Fletcher, S., Aulakh, M., King-Casas, B., Kuehl, D. & 

Laconte, S.M. 2014. Neuroimaging after mild traumatic brain injury: review and meta-

analysis. Neuroimage Clin, 4(4):283-94. 

92. Eldadah, B.A. & Faden, A.I. 2000. Caspase pathways, neuronal apoptosis, and CNS 

injury. J Neurotrauma, 17(10):811-29. 

93. El-Gamal, N. and Frank, S., 1995. Perioperative thermoregulatory dysfunction in a 

patient with a previous traumatic hypothalamic injury. Anesth Analg., 80(6):1245-1247. 

94. Ellenbogen, R.G., Sekhar, L.N. & Kitchen, N. 2017. Principles of Neurological Surgery 

E-Book, Philadelphia: Elsevier Health Sciences. 

95. Emanuelson, I., Von Wendt, L., Lundälv, E. & Larsson, J. 1996. Rehabilitation and 

follow-up of children with severe traumatic brain injury. Childs Nerv Syst, 12(8):460-5. 

96. Emanuelson, I.M., Von Wendt, L., Bjure, J., Wiklund, L.M. & Uvebrant, P. 1997. 

Computed tomography and single- photon emission computed tomography as 

diagnostic tools in acquired brain injury among children and adolescents. 

Developmental Medicine & Child Neurology, 39(8):502-507. 



145 

97. Eme, R. 2017. Neurobehavioral outcomes of mild traumatic brain injury: a mini review. 

Brain Sci, 7(5):46. 

98. Evans, E., Cook, N., Iverson, G., Townsend, E. and Duhaime, A., 2020. assessing 

physical function and mobility following pediatric traumatic brain injury with the NIH 

toolbox motor battery: a feasibility study. Phys Occup Ther Pediatr, 41(1):56-73. 

99. Ewing-Cobbs, L., Prasad, M.R., Landry, S.H., Kramer, L. & Deleon, R. 2004. 

Executive functions following traumatic brain injury in young children: a preliminary 

analysis. Dev Neuropsychol, 26(1):487-512. 

100. Farmer, S., 2008. Development and Clinical Application of Assessment Measures to 

Describe and Quantify Intra-limb Coordination during Walking in Normal Children 

and Children with Cerebral Palsy. PhD. University of Wolverhampton. 

101. Faro, S., Mohamed, F., Law, M. and Ulmer, J., 2012. Funct. Neurol. Boston: Springer 

Science+Business Media. 

102. Faul, M., Xu, L., Wald, M.M., Coronado, V.G. 2010. Traumatic brain injury in the 

united states: emergency department visits, hospitilizations and deaths. In: Prevention, 

C. F. D. C. A. (ed.). National Centre for Injury Prevention and Control. 

103. Field, T.M., Schanberg, S.M., Scafidi, F., Bauer, C.R., Vega-Lahr, N., Garcia, R., 

Nystrom, J. & Kuhn, C.M. 1986. Tactile/kinesthetic stimulation effects on preterm 

neonates. Pediatrics, 77(5): 654-8. 

104. Figaji, A., 2017. Anatomical and physiological differences between children and adults 

relevant to traumatic brain injury and the implications for clinical assessment and 

care. Front. Neurol., 8:685. 

105. Final program forty sixth annual meeting international neuropsychological society. 

2018. J Int Neuropsychol Soc, 24(S1):A-325. 



146 

106. Final Program, Fortieth annual meeting international neuropsychological society 

February 15–18, 2012 Montréal, Québec, Canada. 2012. J. Int. Neuropsychol. Soc., 

18(S1):I-293 

107. Fischer, M., Ruegg, S., Czaplinski, A., Strohmeier, M., Lehmann, A., Tschan, F., 

Hunziker, P.R. & Marsch, S.C. 2010. Inter-rater reliability of the Full Outline of 

UnResponsiveness score and the Glasgow Coma Scale in critically ill patients: a 

prospective observational study. Crit Care, 14(2):R64. 

108. Fox, S.E., Levitt, P. & Nelson, C.A., 3rd. 2010. How the timing and quality of early 

experiences influence the development of brain architecture. Child Dev, 81(1):28-40. 

109. Freed, S. and Fishman Hellerstein, L., 1997. Visual electrodiagnostic findings in mild 

traumatic brain injury. Brain Injury, 11(1):25-36. 

110. Friedland, D. P. 2013. improving the classification of traumatic brain injury: the mayo 

classification system for traumatic brain injury severity. Journal of Spine 4:3. 

111. Furr, M. and Reed, S., 2015. Equine neurology. Ames, Iowa: Wiley-Blackwell. 

112. Gagnon, I., 2003. Capacités motrices et retour aux activités physiques après un 

traumatisme crânio-cérébral léger chez l’enfant. PhD. Université de Montréal. 

113. Gagnon, I., Swaine, B., Friedman, D. & Forget, R. 2004. Children show decreased 

dynamic balance after mild traumatic brain injury. Arch. Phys. Med. Rehabil., 

85(3):444-52. 

114. Gale, S.D., Baxter, L., Roundy, N. & Johnson, S. C. 2005. Traumatic brain injury and 

grey matter concentration: a preliminary voxel based morphometry study. J Neurol 

Neurosurg Psychiatry, 76(7):984-8. 

115. Gémus, M., Palisano, R., Russell, D., Rosenbaum, P., Walter, S.D., Galuppi, B. & Lane, 

M. 2001. Using the gross motor function measure to evaluate motor development in 

children with Down syndrome. Phys Occup Ther Pediatr, 21(2-3):69-79. 



147 

116. Ghaffarpasand, F., Razmkon, A. & Dehghankhalili, M. 2013. Glasgow coma scale score 

in pediatric patients with traumatic brain injury; limitations and reliability. Bull Emerg 

Trauma, 1(4):135-6. 

117. Giza, C.C., Griesbach, G.S. & Hovda, D.A. 2005. Experience-dependent behavioral 

plasticity is disturbed following traumatic injury to the immature brain. Behav Brain 

Res, 157(1):11-22. 

118. Glenberg, A., Lopez-Mobilia, G., McBeath, M., Toma, M., Sato, M. and Cattaneo, L., 

2010. Knowing beans: human mirror mechanisms revealed through motor 

adaptation. Front Neurol, 4. 

119. Glotfelty, E., Delgado, T., Tovar-y-Romo, L., Luo, Y., Hoffer, B., Olson, L., Karlsson, 

T., Mattson, M., Harvey, B., Tweedie, D., Li, Y. and Greig, N., 2019. Incretin mimetics 

as rational candidates for the treatment of traumatic brain injury. CS Pharmacol. Transl. 

Sci., 2(2):66-91. 

120. Gogtay, N., Giedd, J.N., Lusk, L., Hayashi, K.M., Greenstein, D., Vaituzis, A.C., 

Nugent, T.F., 3rd, Herman, D.H., Clasen, L.S., Toga, A.W., Rapoport, J.L. & 

Thompson, P.M. 2004. Dynamic mapping of human cortical development during 

childhood through early adulthood. Proc Natl Acad Sci U S A, 101(21):8174-9. 

121. Graham, D. 1996. Neuropathology of head injury In. Haraya PK, Wilberger JE, 

Povlishock JT (eds): Neurotrauma. New York, McGraw-Hill. 

122. Greenwald, B.D., Cifu, D.X., Marwitz, J.H., Enders, L.J., Brown, A.W., Englander, J.S. 

& Zafonte, R.D. 2001. Factors associated with balance deficits on admission to 

rehabilitation after traumatic brain injury: a multicenter analysis. J Head Trauma 

Rehabil, 16(3):238-52. 

123. Griffiths, A., Morgan, P., Anderson, P., Doyle, L., Lee, K. and Spittle, A., 2017. 

Predictive value of the Movement Assessment Battery for Children– Second Edition at 



148 

4 years, for motor impairment at 8 years in children born preterm. Dev Med Child 

Neurol., 59(5):490-496. 

124. Griffiths, A., Toovey, R., Morgan, P. and Spittle, A., 2018. Psychometric properties of 

gross motor assessment tools for children: a systematic review. BMJ Open, 

8(10):e021734. 

125. Griffiths, A., Toovey, R., Morgan, P.E. & Spittle, A.J. 2018. Psychometric properties of 

gross motor assessment tools for children: a systematic review. BMJ Open, 8:e021734. 

126. Gritzman, T., 2012. An evaluation of teachers’ ability to identify children with motor 

difficulties. Masters. University of the Witwatersrand. 

127. Gürkan, K., Bahar, Z., Çapık, C., Aydoğdu, N. and Beşer, A., 2019. Psychometric 

properties of the Turkish version of the pediatric quality of life: The family impact 

module in parents of children with type 1 diabetes. Child Health Care., 49(1):87-99. 

128. Guskiewicz, K. M. 2001. Postural stability assessment following concussion: one piece 

of the puzzle. Clin J Sport Med, 11(3):182-9. 

129. Haarbauer-Krupa, J., Haileyesus, T., Gilchrist, J., Mack, K.A., Law, C.S. & Joseph, A. 

2019. Fall-related traumatic brain injury in children ages 0-4 years. J Safety Res, 

70:127-133. 

130. Haley, S.M., Dumas, H.M., Rabin, J.P. & Ni, P. 2003. Early recovery of walking in 

children and youths after traumatic brain injury. Dev Med Child Neurol, 45(10):671-5. 

131. Halstead, M., Walter, K. and Moffatt, K., 2018. Sport-related concussion in children 

and adolescents. Pediatrics, 142(6):p.e20183074. 

132. Han, K., Davis, R., Chapman, S. and Krawczyk, D., 2017. Strategy-based reasoning 

training modulates cortical thickness and resting-state functional connectivity in adults 

with chronic traumatic brain injury. Brain Behav., 7(5):p.e00687. 

133. Haruki, S., Minami, Y. and Hagiwara, N., 2016. Stroke and Embolic Events in 

Hypertrophic Cardiomyopathy. Stroke, 47(4):936-942. 



149 

134. Hategan, A., Bourgeois, J., Cheng, T. and Young, J., 2018. Geriatric Psychiatry Study 

Guide. Springer International Publishing. 

135. Hawryluk, G.W. & Manley, G.T. 2015. Classification of traumatic brain injury: past, 

present, and future. Handb Clin Neurol, 127:15-21. 

136. Hessen, E., Nestvold, K. and Anderson, V., 2007. Neuropsychological function 23 years 

after mild traumatic brain injury: A comparison of outcome after paediatric and adult 

head injuries. Brain Injury, 21(9):963-979. 

137. Hlatky, R., Furuya, Y., Valadka, A.B., Gonzalez, J., Chacko, A., Mizutani, Y., Contant, 

C.F. & Robertson, C.S. 2002. Dynamic autoregulatory response after severe head 

injury. J Neurosurg, 97(5):1054-61. 

138. Hochstadter, E., Stewart, T.C., Alharfi, I.M., Ranger, A. & Fraser, D.D. 2014. 

Subarachnoid hemorrhage prevalence and its association with short-term outcome in 

pediatric severe traumatic brain injury. Neurocrit Care, 21(3):505-13. 

139. Hong, J., Kim, O., Kim, S., Lee, M. and Jang, S., 2009. Cerebellar peduncle injury in 

patients with ataxia following diffuse axonal injury. Brain Res. Bull., 80(1-2):30-35. 

140. Hong, W., Chen, H., Shen, I., Chen, C., Chen, C. and Chung, C., 2012. Knee muscle 

strength at varying angular velocities and associations with gross motor function in 

ambulatory children with cerebral palsy. Res. Dev. Disabil., 33(6):2308-2316. 

141. Howell, D.R., Osternig, L.R., Koester, M.C. & Chou, L.S. 2014. The effect of cognitive 

task complexity on gait stability in adolescents following concussion. Exp Brain Res, 

232(6):1773-82. 

142. Hsieh, R.L., Huang, H.Y., Lin, M.I., Wu, C.W. & Lee, W.C. 2009. Quality of life, 

health satisfaction and family impact on caregivers of children with developmental 

delays. Child: Care, Health and Development, 35(2):243-249. 

143. Huang, M., Nichols, S., Robb, A., Angeles, A., Drake, A., Holland, M., Asmussen, S., 

D'Andrea, J., Chun, W., Levy, M., Cui, L., Song, T., Baker, D., Hammer, P., McLay, 



150 

R., Theilmann, R., Coimbra, R., Diwakar, M., Boyd, C., Neff, J., Liu, T., Webb-

Murphy, J., Farinpour, R., Cheung, C., Harrington, D., Heister, D. and Lee, R., 2012. 

An automatic MEG low-frequency source imaging approach for detecting injuries in 

mild and moderate TBI patients with blast and non-blast causes. NeuroImage, 

61(4):1067-1082. 

144. Huelke, D.F. 1998. An overview of anatomical considerations of infants and children in 

the adult world of automobile safety design. Annual Proceedings / Association for the 

Advancement of Automotive Medicine, 42:93-113. 

145. Huijben, J., Volovici, V., Cnossen, M., Haitsma, I., Stocchetti, N., Maas, A., Menon, 

D., Ercole, A., Citerio, G., Nelson, D., Polinder, S., Steyerberg, E., Lingsma, H. and van 

der Jagt, M., 2018. Variation in general supportive and preventive intensive care 

management of traumatic brain injury: a survey in 66 neurotrauma centers participating 

in the Collaborative European NeuroTrauma Effectiveness Research in Traumatic Brain 

Injury (CENTER-TBI) study. Critical Care, 22(1). 

146. Huisman, T.A., Schwamm, L.H., Schaefer, P.W., Koroshetz, W.J., Shetty-Alva, N., 

Ozsunar, Y., Wu, O. & Sorensen, A.G. 2004. Diffusion tensor imaging as potential 

biomarker of white matter injury in diffuse axonal injury. AJNR Am J Neuroradiol, 

25(3):370-6. 

147. Hutchings, J., 2012. Developmental delay in HIV exposed infants in Harare, Zimbabwe. 

Masters. University of the Witwatersrand. 

148. Hyder, A.A., Wunderlich, C.A., Puvanachandra, P., Gururaj, G. & Kobusingye, O.C. 

2007. The impact of traumatic brain injuries: a global perspective. NeuroRehabilitation, 

22(5):341-53. 

149. Imms C., Gibson N. 2018. An Overview of Evidence-Based Occupational and 

Physiotherapy for Children with Cerebral Palsy. In: Panteliadis C. (eds) Cerebral 

Palsy. Springer, Cham. 



151 

150. Ingersoll, C.D. & Armstrong, C.W. 1992. The effects of closed-head injury on postural 

sway. Med Sci Sports Exerc, 24(7):739-43. 

151. Inglese M., Raz E. 2011. Functional neuroradiology of traumatic brain injury. In: 

Faro S., Mohamed F., Law M., Ulmer J. (eds) Functional Neuroradiology. Boston. 

Springer. 

152. Inglese, M., Makani, S., Johnson, G., Cohen, B.A., Silver, J.A., Gonen, O. & Grossman, 

R.I. 2005. Diffuse axonal injury in mild traumatic brain injury: a diffusion tensor 

imaging study. J Neurosurg, 103(2):298-303. 

153. Irimia, A. & Van Horn, J.D. 2015. Functional neuroimaging of traumatic brain injury: 

advances and clinical utility. Neuropsychiatr Dis Treat, 15(11):2355-65. 

154. Ismail, F.Y., Fatemi, A. & Johnston, M.V. 2017. Cerebral plasticity: Windows of 

opportunity in the developing brain. Eur J Paediatr Neurol, 21(1):23-48. 

155. Jaffe, K.M., Polissar, N.L., Fay, G.C. & Liao, S. 1995. Recovery trends over three years 

following pediatric traumatic brain injury. Arch Phys Med Rehabil, 76(1):17-26. 

156. Jaikaew, R. & Satiansukpong, N. 2019. Movement Assessment Battery for Children-

Second Edition (MABC2): cross-cultural validity, content validity, and interrater 

reliability in thai children. Occupational Therapy International, 2019:4086594. 

157. Jaikaew, R. and Satiansukpong, N., 2019. Movement Assessment Battery for Children-

Second Edition (MABC2): cross-cultural validity, content validity, and interrater 

reliability in Thai children. Occup Ther Int, 2019:1-5. 

158. Jastrowski Mano, K.E., Khan, K.A., Ladwig, R.J. & Weisman, S.J. 2009. the impact of 

pediatric chronic pain on parents’ health-related quality of life and family functioning: 

reliability and validity of the PedsQL 4.0 Family Impact Module. Journal of Pediatric 

Psychology, 36:(5)517-527. 

159. Johnston, M.V. 2009. Plasticity in the developing brain: implications for rehabilitation. 

Dev Disabil Res Rev, 15(2):94-101. 



152 

160. Kalenywa, A. and Amukowa, W., 2013. Analysis of factors influencing choice of 

institution for professional development: a case study of post- graduate students’ 

perceptions at the catholic university of Eastern Africa in Kenya. Acad. J. Interdiscip. 

Stud.. 

161. Kannan, N., Ramaiah, R. & Vavilala, M.S. 2014. Pediatric neurotrauma. Int J Crit Illn 

Inj Sci, 4(2):131-7. 

162. Karlsen, R., Karr, J., Saksvik, S., Lundervold, A., Hjemdal, O., Olsen, A., Iverson, G. 

and Skandsen, T., 2020. Examining 3-month test-retest reliability and reliable change 

using the Cambridge Neuropsychological Test Automated Battery. Appl. 

Neuropsychol. Adult., 1-9. 

163. Kelly, G., Davis, K. and Wales, L., 2019. The presence of high level physical 

difficulties in children and young people with severe acquired brain injuries who regain 

independent mobility. Int J Ther Rehabil., 26(11):1-12. 

164. Kembhavi, G., n.d. Perceptions of participation and inclusion among adolescents with 

disabilities: experiences from South India. PhD. University College London. 

165. Ketelaar, M., Russell, D. and Gorter, J., 2008. The challenge of moving evidence-based 

measures into clinical practice: lessons in knowledge translation. Phys. Occup. Ther. 

Pediatr., 28(2):191-206. 

166. Khan, F., Baguley, I.J. & Cameron, I.D. 2003. Rehabilitation after traumatic brain 

injury. Medical Journal of Australia, 178(6):290-295. 

167. Kinnunen, K.M. 2011. Traumatic brain injury: relationships between brain structural 

abnormalities and cognitive function. PhD, University of London 

168. Kinoshita, K. 2016. Traumatic brain injury: pathophysiology for neurocritical care. J 

Intensive Care, 27(4):29. 

169. Kirschner, J., Linder, M., Schindler, G., Berweck, S., Stein, S., Michaelis, U., Bernius, 

P., Korinthenberg, R., Heinen, F. and Mall, V., 2015. Botulinum toxin A in children 



153 

with cerebral palsy: evaluation of therapy using the Pediatric Evaluation of Disability 

Inventory (PEDI). J. Child Neurol., 01(01):29-34. 

170. Klonoff, H., Clark, C. & Klonoff, P.S. 1993. Long-term outcome of head injuries: a 23 

year follow up study of children with head injuries. J Neurol Neurosurg Psychiatry, 

56(4):410-5. 

171. Koenderink, M.J. & Uylings, H.B. 1995. Postnatal maturation of layer V pyramidal 

neurons in the human prefrontal cortex: a quantitative Golgi analysis. Brain Res, 678(1-

2):233-43. 

172. Koerte, I., Lin, A., Willems, A., Muehlmann, M., Hufschmidt, J., Coleman, M., Green, 

I., Liao, H., Tate, D., Wilde, E., Pasternak, O., Bouix, S., Rathi, Y., Bigler, E., Stern, R. 

and Shenton, M., 2015. A review of neuroimaging findings in repetitive brain 

trauma. Brain Pathol., 25(3):318-349. 

173. Kolb, B. & Gibb, R. 2010. Tactile stimulation after frontal or parietal cortical injury in 

infant rats facilitates functional recovery and produces synaptic changes in adjacent 

cortex. Behavioural brain research, 214(1):115-120. 

174. Kolb, B., Cioe, J. & Whishaw, I.Q. 2000a. Is there an optimal age for recovery from 

motor cortex lesions? II. behavioural and anatomical consequences of unilateral motor 

cortex lesions in perinatal, infant, and adult rats. Restor Neurol Neurosci, 17(2):61-70. 

175. Kolb, B., Gibb, R. & Gorny, G. 2000b. Cortical plasticity and the development of 

behavior after early frontal cortical injury. Dev Neuropsychol, 18(3):423-44. 

176. Kolb, B., Gibb, R. & Robinson, T.E. 2003. Brain plasticity and behavior. Current 

directions in psychological science, 12(1):1-5. 

177. Konigs, M., Pouwels, P.J., Ernest Van Heurn, L.W., Bakx, R., Jeroen Vermeulen, R., 

Goslings, J.C., Carel Goslings, J., Poll-The, B.T., Van Der Wees, M., Catsman-

Berrevoets, C. E. & Oosterlaan, J. 2018. Relevance of neuroimaging for neurocognitive 



154 

and behavioral outcome after pediatric traumatic brain injury. Brain Imaging Behav, 

12(1):29-43. 

178. Koskiniemi, M., Kyykkä, T., Nybo, T. & Jarho, L. 1995. Long-term outcome after 

severe brain injury in preschoolers is worse than expected. Arch Pediatr Adolesc Med, 

149(3):249-54. 

179. Kozlowski, K.F., Leddy, J.J., Tomita, M., Bergen, A. & Willer, B.S. 2007. Use of the 

ICECI and ICD-10 E-Coding structures to evaluate causes of head injury and 

concussion from sport and recreation participation in a school population. 

NeuroRehabilitation, 22(3):191-8. 

180. Kramer, M.E., Suskauer, S.J., Christensen, J.R., Dematt, E.J., Trovato, M.K., Salorio, 

C.F. & Slomine, B.S. 2013. Examining acute rehabilitation outcomes for children with 

total functional dependence after traumatic brain injury: a pilot study. The Journal of 

head trauma rehabilitation, 28(5):361. 

181. Krasnegor, N.A., Lyon, G.R. & Goldman-Rakic, P.S. 1997. Development of the 

Prefrontal Cortex: Evolution, Neurobiology, and Behavior, Baltimore: Brookes 

Publishing Company. 

182. Kreutzer, J., DeLuca, J. and Caplan, B., 2011. Encyclopedia of clinical 

neuropsychology. New York: Springer. 

183. Kuhtz-Buschbeck JP, Stolze H, Gölge M, Ritz A. 2003. Analyses of gait, reaching, and 

grasping in children after traumatic brain injury. Arch Phys Med Rehabil. 84(3):424-30.  

184. Kuhtz-Buschbeck, J.P., Hoppe, B., Gölge, M., Dreesmann, M., Md, U.D.S. & Ritz, A. 

2003a. Sensorimotor recovery in children after traumatic brain injury: analyses of gait, 

gross motor, and fine motor skills. Developmental Medicine & Child Neurology, 

45:821-828. 



155 

185. Kuhtz-Buschbeck, J.P., Stolze, H., Gölge, M. & Ritz, A. 2003b. Analyses of gait, 

reaching, and grasping in children after traumatic brain injury. Arch Phys Med Rehabil, 

84(12):424-30. 

186. Kunz, J.H., Greenley, R.N. & Howard, M. 2011. Maternal, paternal, and family health-

related quality of life in the context of pediatric inflammatory bowel disease. Quality of 

Life Research, 20(8):1197-1204. 

187. Landgren, M., Abramo, A., Geijer, M., Kopylov, P. and Tägil, M., 2017. Similar 1-year 

subjective outcome after a distal radius fracture during the 10-year-period 2003–

2012. Acta Orthopaedica, 88(4):451-456. 

188. Langlois, J. A., Rutland-Brown, W. & Wald, M.M. 2006. The epidemiology and impact 

of traumatic brain injury: a brief overview. J Head Trauma Rehabil, 21(5):375-8. 

189. Langlois, J.A., Rutland-Brown, W. & Thomas, K.E. 2005. The incidence of traumatic 

brain injury among children in the United States: differences by race. J Head Trauma 

Rehabil, 20(3):229-38. 

190. Lee, Z.I., Byun, W.M., Jang, S.H., Ahn, S.H., Moon, H.K. & Chang, Y. 2003. Diffusion 

tensor magnetic resonance imaging of microstructural abnormalities in children with 

brain injury. Am J Phys Med Rehabil, 82(7):556-9. 

191. Lemon, R.N. 1993. The G. L. Brown Prize Lecture. Cortical control of the primate 

hand. Exp Physiol, 78(3):263-301. 

192. Lenneberg, E.H. 1967. Biological Foundations of Language, New York: Wiley, pp. 29, 

72, 76, 126f., 139f., 168-170: 178-182, 219-223, 227-234, 243, 248, 255-261, 329-337, 

357-367, 371-379, 397-416. 

193. Leunissen, I., Coxon, J., Geurts, M., Caeyenberghs, K., Michiels, K., Sunaert, S. and 

Swinnen, S., 2012. Disturbed cortico- subcortical interactions during motor task 

switching in traumatic brain injury. Hum. Brain Mapp., 34(6):1254-1271. 



156 

194. Levin, H.S. 2003. Neuroplasticity following non-penetrating traumatic brain injury. 

Brain Inj, 17(8):665-74. 

195. Levin, K. 2004. Paediatric traumatic brain injury in South Africa: some thoughts and 

considerations. Disability and rehabilitation, 26(5):306-314. 

196. Lew, S.M., Frumiento, C. & Wald, S.L. 1999. Pediatric blunt carotid injury: a review of 

the National Pediatric Trauma Registry. Pediatr Neurosurg, 30(5):239-44. 

197. Lewis, C., 2012. Injury patterns in motor vehicle accident victims from a sample taken 

at the southern cluster forensic pathology services. Masters. University of the 

Witwatersrand. 

198. Liang, X., Yeh, C., Domínguez D., J., Poudel, G., Swinnen, S. and Caeyenberghs, K., 

2021. Longitudinal fixel-based analysis reveals restoration of white matter alterations 

following balance training in young brain-injured patients. NeuroImage Clin., 

30:102621. 

199. Lieh-Lai, M.W., Theodorou, A.A., Sarnaik, A.P., Meert, K.L., Moylan, P.M. & Canady, 

A.I. 1992. Limitations of the Glasgow Coma Scale in predicting outcome in children 

with traumatic brain injury. J Pediatr, 120(2):195-9. 

200. Limbers, C.A., Ripperger-Suhler, J., Boutton, K., Ransom, D. & Varni, J.W. 2011. A 

comparative analysis of health-related quality of life and family impact between 

children with ADHD treated in a general pediatric clinic and a psychiatric clinic 

utilizing the PedsQL. Journal of Attention Disorders, 15(5):392-402. 

201. Linder-Lucht, M., Othmer, V., Walther, M., Vry, J., Michaelis, U., Stein, S., 

Weissenmayer, H., Korinthenberg, R. and Mall, V., 2021. Validation of the gross motor 

function measure for use in children and adolescents with traumatic brain injuries. 

Pediatrics. 120(4):e880-6 

202. Lo, E., Lok, J., Ning, M. and Whalen, M., 2014. Vascular mechanisms in CNS trauma. 

New York: Springer. 



157 

203. Luciana, M. 2003. Cognitive development in children born preterm: implications for 

theories of brain plasticity following early injury. Dev Psychopathol, 15(4):1017-47. 

204. Majnemer, A. 2006. Assessment tools for cerebral palsy: new directions. Future 

Neurology, 1(6):755-763. 

205. Makie, V., 2021. A human resource strategy to facilitate competencies of assistant 

nurse managers in the public health facilities in the Western Cape. PhD. University of 

the Western Cape. 

206. Maleka, M., 2021. The development of an outcome measure to assess community 

reintegration after stroke for patients living in poor socioeconomic urban and rural 

areas of South Africa. PhD. University of the Witwatersrand. 

207. Maller, J., Thomson, R., Lewis, P., Rose, S., Pannek, K. and Fitzgerald, P., 2010. 

Traumatic brain injury, major depression, and diffusion tensor imaging: making 

connections. Brain Res. Rev., 64(1):213-240. 

208. Margulies, S.S. & Thibault, K.L. 2000. Infant skull and suture properties: measurements 

and implications for mechanisms of pediatric brain injury. J Biomech Eng, 122(4):364-

71. 

209. Marquez de la Plata, C., Yang, F., Wang, J., Krishnan, K., Bakhadirov, K., Paliotta, C., 

Aslan, S., Devous, M., Moore, C., Harper, C., McColl, R., Munro Cullum, C. and Diaz-

Arrastia, R., 2010. Diffusion tensor imaging biomarkers for traumatic axonal injury: 

analysis of three analytic methods. J Int Neuropsychol Soc., 17(01):24-35. 

210. Marshall, L. F. 2000. Head injury: recent past, present, and future. Neurosurgery, 

47(3):546-61. 

211. Mccauley, S.R., Wilde, E.A., Anderson, V.A., Bedell, G., Beers, S.R., Campbell, T.F., 

Chapman, S.B., Ewing-Cobbs, L., Gerring, J.P., Gioia, G.A., Levin, H.S., Michaud, 

L.J., Prasad, M.R., Swaine, B.R., Turkstra, L.S., WADE, S.L. & Yeates, K.O. 2012. 



158 

Recommendations for the use of common outcome measures in pediatric traumatic 

brain injury research. J Neurotrauma, 29(4):678-705. 

212. McGuire, B.K., Crowe, T.K., Law, M. & Vanleit, B. 2004. Mothers of Children with 

Disabilities: Occupational Concerns and Solutions. OTJR: Occupation, Participation 

and Health, 24:54-63. 

213. McIntyre, M., Dixon, M., Pucillo, E., DiBella, D., Crockett, R., Hung, M., Bounsanga, 

J., Butterfield, R., Campbell, C. and Johnson, N., 2017. A longitudinal study of age 

equivalent receptive communication and performance on functional outcome measures 

in congenital myotonic dystrophy. Muscle Nerve,. 

214. McKee, A.C., Stein, T.D., Nowinski, C.J., Stern, R.A., Daneshvar, D.H., Alvarez, V.E., 

Lee, H.S., Hall, G., Wojtowicz, S.M., Baugh, C.M., Riley, D.O., Kubilus, C.A., 

Cormier, K.A., Jacobs, M.A., Martin, B.R., Abraham, C.R., Ikezu, T., Reichard, R.R., 

Wolozin, B.L., Budson, A.E., Goldstein, L.E., Kowall, N.W. & Cantu, R.C. 2012. The 

spectrum of disease in chronic traumatic encephalopathy. Brain, 136(1):43-64.  

215. Medrano, G., 2014. Longitudinal Associations Between Child and Parent Health-

Related Quality of Life in Families Receiving Treatment for Pediatric Chronic Pain. 

PhD. University of Wisconsin-Milwaukee. 

216. Medrano, G.R., Berlin, K.S. & Davies, W.H. 2013a. Utility of the PedsQL™ family 

impact module: assessing the psychometric properties in a community sample. Quality 

of Life Research, 22(10):2899-2907. 

217. Meeting Proceedings, forty fourth annual meeting international neuropsychological 

society February 3–6, 2016 Boston, Massachusetts, USA. 2016. J. Int .Neuropsychol. 

Soc, 22(S1):I-346. 

218. Mendez, D., Corbett, R., Macias, C. and Laptook, A., 2005. Total and Ionized Plasma 

Magnesium Concentrations in Children after Traumatic Brain Injury. Pediatr. Res., 

57(3):347-352. 



159 

219. Michaud, L., Rivara, F.P., Jaffe, K., Fay, G. & Dailey, J. 1993. Traumatic brain injury 

as a risk factor for behavioral disorders in children. Archives of physical medicine and 

rehabilitation, 74(4):368-375. 

220. Mihaylov, S.I., Jarvis, S.N., Colver, A.F. & Beresford, B. 2004. Identification and 

description of environmental factors that influence participation of children with 

cerebral palsy. Developmental Medicine & Child Neurology, 46(5):299-304. 

221. Mol, C., Argent, A. and Morrow, B., 2018. Parental satisfaction with the quality of care 

in a South African paediatric intensive care unit. South. Afr. J. Crit. Care, 34(2):51. 

222. Montero Mendoza, S., Gómez-Conesa, A. and Hidalgo Montesinos, M., 2015. 

Association between gross motor function and postural control in sitting in children 

with Cerebral Palsy: a correlational study in Spain. BMC Pediatrics, 15(1). 

223. Moore Joshi, M., Shirota, Y., Danenberg, K., Conlon, D., Salonga, D., Herndon, J., 

Danenberg, P. and Harpole, D., 2005. High gene expression of TS1, GSTP1, and 

ERCC1 are risk factors for survival in patients treated with trimodality therapy for 

esophageal Cancer. Clin. Cancer Res., 11(6):2215-2221. 

224. Morgan, C., Zuckerman, S., King, L., Beaird, S., Sills, A. and Solomon, G., 2015. Post-

concussion syndrome (PCS) in a youth population: defining the diagnostic value and 

cost-utility of brain imaging. Childs Nerv Syst., 31(12):2305-2309. 

225. Morrongiello, B. & Rennie, H. 1998. Why do boys engage in more risk taking than 

girls? the role of attributions, beliefs, and risk appraisals. Journal of pediatric 

psychology, 23(1):33-43. 

226. Mouzon, B.C. 2013. Development and characterization of a novel mouse model of 

single and repetitive mild traumatic brain injury. PhD. The Open University. 

227. Mtaweh, H. and Bell, M., 2015. Management of pediatric traumatic brain 

injury. Curr Treat Options Neurol., 17(5). 



160 

228. Muhonen, M.G., Piper, J.G. & Menezes, A.H. 1995. Pathogenesis and treatment of 

growing skull fractures. Surg Neurol, 43(4):367-72; discussion 372-3. 

229. Müller, R.A., Rothermel, R.D., Behen, M.E., Muzik, O., Mangner, T.J., Chakraborty, 

P.K. & Chugani, H.T. 1998. Brain organization of language after early unilateral lesion: 

a PET study. Brain and language, 62(3):422-451. 

230. Musa-Maliki, A., 2019. Adaptation of the abuse assessment screening tool for midwives 

in northern Nigeria. PhD. University of Cape Town. 

231. Naidoo, D. 2013. Traumatic brain injury: the South African landscape. S Afr Med J, 

103(9): 613-4. 

232. Naik, T., 2016. A comparison of the clinical presentation of HIV infected children with 

spastic diplegia to HIV uninfected children with spastic diplegia in a South African 

setting. Masters. University of the Witwatersrand. 

233. Naik, T., Potterton, J., Firth, G., Wilson, K. and Humphries, C., 2018. A comparison of 

the clinical presentation of with HIV infected (HIVE) to uninfected (CP) children with 

spastic diplegia in South Africa. Child Youth Stud, 13(3):195-206. 

234. Narayan, R.K., Michel, M.E., Ansell, B., Baethmann, A., Biegon, A., Bracken, M. B., 

Bullock, M.R., Choi, S.C., Clifton, G.L., Contant, C.F., Coplin, W.M., Dietrich, W.D., 

Ghajar, J., Grady, S.M., Grossman, R.G., Hall, E.D., Heetderks, W., Hovda, D.A., Jallo, 

J., Katz, R.L., Knoller, N., Kochanek, P.M., Maas, A.I., Majde, J., Marion, D.W., 

Marmarou, A., Marshall, L.F., Mcintosh, T.K., Miller, E., Mohberg, N., Muizelaar, J.P., 

Pitts, L.H., Quinn, P., Riesenfeld, G., Robertson, C.S., Strauss, K.I., Teasdale, G., 

Temkin, N., Tuma, R., Wade, C., Walker, M. D., Weinrich, M., Whyte, J., Wilberger, 

J., Young, A.B. & Yurkewicz, L. 2002. Clinical trials in head injury. J Neurotrauma, 

199(5):503-57. 



161 

235. Nee Van Wyk, H., 2021. The effect of shoulder stability training on upper limb function 

and quality of life in patients with hemiplegia. [online] Hdl.handle.net. Available at: 

<http://hdl.handle.net/10539/22574> [Accessed 26 April 2021]. 

236. Nelson, L., Owens, H., Hynan, L.S. & Iannaccone, S.T. 2006. The gross motor function 

measure is a valid and sensitive outcome measure for spinal muscular atrophy. 

Neuromuscul Disord, 16(6):374-80. 

237. Neufeld, J., Monasterio, E., Taylor, L., Riddick-Grisham, S. and Livingston, L., 

2011. Life care planning for children with neurodevelopmental disabilities. 2nd ed. 

London: Routledge. 

238. Noble, J., Charles-Edwards, G., Keevil, S., Lewis, A., Gough, M. and Shortland, A., 

2014. Intramuscular fat in ambulant young adults with bilateral spastic cerebral 

palsy. BMC Musculoskelet Disord, 15(1). 

239. Nordmark, E., Hägglund, G. and Lagergren, J., 2007. Cerebral palsy in southern 

Sweden II. Gross motor function and disabilities. Acta Paediatrica, 90(11):1277-1282. 

240. Norman, R., Matzopoulos, R., Groenewald, P. & Bradshaw, D. 2007. The high burden 

of injuries in South Africa. Bulletin of the World Health Organization, 85(9):695-702. 

241. November, T., 2004. The contribution of adult learning centres in educating 

communities on HIV/AIDS and related issues. Masters. Stellenbosch University. 

242. Ntundu, S., Herman, A., Kishe, A., Babu, H., Jahanpour, O., Msuya, D., Chugulu, S. 

and Chilonga, K., 2019. Patterns and outcomes of patients with abdominal trauma on 

operative management from northern Tanzania: a prospective single centre 

observational study. BMC Surg, 19(1). 

243. O'Connell, T., Blair, T. and Pedigo, R., 2017. Crush step 1: the ultimate USMLE step 1 

review. 2nd ed. Philadelphia: Elsevier, Inc. 

244. O'Flaherty, S.J., Chivers, A., Hannan, T.J., Kendrick, L.M., McCartney, L. C., Wallen, 

M. A. & Doggett, C. 2000. The Westmead Pediatric TBI Multidisciplinary Outcome 



162 

study: use of functional outcomes data to determine resource prioritization. Arch Phys 

Med Rehabil, 81(6): 723-9. 

245. Ogonowski, J., Kronk, R., Rice, C. and Feldman, H., 2004. Inter-rater reliability in 

assigning ICF codes to children with disabilities. Disabil. Rehabil., 26(6):353-361. 

246. Olsen, M., Vik, A., Lund Nilsen, T.I., Uleberg, O., Moen, K.G., Fredriksli, O., Lien, E., 

Finnanger, T.G. & Skandsen, T. 2019. Incidence and mortality of moderate and severe 

traumatic brain injury in children: A ten year population-based cohort study in Norway. 

Eur J Paediatr Neurol, 23(3):500-506. 

247. Ommaya, A.K., Goldsmith, W. & Thibault, L. 2002. Biomechanics and neuropathology 

of adult and paediatric head injury. Br J Neurosurg, 16(3):220-42. 

248. Oruche, U., Robb, S., Draucker, C., Aalsma, M., Pescosolido, B., Chacko, A., Ofner, S., 

Bakoyannis, G. and Brown-Podgorski, B., 2018. Pilot randomized trial of a family 

management efficacy intervention for caregivers of African American adolescents with 

disruptive behaviors. Child Youth Care Forum, 47(6):803-827. 

249. Palisano, R., Hanna, S., Rosenbaum, P., Russell, D., Walter, S., Wood, E., Raina, P. and 

Galuppi, B., 2000. Validation of a model of gross motor function for children with 

cerebral palsy. Physical Therapy, 80(10):974-985. 

250. Palisano, R.J., Rosenbaum, P., Bartlett, D. & Livingston, M.H. 2008. Content validity 

of the expanded and revised Gross Motor Function Classification System. Dev Med 

Child Neurol, 50(10):744-50. 

251. Panayiotopoulos, C., 2010. Atlas of epilepsies. New York: Springer. 

252. Panepinto, J.A., Hoffmann, R.G. & Pajewski, N.M. 2009. A psychometric evaluation of 

the PedsQL™ Family Impact Module in parents of children with sickle cell disease. 

Health and Quality of Life Outcomes, 16(7):32. 

253. Parker, R., 2001. Concussive brain trauma: neurobehavioral impairment and 

maladaptation. CRC Press LLC. 



163 

254. Patel, N., Khofi-Phiri, I., Mathiva, L.R., Grieve, A., Loveland, J. & Nethathe, G. D. 

2017. Trauma related admissions to the PICU at Chris Hani Baragwanath Academic 

Hospital, Johannesburg. Pediatric Surgery International, 33(9):1013-1018. 

255. Patra, A.E. 1996. Neuro biomechanical bases for the control of human locomotion. 

Clinical Disorders of Ballance Posture and Gait, 19-40. 

256. Paulson, A. & Vargus-Adams, J. 2017. Overview of Four Functional Classification 

Systems Commonly Used in Cerebral Palsy. Children (Basel), 24(4):30. 

257. Peeters, W., van den Brande, R., Polinder, S., Brazinova, A., Steyerberg, E., Lingsma, 

H. and Maas, A., 2015. Epidemiology of traumatic brain injury in Europe. Acta 

Neurochirurgica, 157(10):1683-1696. 

258. Potts, M.B., Koh, S.E., Whetstone, W.D., Walker, B.A., Yoneyama, T., Claus, C.P., 

Manvelyan, H.M. & Noble-Haeusslein, L.J. 2006. Traumatic injury to the immature 

brain: inflammation, oxidative injury, and iron-mediated damage as potential 

therapeutic targets. NeuroRx, 3(2):143-53. 

259. Powell, J., 2012. Evaluating measurement uncertainty in amino acid racemization 

analysis: towards a new chronology. PhD. University of York. 

260. Prange, M.T. & Margulies, S.S. 2002. Regional, directional, and age-dependent 

properties of the brain undergoing large deformation. J Biomech Eng, 124(2):244-52. 

261. Prange, M.T., Luck, J.F., Dibb, A., Van Ee, C.A., Nightingale, R.W. & Myers, B.S. 

2004. Mechanical properties and anthropometry of the human infant head. Stapp Car 

Crash J, 48:279-99. 

262. Prins, M., Greco, T., Alexander, D. and Giza, C., 2013. The pathophysiology of 

traumatic brain injury at a glance. Dis Model Mech., 6(6):1307-1315. 

263. Prins, M.L. & Giza, C.C. 2006. Is being plastic fantastic? mechanisms of altered 

plasticity after developmental traumatic brain injury. Dev Neurosci., 28(4-5):364-379. 



164 

264. Quinn, B. & Sullivan, S.J. 2000. The identification by physiotherapists of the physical 

problems resulting from a mild traumatic brain injury. Brain Inj, 14(12):1063-76. 

265. Reed, J., Byard, K. and Fine, H., 2015. Neuropsychological rehabilitation of childhood 

brain injury: a practical guide. London: Palgrave Macmillan. 

266. Resch, C., Anderson, V., Beauchamp, M., Crossley, L., Hearps, S., van Heugten, C., 

Hurks, P., Ryan, N. and Catroppa, C., 2019. Age-dependent differences in the impact of 

paediatric traumatic brain injury on executive functions: A prospective study using 

susceptibility-weighted imaging. Neuropsychologia, 124:236-245. 

267. Reynolds, C. and Fletcher-Janzen, E., 2011. Handbook of clinical child 

neuropsychology. New-York: Springer. 

268. RHhne, T., Quatman-Yates, C. & Clark, R.A. 2017. A longitudinal examination of 

postural impairments in children with mild traumatic brain injury: implications for acute 

testing. J Head Trauma Rehabil, 32(2):E18-e23. 

269. Riddick-Grisham, S. and Deming, L., 2011. Pediatric life care planning and case 

management. Boca Raton: CRC Press/Taylor & Francis Group. 

270. Rivara, F.P., Koepsell, T.D., Wang, J., Temkin, N., Dorsch, A., Vavilala, M.S., Durbin, 

D. & Jaffe, K.M. 2012. Incidence of disability among children 12 months after 

traumatic brain injury. Am J Public Health, 102(11):2074-9. 

271. Robinson, T.E. & Kolb, B. 2004. Structural plasticity associated with exposure to drugs 

of abuse. Neuropharmacology, 47(Suppl 1):33-46. 

272. Roozenbeek, B., Maas, A.I.R. & Menon, D.K. 2013. Changing patterns in the 

epidemiology of traumatic brain injury. Nature Reviews Neurology, 9(4):231-236. 

273. Rose, J.C., Neill, T.A. & Hemphill, J.C., 3rd 2006. Continuous monitoring of the 

microcirculation in neurocritical care: an update on brain tissue oxygenation. Curr Opin 

Crit Care, 12(2):97-102. 



165 

274. Rosenbaum, P., Walter, S., Hanna, S., Palisano, R., Russell, D., Raina, P., Wood, E., 

Bartlett, D. and Galuppi, B., 2002. Prognosis for gross motor function in cerebral 

palsy. JAMA, 288(11):1357. 

275. Rosner, M.J., Rosner, S.D. & JohnsoN, A.H. 1995. Cerebral perfusion pressure: 

management protocol and clinical results. J Neurosurg, 83(6):949-62. 

276. Rossi, C. & Sullivan, S.J. 1996. Motor fitness in children and adolescents with 

traumatic brain injury. Arch Phys Med Rehabil, 77(10):1062-5. 

277. Russell, D.J., Avery, L.M., Rosenbaum, P. L., Raina, P.S., Walter, S.D. & Palisano, R.J. 

2000. Improved scaling of the gross motor function measure for children with cerebral 

palsy: evidence of reliability and validity. Phys Ther, 80(9):873-85. 

278. Russell, D.J., Rosenbaum, P.L., Cadman, D.T., Gowland, C., Hardy, S. & Jarvis, S. 

1989. The gross motor function measure: a means to evaluate the effects of physical 

therapy. Dev Med Child Neurol, 31(3):341-52. 

279. Saatman, K., Duhaime, A., Bullock, R., Maas, A., Valadka, A. and Manley, G., 2008. 

Classification of traumatic brain injury for targeted therapies. J Neurotrauma, 

25(7):719-738. 

280. Saatman, K.E., Duhaime, A.C., Bullock, R., Maas, A.I., Valadka, A., Manley, G.T., 

Workshop Scientific Team., & Advisory Panel Members. 2008. Classification of 

traumatic brain injury for targeted therapies. J Neurotrauma, 25(7):719-38. 

281. Satz, P., Zaucha, K., Mccleary, C., Light, R., Asarnow, R. & Becker, D. 1997. Mild 

head injury in children and adolescents: a review of studies (1970–1995). Psychological 

Bulletin, 122(2):107-131. 

282. Scarpelli, A.C., Paiva, S.M., Pordeus, I.A., Varni, J.W., Viegas, C. M. & Allison, P. J. 

2008. The Pediatric Quality of Life Inventory™ (PedsQL™) family impact module: 

reliability and validity of the Brazilian version. Health and Quality of Life Outcomes, 

20(6):35. 



166 

283. Schneider, M. & Koch, M. 2005. Behavioral and morphological alterations following 

neonatal excitotoxic lesions of the medial prefrontal cortex in rats. Exp Neurol, 

195(1):185-98. 

284. Schrieff, L.E., Thomas, K.G.F., Dollman, A.K., Rohlwink, U. K. & Figaji, A.A. 2013. 

Demographic profile of severe traumatic brain injury admissions to Red Cross War 

Memorial Children's Hospital, 2006 - 2011. SAMJ: South African Medical Journal, 

103(9):616-620. 

285. Schrieff-Elson, L.E., Ockhuizen, J.R.H., During, G. & Thomas, K.G. 2017. Attention-

training with children from socioeconomically disadvantaged backgrounds in Cape 

Town. Journal of Child & Adolescent Mental Health, 29(2):147-167. 

286. Segal, S., 2017. Beyond the impact: an update on the assessment, prevention, and 

treatment of neuropsychiatric sequelae associated with traumatic brain injury. 

Carlsbad: Neuroscience Education Institute. 

287. Seol, H., Park, S., Ji, Y., Hong, S. and Moon, I., 2020. Impact of hearing aid noise 

reduction algorithms on the speech-evoked auditory brainstem response. Sci. Rep., 

10(1). 

288. Sheriff, F.G. & Hinson, H.E. 2015. Pathophysiology and clinical management of 

moderate and severe traumatic brain injury in the ICU. Semin Neurol, 35(1):42-9. 

289. Shumway-Cook, A. & Olmscheid, R. 1990. A systems analysis of postural dyscontrol 

in traumatically brain-injured patients. The Journal of Head Trauma Rehabilitation, 

5(4):51-62. 

290. Singh, I., Rohilla, S., Siddiqui, S.A. & Kumar, P. 2016. Growing skull fractures: 

guidelines for early diagnosis and surgical management. Childs Nerv Syst, 32(6):1117-

22. 



167 

291. Sledge, J.B., Allred, D. & Hyman, J. 2001. Use of magnetic resonance imaging in 

evaluating injuries to the pediatric thoracolumbar spine. J Pediatr Orthop, 21(3):288-

93. 

292. Soto-Ares, G., Vinchon, M., Delmaire, C., Abecidan, E., Dhellemes, P. & Pruvo, J.P. 

2001. Cerebellar atrophy after severe traumatic head injury in children. Childs Nerv 

Syst, 17(4-5):263-9. 

293. Spanos, G.K., Wilde, E.A., Bigler, E.D., Cleavinger, H.B., Fearing, M.A., Levin, H.S., 

Li, X. & Hunter, J. V. 2007. Cerebellar atrophy after moderate-to-severe pediatric 

traumatic brain injury. AJNR Am J Neuroradiol, 28(3):537-42. 

294. Sports Concussion South Africa. 2021. Overview of concussion: Sports concussion 

South Africa. [online] Available at: <http://www.sportsconcussion.co.za/about-

concussion/overview-of-concussion/> [Accessed 1 August 2019]. 

295. Stanger, M. and Oresic, S., 2003. Rehabilitation approaches for children with cerebral 

palsy: overview. J. Child Neurol., 18(1_suppl):S79-S88. 

296. Stein, R.E. & Jessop, D. J. 2003. The impact on family scale revisited: further 

psychometric data. J Dev Behav Pediatr, 24(1):9-16. 

297. Stephens, J., Salorio, C., Denckla, M., Mostofsky, S. & Suskauer, S. 2017. Subtle motor 

findings during recovery from pediatric traumatic brain injury: a preliminary report. J 

Mot Behav, 49(1):20-26. 

298. Stephens, J., Salorio, C., Denckla, M., Mostofsky, S. and Suskauer, S., 2016. Subtle 

motor findings during recovery from pediatric traumatic brain injury: a preliminary 

report. J. Mot. Behav., 49(1):20-26. 

299. Stiles, J. & Jernigan, T.L. 2010. The basics of brain development. Neuropsychol Rev, 

20(4):327-48. 



168 

300. Stiles, J., Brown, T.T., Haist, F. and Jernigan, T.L. 2015. Brain and Cognitive 

Development. In R.M. Lerner (Ed.). Handbook of Child Psychology and Developmental 

Science, John Wiley & Sons. 

301. Stocchetti, N., Taccone, F., Citerio, G., Pepe, P., Le Roux, P., Oddo, M., Polderman, K., 

Stevens, R., Barsan, W., Maas, A., Meyfroidt, G., Bell, M., Silbergleit, R., Vespa, P., 

Faden, A., Helbok, R., Tisherman, S., Zanier, E., Valenzuela, T., Wendon, J., Menon, 

D. and Vincent, J., 2015. Neuroprotection in acute brain injury: an up-to-date 

review. Critical Care, 19(1). 

302. Strauss, E., Hunter, M. & Wada, J. 1995. Risk factors for cognitive impairment in 

epilepsy. Neuropsychology, 9(4):457. 

303. Subramaniam, R., Nakkeeran, S. and Mohapatra, S., 2021. Importance of team 

characteristics in determining team performance. Team Work Quality, 17-53. 

304. Sundstrøm, T., Grände, P., Luoto, T., Rosenlund, C., Undén, J. and Wester, K., 

2020. Management of severe traumatic brain injury. Cham: Springer. 

305. Suskauer, S.J. & Huisman, T. A. 2009. Neuroimaging in pediatric traumatic brain 

injury: current and future predictors of functional outcome. Dev Disabil Res Rev, 

15(2):117-23. 

306. Swaine, B.R. & Friedman, D.S. 2001. Activity restrictions as part of the discharge 

management for children with a traumatic head injury. J Head Trauma Rehabil, 

16(3):292-301. 

307. Tagliaferri, F., Compagnone, C., Korsic, M., Servadei, F. & Kraus, J. 2006. A 

systematic review of brain injury epidemiology in Europe. Acta Neurochir (Wien), 

148(3):255-68; discussion 268. 

308. Takahashi, T., Shirane, R., Sato, S. & Yoshimoto, T. 1999. Developmental changes of 

cerebral blood flow and oxygen metabolism in children. AJNR Am J Neuroradiol, 

20(5):917-22. 



169 

309. Tanriverdi, F., Schneider, H., Aimaretti, G., Masel, B., Casanueva, F. and Kelestimur, 

F., 2015. Pituitary dysfunction after traumatic brain injury: a clinical and 

pathophysiological approach. Endocrine Reviews, 36(3):305-342. 

310. Taylor, H.G., Yeates, K.O., Wade, S.L., Drotar, D., Stancin, T. & Minich, N. 2002. A 

prospective study of short- and long-term outcomes after traumatic brain injury in 

children: Behavior and achievement. Neuropsychology, 16(4):15-27. 

311. Teasdale, G. & Jennett, B. 1974. Assessment of coma and impaired consciousness. A 

practical scale. Lancet, 13(2):81-4. 

312. Thom, R., 2021. Depression and anxiety in HIV infected individuals attending HIV 

treatment facilities at various sites in SOUTH AFRICA: occurrence and related factors. 

a descriptive-analytic study. PhD. University of the Witwatersrand. 

313. Thomas-Stonell, N., Johnson, P., Rumney, P., Wright, V. & Oddson, B. 2006. An 

evaluation of the responsiveness of a comprehensive set of outcome measures for 

children and adolescents with traumatic brain injuries. Pediatr Rehabil, 9(1):14-23. 

314. Thurman, D.J. 2014. The epidemiology of traumatic brain injury in children and youths 

a review of research since 1990. Journal of Child Neurology, 31(1):20-27. 

315. Tong, K., Ashwal, S., Obenaus, A., Nickerson, J., Kido, D. and Haacke, E., 2007. 

Susceptibility-weighted MR Imaging: a review of clinical applications in 

children. Am. J. Neuroradiol., 29(1):9-17. 

316. Torres, A.R., Shaikh, Z. I., Chavez, W. & Maldonado, J.E. 2019. Brain MRI in children 

with mild traumatic brain injury and persistent symptoms in both sports- and non-

sports-related concussion. Cureus, 11(1):e3937. 

317. Toth, D., Tamas, A. and Reglodi, D., 2020. The neuroprotective and biomarker 

potential of PACAP in human traumatic brain injury. Int. J. Mol. Sci., 21(3):827. 

318. Tudor, M., 1998. Prediction of Outcome in Patients with Missile Craniocerebral Injuries 

during the Croatian War. Mil. Med., 163(7):486-489. 



170 

319. Udoh, D. & Adeyemo, A. 2013. Traumatic brain injuries in children: a hospital-based 

study in Nigeria. African Journal of Paediatric Surgery, 10(2):154-159. 

320. Udry, J.R. 1998. Why are males injured more than females? Injury Prevention, 31(4): 

94-95. 

321. Unterberg, A.W., Stover, J., Kress, B. & Kiening, K.L. 2004. Edema and brain trauma. 

Neuroscience, 129(4):1021-9. 

322. Urschel, J., Urschel, D., Miller, J., Bennett, W. and Young, J., 2001. A meta-analysis of 

randomized controlled trials of route of reconstruction after esophagectomy for 

cancer. Am. J. Surg., 182(5):470-475. 

323. Uylings, H., 2006. Development of the human cortex and the concept of “critical” or 

“sensitive” periods. Language Learning, 56(s1):59-90. 

324. Van As, A. and Millar, A., 2012. From the pursuit of excellence to the quest for 

significance: Promotion of a Childsafe South Africa. South African Medical Journal, 

102(6):427. 

325. Van Schie, P., Becher, J., Dallmeijer, A., Barkhof, F., Weissenbruch, M. and 

Vermeulen, R., 2007. Motor outcome at the age of one after perinatal hypoxic-ischemic 

encephalopathy. Neuropediatrics, 38(2):71-77. 

326. Vargha-Khadem, F., Isaacs, E., Van Der Werf, S., Robb, S. & Wilson, J. 1992. 

Development of intelligence and memory in children with hemiplegic cerebral palsy. 

the deleterious consequences of early seizures. Brain, 115(Pt 1):315-29. 

327. Varni, J.W., Sherman, S.A., Burwinkle, T.M., Dickinson, P.E. & Dixon, P. 2004. The 

PedsQL Family Impact Module: preliminary reliability and validity. Health Qual Life 

Outcomes, 27(2):55. 

328. Vavilala, M. and Soriano, S., 2011. Anesthesia for Neurosurgery. Smith's Anesthesia for 

Infants and Children, 713-744. 



171 

329. Vavilala, M.S., Lujan, S.B., Qiu, Q., Petroni, G.J., Ballarini, N.M., Guadagnoli, N., 

Depetris, M.A., Faguaga, G.A., Baggio, G.M. & Busso, L.O. 2016. Benchmarking 

prehospital and emergency department care for argentine children with traumatic brain 

injury: for the south american guideline adherence group. PLoS one, 11(12):e0166478. 

330. Ventsel, G., Kolk, A., Talvik, I., Vali, M., Vaikmaa, M. & Talvik, T. 2008. The 

incidence of childhood traumatic brain injury in Tartu and Tartu County in Estonia. 

Neuroepidemiology, 30(1):20-4. 

331. Vitali, A.M. & Steinbok, P. 2008. Depressed skull fracture and epidural hematoma from 

head fixation with pins for craniotomy in children. Childs Nerv Syst, 24(8): 917-23; 

discussion 925. 

332. Volkmar, F., 2013. Encyclopedia of autism spectrum disorders. New York: Springer. 

333. Wade, L.D., Canning, C.G., Fowler, V., Felmingham, K.L. & Baguley, I.J. 1997. 

Changes in postural sway and performance of functional tasks during rehabilitation after 

traumatic brain injury. Arch Phys Med Rehabil, 78(10):1107-11. 

334. Wallen, M., Mackay, S., Duff, S., McCartney, L. and O'Flaherty, S., 2001. Upper-limb 

function in Australian children with traumatic brain injury: a controlled, prospective 

study. Arch Phys Med Rehabil., 82(5):642-649. 

335. Weedon, M., 2009. Socio-economic and clinical factors predictive of paediatric quality 

of life post burn injury. Masters. University of the Witwatersrand. 

336. Werner, C. & Engelhard, K. 2007. Pathophysiology of traumatic brain injury. Br J 

Anaesth, 99(1):4-9. 

337. Westmacott, R., Macgregor, D., Askalan, R. & Deveber, G. 2009. Late emergence of 

cognitive deficits after unilateral neonatal stroke. Stroke, 40(6):2012-9. 

338. Wilde, E., Ayoub, K., Bigler, E., Chu, Z., Hunter, J., Wu, T., McCauley, S. and Levin, 

H., 2012. Diffusion tensor imaging in moderate-to-severe pediatric traumatic brain 



172 

injury: changes within an 18 month post-injury interval. Brain Imaging Behav., 

6(3):404-416. 

339. Willer, B., 2004. A population based investigation of head injuries and symptoms of 

concussion of children and adolescents in schools. Inj. Prev., 10(3):144-148. 

340. Willer, B., Dumas, J., Hutson, A. & Leddy, J. 2004. A population based investigation of 

head injuries and symptoms of concussion of children and adolescents in schools. Inj 

Prev, 10(3):144-8. 

341. Williams, B.M., Luo, Y., Ward, C., Redd, K., Gibson, R., Kuczaj, S.A. & McCoy, J.G. 

2001. Environmental enrichment: effects on spatial memory and hippocampal CREB 

immunoreactivity. Physiol Behav, 73(4):649-58. 

342. Winkler, T. and Deming, L., 2011. Life care planning for the child with a spinal cord 

injury. 2nd ed. London: Routledge. 

343. Wintermark M. et al. 2008. Brain, Head, and Neck. In: Reiser M., Semmler W., 

Hricak H. (eds) Magnetic resonance tomography. Springer, Berlin, Heidelberg 

344. Wöber, C., Oder, W., Kollegger, H., Prayer, L., Baumgartner, C., Wöber-Bingöl, C., 

Wimberger, D., Binder, H. & Deecke, L. 1993. Posturographic measurement of body 

sway in survivors of severe closed head injury. Arch Phys Med Rehabil, 74(11):1151-6. 

345. Wong, J.C., Linn, K.A., Shinohara, R.T. & Mateen, F.J. 2016. Traumatic brain injury in 

Africa in 2050: a modeling study. Eur J Neurol, 23(2):382-6. 

346. Wright, F., Boschen, K. and Jutai, J., 2005. Exploring the comparative responsiveness 

of a core set of outcome measures in a school-based conductive education 

programme. Child Care Health Dev., 31(3):291-302. 

347. Yarar, F., Aslan Telci, E., Kılavuz Oren, G., Kara, G., Cetisli Korkmaz, N., Engin 

Simsek, I. and Karahan, S., 2019. Cross- cultural adaptation, validity, and reliability of 

the Turkish version of Assistance to Participate Scale. Child Care Health Dev, 

46(1):83-89. 



173 

348. Yeates, K.O. 2010. Mild traumatic brain injury and postconcussive symptoms in 

children and adolescents. J Int Neuropsychol Soc, 16(6):953-60. 

349. Yen, H.L. & Wong, J.T. 2007. Rehabilitation for traumatic brain injury in children and 

adolescents. Ann Acad Med Singap, 36(1):62-6. 

 

 

 



174 

APPENDICES 

APPENDIX 1: ADMINISTERING, SCORING, AND 
INTERPRETING THE GMFM-88 

The GMFM-88 is the original criterion-referenced measure consisting of 88 items, which are 

divided into five domains of motor function that are ordered to resemble the typical 

acquisition of gross motor milestones (Alotaibi et al., 2014):  

A. lying and rolling (17 items) 

B. sitting (20 items) 

C. crawling and kneeling (14 items) 

D. standing (13 items) 

E. walking, running, and jumping (24 items) 

 

Each Item is scored on a four-point ordinal scale: 

0 = does not initiate 

1 = initiates (performs < 10% of the described activity) 

2 = partially completes (>10% but <100% of task completion) 

3 = completes (100% task completion as described for that activity) 

 

All four levels of activity are specifically described for each item in Chapter 6 of the User’s 

Manual. Individual item scores are recorded on the GMFM score sheet. A score of “0” is 

recorded if the child is either unable to initiate the item; unable to assume the starting position 

or refuses to attempt the item. Percent scores for each dimension are calculated and the 

GMFM total score is the average of the five dimensions. The percentage difference from 

initial assessment and reassessment provides an indication of the change in dimension. For 

example: if a child scored 80% on Dimension C (crawling and kneeling) at the initial 

assessment and three months later at the re-assessment, the child scored 89% on the same 

dimension, the child has demonstrated a 9% change in Dimension C. However, it is 

recommended to report change on the total score as opposed to individual dimensions as this 

has proven to be more dependable (Russell et al., 2000).  
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APPENDIX 2: ADMINISTERING, SCORING, AND 
INTERPRETING THE MABC-II 

The MABC-II consists of eight test items across each age band. The three age bands are 

divided as follows: Age Band 1 (3-6 years); Age Band 2 (7-10 years); Age Band 3 (11-16). 

The exact chronological age of the child is calculated prior to commencing the test to ensure 

the correct age band is used. The test involves completing a series of gross, fine motor and 

balance tasks grouped into three subsections: 

1. Manual Dexterity (MD, 1,2 and 3) 

2. Aiming and Catching 1 and 2 (A&C, 1 and 2) 

3. Balance (Bal 1; Bal 2 and Bal 3) 

 

Converting the raw scores to a standard score 

The raw scores are then converted to standard scores. The standard scores for each item for 

every age group are presented in APPENDIX B, Table 1 of the manual. The standard scores 

are based on a child’s age. The child’s age in years and months (as recorded on the cover 

page) determines which table is used. For ages 3 and 4 the age span is 6 months as opposed to 

1 year for all other age groups. It is important to note that there is no rounding up or down for 

age in the MABC-II. The requisite norm for a child aged 5 years 11 months and 26 days, is 

the one labelled 5:0-5:11. The standard scores are then entered into each item in the box to the 

right of the raw scores. If the child has failed on both attempts in the MD task, then a standard 

score of one is recorded. When the task has been completed by both sides of the body (hands, 

legs), the standard scores for both sides are first recorded, then summed and divided by two. 

If the resultant value is above 10 then the score is rounded upwards; if it is below then the 

score is rounded downwards (this is essential to maintain the standard deviation of the 

combined score at 3). 

 

The standard scores are then converted to percentile ranks and then interpreted in terms of 

percentile equivalent. The MABC-II consists of an innovative score interpretation method that 

uses a three-colour ‘traffic light’ scoring system based on the percentile achieved: 

Red zone – significant movement difficulty (at or below the fifth percentile) 

Amber zone – at risk for movement difficulties (between the 6th and 15th percentile) 

Green zone – unlikely to have a movement difficulty (above the 15th percentile) 
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APPENDIX 3: ADMINISTERING, SCORING, AND 
INTERPRETING THE APS 

The APS consists of eight items. For each of the eight items a 5-point Likert scale is used: 

1 = Unable to participate 

2 = Participates with my assistance at all stages of the activity 

3 = Participates after I have set them up and help at times during the activity 

4 = Participates with my supervision only 

5 = Participates independently  

 

Three separate scores are calculated for the APS: APS – Home alone (summing responses of 

items 1 to 4); APS – Community social (summing the responses of items 5 to 8) and APS-

Total (summing the subscale scores of APS-Home alone and APS – Community Social). A 

table is provided to assist with the conversion of the raw scores to Rasch-converted scores (0-

100) in order to convert the scores to an interval scale. A higher score on an item; subscale or 

total score indicates less assistance is required for a child to participate in the activity 

described by the item(s), whereas a lower score indicates the opposite and consequently more 

severe disability (Bourke-Taylor et al., 2009).  
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APPENDIX 4: ADMINISTERING, SCORING, AND 
INTERPRETING THE PEDSQL-FIM 

The FIM is a standardized questionnaire consisting of 36 items that is aimed at assessing 

parents’ self-reported HRQOL and family functioning as a result of their child’s health. The 

FIM consists of eight dimensions:  

1. Physical functioning (6 items) 

2. Emotional functioning (5 items) 

3. Social functioning (4 items) 

4. Cognitive functioning (5 items) 

5. Communication (3 items) 

6. Worry (5 items) 

7. Daily activities (3 items) 

8. Family relationships (5 items) 

 

The items are scored on a 5-point Likert scale from 0-4: 

0 = never 

1 = almost never 

2 = sometimes 

3 = often  

4 = almost always  

The items are then reversed scored and linearly transformed to a 0-100 scale as follows: 

0 = 100, 1 = 75,2 = 50,3 = 25,4 = 0 

The scores are then calculated by dimension and the mean score is the sum of the items 

divided by the number of items answered. The overall total score is the sum of the 36 items 

divided by the number of items answered. The parent HRQOL summary score which consists 

of 20 items is computed by averaging the 20 items comprising the Physical, Emotional, Social 

and Cognitive Functioning scales. The family functioning summary score which consists of 

eight items is computed as the sum of the items divided by the number of items answered in 

the Daily Activities and Family Relationship scales. The higher scores indicate a better 

HRQOL, or less negative impact for the parent and/or family of the child with the disability.  
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APPENDIX 5: ETHICS APPROVAL  
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APPENDIX 6: PERMISSION  

PERMISSION TO CONDUCT RESEARCH – CHRIS HANI 
BARAGWANATH HOSPITAL  
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PERMISSION TO CONDUCT RESEARCH – PROFESSOR LOVELAND 
 

 
 

 
CHRIS HANI BARAGWANATH ACADEMIC HOSPITAL 

Directorate: Paediatric Surgery 
Enquiries: Prof. J.A. Loveland 

Tel. number: (011)933 8138; Email: Loveland@wol.co.za 

 
   17th January 2018 

Dalya Rosen 
Chris Hani Baragwanath Academic Hospital 
 
Dear Dalya,  
 
RE: PERMISSION TO CONDUCT A STUDY 
 
Your request to conduct a study titled “Early Functional Outcomes in Children with Traumatic Brain 
Injuries”, intended for your Ethics application, on Paediatric Surgery Patients at Chris Hani 
Baragwanath Academic Hospital is granted.  
 
You therefore can obtain relevant information from patient files, as well as access the Paediatric 
Surgery database.  
 
Regards, 
 
 

       2018/01/17 
_______________________________      ________________ 
Professor JA Loveland        Date 
Academic Head 
Department of Paediatric Surgery 
School of Clinical Medicine 
University of the Witwatersrand 
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APPENDIX 7: INFORMATION SHEET 

PARENT INFORMATION SHEET 

Dear Parent, 

Thank you for taking the time to read this letter. 

With your permission I would like to invite you and your child to take part in a research study 

at Chris Hani Baragwanath Academic Hospital (CHBAH) which is being conducted by Dalya 

Rosen, a physiotherapist at the hospital.  

 

I would like to find out the functional outcomes in children with a brain injury. The 

information obtained from this research study will help to develop better services for future 

parents and children in the management of children with traumatic brain injuries, as well as 

benefit other physiotherapists in the management of children with head injuries. 

The study will include information such as the cause of the brain injury, the type of the injury 

and the management of the injury. This information will help us identify the things that affect 

your child’s recovery.  

 

I would like to do two activities with your child before their discharge from the hospital. 

These two activities will evaluate your child’s ability to do things like running, jumping, and 

climbing stairs. Depending on the injury either one or both of the tests will be conducted. 

They are called the GMFM-88 (Gross Motor Function Measure) and the MABC (Movement 

Battery Assessment for children). They are fun and will not cause any harm to your child.  

Before your child gets discharged from hospital, a follow up appointment date will be made. 

The follow up date will be in three months after your child is discharged from hospital and 

will take place at the Physiotherapy Outpatient department in the New Building at CHBAH. 

At this appointment, the same activities that were done in hospital will be done again. You 

will be asked to complete a few questions about life after the injury for both the child and the 

family.  

 

The tests and questionnaire should not take more than one hour to administer. 

If you agree to help me, I will ask you to sign a consent form before any questions or tests 

will begin. If your child is older than seven, I will ask them to sign an assent form where they 

will write their name if your child is healthy enough to do so. I will explain what I will be 

doing and why to your child verbally in a language that they understand.  
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If you have any questions or concerns regarding this study, please do not hesitate to ask me. 

Whether or not your child takes part in this study, they will still receive Physiotherapy and all 

other types of therapy (Occupational Therapy, Speech Therapy, Dietician etc.,) during their 

stay in hospital and once your child has been discharged from hospital. Your transport to and 

from the Hospital for your three-month appointment will be provided for if you are coming 

back specifically for the research study appointment.  

 

Your name and your child’s name will not be used in the data collection sheet. This means 

that your child’s privacy will be respected at all times and no one will have access to the 

information except me and my supervisor, Professor Potterton. Participation in this study in 

voluntary and you may withdraw your child from the study at any time. Even if you 

withdraw, your child will still receive physiotherapy as indicated.  

 

Please feel free to contact me if you have any questions. My contact details are telephone 

numbers 011 933 8309 or 073.792 0861 and e-mail dalyarosen@gmail.com ; alternatively, 

you may e-mail my supervisor on Joanne.Potterton@wits.ac.za 

 

This study has been approved by the Human Research Ethics Committee (Medical) of the 

University of the Witwatersrand, Johannesburg. If you have any concern over the way the 

study is being conducted, the Chairperson of this Committee is Professor Clement Penny, 

who may be contacted on telephone number 011 717 2301, or by e-mail on 

Clement.Penny@wits.ac.za. The telephone numbers for the Committee secretariat are 011 

717 2700/1234 and the e-mail addresses are Zanele.Ndlovu@wits.ac.za and 

Rhulani.Mukansi@wits.ac.za  

 

Thank you for reading this Information Sheet. Your time and input is highly valued. 
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CHILD INFORMATION SHEET  

Dear Child 

 

Hello, Sawubona, Dumela. You have been specially chosen to take part in a project which 

Dalya Rosen, a Physiotherapist working at Chris Hani Baragwanath Academic Hospital will 

be doing.  

 

I have carefully chosen you because you are between three and 12 and have recently suffered 

a head injury. 

 

I want to see how children your age with this type of brain injury recovers and how life is for 

you and your family after the injury. All the information that I get from the study will help me 

and Physiotherapists all over the world to treat children with brain injuries in the best way that 

we know we can. 

 

What will I be doing? I will collect valuable information about you and your injury. Before 

you get discharged from hospital, I will ask you to do a few fun activities like climbing stairs, 

walking, running, and hopping. I will then make a special time with your mom or dad to bring 

you back 3 months after you get discharged from hospital to redo the same fun activities. This 

time you may even be able to do more than you could when you were in hospital!  

 

If you do not want to take part in this project, you must tell the physiotherapist and she will 

ask you to write your name on a piece of paper and you will no longer be included in the 

study. Your mom or dad will also have to sign a piece of paper saying that they do not want 

you to be included in the project. Even if you do not want to be included in the study you can 

still come to physiotherapy for all your therapy and the physiotherapist will not be angry or 

upset with you. 

 

Just to make sure that the information stays a secret, I will not put your name on the piece of 

paper with all the results.  

 

Thank you for helping me and being a part of my project. 
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APPENDIX 8: CONSENT FORMS 

PARENT CONSENT FORM 

 

 

 

I _______________________________ understand the purpose of this project and give 

consent for my child _____________________________ to participate in the Traumatic 

Brain Injury research study. I have read and understand the information provided to me and 

all my questions have been answered. I am fully aware of the procedures and the fact that the 

research study will not harm my child in any way. I am aware that I may withdraw my child 

from the research without prejudice towards myself or my child.  

 

 

____________________                       __________________  

Parent/Caregiver                                    Researcher                                                  

 

 

____________________                       __________________ 

Date                                                        Date 
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CHILD ASSENT FORM 

 

 

I _____________________ give permission to test me in this project. I understand what this 

project is about and understand what I have to do to be part of the study. I understand what 

has been explained to me. Any questions that I had have been answered. I know that taking 

part in this project will not harm me in any way. I understand that I am allowed to say if I do 

not want to be evaluated in the project at any time. 

 

 

 

 

 

________________________                      _____________________________ 

Patient                                                            Researcher 

 

 

 

 

 

 

_______________________                      ____________________________ 

Date                                                            Date 
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APPENDIX 9: DATA CAPTURING SHEET 

DATA SHEET 
 

PATIENT INFORMATION 
Patient study 
number 

 Age  

Date of 
admission 

__/__/20__ Date of discharge __/___/20__ 

Sex Male   Female  Length of stay 
(LOS- days) 

 

 
CLINICAL INFORMATION 

Mechanism 
of injury 
(MOI) 

Penetrating 1 Gunshot 1 Stab 
2  

Other 3  

Blunt 2 MVA 
1 

PV
A 
2 

NAI 
3 
 

Fall on head   4   
Object fall on head 5 

MVA Restrained 1 Unrestrained 2  
Initial GCS ____/15 
LOC Y 1 N 0  unsure 2               

vomiting Y 1  N 0 unsure 2   
seizures Y 1    N 0     unsure 2 

Incident 
witnessed  

Y 1 N0  

Transport Private 1 EMS 2 
If EMS Intubation  Y 1 N 0 

Type of TBI CT brain Y 1 
 

N       NAD        SAH          SDH 
 0            1            2            3     

 ICB  
4 

DA
I 5 

BOS  
6  

Pneumo-
cephalus 
7 

Haemato
ma 
8 

IVH     EDH 
9         10 

Secondary 
complicatio
ns  
Y 1 /N 0 

Cerebral 
oedema 
1 

Seizures 
2 

Hypotension/ 
hypertension 
3 

Hypoxia 
4 

Raised ICP 
5 

Associated 
injuries 
(orthopaedi
c) 
Y 1 /N 0 
 
Fractures=1 
STI=2 
M&S= 3 
 
ORIF= 1 
EX-FIX= 2 

Fractures/dislo
cations  
[1] 

Upper limb 
1  

LL 
2  

Pelvi
c 
3  

Rib 
4 

Facial  skull 
5           6 

Other/specify 
7 

     

Mx [ORIF 
(1)/EX-FIX 
(2)/conservativ
e (3)] 

     

Soft tissue 
injuries  
[2] 

Upper limb 
1 

LL 
2 

Pelvi
c 
3 

Chest 4   
facial 5 

skull/scalp 6  
orbital/eye 7 
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Conservativ
e=3  
 
Debridemen
t= 1 
SSG= 2 

Mx 
[debridement 
(1)/SSG (2)] 
and number of 
each surgery 

     

Other/specify  

Associated 
injuries 
(medical 
and 
surgical) 
[3] 

Pneumothorax   
1 

Haemothorax    
2   

Lung contusion  
3 

Internal 
organ 
damage 
(specify) 
4 

Laparotomy 
5 

Trachy 
6 

PEG 
7 

Dialysis 
other 
8         9 

Pharmacolo
gical 
managemen
t  

 

 
RESUS 

Intubated on arrival Y 1 N 0 

ICU admission Y 1 N 0 

Length of stay in 
ICU (days) 

 

Mode of ventilation  SIMV 
1 

Pressure 
control (PC) 
2 

pressure 
support (PS) 3 

Volume 
control (VC) 4 

CPAP 
5 

Length of ventilation 
(days) 

 CPR Y (when) 1 N 0 

Neuroprotective 
ventilation 

Y 1 N 0 Number of days not 
documented        2 

Hypothermia  Y 1 N 0 Number of days not 
documented        2 

ICP monitoring Y 1 N 0 

Neurosurgery 
consult 

Y 1 N 0 
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SOCIAL CIRCUMSTANCES AND FAMILY SUPPORT 

Primary 
caregiver 

 Marital status  Single 
1 

Marrie
d 
2 

Divorce
d 
3 

Number of 
people living in 
the house 

 Living 
conditions 

Hous
e 
1 

Hostel 
2 

Shack 
3 

Flat 4 
Room 5 

Number of 
dependants  

 Work    
employed      1 

 Unemployed 
2 

Social 
grant 

Y 1 
N 0 

Highest level of 
education  

 Mode of 
transport 

 Taxi 
1 

Private 
car 2 

Other 3 

Home language  Cost of 
transport 
return (pp) 

  No of 
taxis to 
hospita
l 
(return
) 
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APPENDIX 10 GROSS MOTOR FUNCTION MEASURE-88 

 

 
 
 
 
 

2013 Dianne Russell and Peter Rosenbaum, McMaster University.  All rights reserved. Page 1 of 6 
 

GROSS MOTOR FUNCTION MEASURE (GMFM) 
SCORE SHEET (GMFM-88 and GMFM-66 scoring) 

 

 

 
Child’s Name:   ID#:  
 

Assessment Date: 

   

GMFCS Level
1: 

 

 year / month / day  � 
  I 

� 
  II 

� 
 III 

� 
 IV 

� 
  V 

Date of Birth:   
 year / month / day   
Chronological Age:   Evaluator’s Name: 
 year / month / day   
 

Testing Condition (e.g., room, clothing, time, others present): 
 

   
 
 
The GMFM is a standardized observational instrument designed and validated to measure change in gross 
motor function over time in children with cerebral palsy. The scoring key is meant to be a general guideline. 
However, most of the items have specific descriptors for each score. It is imperative that the guidelines 
contained in the manual be used for scoring each item. 
 

SCORING KEY  0 = does not initiate 
   1 = initiates 
   2 = partially completes 
   3 = completes 
   9 (or leave blank) = not tested (NT) [used for the GMAE-2 scoring*] 

 
It is important to differentiate a true score of “0” (child does not initiate) from  

an item which is Not Tested (NT) if you are interested in using the  
GMFM-66 Ability Estimator (GMAE) Software. 

 
*The GMAE-2 software is available for downloading from www.canchild.ca for those who have purchased the 
GMFM manual. The GMFM-66 is only valid for use with children who have cerebral palsy. 
 

 
 
Contact for Research Group:  

CanChild Centre for Childhood Disability Research,  
Institute for Applied Health Sciences, McMaster University, 
1400 Main St. W., Room 408, 
Hamilton, ON  Canada L8S 1C7 
Email: canchild@mcmaster.ca Website: www.canchild.ca 
 
 
 
1
GMFCS level is a rating of severity of motor function. Definitions for the GMFCS-E&R (expanded & revised) are found in  

Palisano et al. (2008). Developmental Medicine & Child Neurology. 50:744-750 and in the GMAE-2 scoring software. 
http://motorgrowth.canchild.ca/en/GMFCS/resources/GMFCS-ER.pdf
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APPENDIX 11: MABC-II 
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APPENDIX 12 ASSISTANCE TO PARTICIPATE SCALE 
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APPENDIX 13: PEDSQL-FIM 

 

 
 
 
 



 216 

 
 
 
 
 
 
 
 
 



 217 

 
 
 
 
 
 
  



 218 

APPENDIX 14: COMPLETE LIST OF MEDICAL AND 
PHARMACOLOGICAL MANAGEMENT 

 
 Frequency 

(n=84) 

Percent (%) 

Medical and pharmacological management  

Neuro-observation 73 86.9 

Anti-biotics 13 15.5 

Wound dressing (chloromax, jelonet) 13 15.5 

Anti-epileptic drugs (epilim, keppra, 

phenytoin) 
18 21.4 

Analgesia (panado, perfalgen, valeron drops, 

morphine)  
62 73.8 

HAART 1 1.2 

Cortisone 2 2.4 

Anticoagulants 4 4.8 

Inotropes 2 2.4 

Sedation (ketamine, dormicum) 3 3.6 

Head up at 30 degrees 11 13.1 

Blood transfusion 6 7.1 

Oxygen 3 3.6 

Mannitol 1 1.2 

Eye surgery 1 1.2 
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APPENDIX 15: DESCRIPTIVE STATISTICS OF APS AT 
THREE MONTHS  

 Minimum Maximum Mean SD 

Assistance to Participate Scale (APS) 

Home alone activities 

Total  

8 20 19.83 1.42 

Watching television 3 5 4.97 0.24 

Listening to music 2 5 4.96 0.36 

Playing with a 

toy/activity alone 

1 5 4.95 0.48 

Playing alone around the 

outside of your house 

(parent home) 

2 5 4.96 0.36 

Community Social 

Activities Total  

11 20 19.82 1.16 

Sharing time with a 

friend within your home 

3 5 4.97 0.23 

Sharing time with a 

friend at the friend’s 

home 

3 5 4.96 0.26 

Spending time at a 

playground or outdoor 

recreation area 

2 5 4.94 0.37 

Attending an organized 

recreational club (ballet, 

soccer etc.) 

3 5 4.94 0.33 

APS Total  19 40 39.65 2.53 
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