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Introduction

“A closed head injury is any injury to the head that is nonpenetrating. Such injuries can be, and often are, rather serious since severe cerebral damage can occur even though the skull has not been penetrated” The Penguin Dictionary of Psychology.

A closed head injury, resulting from a motor vehicle accident, will be the occasion of two injuries. A primary injury upon impact and a secondary injury as a repercussion of the physiological procedure initiated by the primary injury and which transpire in the minutes, hours, or even days after the primary injury.

Closed Head Injury

Mechanical forces administered to the brain within the skull initially conduce the injury. Loss of consciousness is common and the impairment to the brain disseminated.
The two mechanical forces that impact upon closed head injury are rapid deceleration and rotational acceleration.

Types of CBI (Closed brain injury)

Static Head Injury

The force of the impact is the decisive factor. Moderate force would result in the skull ingressing at the point of impact compressing the brain at the ‘coup’. Where the intensity is greater, the acceleration is translated to the brain, the brain moves within the skull and damage would occur at the ‘contre-coup’ (opposite point to the site of impact).

Moving Head Injury

In moving head injuries, the instantaneous deceleration and consequential impact of the brain against the cribriform plate and the sphenoid ridges interjacent to the skull, the brain sustains dyadic injury to the frontal and temporal poles as well as to the orbital surface of the frontal lobes. This will happen regardless of the site of impact. Impact on the back of the head will send the brain hurtling to the front of the skull, and should the brain impact the occipital and/ or temporal sides.  The occipital and temporal sides are smooth and the brain regions are cosseted by the tough tentorium composed of the dura matter. The dura matter is conveniently described as consisting of two layers. An outer -endosteal layer and the inner –fibrous/meningeal layer. In most places, these are intimately fused and cannot be separated even by sharp dissection.

The rotational acceleration of the head is translated to the brain causing stretching and shearing of the axonal fibres resulting in microscopic lesions throughout the brain. This diffuse axonal injury is often accompanied by small haemorrhages throughout the white matter principally in the fronto-temporal and brainstem areas.

In essence there are two injuries that take place: a primary injury at the time of impact resulting from the mechanical forces applied to the brain inside the skull accompanied by a secondary injury, which results from the physiological processes initiated by the primary injury. This occurs minutes, hours and days after the primary injury.

This secondary injury includes the consequences of oedema, haemorrhages, which augment intracranial pressure; this in turn results in ischaemia, from which cell death will ensue. The compression from the increased intracranial pressure could result in herniation, which could compress the brainstem causing death.

Other injuries such as injuries to the lungs can result in hypoxic brain damage.

Severity Indicators:

LOSS OF CONSCIOUSNESS:

Loss of consciousness (LOC) is triggered by damage to the fibres of the reticular formation. LOC is calibrated by the Glasgow Coma Scale, which measures the degree of eye opening, motor response and verbal response. It allocates a score between 3 (the minimum compatible with survival) and 15 (fully conscious and orientated – the person can obey a spoken command, can make a meaningful response and can speak coherently.) A score of 8/15 or below is considered ’severe’. The length of coma is also considered a proficient indication of the severity of the residual symptoms likely subsequent to regaining consciousness.   An interlude of confusion and disorientation ensues, but this resolves over time.

POST- TRAUMATIC AMNESIA:

Subsequent to the restoration of consciousness and the resolution of the confusion, the person is in a state of post-traumatic amnesia (PTA). The person appears lucid and normal, but is unable to ordain new memories. The memory traces are not being consolidated with long-term memory. In other words, the person has not regained continuous memory. This resolves gradually. The continuance of PTA is deliberated from commencement of the LOC until the return of continuous memory.

PTA is the best indicator of the severity of the injury in the case of CHI with anything of up to 24 hours being severe. However some Neurologists are inclined to establish the cut-off point at one week. 

RETROGRADE AMNESIA:

Retrograde amnesia refers to the incapacity to remember events that occurred in the seconds, minutes or hours precedent to the accident. In some cases this could be weeks or months. This dwindles over time leaving an era for which no recall will ever be salvaged.

A ‘severe head injury’ is graded as loss of consciousness beyond 6 hours, or Glasgow Coma Scale equal to or below 8, or Post Traumatic Amnesia of more than 24 hours.

Consequences of Severe Closed Head Injury:

Cognitive Deficits

A broad-spectrum protractedness of information processing tempo and cognitive inefficiencies as well as reduced selective attention, divided attention capacity, poor working memory, which is capable of affect complex reasoning tasks resulting from the diffuse axonal damage. Sufferers have a propensity to complain of difficulty concentrating, performing complex mental operations, difficulty doing in excess of one thing at a time, a general inability to do things as well as before the accident, and distractibility, all of which may impair their memory ability.

The more focal lesions to the frontal and temporal lobes will become evident as problems in functions that are controlled by those brain regions, including executive dysfunction, memory and learning and personality changes.

The cognitive deficits of severe closed head injuries include: attention deficits; memory deficits resulting from frontal dysmnesia; frontal deficits; language deficits and sometimes visio- spatial perceptual deficits.

Emotional Deficits

Emotional deficits are related to the damage of the frontal and temperolimbic structures, resulting in excitability or apathy as well as a higher risk for manic and paranoid symptoms, and a greater risk for developing dementia in later years. These symptoms have a propensity to propel others away, resulting in social isolation.

Behavioural Deficits

The behavioural deficits include social inappropriateness, increased impulsivity, heightened fatigability and decreased noise tolerance, decreased control of temper and rage dyscontrol, decreased alcohol tolerance. These are usually due to the hypoarousal and frontal lobe deficits.

Variability

The executive deficits and the personality changes are the prime hindrance to returning to preinjury level of work competence.

The deficits following a brain injury depend on many factors: - severity of injury, site of injury, victim’s age, his preinjury functioning, to mention a few. Because this results in heterogeneity of symptoms and makes it difficult to predict what the outcome might be coupled with the uncertainty of the site of the injury and the fact that there may be damage that resulted from secondary brain injuries, it is very difficult to predict the outcome. Add to this the fact that the brain operates as a system of interconnected parts, and then it becomes almost impossible to predict the severity of the injury and recovery with any accuracy.

Closed Head Injuries in Children

According to Ponsford (1999) most adult closed head injuries (CHI) are due to motor vehicle accidents (MVA) whereas the causes of CHI in children are more variable and tend to relate to a bat or ball striking the head, a fall, and a pedestrian vehicle accident or child abuse.

He states that the accidents generally sustained by children result in less acute rotational acceleration than in motor vehicle accidents, but because the skull of a small child is less rigid and the sulci are more superficial, this may produce a cushioning effect for the brain, and consequentially result in less focal deficits.

On the other hand, there may be augmented deformation of the more pliable skull and therefore more damage at the coup as the skull yields to the blow and constricts the brain more generalised shearing in the cortex may well ensue.  There is a greater incidence of oedema in children. The origin of this is liable to be correlated to vascular congestion contrasting to the accumulation of water in the case of an adult.

There is less diffuse axonal injury in smaller brains particularly in younger children whose brains are incompletely myelinated and particularly if the source of injury is a slow speed accident. 

Ewing-Cobbs et al (1985) state that the infant skull is less easily fractured and can absorb more impact because it is softer and therefore can absorb more of the impact, which would result in protracted diffuse axonal injury.

Oddy (1993) claims that infants are more likely to have a lucid period followed by a decline in their consciousness over time than they are likely to loose consciousness immediately. Because their frontal lobe functions have not fully developed, it is impracticable to affirm the impairments to executive functions.

Language deficits, above all word finding difficulty and verbal fluency may present. 

The most widespread cognitive deficit is memory disturbances for verbal and visual material, which as a rule correlate with poor attention and with perplexity inhibiting inappropriate responses and distractibility. Dennis et al (1993) maintain that these are most severe in younger children. In addition, frequently observed is a decline in information-processing speed, particularly on visuo-motor tasks.

Frontal lobe functions in children are as a minimum partially functional, so injury to this area would present as impulsivity, perseveration, rule breaking, poor self-monitoring and decreased social awareness.

The resulting behavioural disturbances include ADHD-type symptoms, social disinhibition as well as an exacerbation of pre injury behavioural problems.

These cognitive deficits are fundamental to the development of rapidly developing skills in early childhood and later for scholastic performance.

Ontogenic maturation, Functional maturation & Cognitive development.

Luria (1970) alleged that the brain consists of three operative divisions, all having a specific function in the execution of behaviour. He accentuated the correlation of these zones throughout development and emphasized the significance of continuous feedback involving diverse areas for managing the activity of the brain. 

Block one located in the subcortical regions of the brain regulates the energy level and tone of the cortex. This block is developed at birth. Block two located in the temporal, parietal and occipital areas in the cortex, obtains, processes and stores inward bound stimuli.  Block three is situated in the premotor and frontal cortical regions. This block programmes, regulates and verifies behaviour. 

Blocks two and three are further divided into three cortical zones which surface in a specific sequence in the course of development. The primary zones are modality specific and receive sensory input from, or convey motor impulses to the periphery. These areas together with the systems connecting them to the subcortical area of block one are the first to mature – this process is initiated during the prenatal period continuing to the end of the first year. The development of these forms the foundation for successful secondary block expression. Coinciding with the development of block one and the primary zones is the development of the secondary areas of blocks two and three. Lying adjacent to the primary zones, these secondary zones process incoming sensory information and prepare motor programmes for action. Within the fist five years of life, these are fully functional.

The tertiary zones of block two, encompassing the borders of the temporal, parietal and occipital lobes are subsequently developed. These play a specific role in the establishment of complex spatial synthesis and cross-modal integration. The tertiary zones are not fully operational until the age of seven, as they only develop functionally between the age of four and seven years.

The tertiary zones of block three, situated in the pre-frontal areas, which commenced their development in the first few years of life, become equipped for their involvement in the formation and execution of intentions subsequently.  This is only achieved at about 12-15 years.  The development of speech and regulation of behaviour is essential to the development of planned and goal-directed behaviour. When developed, the frontal tertiary zones appropriate a supramodel function in the regulating of behaviour. Related to the development of the secondary and tertiary zones is a profulent lateralisation of function.

The extensive age ranges Luria (1970) allocates, reflects the particularized disparity in the precise age at which a child attains each stage within an invariant progression of development.

Luria’s model facilitates one to envisage more accurately what the consequences of injury sustained at different stages of development are to be expected as children grow into their deficits and hence formulate intervention plans that will be cognisant of these deficits.

Course of Recovery

A level of spontaneous improvement transpires during the first three to six months to two years subsequent to the injury. The improvements that take place after eighteen months are usually the result of compensatory strategies acquired by the victim rather than retrieval of function. 

There are numerous hypothesis attempting to explanation the recuperation after brain injury.

Hemispheric compensation proposes that the function that was formerly conducted via the injured area is assigned to an undamaged area by means of a process of anatomical reorganisation. This hypothesis assumes that there are unutilised areas in the brain available as ‘pare parts’. There is no evidence for this.

Artifact theories assume that the brain damage results in the death of cells responsible for a particular function (a primary deficit) and that the adjacent areas are ‘shocked’. Temporarily resulting in diaschisis, -a reduction of neurotransmitter input and glucose uptake and blood flow often resulting from oedema (a behavioural deficit). The so-called ‘recovery’ of function is merely a reinstating of the functions that were disrupted by the primary effect.

The functional adaptation theory sees all ‘recovery’ as the person having learned different means of completing a task.

Martin (1999) refers to the maturation hypotheses, which the evidence seems to support.  It maintains that both hemispheres are specialised for both language and non-language purposes from birth and that over time the left hemisphere becomes specialised. Should damage occur before the hemispheres are fully literalised, the right hemisphere develops into the dominant hemisphere for language.

Factors Affecting the Outcome

· Children may grow into their deficits

The effects if brain damage only becomes apparent when the damaged region is required for the effective functioning of the child. As the child’s brain is not fully developed until adolescence, injuries to certain areas will only become evident at a later developmental stage, when that area becomes crucial for the child’s functioning.

Dennis et al (1993) maintain that the deficits are’ developmentally time lagged’ – some symptoms are apparent immediately while others take years to exhibit.

· The rapid development and acquisition of skills and cumulative impairment in functions.

The child has yet to develop an over learned repertoire of skills and consequently the skills to facilitate their developing such as reading, writing and language are ‘building block’ skills providing groundwork for development of cognitive skills required later on. These foundational skills will be of more value than those few well-consolidated and automatic skills.

Children require the capability to learn new material, in addition to attention and speed of thinking in order to master new skills.

Subsequent to closed head injury, these competencies are often marred resulting in a postponement in acquiring or failure to acquire the dexterity of their peers. This is specifically relevant when considering that in Luria’s (1970) model lesions to the lower zones will perturb the veracity of the higher zones, thus disrupting the foundation for higher order procedures.

· Plasticity at an expense

If, as Kennard and others suppose (as sited by Mazabow (2002) in Physiological Psychology Boston City Campus), neuronal plasticity does transpire, it may actually have damaging consequences for the child. For example, if the right hemisphere was to take over the role of the left hemisphere in the case of a aphasic child, it could be to the detriment of visiospatial perception, thus compromising the child’s capability as a whole

The synaptic pathways are being formed in the first two years of life; therefore this is a critical time for the brain. At this point it is maximally susceptible to disturbance by outside influences. Damage or plasticity at this stage of development could have the consequence of abnormal connections being formed and thereby compromising the overall intelligence of the child.

· Spontaneous improvement and variability

Spontaneous improvement can transpire for an interlude of up to five years in a child. The first to recover are the language and sensory disturbances.

· Test sensitivity

The tests need to be extremely sensitive and longitudinal as many of the deficits are subtle and may only manifest at a later stage.

· Variability in normal development

There is a degree of normal variability in child development, so the neuropsychologist assessing the child needs to recognize the value of this to facilitate determining how the child is performing relative to his peers.

· Additional factors influencing the outcome.

The acuteness of the injury together with the child’s genetic endowment, pre- and post injury psychological and social ability and functioning as well as the child’s pre - injury history of neurological dysfunction all add to the picture as a whole.

Impact on Education and employment

Damage to the posterior heteromodal cortex (the prieto-temporo-occupital junction, which is responsible for cross- modal integration) will only be noticeable when the child goes to school and has to learn to read and write, which requires cross-modal integration (such as between auditory and visual or visual and tactile modalities). 

Similarly, after left hemisphere parietal damage, it is impossible to say whether the child will have dyslexia until he/she begins schooling. 

Injury to executive frontal functions may not become apparent until late childhood or early adolescence. Similarly, damage, which is largely associated with the tertiary tempero-parieto-occupital zones, may only turn out to be apparent when the child enters school and the cross-modal integration at the root of many educationally acquired skills is vital.

Incapacity to acquire new skills will restrict the normal development of the child, especially in preschool years. This would necessitate placement in special schools as the disparity between them and their peers becomes more pronounced.

Conclusion

As can be seen from the discussion above closed brain injury is complex and it is very difficult to measure the extent of the injury. Recovery is not only unpredictable and dependent on the severity of the injury, but also on a combination of the pre injury prognosis as well as the post injury support available to the victim.

Numerous children make what appears to be outstanding recuperation after brain injury, even so they have enduring problems. Personalities as well as cognitive changes are often unobserved in the plethora of developmental changes. 

There is no clear proof that children recover from closed brain injury faster than adults or that the level of injury is less severe.  Children, however grow into their deficits and there is a greater chance of them acquiring compensatory skills.

Closed head injury will always remain an enigma and its treatment depends largely on the symptoms displayed by the individual in the short and long term.  For this reason, it would be impossible to make any treatment prescriptive for brain injury as a whole and a more individualistic approach needs to be investigated.
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