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Chapter 1

Traumatic brain injury (TBI) is a major global health problem, with millions of people 
sustaining a TBI each year.1 In the Netherlands, annually approximately 85.000 persons 
acquire a TBI of which 30.000 patients visit the hospital emergency department. As a 
consequence of the impact of external forces during a TBI, for example in case of a 
traffic accident, a fall or physical abuse, focal cortical contusions and traumatic axonal 
injury can arise.2–4 Recovery from a TBI strongly depends on the severity of the trauma. 
TBI severity is generally classified as mild, moderate or severe, based on the Glasgow 
Coma Scale (GCS) score, posttraumatic amnesia (PTA) duration and/or duration of loss 
of consciousness (LOC).5 Most traumatic brain injuries are mild, comprising approximately 
85% of all patients (with a GCS-score of 13-15, PTA duration of ≤24 hr and/or a LOC of 
<30 min).6,7 The other 15% comprises patients with a moderate-severe TBI (defined by 
a GCS-score of <13, PTA duration of >24 hr and/or LOC of ≥30 min).6–8 The prognosis 
after a mild TBI is generally favourable, with most complaints resolving within weeks 
to months, even though a subgroup of mild TBI patients (10-25%) reports persistent 
complaints.6,9–11 Following a moderate-severe TBI, patients often experience long-lasting 
cognitive, emotional and behavioural problems that can interfere with the resumptions of 
previous daily life activities.12–14

Regarding complaints after TBI, even though a plethora of studies has been carried out, 
a consensus on the mechanisms underlying these complaints is still a topic of great debate.15–

17 Several mechanisms and factors are suggested to play an important role. As a direct result 
of brain trauma, impairments in cognitive functions can arise.18,19 Furthermore, complaints of 
excessive and debilitating fatigue are often reported by TBI patients and especially reported 
complaints of mental fatigue appear specific for brain injury patients.20–22 Additionally, the 
occurrence of sustaining a TBI can trigger emotional distress and patients may experience 
feelings of anxiety, posttraumatic stress or depression.16 There are different mechanisms 
in which patients tend to cope with these consequences. Furthermore, for part of the 
patients with moderate-severe TBI, brain abnormalities shown on neuroimaging in specific 
brain regions clearly match complaints in daily life. However, the specific determinants of 
complaints after TBI still need further clarification and are expected to differ after mild 
TBI vs. moderate-severe TBI. Therefore, the present thesis aimed to gain more knowledge 
about determinants of recovery across the TBI severity spectrum.

Cognitive complaints
Cognitive impairments can be objectively measured during a neuropsychological 
assessment. Objectively test-measured cognitive impairments and subjectively reported 
cognitive complaints in daily life can be in line with each other. Interestingly, however, this 
is not always the case. For example, in the case of mild TBI, it has been demonstrated that 
patients can report cognitive complaints in the absence of cognitive impairments.23 In this 
case, it is not likely that reported cognitive complaints are a consequence of brain trauma. 
Alternative factors, for example, pain, fatigue or emotional distress, may rather explain the 
subjective cognitive complaints in daily life.16 On the other hand, after moderate-severe 
TBI, it has been found that some patients do not report cognitive complaints, while evident 
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test-measured cognitive impairments are present. This difference is more likely a result 
of a lack of awareness of the cognitive impairments that resulted from the brain trauma. 
Impaired self-awareness is a common phenomenon after moderate-severe TBI.24 Hence, 
cognitive complaints and cognitive impairments do not always necessarily co-exist.

Cognitive impairments
Focal cortical contusions and traumatic axonal injury as a consequence of brain trauma 
can result in cognitive impairments. Slower information processing speed is often found 
as a core consequence of TBI.18 This is likely the result of the traumatic axonal injury due 
to the acceleration-deceleration forces of the trauma. The traumatic axonal injury may 
result in less efficient white matter tract connections, relating to slower processing of 
information.25–27 Significant relations have been demonstrated between a more severe TBI 
and slowness of information processing.18,28,29

The frontal areas of the brain are particularly vulnerable due to the various ridges and 
bony protuberances of the anterior cranial fossa along which the brain moves during the 
head impact.30 Frontal damage often leads to impairments in executive functions.30,31 These 
higher-order cognitive functions are important for planning, goal setting and monitoring 
whether activities are carried out effectively and adequately and are often found to be 
impaired after a more severe TBI.31

The extent to which cognitive impairments are present after TBI strongly depends on 
the severity of the trauma. After a mild TBI, cognitive impairments have been demonstrated 
in the first months, the subacute phase, after injury.32 However, an extensive body of 
literature shows clear improvements in cognition in the first 3 months after mild TBI and 
6 months after trauma (the chronic phase after injury), cognitive impairments are absent 
on a group level in most existent literature.33–35 Yet, some studies indicate that, for a small 
subgroup of mild TBI patients, subtle cognitive impairments on an individual level may still 
occur in the more chronic phase after mild TBI.36 In contrast, after a moderate-severe TBI, 
cognitive impairments are frequently present and more severe than after a mild TBI.18,25,28 
Although the cognitive impairments in this group are also expected to improve within the 
first year after injury, cognitive impairments are likely to persist in the chronic phase after 
injury and patients often do not fully return to their premorbid level of cognitive and daily 
life functioning.12

Frequent excessive fatigue after TBI
Fatigue is often reported by patients as their most challenging symptom after TBI.20–22 
Generally, fatigue levels after mild TBI have been shown to improve over time whereas 
levels of fatigue remain relatively stable following moderate-severe TBI.22 Fatigue can 
be experienced as physical fatigue, a consequence of physical injuries gained during the 
traumatic event. More specific for a patient with brain injury is the reported mental 
fatigue, a qualitatively different construct that can be experienced as “a reduced capacity to 
continue a mental activity repeatedly, a lack of mental energy”.37 Increased fatigue levels may 
be a relatively direct consequence of the brain injury (primary fatigue) but could also be a 
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consequence of other factors related to the TBI, such as feelings of anxiety, posttraumatic 
stress or depression (secondary fatigue).38,39 An important hypothesis regarding the 
relationship between brain injury and mental fatigue has been proposed by Van Zomeren 
and colleagues.40 They hypothesized that slower information processing after TBI during 
demanding cognitive task situations may result in a higher cognitive load that requires extra 
mental effort. Indications for a significant association between neuropsychological test 
performance and fatigue levels have been demonstrated41, yet, so far there are no studies 
specifically investigating relations between information processing speed and mental fatigue 
levels for the different TBI severities.

Emotional distress and coping styles after TBI
Sustaining a TBI frequently concerns a stressful life event that as such can trigger many 
psychological factors.42 Feelings of anxiety and depression are common following TBI. 
Furthermore, patients can suffer from posttraumatic stress. Especially after mild TBI, 
patients often experience nightmares and flashbacks of the traumatic event. There also has 
been evidence that posttraumatic complaints can occur after a moderate-severe trauma, 
despite little to no recall of the traumatic event – memories may be encoded on an 
implicit level and there may be “islands of memory” during the period of posttraumatic 
amnesia.43 Furthermore, patients have to adapt to the consequences of the TBI, relying 
on different coping mechanisms. Coping is often divided into active coping and passive 
coping. Active coping entails a problem-focused approach, whereas passive coping is more 
emotion-focused.44 Whether coping mechanisms are appraised as functional and adequate 
always depends on the nature of specific circumstances in which patients have to deal 
with problems or stressful situations. However, generally, active coping is considered more 
adequate and effective whereas passive coping has commonly been related to poorer 
outcomes and higher levels of emotional distress.19,44 For patients with moderate-severe 
TBI, the possible presence of extensive frontal damage may negatively affect executive 
functions needed for an active coping style.45 For example, goal setting and adjusting 
behaviour to changing circumstances. This may result in a greater challenge for patients 
with moderate-severe TBI to deal with the changing circumstances. Altogether, changes in 
levels of emotional distress (anxiety, depression, posttraumatic stress) and possible changes 
in available coping mechanisms may also greatly affect the recovery processes after TBI.

Neuroimaging findings in relation to complaints
Brain damage on conventional neuroimaging (e.g. computed tomography (CT) and magnetic 
resonance imaging (MRI) is found in a small proportion (5-10%, 30%, respectively) of 
mild TBI patients.46,47 In contrast, after a moderate-severe TBI, focal cortical contusions 
and/or diffuse axonal injury are often present. On emergency department admission, 
CT scans are regularly conducted to reveal brain damage and detect possible secondary 
complications. Additionally, when complaints persist in the chronic phase after injury, a 
higher resolution MRI scan can reveal more information on the presence and extent of 
posttraumatic brain damage. When present, focal cortical contusions are often detected 
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below the site of impact (coup) and at the opposite side (contrecoup). Additionally, the 
acceleration-deceleration forces may cause damage to (long-distance) white matter tracts. 
Especially after mild TBI, it has been seriously debated whether conventional structural 
imaging is sensitive enough to detect potential brain alterations.48 The use of more advanced 
neuroimaging techniques could provide more clarification on this topic. For example, 
functional MRI (fMRI) may provide more information about possible alterations in the level 
of brain network activity and connectivity.49–51 Furthermore, with relatively new techniques 
of diffusion MRI, white matter microstructures can be studied in more detail.48 Possibly, 
these advanced neuroimaging techniques may offer more clues on persistent complaints 
after mild TBI.

General aim and outline of this dissertation
In this thesis, different determinants of recovery across the TBI-severity spectrum are 
examined, including measures for cognition, fatigue, emotional distress, coping styles and 
neuroimaging. In chapter 1, a general introduction to traumatic brain injury is given. In 
chapter 2, neuropsychological assessment and differences between subjective patient-
reported cognitive complaints and objective test-measured cognitive impairments in the 
mild TBI group are highlighted. In chapters 3 and 4, the highly prevalent complaint of 
excessive fatigue after TBI is investigated. In chapter 3, it is examined whether distinct 
patient clusters with different fatigue trajectories exist within the mild TBI population. In 
chapter 4, determinants of mental fatigue in patients with mild TBI and in patients with 
moderate-severe TBI are examined, investigating the possible roles of slower information 
processing as well as emotional distress and coping styles. Chapter 5 examines whether 
the use of specific coping styles is affected by the cognitive consequences of a mild TBI 
vs. a moderate-severe TBI. The following chapters focus on neuroimaging. In chapter 6, 
it is investigated whether frontal lesions after a mild-moderate TBI are affecting frontal 
network dynamics on an fMRI level. In chapter 7, potential alterations in white matter 
microstructures in neural emotion regulation circuitry after mild-moderate TBI are 
investigated in relation to persistent complaints. Finally, chapter 8 provides a summary of 
our findings and a general discussion, offering clinical implications and future perspectives.
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