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Chapter 8

The chapters of this dissertation offer important information about differences in 
determinants of recovery after TBI across the severity spectrum. Clear differences 
between patients with a moderate-severe versus a mild TBI were found regarding cognitive 
impairments, fatigue, emotional distress and (to some extent) coping mechanisms. Results 
from advanced neuroimaging techniques provided limited additional information about 
symptoms after mild TBI. In the following paragraphs, a summary and discussion of the main 
findings, the associated clinical implications and suggestions for future research are provided.

Summary of main findings
In chapter 2, we discuss the importance of adequate neuropsychological assessment in 
patients with a mild TBI to make crucial distinctions between cognitive complaints and 
cognitive impairments. Subsequently, in chapter 3, we performed the largest follow-up 
study so far presenting four distinct patient clusters with different fatigue trajectories 
within the heterogeneous mild TBI population. Two clusters showed a favourable recovery, 
comprising 55% of patients. The other two clusters showed an unfavourable recovery 
pattern from fatigue, from which patients can be timely identified based on high levels 
of fatigue, (increasing) passive coping and, for a subgroup of patients, anxiety, depression 
and posttraumatic stress. In chapter 4, determinants of mental fatigue after mild TBI 
versus moderate-severe TBI were further explored. Patients with a moderate-severe TBI 
had significant poorer performances on information processing speed measures when 
compared to the patients with mild TBI. Overall, results showed that it is likely that 
slower information processing after moderate-severe TBI poses a higher cognitive load 
on challenging situations, relating to extra mental effort and higher levels of mental fatigue. 
In the case of mild TBI, mental fatigue was not significantly related to slower information 
processing speed but did strongly positively correlate with emotional distress and passive 
coping style. In chapter 5, objectively measured impairments in executive functions and 
subjectively reported executive problems were examined in relation to an active coping 
style and a passive coping style, separately for patients with mild TBI versus patients 
with moderate-severe TBI. Patients with a moderate-severe TBI had significant poorer 
performances on tests measuring executive functions when compared to the patients 
with mild TBI, whereas there were no significant differences between the patients with 
mild TBI and healthy controls. Limited evidence was found for a relationship between 
executive test performances and coping styles, except for a significant relation in the 
moderate-severe TBI group between poorer mental flexibility and a lower level of active 
coping. The reported executive problems, however, did correlate with passive coping in 
both groups, presumably reflecting more general feelings of psychological distress when 
dealing with stressful situations that put a demand on executive abilities. In chapter 6 
we investigated the impact of frontal macro-structural lesions after mild-moderate TBI 
on frontal network resting-state activity and connectivity and frontal neuropsychological 
measures. Results did not show significant differences between the frontal lesions group 
and the control groups on an fMRI level. Interestingly, in the frontal lesions group, a stronger 
default mode network (DMN) – salience network (SN) connectivity was related to better 
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executive performances. To further explore neuroimaging measures in patients at the mild 
end of the TBI spectrum, we also performed a study in chapter 7 in which we examined 
white matter microstructures subserving adaptation following TBI, by means of emotion 
regulation. Patients with mild-moderate TBI with frontal lesions did show white matter 
injuries in the forceps minor (FM) and right uncinate fasciculus (UF), yet, this was not 
associated with poorer clinical recovery. Hence, no clear evidence for brain abnormalities 
related to neuropsychological test performances nor altered daily life functioning were 
found for these patients at the mild end of the TBI severity spectrum.

Differences in relations between cognitive complaints and cognitive 
impairments across the TBI severity spectrum
It was demonstrated in chapter 5 that mild TBI patients in the subacute phase after injury 
performed similar to healthy controls on tests for executive functioning and therefore 
showed no executive impairments. In chapter 4, analyses showed that patients with mild TBI 
in the subacute to chronic phase after injury still had impairments in information processing 
speed, although milder when compared to the moderate-severe TBI group. These results 
are in line with existent literature showing that most cognitive impairments tend to improve 
over the first months after a mild TBI.1–3 Yet, it does also fit the presumption that some 
mild TBI patients may to some extent experience slowed information processing in the 
subacute phase after injury.4 For moderate-severe TBI patients, results from chapter 4 and 
chapter 5 showed serious cognitive impairments in executive functions (including mental 
flexibility, planning and executive control) and information processing speed (basic as well 
as complex attention). These test performances by patients with moderate-severe TBI did 
not only significantly differ from healthy controls but also from the patients with mild TBI.

For moderate-severe TBI patients, the cognitive impairments in executive functioning 
and information processing speed (chapters 4 and 5) are likely a direct result of brain 
trauma and negatively affect cognitive functioning in daily life. However, patients with 
moderate-severe TBI seem to not always experience the cognitive complaints themselves, 
as clear indications were found for impaired self-awareness in this group (chapters 4 and 
5). Therefore, it is crucial that, even when patients with moderate-severe TBI do not 
report cognitive complaints, healthcare professionals are aware of the possible cognitive 
impairments present.

Even though part of the mild TBI patients may show objectively measured subtle 
slowed information processing in the subacute phase after the injury that may relate to 
their complaints, it is also important to be aware of secondary factors involved in cognitive 
complaints in daily life for this groups of patients. Results from chapters 3 and 4 show that 
emotional distress (anxiety, posttraumatic stress and depression) and/or an (increasing) 
use of passive coping are likely to play a negative role in the persistence of complaints 
after mild TBI.

Hence, across the entire TBI spectrum, it is important to critically evaluate the 
relationship between cognitive impairments and cognitive complaints, taking into account 
that this relationship may be very different for mild versus moderate-severe TBI patients. 
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The cognitive profile on neuropsychological tests should always be interpreted in light 
of the severity of the brain injury and additional information from (hetero)anamnesis, 
observations and questionnaires should be incorporated into daily practice and are of equal 
importance (chapter 2) and may offer additional information about the roles of fatigue, 
emotional wellbeing and coping mechanisms in the persistence of (cognitive) complaints.

Different determinants of persistent fatigue after mild vs. moderate-
severe TBI
It has been previously hypothesized that slower information processing may result in 
higher levels of mental fatigue after TBI.5 In chapter 4, we indeed found evidence that 
after moderate-severe TBI, impaired information processing speed was significantly related 
to higher levels of mental fatigue and not to physical fatigue. This fits the hypothesis that 
slower information processing poses a higher cognitive load in demanding (task)situations, 
requiring extra mental effort, and causing mental fatigue.

These relations between information processing speed and mental fatigue were not 
found for the mild TBI group. However, significant positive correlations between mental 
fatigue with both emotional distress and passive coping existed in the mild TBI group, 
indicating that these secondary mechanisms are likely to play an important role in feelings 
of excessive fatigue within this mild TBI group.

That recovery from fatigue after mild TBI should also be viewed in light of secondary 
factors, including emotional distress and coping styles is also supported by the results from 
chapter 3. In this chapter, we performed the largest follow-up study so far investigating 
fatigue after mild TBI with latent class growth analysis (LCGA). Whereas existent literature 
performed analyses on a group level, showing a decrease of fatigue up to 3 months 
thereafter fatigue levels remaining relatively stable over time6,7, we were now able to make 
relevant distinctions between subclusters of patients within the heterogeneous mild TBI 
population that show different patterns of recovery from fatigue over time. Four distinct 
patient clusters were identified. From these four clusters, two clusters showed a favourable 
prognosis for recovery from fatigue, comprising 55% of patients, with virtually no emotional 
distress during recovery. Cluster 1 - “Complete recovery from fatigue in combination with 
active coping (30%)” showed initially low levels of fatigue that clearly diminished over time 
together with a predominant reliance on active coping. Cluster 2 – “Decreasing fatigue and 
decreasing passive coping (25%)” showed somewhat higher levels of initial fatigue but these 
also clearly diminished over time together with decreasing use of passive coping. However, 
the other two clusters had an unfavourable prognosis for recovery from fatigue, comprising 
45% of patients. Cluster 3 – “Persistent fatigue without emotional distress (27%)” showed 
high and persistent fatigue in the absence of psychological distress, whereas cluster 4 – 
“Persistent fatigue with emotional distress (18%)” showed high and persistent fatigue 
together with strong indications for the presence of depression, anxiety and posttraumatic 
stress. Interestingly, increasing levels of passive coping especially appeared to be important 
in distinguishing the favourable from the unfavourable mild TBI clusters in chapter 3. These 
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findings emphasize the importance of the way of dealing with the consequences of mild 
TBI and triggered emotions, greatly affecting recovery processes after a mild TBI.

The gained knowledge from chapter 3 and chapter 4 offers indications for different 
treatment possibilities for fatigue after mild TBI patients versus moderate-severe TBI 
patients. In case of high levels of fatigue and cognitive impairments after moderate-severe 
TBI, timely referral for cognitive rehabilitation should be advised. Patients may learn to better 
deal with time pressure and learn to alternate between task- and resting periods. After a 
mild TBI, secondary factors could especially be important targets for neuropsychological 
treatment of fatigue, including feelings of emotional distress (e.g. anxiety, depression and 
posttraumatic stress) and coping mechanisms for which cognitive behavioural therapy may 
offer solutions.

Differences in coping with the TBI-related consequences across the 
severity spectrum
In chapter 5 we investigated whether cognitive impairments after TBI may negatively affect 
the selection and application of adequate active coping strategies, as it has also previously 
been suggested that executive impairments may interfere with the capacity of patients to 
come up with adequate solutions and to effectively adjust their behaviour.8 Our results, 
however, showed limited evidence for associations between executive performances on 
neuropsychological tests and coping styles with subtle differences across the TBI severity 
spectrum. Only for the moderate-severe TBI group, there was some evidence that a poorer 
performance on a mental flexibility task was significantly related to lower levels of active 
coping. Also, for the moderate-severe TBI group, higher levels of proxy-reported executive 
problems in daily life were significantly related to lower levels of active coping. This suggests 
that these executive difficulties could be a consequence of executive impairments, related 
to a compromised ability to actively and flexibly cope with complex stressful situations. 
Furthermore, it is striking that for both mild and moderate-severe TBI patients, self-
reported executive problems were strongly positively correlated with passive coping and 
negatively correlated with active coping. An explanation for these findings might be that 
self-reported executive problems in daily life reflect a more general psychological distress 
that closely relates to a belief that a person is incapable of handling stressful situations 
effectively. These findings provide new perspectives on evaluating coping mechanisms during 
treatments after TBI. After moderate-severe TBI, the presence of executive impairments 
may to some extent negatively affect the use of active coping strategies, whereas this would 
not necessarily be expected after a mild TBI. Furthermore, experiencing many executive 
problems in daily life after TBI (despite the absence of executive impairments after mild 
TBI) may negatively affect feelings of self-efficacy and confidence to actively cope with 
problems and stressful situations.

8
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Neuroimaging findings provide an insufficient explanation for complaints 
after mild TBI
In the last decades, new methods for data acquisition of neuroimaging measures became 
available. These advanced neuroimaging techniques are especially of interest for research 
in the mild TBI population, as abnormalities on CT scans (5-10%) and MRI-scans (30%) 
do not appear to explain complaints in daily life after mild TBI.9–12 Therefore, the question 
remains whether more sensitive neuroimaging measures could detect brain alterations 
that may explain persistent complaints after mild TBI.13 To further explore advanced 
neuroimaging measures after mild TBI, we included two studies in which we investigated 
functional MRI (fMRI) and diffusion MRI. We included patients with frontal CT lesions after 
mild TBI as well as moderate TBI patients with clinical characteristics fitting the severe end 
of the mild TBI spectrum. Results from chapter 6 show that on a resting-state fMRI level 
at 3 months after injury, the frontal CT-lesion patients did not significantly differ from the 
control groups. However, on a neuropsychological level, the frontal CT-lesions patients 
performed significantly worse on attention and executive tests than the control groups. 
Furthermore, the frontal CT-lesion patients showed stronger DMN-SN connectivity in 
relation to better executive performances. This may indicate that, as a consequence of the 
frontal lesions, the DMN-SN connectivity in this group is less efficient and the stronger 
co-activation of the DMN and SN is an attempt to compensate for the damage and to 
keep performing on a premorbid level of executive functioning. In chapter 7 we zoomed 
in on white matter microstructures with diffusion MRI and found for the frontal CT-lesions 
group that there indeed were diffusion alterations in frontal tracts, including the forceps 
minor (FM) and uncinate fasciculus (UF). The abnormalities in diffusion measures increased 
from 1 up to 3 months after injury. These structures are crucial for emotion regulation, 
and it could be expected that injury to these white matter tracts complicates psychological 
adaptation to TBI-related changes in daily life. However, our data showed no indications 
that these diffusion alterations provide an explanation for complaints in daily life, nor did 
it translate into a poorer functional outcome (GOS-E). Altogether, findings from chapter 
6 and chapter 7 do not offer clear explanations that brain abnormalities after TBI at the 
mild end of the severity-spectrum are related to and thus explain complaints in daily life 
and clinical recovery. This again emphasizes that psychological characteristics (e.g. emotional 
distress and coping characteristics) are expected to be especially important factors in 
recovering from mild TBI.

Recommendations for clinical practice and future research
This thesis shows that fundamental differences exist regarding determinants of symptoms 
across the TBI-severity spectrum. These qualitative differences in cognition, fatigue, 
emotional distress, coping and neuroimaging measures should be taken into account to 
improve tailored care and develop effective treatment plans.

After moderate-severe TBI, a comprehensive neuropsychological assessment and 
possible referral for cognitive rehabilitation are advisable. Patients with moderate-severe 
TBI will often have to face major life changes that need to be encountered with impaired 
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cognitive functions and high levels of mental fatigue. Specifically for the moderate-severe 
TBI group, it is especially important to be mindful of impaired awareness of TBI-related 
symptoms of the patient and it is vital to consult a proxy.

In the case of mild TBI, it is important to timely provide psycho-education and 
reassurance that in the acute phase after trauma, complaints are common but the prognosis 
is generally favourable. When complaints do persist, neuropsychological assessment can 
be conducted, including tests especially measuring attention and information processing 
speed. Additionally, it is crucial to include questionnaires measuring anxiety, depression, 
posttraumatic stress and coping characteristics. For the subgroup of mild TBI patients 
with objective cognitive impairments (in the absence of psychological distress), cognitive 
rehabilitation can be a good referral option. When neuropsychological assessment after 
mild TBI does not show objective cognitive impairments, but levels of fatigue and emotional 
distress are high and passive coping is increasing, timely referral for neuropsychological 
intervention/psychotherapy should be advised.

For future studies, it would be of great interest to expand evidence-based 
neuropsychological treatment possibilities after TBI. Based on findings in this thesis, 
important determinants of recovering from mild TBI include the consideration of fatigue, 
emotional distress and (increasing levels of) passive coping. Research for effective treatment 
possibilities after mild TIBI could focus on psycho-education, cognitive behavioural therapy 
and improving self-efficacy. Additionally, gradually building up a physical load with low-
intensity exercises (e.g. walking, bicycling, swimming) is expected to enhance mental capacity 
and will likely have a positive effect on experienced fatigue and emotional distress.

Conclusions
There are clear differences in determinants of recovery across the TBI severity spectrum. 
For cognition, serious cognitive impairments are present after moderate-severe TBI and 
these patients performed significantly worse on neuropsychological tests compared to 
mild TBI patients. However, after moderate-severe TBI, patient-reported complaints may 
be limited and it is crucial to consult a proxy and perform an extensive neuropsychological 
assessment. It is to be assumed that the cognitive impairments present after moderate-sever 
TBI are contributing to higher levels of mental fatigue and may to some extent compromise 
active coping abilities. In contrast, for patients with mild TBI, our findings show that distinct 
subgroups in the heterogeneous mild TBI population exist with different characteristics. 
After mild TBI, persistent patient-reported complaints are less likely explained by cognitive 
impairments or neuroimaging abnormalities and the presence of other psychological factors 
(including fatigue, emotional distress, and passive coping) should be explored. It is important 
to consider patients with mild TBI and patients with moderate-severe TBI as different 
patient groups and to improve tailored care after a mild vs. moderate-severe TBI.
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