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ABSTRACT

Background: A minority of patients with mild traumatic brain injury (mTBI) experience a persistent symptom
complex also known as post-concussion syndrome. Explanations for this syndrome are still lacking.
Objective: To investigate if the fear avoidance model, including catastrophizing thoughts and fear
avoidance behaviour, poses a possible biopsychosocial explanation for lingering symptoms and delay
in recovery after traumatic brain injury (TBI) with special focus on mTBI.

Design: Cross-sectional study.

Participants: 48 patients with TBI, of which 31 patients with mTBI, had persistent symptoms (mean time
since injury 48.2 months); 92% of the entire sample fulfilled the criteria for post-concussion syndrome.
Outcome variables: catastrophizing, fear-avoidance, depression and post-concussion symptoms.
Results: High levels of catastrophizing were found in 10% and high levels of fear avoidance behaviour
were found in 35%. Catastrophizing, fear avoidance behaviour, depressive symptoms and post-concus-
sion symptoms correlated significantly with each other (p < 0.05).

Conclusion: The fear-avoidance model proposes a possible explanation for persistent symptoms.
Validation and normative data are needed for suitable measures of catastrophizing and fear avoidance
of post-concussion symptoms after TBI. Longitudinal prospective cohort studies are needed to establish
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its causal and explanatory nature.

Traumatic brain injury (TBI) poses a major global health issue
with its high prevalence and subsequently high costs in western
society (1). The annual costs due to traumatic brain injury are
estimated around €33 billion in Europe (2). Approximately
80-90% of TBIs are considered to be mild (3). The vast majority
of patients with mild traumatic brain injury (mTBI) across differ-
ent populations (e.g. civilian, military or sports) show a rapid
recovery within the first months and do not report any symptoms
at three months post injury (4). A minority of the patient group
reports persistent symptoms and experience long term interfering
consequences of their mTBI, also known as post-concussion syn-
drome. The exact size of this minority remains debatable, with
reported percentages ranging between 15 and 47% due to metho-
dological variations across studies and inconsistencies regarding
its definition (5-7). Finding a possible explanation for the persis-
tence of symptoms has been of interest to many researchers in the
last three decades, but no uniform explanation has been
found (8,9).

New and recent advances in brain imaging techniques reveal
brain tissue damage in mTBI, mostly vascular microstructural
damage, that could not be visualized before (10). However, these

parameters or other biological explanations do not predict the
persistence of symptoms or occurrence of post-concussion syn-
drome (11). Although its name suggests that this symptom com-
plex is specifically seen after concussion, post-concussion
syndrome seems not specifically related to mTBI (6,12,13). The
nature and extent of this symptom complex is similar in other
patient populations such as those with chronic pain syndromes
(14) or following traumas not involving the brain (e.g. after
orthopaedic injuries) (6,13). Moreover, healthy controls report
post-concussion like symptoms such as cognitive problems, fati-
gue and headache. When removing the criterion of a history of
mTBI, a comparable prevalence of post-concussion syndrome can
be found in healthy controls (15,16). These findings suggest that
post-concussion syndrome is not brain injury specific; therefore
psychological models should also be considered in explaining the
development and nature of the post-concussion syndrome.
Regarding psychological causes, the most consistent finding
has been that pre-injury mental health status predicts
post-concussion syndrome (9). Furthermore, early post-injury
stress and anxiety levels after mTBI are also indicated as predictors
of post-concussion syndrome (9,17). A multi modal explanation
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including both biological and psychosocial factors has also been
suggested, but appears to explain not more than 40% variance of
clinically relevant long term outcomes, such as post-concussion
syndrome (9). Despite many efforts, an unequivocal explanation as
to why this minority of patients experiences persistent symptoms
indicative of post-concussion syndrome is still lacking. Silverberg,
et al. (9) have suggested an integrated biopsychosocial approach
for future studies on the basis of their systematic review of prog-
nostic models.

A possible biopsychosocial explanation may be found in the
fear avoidance model. This model is well-validated in patients
with several bodily distress syndromes including chronic pain
(18), tinnitus (19,20), cancer survivors (21), chronic fatigue (22),
fibromyalgia (22) and fatigue in multiple sclerosis (23,24).
Furthermore, it provides the theoretical underpinnings of effective
treatment options in these patient groups, such as graded expo-
sure therapy (25) or newer generations of cognitive behavioural
therapy (CBT) such as mindfulness based CBT (23).

Applying this model to post-concussion syndrome, patients
with mTBI may (mis)interpret information regarding the damage
to their brain and its immediate consequences in a catastrophic
way, which results in increasing anxiety and avoidance behaviour
over time. According to the fear avoidance model, symptoms are
wrongly interpreted as a sign of serious injury or disease over
which one experiences little or no control. It is proposed that
such misinterpretation of symptoms typically leads to a dispropor-
tional fear of symptoms and injury that develops over time into a
disabling fear of experiencing symptoms such that people will
avoid those activities that are presumed to worsen their problem
(26). Although avoidance behaviour may be adaptive in the acute
phase, it can contribute to disuse, disability and depression which
paradoxically worsen the symptoms in later stages (27). In sum,
this model suggests that it is not necessarily the severity of the
injury, but rather a disease process of extended catastrophic think-
ing about the initial symptoms and fear avoidance behaviour
initiated by a biological injury that will explain in a time dependent
manner the persistence of symptoms and the level of disability.

The fear avoidance model has been postulated as a possible
explanation for persistent symptoms in mTBI already over two
decades ago by Kay, et al. (28). They proposed the combination of
two fear-avoidance cycles - one regarding the pain (i.e. headache)
experience as previously validated in patients with pain and one
regarding the cognitive symptoms. According to the cognitive fear
avoidance cycle, the cognitive symptoms are erroneously inter-
preted as a sign of pathology over which one has little or no
control. Such catastrophizing could extend to fear and avoidance
of mental activities, also known as cogniphobia®**, which subse-
quently decreases activity levels and may result in disuse, disability
and depression. This could then increase the amount of cognitive
failures, concluding its cyclic pattern, as suggested by Todd, et al.
(29) and Martelli, et al. (30).

This combined pain/cognition-related fear avoidance model
has not been tested empirically, although it is consistent with the
current literature in several ways. Dean, et al. (13) stated that
headache and cognitive complaints are the most specific symp-
toms of the post-concussion symptoms following mTBI. The
combined fear avoidance model targets these symptoms specifi-
cally. In support of this, Khoury, et al. (31) and Broombhall, et al.

(5) found respectively that catastrophizing about pain and fear
avoidance symptoms was significantly greater in patients with
TBI in comparison to healthy or trauma controls. Moreover,
multiple studies have shown that the fear avoidance model
explained the pain experience of patients with whiplash disor-
ders (32,33). Furthermore, Schmidt (34) showed higher levels of
fear avoidance regarding mental work in adults with chronic
work-related stress compared to actively working employees.
Despite these findings, to our knowledge the fear avoidance
model has never been empirically examined as a possible expla-
nation for post-concussion syndrome in patients with mTBL

Therefore this study examined the prevalence of catastrophiz-
ing thoughts and fear avoidance behaviour in patients with per-
sistent symptoms after TBI. In order to investigate whether the
fear avoidance model provides a possible explanation for post-
concussion syndrome, the relationships between post-concussion
symptoms, catastrophizing thoughts and fear avoidance beliefs
after TBI were examined. Separate analyses were performed on a
subgroup of patients with mTBI because a biopsychosocial
approach is proposed to be of special importance in explaining
persistent symptoms after mTBI (9,12).

Methods
Participants

Participants were recruited at the Zuyderland Medical Centre,
Sittard-Geleen, the Netherlands. Inclusion criteria were inci-
dence of TBI and fluent in Dutch. TBI was defined according
to WHO criteria as an acute brain injury resulting from external
mechanical force to the head (35). Patients with TBI who had
received multidisciplinary treatment at the rehabilitation centre
Zuyderland, Sittard-Geleen (NL) in the period 2009 till 2012
were asked to participate. If they were willing to participate,
they were sent an information letter, an informed consent
form and questionnaires in 2013. In the period 2013-2016
patients with TBI who were receiving a multidisciplinary
neuropsychological rehabilitation treatment for persistent symp-
toms were approached by their treating neuropsychologist for
inclusion. These patients received the questionnaires as part of
regular care and were asked for their permission to use this data
for research purposes. Depending on the complaints, patients
were referred by their rehabilitation physician to one or more of
the following disciplines; physiotherapy, social work, medical
psychology or occupational therapy. Recruitment into the
study was carried out at least 3 months after the injury to ensure
presence of persistent symptoms.

Compliance with ethical standards

All procedures were approved by and in accordance with the
ethical standard of the medical ethics committee of Zuyderland
Medical Centre, the Medical Review Ethics Committee of
Maastricht University and the 1964 Helsinki declaration and
its later amendments. Informed consent was obtained from all
participants included in the study. Patients did not receive any
financial compensation for their participation.



Measures

Basic demographic information

Personal characteristics including age, gender, level of education
and current and premorbid employment status were retrieved
from the hospital database. The level of education was based on
the highest completed level of education and divided according
to the 7 point Verhage classification (36). Medical data such as
time since injury, cause of injury, severity of injury, presence of
abnormal findings on available CT and/or MRI scans, total
duration of multidisciplinary treatment received and presence
of cognitive disorders when a neuropsychological assessment
was available, were also retrieved from the hospital database.
Causes of injury were categorized into ‘traffic accidents’, ‘sport’,
‘violence’ and ‘falls’. Severity of TBI was classified as ‘mild’ or
‘moderate to severe’ and based on criteria developed by the
WHO collaboration centre task force on mTBIL These stated
that mTBI is identified by at least one of the following character-
istics: a Glasgow Coma Scale (GCS) score of 13 to 15, a max-
imum duration of post-traumatic amnesia of 24 hours and a loss
of consciousness up to 30 minutes (37). These variables were
extracted from the hospital database. If none of these variables
were available, the severity rating based on clinical judgement of
the treating neurologist or rehabilitation physician was used.

Catastrophizing

Catastrophizing about post-concussion symptoms was assessed
with the Post-Concussion Symptoms Catastrophizing Scale
(PCS-CS), which is an adaptation of the Dutch translation of the
Pain Catastrophizing Scale (PCS) (38,39).The PCS has adequate
psychometric properties (40) and is validated in acute and chronic
whiplash disorders (41-43) and used in patients with mTBI by
Khoury, et al. (31). It consists of 13 items measuring the
self-reported frequency of catastrophizing thoughts about the
experienced pain with a 5 point Likert scale. The PCS was adapted
by replacing the word ‘pain’ with common post-concussion symp-
toms in all items: ‘headaches, dizziness, fatigue, memory and
concentration problems’. The score ranges from 0 and 52, with
higher scores indicating a higher intensity of catastrophizing. A
score of 30 or higher can be used for identifying a high level of
catastrophizing thoughts based on patients with pain and repre-
sents the 75th percentile according to the manual (39). According
to Severeijns, et al. (44) this score represents a Z-score of at least 1.5
in several pain populations within a community setting. A score of
23 or higher corresponds to the 50th percentile and has also been
used in the literature to indicate an above average level of cata-
strophizing (45). To our knowledge, no cut-off scores for patients
with TBI specifically are available. Internal consistency of the PCS-
CS was excellent in this sample (Cronbach’s alpha = 0.94).

Fear avoidance

Concussion-related fear avoidance behaviour was assessed with
an adapted version of the valid and reliable Dutch version of
Tampa Scale for Kinesiophobia (TSK) (46,47), called the Fear of
Mental Activity scale (FMA). The TSK was adapted by replacing
the word ‘pain’ with common post-concussion symptoms in all
items: ‘headaches, dizziness, fatigue, memory and concentration
problems’. Additionally, items were adjusted to make them
suitable for mTBI, e.g. ‘My head tells me there is something
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dangerously wrong’, instead of ‘My body tells me there is some-
thing dangerously wrong’. It consists of 17 items and the score
ranges from 17 to 68 with a score higher than 37 indicating an
above average and according to the manual a high level of fear-
avoidance behaviour in patients with pain (48,49). Using a more
conservative cut-off equivalent to the 75th percentile, a score
higher than 48 indicates a high level of fear avoidance behaviour
(50). To our knowledge, no cut-off scores for patients with TBI
specifically are available. Internal consistency of the FMA was
good in this sample (Cronbach’s alpha = 0.80).

Depressive symptoms

Depressive symptoms were assessed with the subscale depres-
sion of the Dutch version of the Hospital Anxiety and
Depression Scale (HADS) (51). It is a valid and reliable measure
for screening depression in patients with TBI (52). The score
ranges from 0 to 21 with a higher score indicating a higher
intensity of depressive symptoms. Whelan-Goodinson, et al.
(52) showed that a score of 8 or higher is an indication for
depression in patients with TBI, which is in line with findings
of a large review in the general population of Crawford,
et al. (53).

Post-concussion symptoms

Post-concussion symptoms were assessed with the Dutch version
of the Rivermead Post-Concussion Symptoms Questionnaire
(RPQ) developed by King, et al. (54). The RPQ is commonly
used to assess the severity of symptoms after mild or moderate
TBI (55). It consists of 16 items assessing severity of symptoms in
the last 24 hours in comparison to premorbid levels. It is a valid
and reliable measure in TBI (55). The total score ranges from 0 to
64. Report of three or more remaining symptoms, indicated by an
item score of two or higher, was used as criterion for post-con-
cussion syndrome. The same criterion has been used in previous
research (56-60).

Statistical analyses

Data analyses were performed using SPSS Statistics 22.0 for
Windows (IBM Corp., Armonk, NY). If < 25% of the items of
the questionnaires were missing, the mean of the remaining non-
missing items of the scale were imputed. If more than 25% of the
items were missing, no imputation took place and the total score
was included as missing value in subsequent analyses. Sample
characteristics are described by descriptive statistics. No outcome
variable was significantly skewed nor were there any significant
outliers (the confidence interval of skewness and kurtosis included
zero). Pearson’s y tests or independent sample t tests were per-
formed to analyse differences for all patient characteristics and
within the RPQ between the two severity groups; ‘mild’ and
‘moderate to severe’. Pearson correlation coefficients were calcu-
lated to show relationships between the variables constituting the
fear avoidance model; PCS-CS score, HADS score, FMA score
and RPQ total score. These correlations were compared between
the two severity groups: ‘mild” and ‘moderate to severe’ after
Fisher’s Z transformation. For all statistical tests an alpha level of
0.05 was used.
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Results
Patient sample

A total of 93 Dutch-speaking patients with TBI were approached
and 48 patients were willing to participate (52%). Our sample
included 23 men and 25 women with a mean age of 45.5 years
(SD = 15.6, range 16-78). In most cases TBI was caused by traffic
accidents (45.8%). The sample consisted of 31 mTBI cases and 17
moderate to severe TBI cases. The mean time since injury was
48.2 months (SD = 60.9, range 2-373) and the patients received on
average a total of 7.4 months multidisciplinary treatment for
persistent symptoms. One patient with mTBI was assessed in
the third month after his/her injury. All other patients were
assessed after at least 3 months. Regarding work status, the per-
centage of participants working more than 24 hours/week before
their TBI decreased from 59.4 to 24.3 at the moment of inclusion.
See Table 1 for patient characteristics of the entire sample and the
mTBI cases. Sample size deviations are the result of missing data
in the hospital database. Except for gender, there were no signifi-
cant differences found between the two severity groups on patient
characteristics. The mTBI group had significantly more women
than the more severe TBI group (x = 5.42; p < 0.02).

Frequency of post-concussion syndrome, depression,
catastrophizing and fear-avoidance behaviour

Table 2 shows the prevalence of post-concussion symptoms in the
entire sample and in mTBI cases specifically. Significant differ-
ences between the ‘mild’ and ‘moderate to severe’ group are also
indicated. On the items where significant differences were found,
the proportion of patients who were experiencing the symptom
was higher in the mild group compared to the more severely
injured group. Independent of severity, cognitive problems (mem-
ory/concentration/mental slowness) and fatigue were part of the
most reported symptoms. Respectively 85.4% of the entire sample
and 93.5% of the mTBI sample reported fatigue. Frequencies of
cognitive problems varied for the entire and mTBI sample in the

Table 1. Patient characteristics.

Table 2. Prevalence of post-concussion symptoms (%).

TBI mTBl  Moderate to severe TBI

Post-concussion symptom (RPQ) (n = 48) (n = 31) (n=17)
Headaches 64.6 774 41.2%
Dizziness 58.3 61.3 529
Nausea 25.0 38.7 0.0%*
Increased sensitivity to noise 70.8 80.6° 52.9%
Sleep disturbances 54.2 54.8 52.9
Fatigue 85.4%> 935'23 70.6°*
Irritability 77.0° 774 76.5%3
Feeling depressed/teary-eyed 62.5 64.5 58.8
Feeling impatient or frustrated 750  74.2 76.5%3
Forgetfulness 833> 935'23 64.7*
Reduced ability to concentrate 917" 93.5"%*? 88.2"
Slowing of thought processes 81.3* 871" 70.6%
Blurred vision 29.2 29.0 294
Increased sensitivity to light 39.6 516 17.6*
Double vision 18.8 19.4 17.6
Feeling agitated/restless 583 613 529

Notes. RPQ Rivermead Post-Concussion Symptoms questionnaire. Top 5 ranking
of most reported symptoms is provided in superscript. Significant differences
in proportion between patients with ‘mild’ and ‘moderate to severe’ TBI are
marked. * p < 0.05, ** p < 0.01.

range of 81.3% - 91.7% and 87.1% - 93.5% respectively. Table 3
shows the scores on the PCS-CS, FMA, RPQ and HADS. The
mean of the RPQ was 30.6. A total of 92% of the patients fulfilled
the criterion of post-concussion syndrome (having three or more
post-concussion symptoms). The mean HADS score was 6.5. A
total of 42% reported depressive symptoms at a clinical significant
level. Furthermore, the mean PCS-CS score was 16.0. Using 23 as
cut-off, 29% of the entire sample reported above average levels of
catastrophizing. Using the more conservative cut-off of 30 as
suggested by the scoring manual, 10% of the entire sample
reported heightened levels of catastrophizing. The mean FMA
score was 35.5. Using 37 as cut-off as suggested by the scoring
manual, 35% of the entire sample reported above average levels of
catastrophizing or fear avoidance behaviour. Using the more con-
servative criterion of 48 as cut-off, 4% of the entire sample reported
heightened levels of fear avoidance behaviour. The frequencies of
heightened levels of catastrophizing and fear avoidance behaviour
in the mTBI subsample, using the cut-off scores suggested by the
scoring manuals, are shown in Table 3 (%]I).

TBI (n = 48) mTBI (n = 31) Moderate to severe TBI (n = 17)

Variables n Value Data range n Value Data range n Value Data range
Gender, % male 47.9 35.5 70.9%
Age in years, mean (SD) 455 (15.6) [16-78] 463 (14.1) [16-78] 44.2 [20-76]
Education level, mean (SD) 46 5.4 (1.0) [3,4,5,6,7] 30 5.5 (0.9) [4,5,6,7] 16 5.1 (1.0) [3,4,5,6,7]
Premorbid work status 37 28 9

% > 24h paid work 594 67.9 333

% < 24h paid work 10.8 10.7 1.1

% no paid work 29.7 21.4 55.6
Current work status 37 28 9

% > 24h paid work 24.3 28.6 1.1

% < 24 paid work 324 322 333

% no paid work 432 393 55.6
Time since injury in months, median (IQR) 34.0 (53) [2-373] 30.0 (45) [2-126] 52.0 (56) [4-373]
Cause of injury

Traffic accidents, % 458 45.2 47.2

Sport, % 14.7 16.2 11.8

Violence, % 10.4 6.5 17.6

Falls, % 29.2 323 235
Cognitive disorders % yes 31 80.6 17 765 14 85.7
Duration multidisciplinary treatment in 5.0 (10) [0-32] 5.0 (9 [0-32] 8.5 (8.2) [0-26]

months, mean (SD) or median (IQR) in case of skewness

Notes. IQR Interquartile Range. The mTBI group forms a subgroup of the TBI group. The TBI group consists of 48 patients, of which 31 are considered mild. If applicable, sample size
deviations due to missing data are mentioned separately. Significant differences between ‘mild’ and ‘moderate to severe’ TBI group are marked. * p < 0.05.



Table 3. Correlations among and descriptive statistics of all measures.
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TBI (n = 48) mTBI (n = 31) TBI (n = 48) mTBI (n = 31)
Variables M (SD) Data range %l M (SD) Data range %l RPQ PCS-CS FMA HADS RPQ PCS-CS FMA  HADS
Post-concussion symptoms (RPQ) 30.58 (14.69) 0-60 92 33.32 (15.16) 0-60 20 - 0.63**  0.54** 0.63** - 0.69** 0.59** 0.65**
Catastrophizing (PCS-CS) 15.96 (11.82) 0-44 10 17.39 (12.82) 0-44 16 - - 0.34*  0.63** - - 0.37%  0.63**
Fear avoidance (FMA) 35.46 (8.87) 18-61 35 34.13 (8.05) 18-61 29 - - - 0.45** - - - 0.44%*
Depression (HADS-D) 6.45 (4.29) 0-17 42 6.90 (4.38) 0-17 45 - - - - - - - -

Notes. RPQ Rivermead Post-Concussion Symptoms questionnaire, PCS-CS Post-Concussion Symptoms Catastrophizing Scale, FMA Fear of Mental Activities scale, HADS-
D depression subscale of the Hospital Anxiety and Depression Scale, %/ Percentage of participants with an impairment as defined by cut-off scores according the

scoring manual (see method section). * p < 0.05, ** p < 0.01.

Relationships between the variables in the FA model

All measures were significantly correlated with each other
(p < 0.05). The strongest association was seen between
post-concussion symptoms and catastrophizing about these symp-
toms (r = 0.63 in the entire sample and r = 0.69 in the mTBI
sample). See Figures 1 and 2 for a graphical presentation of the fear
avoidance model in the entire sample and mTBI subsample
respectively. As can been seen in Table 3, the correlations between
post-concussion symptoms versus depression and catastrophizing
are slightly higher in the mTBI subsample than in the entire
sample. However, no significant differences were found between
the ‘mild’ and ‘moderate to severe’ TBI group (p > 0.05).

TBI

Depression
0.45%%

Post-concussion
symptoms experience

Post-concussion
symptoms

fear-avoidance > 3 months
0.34% Post-concussion 0.63*
symptoms
catastrophizing

Figure 1. Fear avoidance model in patients with TBI (n = 48).

Notes. Values shown are Pearson correlations and based on cross-sectional data.
*p < 0.05 ** p < 001.

mTBI

Depression

0.4 0,657

Post-concussion
symptoms experience

Post-concussion
symptoms

fear-avoidance > 3 months
0.37* Post-concussion 0.69%
symptoms
catastrophizing

Figure 2. Fear avoidance model in patients with mTBI, a sub-group (n = 31).

Notes. Values shown are Pearson correlations and based on cross-sectional data.
* p < 0.01.

Discussion

This study investigated in a group of TBI out-patients whether
the fear avoidance model is able to explain persistent symp-
toms in patients with TBI. It was hypothesized that this model
would be of special importance for mTBI due to its integrative
360 biopsychosocial nature whereas unimodal biological and/
or psychological explanations lack the explanatory value
needed for this ‘miserable minority’ (61).

The results showed low levels of catastrophizing and fear
avoidance behaviour regarding post-concussion symptoms in
comparison to pain experiences in several bodily distress syn-
dromes, such as chronic pain and fibromyalgia (39,45,47,50).
Despite these low levels, all correlations suggested by the fear
avoidance model regarding post-concussion symptom experience
were significant. The correlations between post-concussion symp-
toms versus catastrophizing and depression were slightly higher in
the mTBI subgroup. These findings provide a preliminary indica-
tion that the fear avoidance model has explanatory value in
accounting for persistency of symptoms.

Despite the promising significant correlations within the fear
avoidance model, the levels of catastrophizing and fear avoidance
were relatively low. This discrepancy could suggest that the cut-off
values used to classify patients with TBI as ‘high catastrophizing’ or
‘highly fear avoidant’ in this study lacked sensitivity due to the
scale adaptations made for this study. The PCS-CS was adapted by
replacing the word ‘pain’ with ‘headaches, dizziness, fatigue, mem-
ory and concentration problems’. Although unlikely given the
high frequency of symptom reports, these post-concussion symp-
toms may not represent the symptom complex experienced by the
patient resulting in lower levels reported. Another more plausible
explanation could be that the question format, whereby multiple
symptoms were included in a single item, makes it difficult to
understand and interpret the question. The FMA was adapted in
two different ways. We have changed the experienced symptom of
pain into post-concussion symptoms. Furthermore, we asked
about fear avoidance behaviour regarding ‘cogniphobia’ in con-
trast to its original construct ‘kinesiophobia’. These changes may
have influenced levels of reporting and the use of the cut-off
validated with the original measures in different populations
may therefore have limited validity in our sample. Furthermore,
our sample already received on average more than 7 months of
neuropsychological rehabilitation treatment, which may have low-
ered their levels of catastrophizing or fear avoidance. Moreover,
lower frequency reports could also be the result of applicability of
the fear avoidance model to only a subgroup of clinically relevant
size of the miserable minority and aiding individual tailored care.

To our knowledge, this is the first study of catastrophizing
and fear avoidance behaviour with regard to post-concussion
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symptoms, which makes it impossible to compare levels of
catastrophizing or fear avoidance behaviour with other studies.
Some studies, including other patient populations or non-
patient populations, have found confirmatory results for the
fear avoidance model or its components with regard to pain
and kinesiophobia or cogniphobia (5,31,34,62,63). Other patient
studies have looked at catastrophizing about pain in mTBI
(31,62), the presence of a symptom of fear avoidance in mTBI
(5) and the levels of catastrophizing and fear avoidance with
regard to pain and kinesiophobia in patients with whiplash
disorders (33,64). In non-patient populations the level of fear
avoidance regarding chronic stress symptoms and cogniphobia
(34) and the level of catastrophizing and fear avoidance regard-
ing headache and cogniphobia have been studied (63).

Another finding that may seem remarkable is that the preva-
lence of post-concussion symptoms is equal or higher in the mTBI
group compared to the moderate to severe TBI group. Previous
studies have reported mixed findings regarding the number of
complaints and injury severity. Some studies found similar results
demonstrating equal or higher levels of complaints in patients
with mTBI compared to patients with moderate to severe TBI on
the one hand (65,66). On the other hand, van der Horn, et al. (67)
found increasing symptom reporting with increasing brain injury
severity. Belanger, et al. (65) mentioned that their group differ-
ences disappeared when controlling for post-traumatic stress
complaints. These inconsistent results show that a biological
explanation on its own, such as injury severity, is not sufficiently
able to explain persistence of symptoms (11) and highlight the
need for a biopsychosocial explanation (9), such as the currently
investigated fear avoidance model.

Our findings have to be interpreted with caution as this was a
Cross-sectional exploratory study with a relatively small sample
size and a heterogeneous cohort. We have included one patient
who was assessed in the third month after the injury. However, on
average participants were assessed 48.2 months after their injury.
Because we were interested in whether the fear avoidance model
would apply to patients with post-concussion syndrome specifi-
cally, the current sample, which consisted almost entirely of
patients with post-concussion syndrome, was highly suitable for
evaluating this specific research question. A selection bias and
inclusion of a heterogeneous group of participants in different
stages of their recovery or disease process should also be taken
into account. A large longitudinal cohort study is needed to
establish the evolution of catastrophizing thoughts and fear avoid-
ance behaviour and their time dependent role regarding post-
concussion syndrome.

Despite these considerations and the exploratory nature of this
study, the results do provide preliminary evidence that the fear
avoidance model may have added value in explaining persistency
of symptoms, especially after mTBI. Prospective longitudinal stu-
dies are needed to confirm this preliminary evidence.
Furthermore, to assess catastrophizing thoughts and fear avoid-
ance behaviour with the existing questionnaires in the mTBI
patient population, we suggest a validation study for these mea-
surements with a simplified administration which matches the
capabilities of and symptoms experienced by the individual
patient. Moreover, normative data is needed to establish correct
cut-off scores for catastrophizing thoughts and fear avoidance
behaviour regarding post-concussion symptoms. These future

directions will unravel the relevance of the biopsychosocial fear-
avoidance model in patients with mTBL
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