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Highlights

» Explored exposure therapy for post-concussion symptoms after
mild brain injury.

» Five multi-phase single-case studies (SCEDs) were conducted with
20 participants.

» Exposure therapy reduced avoidance, improved satisfaction, and
eased symptom burden.

» Findings support exposure therapy's effectiveness for post-
concussion symptomes.

» Results support the fear-avoidance model and exposure for this
population.
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Abstract

The fear-avoidance model suggests that catastrophising and avoidance behaviours can
maintain persistent post-concussion symptoms (PPCS) after mild traumatic brain injury
(mTBI). Although exposure therapy has shown preliminary success in this population, its
effectiveness in mTBI remains unproven. This study investigated the therapeutic effects
of this therapy across different settings. Twenty participants with PPCS took part in five
concurrent multiple-baseline, multi-phase single-case experimental design studies.
Phases included: baseline (A), exploration (B), active exposure (C), booster (D), and
follow-up (E). Participants endorsed daily visual analogue scales assessing activity
avoidance, satisfaction with daily functioning, and symptom experience. Data were
aggregated and analysed using multi-level modelling. Results showed that the therapy
effectively reduced avoidance behaviour, increased satisfaction, and reduced symptom
burden. Phase B did not differ from baseline, whereas phase C, D, and E differed from
baseline for avoidance (phase C: estimate=—-4.33, p<.001; phase D: estimate=-4.02,
p<.001; phase E: estimate=-3.92, p=.002), and satisfaction. Improvements in symptom
burden were seen between baseline and phases D and E. Further analyses revealed that
seX, treatment setting, and history of mental health treatment moderated the effects of
avoidance. No other moderation effects were found. The rigorous study design, multiple
replications, and robust statistical methods provide preliminary support for the
effectiveness of this innovative therapy for PPCS. Additionally, findings reinforce the
relevance of the fear-avoidance model and add to the growing evidence highlighting the
benefits of exposure therapy - particularly intensive exposure approaches - for mTBI.
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Persistent postconcussion symptoms (PPCS), which occur frequently after mild traumatic
brain injury (mTBI; Cancelliere et al., 2023; Cnossen et al., 2018), are associated with
reductions in health-related quality of life (Voormolen et al., 2019), increased distress
(Sheldrake et al., 2022), and limitations in daily life activities (work, social; Cancelliere et
al., 2023), in addition to high societal and health-care costs (Fallesen & Campos, 2020;
van der Vlegel et al., 2021). PPCS include a constellation of cognitive (i.e., memory and
concentration difficulties), emotional (i.e., anxiety, irritability), and somatic (i.e.,
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headaches, sensory hypersensitivity) sequelae and are associated with multidimensional
interactions between different somatic, psychological, and social factors (Polinder et al.,

2018; Ponsford et al., 2019).

Factors such as fear of symptom exacerbation, negative illness perceptions, and
avoidance behaviours may influence maintenance of and recovery from PPCS (Anderson
& Fitzgerald, 2020; Snell et al., 2023; Vermeer et al., 2025), thereby indicating the
importance of psychoeducation and psychotherapeutic interventions. The fear-avoidance
model of mTBI (FAM; Silverberg et al., 2018; Wijenberg et al., 2017) posits that when
individuals interpret post-concussion experiences as threatening, they may engage in
fear-driven responses, including avoidance and safety-seeking behaviours. These
behaviours are negatively reinforced because temporarily avoiding or reducing exposure
to perceived symptom triggers alleviates distress, which maintains and can intensity
subjective complaints over time. Negative perceptions of symptoms, combined with
avoidance, can thereby limit participation in work and social activities, creating a self-
perpetuating cycle of functional impairment and symptom focus (Wijenberg et al., 2020).
Evidence supporting effective treatment strategies is limited and the efficacy of
interventions remains uncertain (Heslot et al., 2022; Rytter et al., 2021). Strategies that
target specific psychological factors prolonging PPCS, for example exposure therapy
aimed at lessening fear avoidance, may improve outcomes (Silverberg & Mikoli¢, 2023;
Terpstra et al., 2021).

Exposure therapy, a specific application of cognitive behavioural therapy (CBT), is a well-
established approach for reducing fear and avoidance behaviours (Craske et al., 2022;
Knowles & Tolin, 2022; Treanor & Barry, 2017). During exposure therapy, individuals
repeatedly confront avoided activities to disconfirm negative expectations, which lessens
fear and avoidance (Craske et al., 2022; Knowles & Tolin, 2022). Evidence suggests that
the effectiveness of the exposures is maximised when these are conducted temporally
close together (Craske et al., 2012), such as in intensive exposure treatments. While one-
session a week exposure therapy has showed effectiveness in reducing fear avoidance
behaviours after mTBI (Hecker et al., 2024; Rioux et al., 2024; Silverberg et al., 2022),
research on intensive (sessions provided over a compact time period) exposure for mTBI
has, to date, only been piloted in our study (King et al., 2024). By exposing patients to the
feared or avoided activities (e.g., grocery shopping) without the feared outcomes (e.g.,
overstimulation, fainting, accidents, etc.) occurring, improvements in avoidance
behaviours, satisfaction, and symptom burden were seen (King et al., 2024).

While the pilot study demonstrated efficacy of the novel intensive exposure intervention
for PPCS after mTBI (King et al., 2024) (hereafter termed therapy), further application of

this therapy in a broader sample is needed. Increasing the evidence base for this therapy
will lead to a better understanding of the therapy's effectiveness and generalisability and
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is important for informing clinical practice, guiding treatment recommendations, and
enhance understanding of PPCS. Therefore, the present study investigated the
therapeutic effect of this therapy across different settings. The following hypotheses
were formulated: 1) the therapy will reduce avoidance behaviours, and improve
satisfaction and symptom experiences and, 2) the addition of active exposure elements
in the therapy will reduce avoidance behaviours beyond the effects of providing
attention to participants' problems.

1. Methods

1.1. Design

Concurrent multiple-baseline multi-phase (A-B-C-D-E) single case experimental designs
(SCEDs) with randomised baselines were performed across three settings: a university
site (King et al., 2024) and two rehabilitation centres in the Netherlands. Five SCEDs were
performed in total (including the previous pilot SCED (King et al., 2024)), each with four
participants, resulting in a combined sample of 20 participants. Across all the SCEDs the
design was consistent (see Fig. S1 in Supplementary Materials). Baseline (A phase)
ranged from 9 to 41 days (M=25.8, SD=7.4). The three-phase therapy period consisted of
an exploration phase (B phase), an active exposure phase (C phase), and a booster phase
(D phase). After the therapy, there was a follow-up phase (E phase; between 4 and 6
weeks depending on the SCED). To enhance the power of the design, the exploration
phase (B phase; completing a case conceptualization) served to provide attention to
participants’ problems without utilising active therapy components (placebo response),
thereby serving as an additional control beyond baseline. The same repeated
measurements were taken throughout the SCEDs, allowing for aggregation of all the
SCEDs data. The Ethical Review Committee of Psychology and Neuroscience of Maastricht
University (ERCPN 250_44_03-2022; 250_44_03_2022_A2; 275_132_12_2023;
275_132_12_2023_A2) and the local ethics committees of the rehabilitation centres
provided approval. The SCEDs followed the quality guidelines for SCED reporting and
analyses (Manolov & Moeyaert, 2017; Tate et al., 2015, 2019).

1.2. Participants

Participants in the SCEDs that took place at the university were recruited via
advertisements on social media. In the healthcare centres, individuals referred by
healthcare professionals to undergo rehabilitation for their PPCS, were assessed for
eligibility in the study. Inclusion criteria for all SCEDs were: having sustained a
concussion 6-18 months prior to study inclusion; aged between 18 and 65 years; self-
reporting at least 3 post-concussion symptoms as named on the Rivermead
Postconcussion Symptoms Questionnaire (RPQ) which emerged after the injury and
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interfered with daily life activities; fluent in Dutch; symptoms not explained by other
pathologies or medical conditions; where possible stable medication regime (if
applicable). In addition to the above criteria, participants in the healthcare settings also
needed to meet the specific criteria of the rehabilitation healthcare centre. This typically
included being motivated for treatment and having a diagnosis of PPCS made by a
medical professional following a concussion. Participants were excluded if they believed
their symptoms were solely due to biological causes, or if they had a psychiatric
condition that needed to be addressed first. To facilitate recruitment at the healthcare
centres, and to provide a representative sample of the patients seen in these settings, the
criterion regarding time since concussion was extended to between 3 and 24 months
prior to study inclusion. Participants were excluded from the study if they met the
following criteria: traumatic brain injury with hospital admission in the past and/or a
history of neurological disorder (such as epilepsy); comorbid psychiatric disorder(s) for
which specialised treatment is currently received or indicated; severe co-morbidity
possibly affecting the outcome (e.g., drug or alcohol addiction); history of exposure
therapy/treatment for PPCS; currently receiving psychological treatment for the PPCS;
premorbid dependence in daily functioning or autonomy concerns prior to the
concussion (defined as: inability to perform tasks independently); currently enrolled in a
personal insurance injury case/legal procedure related to the concussion; currently
enrolled in another research study on PPCS treatment.

1.3. Intensive exposure therapy

The therapy protocol drew on insights into the working mechanisms of exposure
treatments (Craske et al., 2014; Craske et al., 2022; Rijkeboer & van den Hout, 2014) and
existing knowledge of exposure therapy across different conditions (Hendriks et al.,
2018; King et al., 2024; Leeuw et al., 2008). The exploration phase (B) included two 60-
min sessions, completed over one to two weeks. Sessions focused on exploring and
attending to the participants' problems/symptoms through idiosyncratic case
conceptualization (Craske et al., 2022). During the active exposure phase (C), 90-min
individual sessions were provided intensively over five consecutive days. Sessions
consisted of one psychoeducation session, eight (SCEDs at healthcare setting) or nine/ten
(SCEDs at university setting) exposure sessions, one preparatory session for a final
session involving significant others, and one session with those significant other(s)
present. During the psychoeducation session, participants were introduced to the fear-
avoidance model (Silverberg et al., 2018; Wijenberg et al., 2017) and the current
understanding of PPCS, basic education about the brain, and an overview of the intensive
exposure therapy, emphasising that exposure is not harmful to the brain. In the exposure
sessions, behavioural experiments were set-up, performed, and evaluated, with rotating
therapists, targeting activities which participants indicated were bothersome or which
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they avoided. Experiments focused on testing the negative expectations (i.e., fearful

predictions) participants held related to the bothersome or avoided activities. For

example, if a participant indicated that they would have word finding problems

(negative expectation) within 15min of mental activity with distraction (avoided

activity), then this was tested during the exposure session by having the participant do

mental activity for 15min with distractions and determine if the negative expectation

occurred. The final session was conducted with the participants' significant other(s) to

stimulate generalisation of the therapeutic gains to the home situation and allow

participants to convey their learning experiences from the past days. To support indirect

exposure, participants also joined in additional activities outside of sessions (such as

walking, fitness, etc.). During the active exposure phase (C), participants were

encouraged to stay in a hotel, to remove participants from their daily routine and

environment, limiting opportunities for avoidance. In the first SCED at the university, the
hotel was paid for whereas in the remaining SCEDs participants covered their own costs.

Moreover, in the SCEDs in the rehabilitation centres, not all participants stayed in the

hotel; some returned home after each treatment day. In the booster phase (D), home

exercises were discussed stimulating generalisation to the participants’ environment and

consolidating treatment effects. This phase included two 60-min sessions once a week

starting one week after the end of the exposure phase. An overview of the key therapy

components is provided in Table 1.

Table 1. Key therapy components.

Study Number  Objective(s) Activities Duration Participants Expected
Phase of Outcomes
Sessions

B Two Explore and Complete an 60-min  Individual Participants
provide idiosyncratic case participants feel listened to
attention to conceptualization with and heard;
participants’ therapist Prepare
problems and personalized
symptoms treatment plan

C One Introduce Discuss the fear- 90-min  All Participants
participants to  avoidance model participants gain an
the current and current and understanding
understanding understanding of therapists of PPCS and
of PPCS and PPCS, basic current
provide an education about theoretical
overview of the the brain, and underpinnings
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Study Number  Objective(s) Activities Duration Participants Expected
Phase of Outcomes
Sessions
exposure provide an outline and have an
therapy of the exposure overview of the

C Eight/nine®

Test negative
expectations
participants
had related to
the activities
they avoided or
felt were

bothersome

therapy

Discuss and test
the negative
expectations
participants held
related to the
avoided activities
and evaluate if the
negative
expectation
occurred;
individualized per
participant;
Example: word
finding problems
(negative
expectation) after
15min of mental
activity with
distraction

(avoided activity)
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90-min  Individual

sessions  participant
and
therapist

exposure

therapy

Negative
expectations
did not occur
after
completing the
avoided
activity; belief
in negative
expectations

lessens
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Study Number  Objective(s) Activities Duration Participants Expected
Phase of Outcomes
Sessions
C One Plan and Discuss what 90-min  Individual Participants
prepare participants had participant  think about and
participants for learnt during the and consolidate
the session exposure sessions, therapist what they
with their and plan what learnt and how
significant they would do at they plan to
others home to keep implement this
improving; discuss into their home
how they were environment
going to convey
this to their
significant others
C One Session with Discuss with their Individual Provide
significant significant others participant, participants the
others to what they had therapist, opportunity to
convey what learnt and their and tell their
participants plans for their significant  significant
learnt and home environment others others what
what they plan (i.e., what their they had learnt,
todo in their  significant others and to allow for
home should or should greater success
environment to not do to help) and
continue understanding
therapy gains with their
generalization
plans
D Two Determine how Discuss how Individual Stimulate
participants participants are participant  generalization
are progressing progressing at and to the
at home and home, and provide therapist participants'
provide home exercises environment

guidance on
consolidating
treatment

effects

and consolidate
treatment

effects

https://www.sciencedirect.com/science/article/pii/S0005796725002694 ?via%3Dihub

8/44



10-02-2026, 08:35 Effectiveness of intensive exposure therapy for persistent post-concussion symptoms: an aggregated single-case design appr...

Note. Phase B - exploration phase, Phase C - active exposure phase, D - booster phase.

dependent on the study.

1.4. Setting

The SCEDs were performed across different settings, namely the university (two SCEDs),
and two healthcare settings in the Netherlands, rehabilitation centres Heliomare (two
SCEDs) and Klimmendaal (one SCED). At each setting, psychologists with experience in
CBT performed the sessions. The clinical psychologist (MR) who developed the protocol
provided training to the therapists on the protocol and daily supervision during the
treatment phase (B, C, D), except for the second SCED in Heliomare, where MF trained
the new therapists. Therapists rotated between participants to lessen interpersonal
dependency and allow greater variation of context (Krampe & Ehrenreich, 2012; Van
Minnen et al., 2018) to be achieved.

1.5. Procedure

All participants completed the intervention simultaneously within each SCED study.
Additional measurements were collected during the studies, however the present study
reports on the repeated measurements only. The procedure details for each setting are
provided below.

1.6. University setting

Participants that were interested in the research, contacted the researchers who then
checked their eligibility based on the in/exclusion criteria. Those meeting the criteria did
online meetings with a neurologist (JvdN), and a clinical psychologist (MR) and
neuropsychologist (CvH) to finalise eligibility. After informed consent was provided,
baseline length was randomly determined (using Microsoft Excel) and participants were
directed via email to complete the demographic questionnaire (T0O) and repeated
measurements in the online testing environment (m-path (Mestdagh et al., 2023) and
Qualtrics. Participants in the first SCED (King et al., 2024) completed the repeated
measurements daily in the baseline and intervention phases, and weekly in the follow-
up phase. In the second SCED, repeated measures were collected daily throughout the
SCED.

1.7. Healthcare settings

A clinical neuropsychologist (MF; NF) and rehabilitation physician checked participants
referred for rehabilitation treatment at either healthcare setting for eligibility to
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participate in the study. Participants provided consent for their details to be provided to
the researchers. After contact with the researcher, participants gave informed consent
and were instructed to complete the demographic questionnaire (TO) and the repeated
measurements in the online testing environment. Participants in all SCEDs completed
the repeated measures daily throughout the study period.

1.8. Measurements

Participants rated statements using a sliding bar visual analogue scale (VAS) via the
online environment to assess the intervention effects. To assess the degree of avoidance
of feared activities (hereafter referred to as avoidance), the statement “I have avoided
certain activities today because of my symptoms” was measured from O (strongly
disagree) to 10 (strongly agree). Lower scores indicated less avoidance (in the desired
treatment direction). The statement “how satisfied are you with your daily functioning?”
endorsed from 0 (not at all) to 10 (very satisfied), assessed participants satisfaction with
their daily functioning (hereby referred to as satisfaction). Higher scores indicated higher
satisfaction. Symptom experience (how patients perceive, evaluate, and function with
symptoms(Dodd et al., 2001)) was assessed with the statement “today my symptoms
were ...” from O (very bad) to 10 (very good/not present). Higher scores indicated less
symptom burden.

At the beginning of the SCEDs, participants completed a self-reported questionnaire
containing demographic questions including age, sex, history of mental health treatment
(i.e., psychological, psychiatric, or pharmacological interventions for a mental health
condition such as anxiety, depression, etc.), questions on injury-related variables, and
additional measures on catastrophising (Postconcussion Symptoms Catastrophising
Scale: PCS-CS; Wijenberg et al., 2017), fear-avoidance (Fear of Mental Activity: FMA;
Wijenberg et al., 2017), and depression and anxiety (Hospital Anxiety and Depression
Scale: HADS; Zigmond & Snaith, 1983).

1.9. Statistical analysis

Data were analysed using R (v 4.4.3) (R Core Team, 2021). Time-series graphs were
plotted per participant across the variables of avoidance, satisfaction, and symptom
experience using GraphPad Prism 10 (see Figs. S2-4 in Supplementary Materials). To
visualise the distribution characteristics of the variables avoidance, satisfaction, and
symptom experience within and across phases, violin plots were generated for each
phase using the raw data across participants (Tanious & Manolov, 2022, 2025). As
missing data often occurs within SCED research due to the repeated nature of the design
and may decrease the generalisability and validity of results (Aydin, 2024b), the
percentage of missing data per participant was assessed (see Supplementary Table S1).
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While there was no participant attrition, rates of missingness were moderate (<30%) to
high (<50%) for some participants, therefore multiple imputation was used to decrease
Type 1 error (Aydin, 2024a; Peng & Chen, 2018, 2021). Multiple imputation avoids
potential bias and retains the data structure of the study and collected data and while it
is a novel approach in the SCED context it has shown to be successful with SCED data (De
et al., 2020; Peng & Chen, 2018). Multiple imputation was performed with the ‘mice’
package (v 3.17.0) (van Buuren & Groothuis-Oudshoorn, 2011), using predictive mean
matching (‘pmm’) across all variables with missing data. To ensure good convergence of
the imputation, diagnostic plots (using ‘ggplot2’, v 3.5.2; Wickham, 2016 and 'mice") and
comparison between the original dataset and the imputed datasets (n=5) were analysed.
All analyses were performed on all the imputed datasets and then statistics were pooled
(using ‘mitools’ v 2.4; Lumley, 2019). Standard errors were pooled using Rubin's rules
(Rubin, 1987).

Non-overlap of all pairs (NAP) was used as the effect measure between each adjacent
phase for each participant (Parker & Vannest, 2009), and a combined NAP was applied as
the mean of all the adjacent phase NAP. NAP results for the original dataset are in
Supplementary Table S2. NAP is applicable to variable data (Parker et al., 2011) and is not
sensitive to the number of measurements (Pustejovsky, 2019) which is beneficial in the
current study which has a small number of measurements in phase C (active exposure).
The following ranges were used to interpret NAP: 0 to .65 weak effects, .66 to .92
medium effects, and .93 to 1 large effects (Parker & Vannest, 2009). NAP was calculated
using the SingleCaseES package in R (R Core Team, 2021), v.7.3 (Pustejovsky et al., 2024).

Autocorrelation is frequently observed in SCED data and can lead to an increased
likelihood of Type I or Il errors (Baek et al., 2023). Autocorrelation was analysed using the
acf function in R (R Core Team, 2021), with a lag-1 coefficient of .5 or higher considered
as high (Archer et al., 2019). Some autocorrelation is present in the data (see
Supplementary Table S3).

Multi-level modelling (MLM) was used to estimate the average intervention effect
aggregated across the 20 cases from the 5 studies, using a three-level model to take into
account the hierarchical nature of the data (daily measures of the same participant
nested into cases nested into studies) (Moeyaert et al., 2020; Van den Noortgate and
Onghena, 2007). As autocorrelation was present in the data, a first-level autoregressive
structure (AR1) was specified in the model. To assess the addition of the active exposure
elements (C) over and above attending to participants problems (exploration, B), phase
contrasts were performed. To control for inflated Type I errors when using multiple
testing on the phase contrasts (Tanious et al., 2019), the false discovery rate (FDR)
adjusted method (Benjamini & Hochberg, 2000) was used to correct the observed p-
values. The potential moderation effects of age, sex, setting (university, healthcare
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centres), time since injury, and history of mental health treatment on the intervention
effect were also analysed in a combined model with phase and time. The ‘Ime4’(v 1.1-37;
Bates et al., 2015), ‘ImerTest’ (v 3.1-30; Kuznetsova et al., 2017), ‘nlme’ (v 3.1-168;
Pinheiro et al., 2025), ‘emmeans’ (v 1.11.0; Lenth, 2025), and ‘mutoss’ (v .1-13; Blanchard
et al., 2023) packages were used in R (R Core Team, 2021) to compute the three-level
models. Between-case standardised mean difference (BC-SMD) was utilised as a measure
of effect for the aggregated data of the multi-level models (Hedges et al., 2012; Hedges et
al., 2010). While there is no universal consensus on the interpretation of BC-SMD,
guidelines suggest that .01-.20 can be interpreted as a small effect, .21-.59 a moderate
effect, and .60 and above a large effect (Valentine et al., 2016).

Sensitivity analysis was conducted, comparing the results on the original dataset (with
missing data) to the results from the pooled imputed dataset, to determine convergence
(see Supplementary materials Tables S2, S4-S6 for original results). For each analytic
method (NPA, MLM, BC-SMD), the consistency across estimates, confidence intervals,
standard errors, and significance levels were examined.

2. Results

2.1. Participant characteristics

Participant characteristics are presented in Table 2. Violin plots in Fig. 1, Fig. 2, Fig. 3,
show the distributions of raw data across phases for all participants. The plots show the
mean per phase for each SCED study (1 and 2at university setting, 3, 4 and 5at healthcare
settings). In Fig. 1, Fig. 2, Fig. 3, the distribution of scores shifted in the desired treatment
direction during the active exposure phase (C). Time-series graphs displaying the raw
data across time per participant per variable are provided in the Supplementary
Materials Figs. S1-S3.

Table 2. Participant characteristics.

Variable (n=20)

Age, mean (SD) [range] 34.7 (13.5) [19-59]
Sex, n (%)

Male 6 (30)

Female 14 (70)

Time since injury (months), mean (SD) [range] 10.4 (5.7) [3-24]

Cause of Injury
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Variable (n=20)
Fall 3(15)
Traffic 5(25)
Sport 4(20)
Struck by object 5(25)
Accident 2(10)
Other 1(5)
Loss of consciousness, n (%) 11 (55)
Post traumatic amnesia, n (%) 9 (45)

Catastrophising, mean (SD) [range]
Activity avoidance, mean (SD) [range]
Somatic focus, mean (SD) [range]
Anxiety, mean (SD) [range]
Depression, mean (SD) [range]
Education High, yes n (%)

History of mental health treatment, yes n (%)
Job Prior Injury

Yes, n (%)

Hours, mean (SD) [range]

Job After Injury

Yes, n (%)

Hours, mean (SD) [range]

Hotel stay during therapy, Yes, n (%)

23.7 (6.8) [11-39]
18.4 (4.5) [9-26]
11.6 (2.3) [7-16]
10.4 (3.5) [3-16]
9.3(3.8)[1-16]
10 (50)

7(35)

20 (100)

30.9 (14.0) [0-60]

12 (60)
7.0 (10.4) [0-30]

18 (90%)

Note. Catastrophising measured by the PCS-CS, activity avoidance and somatic focus measured by

the FMA, anxiety and depression measured by the HADS.
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Fig. 1. Violin plot of raw data for avoidance across participants and phases.

Note. dots: raw avoidance scores per participant, squares: mean avoidance scores per
study. Colors denote the studies and participants belonging to each study. a - baseline
phase, b - case conceptualization phase, ¢ — active exposure phase, d - booster phase, e -
follow-up phase. Study 1 and 2 are from the UM setting, study 3, 4 and 5 are from the
rehabilitation settings. (For interpretation of the references to colour in this figure

legend, the reader is referred to the Web version of this article.)

https://www.sciencedirect.com/science/article/pii/S0005796725002694 ?via%3Dihub

Effectiveness of intensive exposure therapy for persistent post-concussion symptoms: an aggregated single-case design appr...

14/44


https://ars.els-cdn.com/content/image/1-s2.0-S0005796725002694-gr1_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S0005796725002694-gr1.jpg

10-02-2026, 08:35 Effectiveness of intensive exposure therapy for persistent post-concussion symptoms: an aggregated single-case design appr...

10.0 4
FR-L
Study
c
=] 1
3] m 2
m ]
-E 5.0 .
m
B 5
251
0.0

Download: Download high-res image (575KB)

Download: Download full-size image

Fig. 2. Violin plot of raw data for satisfaction across participants and phases.

Note. dots: raw satisfaction scores per participant, squares: mean satisfaction scores per
study. Colors denote the studies and participants belonging to each study. a — baseline
phase, b — case conceptualization phase, ¢ - active exposure phase, d - booster phase, e -
follow-up phase. Study 1 and 2 are from the UM setting, study 3, 4 and 5 are from the
rehabilitation settings. (For interpretation of the references to colour in this figure
legend, the reader is referred to the Web version of this article.)
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Fig. 3. Violin plot of raw data for symptom experience across participants and phases.
Note. dots: raw symptom experience scores per participant, squares: mean symptom
experience scores per study. Colors denote the studies and participants belonging to each
study. a - baseline phase, b — case conceptualization phase, c - active exposure phase, d -
booster phase, e - follow-up phase. Study 1 and 2 are from the UM setting, study 3, 4 and
5 are from the rehabilitation settings. (For interpretation of the references to colour in
this figure legend, the reader is referred to the Web version of this article.)

The variables of avoidance, satisfaction, and symptom experience contain missing data
(ranging from 0 to 45% across participants). Missing data is most likely missing at
random (MAR) as entire days of data are missing across all 3 variables (avoidance,
satisfaction, symptom experience), suggesting that participants missed the data entry for
the whole day rather than for individual items. These missing days occur at random
across phases. Overall, 8.54% of the data for these variables is missing across the entire
sample. Supplementary Table S1 shows the percentage of missing data per variable per
participant. While the overall rate of missing data is within acceptable estimates (Peng &
Chen, 2021), the range of missing data across participants is variable and high. Therefore,
multiple imputations were performed on the data. The results presented are based on
the pooled estimates from the imputed datasets.

2.2. Non-overlap of all pairs (NAP)
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Table 3 presents the non-overlap of all pairs (NAP) for all participants for each adjacent
phase and combined. For avoidance, satisfaction, and symptom experience, a weak to
medium effect (ranging between .23 and .92) was shown between baseline (A) and
exploration phase (B) across all participants. Between exploration (B) and active
exposure (C) the effect for avoidance ranged from medium to strong (between .79 and
1.00) for all participants (except participant 17 which showed a weak effect of .65). NAP
ranged from weak to medium effect (ranging between .32 and .89) for avoidance
between phases C (active exposure) and D (booster), and between phase D (booster) and
E (follow-up; except for participant 17 which showed a strong effect of .98). NAP were
variable (weak to strong) for satisfaction and symptom experience between the phases B
and C,Cand D, and D and E.

Table 3. NAP results for each avoidance, satisfaction, and symptom experience per

participant.
PPN Phase1 Phase2 Avoidance Satisfaction Symptom Experience
Estimate (SE) [95% CI]

1 A B 37 (11)[.15, .58] 42 (.10)[.22, .62] 37(.09) [.20, .55]
B C 98 (.04)[.91, 1.05] 96(.07)[.82,1.09]  .72(.15)[.43,1.02]
C D 50 (.12) [.26, .73] 61(.10) [.41, .82] 77 (11) .56, .98]
D E 63 (11)[.42, .85] 47 (12)[.22, .71] 51(.12) [.27, .75]
Combined .60 (.28)[.05, 1.15] 61(.44)[-.25,1.48] .59 (.53)[-.44, 1.63]

2 A B 56 (.12) [.31, .80] 81(.07)[.68, .94] .68 (.14) [.41, .96]
B C 99(.02)[.95,1.03]  .63(.12)[.38,.87] 23 (.14) [-.04, .50]
C D 22 (.11) [.00, .44] 86 (.08)[.71, 1.02] .86 (.09) [.68, 1.04]
D E .83(.07)[.70, .96] 91(.05)[.80,1.02]  .93(.05)[.83, 1.03]
Combined 64 (.18)[.29, .99] 80(.38)[.06,1.54] .68 (.50)[-.30, 1.65]

3 A B 73 (.10)[.53,.93] 76(12)[.52,1.00] .69 (.12)[.46,.92]
B C 99(.02)[.95,1.03]  .90(.12)[.67, 1.14] 33(.15)[.04, .62]
C D 41 (.10) [.22, .60] 92(.05)[.82,1.02]  .98(.02)[.94, 1.02]
D E A48 (.12)[.24, .72] 84 (.06)[.72, .95] 78 (.10)[.58, .97]
Combined 65 (.17) .31, .99] .85 (.38)[.10, 1.61] .69 (.48) [-.24, 1.63]

4 A B 57 (.13)[.30, .83] 46 (.10) [.26, .66] 23 (.09) [.06, .40]
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PPN Phase1 Phase2

Avoidance

Satisfaction

Symptom Experience

Estimate (SE) [95% CI]

B C
C D
D E
Combined

5 A B
B C
C D
D E
Combined

6 A B
B C
C D
D E
Combined

7 A B
B C
C D
D E
Combined

8 A B
B C
C D
D E
Combined

9 A B
B C
C D

84 (11) .61, 1.06]
51(.10)[.32,.70]
57 (.06) .45, .69]
62 (.21)[.21, 1.03]
.92 (.05) .83, 1.01]
1.00 (.02) [.97, 1.03]
54(.16)[.23, .85]
75 (.07) [.62, .88]
.82(.20)[.43,1.21]
83 (15)[.54, 1.12]
86 (13) [.61, 1.11]
25 (.14) [-.02, .51]
83 (.06)[.71,.94]
71(.20) .31, 1.11]
75 (17) [ 41, 1.09]
1.00 (.03) [.94, 1.06]
47 (1) [.26, .69]
63 (.06) [.51,.75]
71(.22)[.29, 1.14]
57 (13)[.31,.84]
.99 (.03)[.93, 1.05]
53 (.08)[.37,.70]
52 (.03)[.46, .58]
64 (.15) [.35, .94]
51(.11)[.29,.72]
.79 (14) [.50, 1.07]

73 (.12) .50, .96]

.85 (.09) .67, 1.03]
99 (.02) [.94, 1.04]
.93 (.06) [.83, 1.04]
81(.33)[.15, 1.46]
62 (.09) [45,.79]
94 (.07)[.81, 1.07]
46 (.14) [18, .74]
34(.07)[.21, 48]
59 (.43) [-.26, 1.43]
74 (12) .51, .97]
83 (15)[.53, 1.13]
42 (.14) [.16, .69]
.75 (.06) [.62, .87]
68 (.52)[-34, 1.71]
.86 (.06) [.74, 98]
77 (15) .47, 1.06]
62 (.12)[.38, .85
.84 (.06)[.73,.95]
77 (47) [-15, 1.69]
68 (12) [.44,.92]
87 (11)[.66, 1.09]
41 (12) (17, .66]
44 (.08)[.29, .60]
60 (:49) [-.37, 1.57]
57 (1) [.35,.79]
5(.08)[.68, 1.01]

70 (.12) [.46, .94]
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.97 (.04) .90, 1.04]
78 (10) [.59, .97]
.93 (.06) .81, 1.05]
73(.33) .07, 1.38]
53(.10)[.33,.72]
27 (15) [-.03, .57]
.87 (.09) [.69, 1.05]
33 (.08) [.18, 48]
50 (.48) [-.44, 1.44]
.84 (.10)[.64, 1.03]
01 (.04) [-.07, .09]
.88 (.06)[.76, .99]
.80 (.06) [.68,.92]
63 (.30) .05, 1.21]
.90(.07) [.76, 1.03]
45 (.20) [.06, .83]
.66 (.15) [.37,.95]
.81(.06)[.69,.93]
.70 (.59) [-.45, 1.86]
64 (.12)[.39, .88]
39(.18) [.05, .74]
76 (.11) .54, 98]
46 (.08)[.30, .62]
56 (.57) [-.56, 1.69]
57 (11)[.36, .78]
55 (.15) [.25, .85]

77 (12)[.53, 1.01]
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PPN Phase1 Phase2 Avoidance

Satisfaction

Symptom Experience

Estimate (SE) [95% CI]

D E
Combined
10 A B
B C
C D
D E
Combined
11 A B
B C
C D
D E
Combined
12 A B
B C
C D
D E
Combined
13 A B
B C
C D
D E
Combined
14 A B
B C
C D
D E
Combined

65 (.06) [.53,.76]
67 (22)[.23, 1.11]
63 (.13)[.37, .89]
81 (.14) [.54, 1.08]
23 (.11) .02, .45]
51(.09)[.34, .67]
52(.25)[.04, 1.01]
59 (.11) .38, .81]
87 (12)[.63. 1.11]
83(.09)[.65, 1.01]
62 (.05)[.52,.72]
73 (19) (.35, 1.11]
67 (12)[.43, 91]
97 (.09) [.79, 1.15]
27 (1) [.05, 49]
.54(.08) .38, .70]
52(.21)[.10,.94]
55 (.09) [.37, .74]
1.00 (.01) [.98, 1.02]
67 (12)[43,.91]
64 (.05)[.54, .75
72 (17)[40, 1.04]
.80(.06) [.68,.92]
.86 (.09) [.69, 1.04]
45(.13)[.20,.71]
36 (.07) [.23, .49]

62 (.18)[.26, .98]

72 (.07)[.58, .86]
71 (:45) [-17, 1.58]
.66 (1) [44, .88]
77 (15) (.48, 1.07]
65 (.13)[.39, .91]
.76 (.07) [.62, .90]
71 (.54)[-35, 1.77]
58 (.11)[.38,.79]
.69 (.14) [ 40, .97]
.89 (.06)[.77,1.01]
83(.05)[.73, .94]
75 (44) [-11, 1.61]
45 (.12)[.22, .69]
83 (.11)[.61, 1.05]
67 (13)[.42, .92]
.50 (.08) [.34, .66]
62 (.50) [-.36, 1.59]
.69 (.09) [.51, .86]
1.00 (.01) [.98, 1.02]
.81(.09)[.63, 1.00]
.90 (.04) [.81,.99]
85 (.31)[.25, 1.45]
.76 (.07) .62, .89]
66 (.16) [.34,.97]
51(.14) [.24, .78]
45 (.08)[.30, .61]

59 (.53) [-.44, 1.63]
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57 (.08) [.42,.73]
62 (.53)[-.42, 1.65]
73 (.10) [.54, .92]
60 (.18)[.25, .95
46 (.16) [15,.77]
65 (.08)[.50, .81]
61(.60) [-.57, 1.79]
44 (.11)[.23, .65]
45 (.15) [16,.74]
.94 (.05) [.84, 1.03]
.86 (.05) [.76, .96]
67 (43)[-18, 1.52]
56 (.13) [.30, .82]
56 (.17) [.23, .88]
49 (13)[.24,.75]
62 (.08) [.46, .78]
56 (.59) [-.59, 1.70]
73 (.09) .54, 91]
74 (.13)[.48, 1.00]
79 (.09) [.61,.97]
.86 (.05) [.76, .96]
78 (43) [-.06, 1.62]
.74 (.07) [.60, .89]
17 (13) [-.08, .42]
75 (11)[.53,.97]
65 (.08)[.50, .81]

58 (.45) [-.30, 1.46]
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PPN Phase1 Phase2

Avoidance

Satisfaction

Symptom Experience

Estimate (SE) [95% CI]

15 A B
B C
C D
D E
Combined
16 A B
B C
C D
D E
Combined
17 A B
B C
C D
D E
Combined
18 A B
B C
C D
D E
Combined
19 A B
B C
C D
D E
Combined
20 A B
B C

46 (.09)[.28, .64]
1.00 (.01) [.98, 1.02]
A7 (11) [.24, .69]
63 (.07) .48, .77]
64 (17)[.31,.96]
44 (.12)[.21,.66]
.90 (.08) [.75, 1.04]
19 (.09) .02, .36]
55(.09) .39, .72]
50(.19) [.12, .88]
.86 (.06)[.73, .98]
65 (.09) [ .46, .84]
45 (.09)[.28, .62]
98 (.02) [.93, 1.02]
74 (.14) .45, 1.02]
71 (.09) .54, .88]
79 (.14) [ .51, 1.07]
52(.12)[.29, .76]
42(.07)[.28, .56]
61(.22) 18, 1.04]
.69 (.09) [.52, .87]
1.00 (.01) [.98, 1.02]
32(.12) [.09, .54]
48 (.07)[.35, 61]
65(.17)[.32,.98]
55 (.10)[.35,.75]

96 (.04)[.88, 1.05]

.82 (.06)[.70, .94]
.96 (.04) [.89, 1.04]
.69 (.09) [.52, .85]
.81(.06)[.70,.92]
.82 (.28)[.26, 1.37]
64 (.10) .45, .84]
68 (13) [.42, 93]
34(.12)[.10, .58]
63 (.07)[48,.78]
57 (:49) [-.38, 1.53]
.86 (.05) [.77, .96]
57 (.09) [.39, .75]
93 (.07)[.78, 1.07]
50 (.02) [.46, .54]
72 (.29)[15,1.28]
65 (.10) .46, .85
71(.12)[49, .94]
58 (.10) [.39, .78]
44 (.08)[.28, .60]
60 (.44) [-.27,1.47]
37(.10) .18, .56]
.84 (.10) [.64, 1.05]
60 (.14) [.32, .88]
45 (.08)[.30, .61]
57 (:47) [-.36, 1.50]

57 (11)[.36,.78]

78 (11)[.56, 1.01]
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.76 (.07) [.62,.90]
68 (.16)[.37,.99]
56 (.12) [.32, .80]
.79 (.06) [.67, 91]
.70 (.49) [-.27, 1.66]
58 (.10) [.38, .79]
42 (14)[15, .68]
54(.12)[.30,.79]
.67 (.08)[.52, .82]
55 (.50) [-.43, 1.54]
77 (.07)[.63, .91]
65 (.09) .46, .84]
93 (.07) (.78, 1.07]
50 (.02) [.46, .54]
71(.32)[.09, 1.33]
.66 (.09) [48, .85]
50 (.14) [.22,.78]
.80(.08)[.63, .96]
44 (.08) .28, .60]
60 (:47) [-31, 1.51]
34(.09) [.16, .52]
55 (.15) .25, .84]
84 (11)[.63, 1.05]
47 (.08) 31, .63]
55 (.48) [-40, 1.50]
44(.10) .24, .64]

41 (.18) [.05,.77]
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PPN Phase1l Phase2 Avoidance Satisfaction Symptom Experience

Estimate (SE) [95% CI]

C D 89(.08)[.73,1.05]  .80(.09)[.62,.99] 98 (.02)[.93, 1.02]
D E 53 (.04)[.45, .61] 38(.08)[.23, .53] .64(.07)[.50,.78]
Combined 74 (.14) [.46, 1.02] 63 (44)[-24,151] .62 (.50)[-.36, 1.59]

Note. Phases: A=baseline, B=exploration, C=active exposure, D=booster, E=follow-up. Strong
effect is indicated by a value between .93 and 1.00, medium effect is .66-.92, and a value less than

.66 indicates a weak effect.

2.3. Multi-level models

To assess the effect of the therapy across all participants while taking the different
studies into account, hierarchical multi-level models were analysed. As there was
autocorrelation in the data across the variables (see Supplementary Material Table S3),
an autocorrelation (AR1) structure was added to the model. Table 4 shows the regression
estimates and between-case standardised mean difference (BC-SMD) for each of the
variables. Across all variables, the intercept (baseline phase) was significantly different
from 0 (p<.001) while phase B (exploration) was not significantly different from baseline.
In contrast, phase C (active exposure), phase D (booster), and phase E (follow-up) showed
significant changes compared to baseline. Such that, avoidance decreased (phase C:
estimate=-4.33, p<.001; phase D: estimate=-4.02, p<.001; phase E: estimate=-3.92,
p=.002), and satisfaction increased. Symptom experience did not show significant
changes between any of the phases and baseline. Time was significant for satisfaction
and symptom experience but not avoidance. Table 5 reports the contrasts between the
phases. Adding active exposure elements (C) significantly decreased avoidance
(estimate=-3.91, p=.001), and increased satisfaction (estimate=1.19, p=.02) compared to
the prior exploration phase (B) which attended to participants problems. Symptom
experience significantly improved from phase C to D (from active exposure to booster,
estimate=1.22, p=.04). All effects were maintained during the follow-up period (E). Table
6 shows the moderation results for variables age, sex, time since injury, setting
(2=Heliomare, 3=Klimmendaal), history of mental health treatment. Females scored
significantly lower than males on avoidance at baseline but significantly higher in phases
C (active exposure), D (booster), and E (follow-up). Participants at Heliomare (setting 2)
had significantly higher avoidance scores than participants at the university setting
(setting 1) in phases C (active exposure), D (booster), and E (follow-up). Those with a
history of mental health treatment scored significantly higher on avoidance at phase E
(follow-up) than those without a history of mental health treatment. No other significant
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moderation results were found for avoidance, satisfaction, or symptom experience.

Supplementary Tables S4-S6 show the original dataset regression analysis results.

Table 4. Regression estimates.

Estimate  Standard Error T-value p-value BC-SMD (SE)[95% CI]
Avoidance
Intercept  6.05 27 22.20 .000 -
Phase B -41 .26 -1.56 19 -.16 (.10) [-.35; .04]
Phase C -4.33 33 -13.20 .000 -1.63 (.13) [-1.89; -1.38]
Phase D -4.02 38 -10.70 .000 -1.52 (.14) [-1.80; -1.23]
Phase E -3.92 .55 -7.19 .002 -1.48 (.21) [-1.90; -1.06]
Time -.01 .008 -1.73 .16 -
Satisfaction
Intercept  4.18 27 15.60 .000 -
Phase B 17 22 .76 49 .09 (.13) [-.16; .34]
Phase C 1.36 28 4.86 .008 71 (17)[.37; 1.05]
Phase D 1.76 32 5.48 .005 92 (.18) [.57; 1.27]
Phase E 1.57 46 342 .03 .82 (.26) [.31; 1.34]
Time .03 .007 3.67 .02 -
Symptom Experience
Intercept  4.02 32 12.50 .000 -
Phase B -12 23 -.52 .63 -.06 (.13) [-.31; .19]
Phase C -41 29 -1.41 23 -.22(.16) [-.54; .10]
Phase D 81 33 2.46 .07 43 (.19) [.07; .80]
Phase E .70 A48 1.44 22 .37 (.26) [-.15; .89]
Time .04 .007 5.04 .007 -

Note. Phase A=baseline, B=exploration, C=active exposure, D=booster, E=follow-up. BC-

SMD=Dbetween case standardised mean difference.

Table 5. Contrasts between phases.

https://www.sciencedirect.com/science/article/pii/S0005796725002694 ?via%3Dihub
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First Second Estimate Standard T- p- Adjusted p- BC-SMD (SE)

Phase Phase Error value value value [95% CI]

Avoidance

Phase C  Phase B -3.91 29 -13.6 .000 .000 -1.48 (12) [-1.70;
-1.25]

Phase D Phase B -3.60 31 -11.70 .000 .000 -1.36 (.12) [-1.59;
-1.13]

Phase D Phase C 31 27 1.14 32 .36 12 (.10) [-.09;
32]

Phase E  Phase B -3.51 45 =779 .001 .002 -1.32 (.18) [-.67;
-.98]

Phase E  Phase C A1 39 1.04 36 36 15 (.15) [-.14;
A45]

Phase E  Phase D .10 .26 .38 73 .61 .04 (.10) [-17;
24]

Satisfaction

Phase C  Phase B 119 24 4.96 .008 .02 .62 (.18)[.28;
.97]

Phase D Phase B 1.59 27 5.98 .004 .02 .83 (.16) [.52;
1.14]

Phase D Phase C 40 23 1.76 15 15 .21 (.14) [-.06;
48]

Phase E  Phase B 1.40 .38 3.67 .02 .03 .74 (.23)[.29;
1.19]

Phase E  Phase C 21 33 .65 .55 37 A1 (.19) [-.25;
48]

Phase E  Phase D -19 22 -.84 45 .36 -10(.13) [-.36;
.16]

Symptom Experience

Phase C  Phase B -.29 .26 -113 32 38 -15(.15) [-.44;
13]

Phase D Phase B .93 27 3.45 .03 .06 .50 (.15) [.20;
.80]
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First Second Estimate Standard T- p- Adjusted p- BC-SMD (SE)

Phase Phase Error value value value [95% CI]

Phase D  Phase C 1.22 24 5.09 .007 .04 .65 (.14) [.39; .91]

Phase E  Phase B .82 40 2.06 11 17 44 (.22)[.01;
.86]

Phase E  Phase C 1.11 35 3.18 .03 .06 .59 (.19) [.22;
.96]

Phase E  Phase D -11 23 -.49 .65 .65 -.06 (.13) [-.31;
19]

Note. Phase A=baseline, B=exploration, C=active exposure, D=booster, E=follow-up. -

SMD=Dbetween case standardised mean difference.

Table 6. Regression estimates for moderator variables.

Estimate Standard Error T-value p-value
Avoidance
Age .03 .03 92 41
Phase B: Age .03 .02 1.38 24
Phase C: Age -.01 .03 -.29 .79
Phase D: Age .01 .02 .64 .56
Phase E: Age -.00 .02 -.09 .93
Sex F -2.58 .66 -3.91 .02+
Phase B: Sex F 45 .62 72 51
Phase C: Sex F 2.33 .66 3.52 .02+
Phase D: Sex F 2.82 49 5.78 .004+
Phase E: Sex F 2.91 .53 5.52 .005%
Time injury -.06 .06 -.99 38
Phase B: Time injury -.07 .06 -1.17 31
Phase C: Time injury 15 .06 2.36 .08
Phase D: Time injury 13 .05 2.79 .05
Phase E: Time injury 10 .05 2.23 .09
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Estimate Standard Error T-value p-value
Setting 2 -1.96 .79 -2.48 .07
Phase B: Setting 2 23 74 31 77
Phase C: Setting 2 2.70 79 341 .03+
Phase D: Setting 2 2.89 .58 4.99 .008+
Phase E: Setting 2 3.27 .60 543 .006x
Setting 3 -1.04 1.01 -1.03 .36
Phase B: Setting 3 -19 90 =22 .84
Phase C: Setting 3 .58 1.01 .57 .60
Phase D: Setting 3 -.23 75 -.30 .78
Phase E: Setting 3 .87 73 1.18 30
Treatment History -1.44 .54 -2.64 .06
Phase B: Treatment History 10 .50 20 .85
Phase C: Treatment History 1.16 .55 213 .10
Phase D: Treatment History .62 40 1.55 .20
Phase E: Treatment History 117 41 2.88 .04+
Satisfaction
Age .04 .03 1.45 22
Phase B: Age .02 .02 77 A48
Phase C: Age -.02 .02 -.85 44
Phase D: Age -.05 .02 -2.55 .06
Phase E: Age -.01 .02 -56 .60
Sex F 17 .66 25 81
Phase B: Sex F -.37 .53 -.69 .53
Phase C: Sex F 34 .58 .60 .58
Phase D: Sex F -.06 44 =15 .89
Phase E: Sex F -.64 47 -1.37 24
Time injury -.05 .06 =72 51
Phase B: Time injury .04 .05 77 A48
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Estimate Standard Error T-value p-value

Phase C: Time injury .05 .06 .87 44
Phase D: Time injury -.01 .04 =17 87
Phase E: Time injury -.04 .04 -95 40
Setting 2 -1.56 .85 -1.84 14
Phase B: Setting 2 -.03 .64 -.04 .97
Phase C: Setting 2 1.27 .69 1.84 14
Phase D: Setting 2 92 .52 1.78 15
Phase E: Setting 2 29 .54 .54 .62
Setting 3 A48 1.07 45 .68
Phase B: Setting 3 -1.00 .78 -1.28 27
Phase C: Setting 3 -42 .88 -48 .66
Phase D: Setting 3 40 .67 .60 .58
Phase E: Setting 3 -1.13 .66 -1.72 .16
Treatment History 14 .55 .26 81
Phase B: Treatment History =12 43 -.28 .80
Phase C: Treatment History .99 A7 2.09 .10
Phase D: Treatment History .57 .36 1.60 19
Phase E: Treatment History -.29 36 -.79 A7
Symptom Experience

Age .02 .03 .83 46
Phase B: Age .01 .02 .58 .59
Phase C: Age -.01 .03 -.50 .64
Phase D: Age -.02 .02 -.89 42
Phase E: Age -.002 .02 -12 91
Sex F 31 .70 45 .68
Phase B: Sex F -.08 .57 -14 .90
Phase C: Sex F .001 .62 .002 99
Phase D: Sex F .07 45 -15 .89
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Estimate Standard Error T-value p-value
Phase E: Sex F -1.38 49 -2.82 .05
Time injury -.08 .07 -1.19 30
Phase B: Time injury .08 .05 1.55 .20
Phase C: Time injury .006 .06 10 .93
Phase D: Time injury -.002 .04 -.04 .97
Phase E: Time injury -.01 .04 =23 .83
Setting 2 -143 .84 -1.70 .16
Phase B: Setting 2 .60 .69 .88 A43
Phase C: Setting 2 113 74 1.54 .20
Phase D: Setting 2 32 .54 .60 .58
Phase E: Setting 2 .007 .56 .01 .99
Setting 3 31 1.07 .29 .78
Phase B: Setting 3 -.87 .84 -1.04 .36
Phase C: Setting 3 .68 94 72 51
Phase D: Setting 3 113 .70 1.63 18
Phase E: Setting 3 29 .68 43 .69
Treatment History -32 .58 -.55 .61
Phase B: Treatment History 28 A7 .59 .59
Phase C: Treatment History 51 51 1.01 37
Phase D: Treatment History .56 37 1.52 .20
Phase E: Treatment History -.26 .38 -.68 .53

Note. Phase A=baseline, B=exploration, C=active exposure, D=booster, E=follow-up.

2.4. Sensitivity analysis

The analyses using the original dataset yielded results that were consistent with those
obtained from the imputed dataset, suggesting that the present findings are robust.
Minor variations were observed in the analyses, with a few NAP estimates falling into
different effect interpretations; the model coefficients were comparable with similar
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patterns of statistical significance shown despite minor variations. The results for the
original dataset are in the supplementary materials, Tables S2 and S4 to S6.

3. Discussion

The present study is the first study, to date, assessing the effectiveness of intensive
exposure therapy for patients with PPCS utilising aggregated data of multiple SCEDs.
While our first pilot SCED assessing the efficacy of the intensive exposure therapy (King
et al., 2024) took place under strictly controlled optimal conditions (i.e., paying for
participants activities and hotel, rigorously controlled criteria etc.) with strong internal
validity, cross-validation of the results was necessary to better approximate real-world
healthcare settings, as was done successfully in the present study.

NAP results showed variation in the results throughout the different phases (from weak
to strong effects) and in the combined NAP scores which is corroborated in the violin
plots. Multilevel modelling findings demonstrated that the therapy effectively reduced
avoidance, increased satisfaction with daily functioning, and reduced symptom burden.
The effectiveness of this new therapy innovatively applied to PPCS, provides important
empirical validation for the fear-avoidance model in the context of PPCS (Silverberg et al.,
2018; Wijenberg et al., 2017, 2020) and suggests that therapies targeting psychological
factors of fear-avoidance and catastrophising (Hecker et al., 2025) can lead to meaningful
improvements in patients’ daily lives in this population. The improvements in avoidance
and satisfaction occur in the active exposure phase (C), while increased positive
experiences of symptoms (increased functioning) are seen in the booster (D) or follow-
up (E) phases. These improvements are not solely due to providing attention to
symptoms (placebo response). Overall, these findings suggest that improvements may be
visible after a relatively short period of therapy, potentially faster than treatment as
usual, which could allow for earlier return to work and greater societal participation,
possibly reducing related health and societal burdens. These effects underscore the need
for specific, personalized exposure-based treatments for individuals with PPCS, rather
than merely relying on education or supportive attention, aligning with findings of
previous studies (Heslot et al., 2022; Rytter et al., 2021; Snell et al., 2009).

Moderation analyses revealed that females avoided significantly less than men at
baseline (A), while males showed greater reductions in avoidance during the active
exposure (C), booster (D), and follow-up (E) phases than women. One possible
explanation for this finding may be due to baseline differences in avoidance, suggesting
that females had less room for improvement during the therapy compared to males,
therefore reductions may have been less noticeable for females. This aligns with previous
research suggesting greater benefits of exposure therapy (targeting other disorders such
as fibromyalgia, psychosis, anxiety) when there is more room for improvement (Berkhof
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et al.,, 2025; Hedman-Lagerlof et al., 2023). Another explanation may be due to the
unequal size of the sample with more females taking part in the study than men. This
may have affected baseline comparisons and the magnitude of the observed changes.
Participants with a history of mental health treatment experienced significantly worse
outcomes on avoidance during the follow-up phase (E) compared to those without a
history of mental health treatment. This could be due to greater psychological
inflexibility, or more entrenched avoidance patterns in individuals with a history of
mental health concerns (Epe-Jungeblodt et al., 2024; Schwartz et al., 2024). Participants
treated at Heliomare showed significantly less improvement in avoidance compared to
those in the university setting during the active exposure (C), booster (D), and follow-up
(E) phases. This may have been a direct influence of participants being away from their
regular environments (staying at a hotel) in the university setting, whereas in Heliomare,
two of the participants chose to return home daily after therapy. There were no
significant differences in avoidance related to age, time since injury, or treatment setting
(for those treated at Klimmendaal compared to those at the university setting).
Furthermore, none of the moderators or interactions were significantly different across
participants for satisfaction or symptom experience. Our findings support previous
research indicating a lack of clear evidence for demographic moderators in exposure
therapy (Schneider et al., 2015). Encouragingly, the moderation analyses in the present
study suggested that patients of varying ages (up until 59 as per this study) and
durations since injury may benefit from the therapy.

Our intensive exposure therapy directly targets participants’ negative expectations and
fear predictions by linking them explicitly to the outcomes of exposure experiments.
When these predicted fears do not occur, participants learn that their expectations are
false, leading to expectancy learning and reductions in avoidance behaviours (Craske et
al., 2014, 2022). By focusing specifically on the fear-avoidance mechanisms that sustain
PPCS, our intensive exposure therapy, grounded in the fear-avoidance model, offers a
psychologically targeted and accessible alternative to the broader neurorehabilitation
models which mainly emphasise physiological recovery. Furthermore, personality
characteristics such as high anxiety sensitivity and pain catastrophising have been
associated to worse outcomes following mTBI (Mavroudis et al., 2024). Given this,
psychoeducation which incorporates explanations of fear-avoidance mechanisms in PPCS
may be particularly beneficial for individuals at risk of developing PPCS. The observed
effectiveness of the intensive exposure therapy further supports the clinical relevance of
these psychological predictors, as they are indirectly addressed through the therapeutic
process.

In addition to the intensive exposure programme, several unique elements were added to
the therapy to improve the therapy effects and optimise exposure mechanisms (Craske et
al., 2022). Therapist rotation was utilised which has been shown to reduce therapist drift,
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provide strong therapeutic alliance, and allow participants to experience different
perspectives (Auren et al., 2022), thereby improving generalisation of therapy effects.
Other elements, such as removing participants from their daily routine (staying in a
hotel), having their significant others involved in the therapy, and encouraging
continuous activity throughout the exposure week beyond the scheduled sessions may
assist in the overall therapy effect shown in the present study. These elements were
intentionally incorporated into the therapy to improve therapeutic benefits and should
be included in clinical applications of exposure therapy (where possible), and future
studies. Additionally, while the therapy was successfully applied across different settings
in this study with no adverse events occurring, it is important to note that the therapy
was performed by psychologists and should be provided by those with experience with
exposure therapy. The present study expands the limited evidence supporting exposure
therapy for PPCS (Hecker et al., 2024; Silverberg et al., 2022), novelly highlighting the
benefits of an intensive (brief) version administered over a shorter period of time, in this
patient group. This is particularly valuable in light of the lengthy time participants often
spend seeking help, relative to the short period of time participants spend in this
effective therapy. Furthermore, as time since injury was not a moderating factor in this
study, the therapy can be successfully applied to those from 3 months to 24 months after
injury.

In the present study, hypotheses were tested across 5 studies with 20 participants in
total yielding a large amount of data and utilising a rigorous multi-phase design. This
design included a control phase (providing attention to participants’ problems) to
account for possible placebo responses, in addition to the control already provided for by
the baseline phase. To account for missing data, which is common in SCED studies
(Aydin, 2024b), analyses were conducted on imputed datasets using multiple imputation
methods (Aydin, 2024a) - a relatively novel application within this context. Non-overlap
of all pairs and multilevel modelling were conducted, allowing the results from the
different studies to be aggregated using a robust, innovative approach. Sensitivity
analysis revealed that the results were comparable between the imputed and original
datasets, adding to the robustness of the results. While this study provides evidence
suggesting the intervention may be effective for PPCS after mTBI, the study has some
limitations. VAS scales were utilised for daily assessments and participants were not
blinded to the numerical values, therefore some response bias may have been present
(Simons et al., 2020; Sung & Wu, 2018). To limit this, participants were not able to see
their previous scores. Additionally, the samples in the present studies were culturally
homogeneous, and while this is representative for the country in which the studies took
place, future research may assess the effectiveness of this therapy with more culturally
diverse groups. Future research is also needed to identify the specific indication criteria
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to determine which individuals with PPCS should receive exposure therapy (for instance
those with higher avoidance behaviours).

The rigorous study design and robust statistical techniques of the present study suggest
potential benefits of this innovative intensive exposure therapy targeting PPCS. The
findings further support the relevance of the fear-avoidance model to PPCS and
contribute to the growing evidence that exposure therapy may be beneficial for this
patient population.
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