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Efficacy of an Intensive Exposure
Intervention for Individuals With
Persistent Concussion Symptoms
Following Concussion: A Concurrent
Multiple Baseline Single-Case
Experimental Design (SCED) Study

Skye King, MSc; Sven Z. Stapert, PhD; Ieke Winkens, PhD; Joukje van der Naalt, PhD, MD;
Caroline M. van Heugten, PhD; Marleen M. Rijkeboer, PhD

Objective: After a concussion, 1 in 3 patients report persistent symptoms and experience long-term consequences
interfering with daily functioning, known as persistent concussion symptoms (PCS). Evidence suggests PCS is
(partly) maintained by anxious thoughts about brain functioning, recovery, and experienced symptoms, leading
to avoidance behaviors, which may prevent patients from meeting life demands. We aimed to investigate the
efficacy of a newly developed intensive exposure intervention for individuals with PCS after concussion aimed
to tackle avoidance behavior. Setting: Participants took part in the intervention at the Maastricht University faculty.
Participants: Four participants who experienced PCS after concussion partook in the exploratory study. Participants’
age ranged between 20 and 32 (mean = 26.5, SD = 5.9) years, with an average length of time after the concussion of
9.8 months. Design: A concurrent multiple-baseline single-case design was conducted. The baseline period (A phase)
length was randomly determined across participants (3, 4, 5, or 6 weeks). The exposure intervention (B phase) was
conducted by psychologists over a 4-week period and consisted of 3 stages: exploration (2 sessions), active exposure
(12 sessions conducted over 1 week), and 2 booster sessions. Main Measures: Participants answered daily questions
on a visual analog scale related to symptom experience, satisfaction with daily functioning, and degree of avoidance
of feared activities. Additional outcomes included symptom severity, catastrophizing, fear of mental activity, anxiety,
depression, and societal participation. Results: Tau-U yielded significant effects (P < .05) for all participants on all
measures when comparing baseline and intervention phases. The pooled standardized mean difference was high
for all measures (symptom experience = 0.93, satisfaction of daily functioning = 1.86, and activity avoidance =
−2.05). Conclusions: The results show efficacy of the newly developed intensive exposure treatment for PCS after
concussion, which is based on the fear avoidance model. Replication in a larger heterogeneous sample is warranted
and needed. Key words: brain injuries, concussion, exposure therapy, fear avoidance model, intensive exposure therapy, mild
traumatic brain injury, persistent concussion symptoms, postconcussive symptoms, single-case experimental designs, traumatic
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INDIVIDUALS who have suffered a concussion
are likely to recover fully within a few weeks or

months without specialized intervention.1 However, ap-
proximately 1 in 3 people report persistent symptoms
and experience long-term consequences interfering with
daily functioning and quality of life.2 These persistent,
chronic cognitive, emotional, and somatic symptoms
are referred to as persistent concussion symptoms
(PCS).3 The treatment of PCS remains controversial
in somatic and mental healthcare and evidence-based
treatments are limited.4–6

The fear avoidance model (FAM) may explain
how PCSs develop, are maintained, and worsen over
time. It posits that if symptoms are catastrophically
(mis)interpreted as threatening, then disproportionate
symptom-related fear may arise leading to safety-seeking
behaviors such as avoidance and hypervigilance. These
avoidance behaviors can contribute to disuse, disabil-
ity, and depression, paradoxically worsening secondary
symptoms in later stages.7,8 The FAM has shown a
significant association with chronic disability after trau-
matic brain injury (TBI) (ranging from mild to severe)
and other conditions (ie, chronic pain), demonstrat-
ing a possible explanation for persistent PCS and
delayed/absence of recovery after TBI.9 Therefore, this
model provides the theoretical underpinnings of effec-
tive and common treatment options for these patients,
for instance exposure therapy.10

Recently, studies demonstrated that exposure involves
inhibitory learning, which modifies memory structures
underlying emotions, so that new safety-based expecta-
tions inhibit the previous danger-based ones.11 This has
led to the development of therapeutic strategies, which
cultivate nonthreat associations and enhance retrieval of
these newly learnt associations.12 In the current study,
it is postulated that anxiety (related to cognitive effort
termed “cogniphobia”13) may be reduced successfully
by exposing patients to the feared/avoided activities
without the feared outcomes occurring. Consequently,
the patient’s conditioned fear response will fade, PCSs
reduce, and the patient will regain confidence in their
functioning, thereby improving participation and well-
being.

Intensive exposure therapy programs provide ther-
apy in frequent sessions over a compact period—usually
several consecutive days—in different contexts,14 and
sometimes include therapist rotation.15 Patients receive
a similar total number of hours of therapy compared
with standard exposure therapy programs, but in a
shorter timeframe. These intensive therapy programs
have shown success in treatment outcomes, faster re-
covery of patients, less patient dropouts, and higher
therapist treatment fidelity in patients with strong
avoidance, posttraumatic stress disorder, and panic
disorder.14,16,17

Given that no one evidence-based treatment has
preference4–6 and the substantial medical and socioe-
conomic burdens on patients, family systems, and the
healthcare system, effective treatments for PCS are
vital.18 Due to the robustness of psychological pre-
dictors of PCS19 and the underlying psychological
mechanisms of fear, avoidance, and catastrophizing as
seen in the FAM, a newly developed intensive exposure
therapy program (henceforth termed “intervention”)
was piloted in this study. The goal of the treatment was
to reduce PCS by confrontation, adaptation of catastro-
phizing thoughts of symptoms, generalization to new
and future contexts with eventual restoration of quality
of life, and premorbid levels of participation. Therefore,
the aim of this study was to investigate the efficacy
of this intervention for PCS. The following research
questions were posed: RQ1) Does the intervention lead
to changes in subjective perceptions of well-being (re-
ducing symptoms, improving satisfaction, and reducing
avoidance of feared activities) in participants with PCS?
RQ2) Does the intervention increase social participation
and life satisfaction in participants with PCS? RQ3)
After treatment and follow-up, is there a reduction in
catastrophizing thoughts, fear avoidance behaviors, and
anxiety and depressive symptoms?

METHODS

Design

A concurrent multiple-baseline A-B follow-up single-
case experimental design (SCED) with randomized
baseline was conducted in 4 participants. The baseline
period range was 21 to 42 days (A phase). The interven-
tion (B phase) comprised 3 distinct subphases: explo-
ration phase (B1, 1 week), exposure phase (B2, 1 week),
and booster phase (B3, 2 weeks starting 1 week after
B2). The baseline phase served as a control phase before
the intervention onset, allowing participants to be their
own controls.20 The exploration phase (B1), in which
idiosyncratic case conceptualizations were made, served
as an additional control phase by providing attention
for participants’ problems without active intervention,
enhancing the design power. The exposure phase (B2)
consisted of 12 active exposure sessions during 1 week,
and the booster phase (B3) included 2 booster sessions
promoting generalization to the home environment. Af-
ter the intervention (B phase), there was a 6-week follow-
up phase (see Fig 1). Repeated measurements were taken
daily (baseline and intervention) and weekly (follow-up),
and additional measurements were taken at 6 different
time points throughout the study (see Fig 1). Nine
psychologists (referred to as therapists) with differing lev-
els of experience provided the treatment. All therapists
were trained on the protocol. The first training session
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Figure 1. Study design flowchart.

discussed elements of exposure and was provided to
therapists with no formal exposure training. The next 2
training sessions, where discussions on the protocol and
practice with fictitious patient scenarios took place, was
given to all therapists. The Ethical Review Committee of
Psychology and Neuroscience of Maastricht University
(ERCPN-250_44_03_2022) provided approval.

Participants

Participants were recruited via advertisements placed
on social media. Inclusion criteria were: having sus-
tained a single, noncomplicated concussion 6 to 18
months prior; aged 18 to 65 years; self-reporting at least
3 PCSs occurring after injury, which interfere with daily
life and societal participation; symptoms not explained
by other known pathologies or medical conditions; flu-
ent in Dutch; available to attend therapy sessions and
stay at the nearby hotel for 5 nights during the active
exposure phase; and preferably no changes in medica-
tion regimen for the study duration. One participant
decreased medication (amitriptyline) by half on the sec-
ond day of treatment in consultation with the treating
neurologist and the team neurologist, and no negative
outcomes were experienced as a result. Exclusion criteria
were: TBI with hospital admission in the past and/or
a history of neurological disorder, comorbid psychi-
atric disorder(s) for which a specialized treatment was
currently received, other severe comorbidities, which
might affect the outcome (eg, addiction); a history of
exposure treatment for the consequences of concussion;
currently receiving help by other health professionals
(specifically clinical psychological treatment for conse-
quences of concussion; occupational or physio-therapy
was accepted) for PCS; autonomy or dependence issues
prior to the concussion (defined as the inability to
independently perform tasks); currently enrolled in a
personal insurance injury case/legal procedure related
to the incident that developed into PCS; and currently
enrolled in a PCS treatment research study.

Procedure

Interested participants contacted one of the re-
searchers (S.K.) who preliminarily checked the inclu-
sion/exclusion criteria. Those who met the criteria were

put forward for an online intake with a neurologist
(J.v.d.N.) to check participation eligibility. Participants
fulfilled inclusion criteria according to the newly for-
mulated criteria from the American Congress of Re-
habilitation Medicine (ACRM).21 To finalize eligibility,
a clinical psychologist (M.R.) and a neuropsychologist
(C.v.H.) screened participants during an online meet-
ing. After signing the informed consent, randomization
(using Microsoft Excel “RAND”) of the baseline pe-
riod was determined per participant. Participants were
directed via email to complete the first measures (T0)
independently in their own time via the online testing
environment. Participants were also directed to down-
load a free mobile application (m-Path, https://m-path.
io/) where the repeated measurements were recorded.
Participants completed the intervention concurrently.
Additional measures were conducted: prior to the start
of the intervention (T1); after the exploration phase
(T2); after the exposure phase (T3); after the booster
phase (T4); and at the end of the follow-up phase (T5).
See Supplemental Digital Content Table 1 (available at:
http://links.lww.com/JHTR/A771) for schedule.

Intervention

Participants received a total of 22 hours of therapy,
namely two 60-minute online case conceptualization
sessions over 1 week (B1), twelve 90-minute active ex-
posure sessions provided in person over 5 days (B2),
and two 60-minute online booster sessions provided
once a week for 2 weeks starting 1 week after B2. Ther-
apist rotation was used (participants had sessions with
various therapists) to optimize treatment effects and to
prevent relapse.15,22 See Supplemental Digital Content
Appendix 1 (available at: http://links.lww.com/JHTR/
A772) for additional information on the intervention.

Materials

Primary outcomes

Repeated measures

During the baseline and intervention phases, partici-
pants were asked daily to rate 3 statements using a sliding
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bar visual analogue scale via the mobile app. To assess
symptom experience, the statement “today my symp-
toms were . . . ” was assessed from 0 (very bad) to 10 (very
good/not present). The question “how satisfied are you
with your daily functioning?” was assessed from 0 (not at
all) to 10 (very satisfied) assessing satisfaction with daily
functioning (referred to as satisfaction). To measure the
degree of avoidance of feared activities (referred to as ac-
tivity avoidance), the statement “I have avoided certain
activities today because of my symptoms” was measured
from 0 (strongly disagree) to 10 (strongly agree). During
the follow-up phase, participants answered these same
questions weekly.

For all the following measures, measurements were
taken in the online testing environment (see Supplemen-
tal Digital Content Table 1, available at: http://links.
lww.com/JHTR/A771, for the measurement schedule).

Postconcussion symptoms

The Rivermead Postconcussion Questionnaire
(RPQ)23 measures the presence and severity of PCS
experienced over the last 24 hours as compared with
before the head injury. The 16 items are rated on a
5-point Likert scale ranging from “not experienced
at all” (0) to “a severe problem” (4). Higher scores
indicate more severe PCS experiences. It demonstrates
good interrater and test-retest reliability for total and
individual symptom scores,24 good construct validity,25

and is widely used in TBI patients.

Secondary outcomes

Anxiety and depression symptoms

The Hospital Anxiety and Depression Scale (HADS)
is a 14-item self-rated scale examining individuals’ anx-
ious and depressive feelings.26 Scores range from 0 to
21, with higher scores indicating higher levels of depres-
sion and anxiety. A score of 8 or more is indicative of
depression or anxiety symptoms in patients with TBI.27

The Dutch translation of the HADS demonstrated good
test-retest reliability, internal consistency, and content
validity.28

Participation

The Utrecht Scale for Evaluation of Rehabilitation–
Participation (USER-P) measures 3 aspects of participa-
tion: frequency of behaviors, participation restrictions
experienced due to health condition, and satisfaction
with participation.29 Participation in different life ar-
eas is assessed (ie, work activities [paid and unpaid],
general household activities, lifestyle, and social activ-
ities, etc). The questionnaire consists of 31 items and
a score ranging from 0 to 100 is calculated for each
scale. Higher scores indicate more participation, less
restriction, and more satisfaction. The questionnaire

is a reliable and valid measure in patients with brain
injury.30

Catastrophizing thoughts

The Postconcussion Symptoms–Catastrophizing
Scale (PCS-CS) assesses the level of catastrophizing
thoughts regarding PCS and cogniphobia. The PCS-CS
is an adaptation of the Pain Catastrophizing Scale31

(Dutch version) where the word “pain” is replaced
with “these symptoms,” which refer to “cognitive
complaints, headache, or fatigue.”8 The 13 items are
rated on a 5-point Likert scale (0 = not at all, 4 = all
the time), with higher scores being indicative of higher
levels of catastrophizing thoughts. Concurrent validity,
convergent validity, internal consistency, and test-retest
reliability were sufficient.9

Fear of mental activity

The Fear of Mental Activity (FMA) scale assesses the
level of fear avoidance regarding PCS and cogniphobia.
The FMA is an adaptation of the valid and reliable
Dutch version of the Tampa Scale of Kinesiophobia.32

The word “pain” was replaced with “these symptoms” re-
ferring to “cognitive complaints, headache, or fatigue.”8

The 17 items are rated on a 4-point Likert scale (1
= strongly disagree, 4 = strongly agree), with higher
scores indicating stronger fear for mental activities. The
concurrent validity, convergent validity, internal consis-
tency, and test-retest reliability were acceptable.9

Other parameters

Coping

The Utrecht Coping List (UCL)33 assesses 7 different
coping styles. The UCL consists of 47 items, scored on a
4-point scale, with higher scores indicating higher use of
a particular coping style. The UCL is a valid and reliable
measure, frequently used in patients with TBI.34

Neuroticism

The Eysenck Personality Questionnaire–Revised
Short Scale (EPQ-RSS)35 measures neuroticism,
extraversion, and psychoticism. Forty-eight items are
scored with a dichotomous (yes/no) response option.
A sum score is calculated, ranging from 0 to 12,
with higher scores indicating higher levels of the
trait measured. The EPQ-RSS is a valid and reliable
measure.36

Therapeutic alliance

The Working Alliance Inventory–Short Revised
(WAI-SR) is a 12-item questionnaire measuring 3 key
aspects of therapeutic alliance: a) agreement on the tasks
of therapy, b) agreement on the therapy goals, and c)
development of an affective bond. Items are rated on a
5-point Likert scale (1 = never, 5 = always) and scores
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Efficacy of an Intensive Exposure Intervention for Individuals With PCSs Post-Concussion 5

on all 3 scales (ranging from 5 to 20) form the strength
of therapeutic alliance. The WAI-SR shows good psy-
chometric properties in different samples.37

Treatment experience

A written survey with open-ended questions pro-
vided qualitative insights of therapists and participants
into the treatment (eg, what participants and therapists
liked/did not like, treatment expectations, overall treat-
ment ratings, questions about materials and information
provided, training materials, and therapist training).

Demographic information

At the beginning of the study, participants completed
a self-reported questionnaire containing demographic
questions (ie, age, gender, education, marital and living
situation, and occupational information) and questions
on injury-related variables.

Data analysis

The symptom experience, satisfaction, and activity
avoidance were plotted graphically per participant us-
ing Prism GraphPad 9 for visual analysis of change.
Visual analyses were conducted following the recom-
mendations of Ledford and Gast.38 Horizontal lines
were depicted to observe changes in the average (mean)
per phase. Trend was determined by the slope and di-

rection of the best fitting straight line for each phase,
using simple regression lines. Trend stability was de-
fined by a stability window of ±25% of the trend
line. Tau-U was calculated, as a measure of effect, us-
ing the Single Case Research online calculator (http://
singlecaseresearch.org/calculators/tau-u). Tau-U can be
understood as a continuous index of improvement, and
can be interpreted as 0.20 small change, 0.20 to 0.60
moderate change, 0.60 to 0.80 large change, and above
0.80 as very large change.39 The pooled standardized
mean difference (calculated using Shiny SCDA appli-
cation v2.8, http://34.251.13.245/scda/40) was used to
compare the mean of the baseline phase (A) to the
combined intervention phases (B1, B2, and B3) and the
follow-up phase for all participants.38

For the RPQ, HADS, USER-P, PCS-CS, and FMA,
descriptive and visual inspection were utilized. Descrip-
tive analysis was used to analyze the questionnaires
across all time points (T1 to T5) and compare them
to baseline (T0) for each participant. Demographic vari-
ables, participant profiles (coping and neuroticism), and
therapeutic alliance were described.

RESULTS

Characteristics of the 4 participants can be found in
Table 1. Participant background, symptom profiles, and
case formulation are in Supplemental Digital Content

TABLE 1 Participant characteristics

Participant 1 2 3 4

Sex Female Male Female Female
Age 31 31 23 19
Education level Higher professional

education
Secondary vocational

education
Higher general and

preuniversity
education

Higher general and
pre-university
education

Occupation pre-injury Employed 36 h Employed 40 h Students and
employed 16 h

Students and
employed 10 h

Occupation post-injury Employed 9 h Employed 0 h. Stopped studying;
unemployed

Stopped studying;
unemployed

Marital status and
living situation
(pre-/post-injury)

Cohabiting with
partner

Cohabiting with
partner

Single; independent
(pre)/with parents
(post)

Single; independent
(pre)/with parents
(post)

Time since injury, mo 6 16 9 7
Cause of injury Sports accident Car accident Sports accident Accident (fall)
Neuroimaging done

(CT/MRI,
(ab)normal)

No Yes, normal Yes, normal Yes, normal

LOC No Yes No Yes
PTA No Yes No Yes
Avoidant copinga 17 18 23 25
Neuroticismb 9 6 6 2

Abbreviations: CT/MRI, computed tomography scan/magnetic resonance imaging; LOC, loss of consciousness; PTA, posttraumatic
amnesia
aAvoidance coping measured by the Utrecht Coping List (UCL).
bNeuroticism measured by the Eysenck Personality Questionnaire–Revised Short Scale (EPQ-RSS).
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(available at: http://links.lww.com/JHTR/A771). Partic-
ipants 1, 2, 3, and 4 were randomly assigned to a baseline
length of 42, 35, 28, and 21 days, respectively. For
participant 1, there were too few scores in the follow-
up phase for analysis of this phase to take place.

The repeated symptom experience, satisfaction, and
activity avoidance scores are represented visually in
Figures 2, 3, and 4. Characteristics of phase lengths,
measurements, and trend stability percentages are de-
noted in Supplemental Digital Content Tables 2 and 3
(available at: http://links.lww.com/JHTR/A771). Tau-U
analysis results are presented in Table 2.

Figure 2. Graphical representation of participant symptom
experience. Repeated-measures visual analog scale scores of
symptom experience per participant measured daily over base-
line and intervention (B1 = exploration phase, B2 = active
exposure phase, and B3 = booster phase), and weekly over
follow-up.

Figure 3. Graphical representation of participant satisfaction
with daily functioning. Repeated-measures visual analog scale
scores of symptom experience per participant measured daily
over baseline and intervention (B1 = exploration phase, B2 =
active exposure phase, and B3 = booster phase), and weekly
over follow-up.

Visual analysis

Visual analysis showed that for all participants the
average symptom experience and satisfaction scores
increased (improvement in the desired treatment direc-
tion) between the baseline and intervention phases. For
participants 2, 3, and 4, these changes were maintained
during the follow-up phase. For all participants, the av-
erage activity avoidance decreased between the baseline
and intervention phases in the desired treatment direc-
tion. For participant 2, this decrease was seen only after
B1, with the decrease maintaining through intervention
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Efficacy of an Intensive Exposure Intervention for Individuals With PCSs Post-Concussion 7

TABLE 2 Tau-U analysis for all participants between all phasesa

PP1 PP2 PP3 PP4

Symptom experience
Baseline vs B1 −0.36 (0.24) −0.36 (0.16) 0.43 (0.13) −1.14 (0.00)b
Baseline vs B2 0.12 (0.68) −1.01 (0.00)b 0.09 (0.74) −0.21 (0.41)
Baseline vs B3 0.75 (0.00)b 0.56 (0.00)b 0.98 (0.00)b 0.54 (0.01)b
Baseline vs follow-up . . . 0.36 (0.14) 1 (0.00)b 0.29 (0.28)
B1 vs B2 0.50 (0.22) −5.24 (0.12) −0.40 (0.27) 0.94 (0.00)b
B2 vs B3 0.66 (0.03)b 0.71 (0.01)b 0.97 (0.00)b 0.60 (0.02)b
B3 vs follow-up . . . 0.81 (0.00)b 0.55 (0.05) 0.86 (0.00)b

Satisfaction with daily functioning
Baseline vs B1 −0.35 (0.25) 0.64 (0.01)b 0.67 (0.02)b −0.09 (0.73)
Baseline vs B2 0.76 (0.01)b 0.71 (0.00)b 1 (0.00)b 0.58 (0.02)b
Baseline vs B3 0.84 (0.00)b 0.91 (0.00)b 1 (0.00)b 1 (0.00)b
Baseline vs follow-up . . . 0.99 (0.00)b 1 (0.00)b 1 (0.00)b
B1 vs B2 1 (0.01)b 0.29 (0.39) 1 (0.01)b 0.69 (0.03)b
B2 vs B3 0.44 (0.15) 0.72 (0.01)b 0.85 (0.00)b 1 (0.00)b
B3 vs follow-up . . . 0.77 (0.00)b 0.68 (0.01)b 0.91 (0.00)b

Activity avoidance
Baseline vs B1 0.53 (.09) −0.15 (0.95) 0.17 (0.55) −0.14 (0.60)
Baseline vs B2 −0.79 (0.00)b −1 (0.00)b −0.41 (0.12) −0.85 (.00)b
Baseline vs B3 −0.79 (0.00)b −1 (0.00)b −0.81 (0.00)b −0.89 (0.00)b
Baseline vs follow-up . . . −1 (0.00)b −0.41 (0.12) −0.90 (0.00)b
B1 vs B2 −1 (0.01)b −1 (0.00)b −1 (0.01)b −0.67 (0.04)b
B2 vs B3 −1 (0.00)b 0.60 (0.02)b 0.26 (0.34) −0.05 (0.86)
B3 vs follow-up . . . −0.59 (0.03)b 0.07 (0.80) −0.11 (0.69)

Abbreviations: B1, exploration phase of intervention; B2, exposure phase of intervention; B3, booster phase of intervention.
bP < .05.
aItalicized numbers indicate Tau-U corrected baseline was used due to significant baseline trend.

and follow-up phases. For participants 3 and 4, activity
avoidance was at floor level through B2, B3, and follow-
up. All phases for all measures had high trend stability
and trend changes for all participants.

For symptom experience immediacy of score, changes
were seen between baseline and B1 (all participants),
between B1 and B2 (participants 1 and 4), between B2
and B3 (all participants), and between B3 and follow-
up (participant 3). For satisfaction immediacy of score,
changes were seen between baseline and B1 (participant
1), B1 and B2 (participants 1 and 3), between B2 and B3
(participants 3 and 4), and between B3 and follow-up
(participant 3). Immediacy of score changes were seen
for the activity avoidance measure between baseline and
B1 (participant 1, 3, and 4), B1 and B2 (all participants),
and between B2 and B3 (participant 2).

Tau-U and pooled standardized mean difference

For symptom experience, Tau-U analysis revealed signif-
icant effects between baseline and B3, and between B2
and B3, for all participants. For participant 2, significant
effects were also shown between baseline and B2, and
between B3 and follow-up. Additionally, participant 3
showed significant effects between baseline and follow-
up. Significant effects were also shown between baseline

and B1, B1 and B2, and B3 and follow-up for participant
4. For satisfaction, Tau-U analysis revealed significant
effects between baseline and B2, and baseline and B3
for all participants. Participants 2, 3, and 4 also showed
significant effects between baseline and follow-up, B2
and B3, and B3 and follow-up. Participants 2 and 3 had
significant effects between baseline and B1, and partici-
pants 1, 3, and 4 showed significant effects between B1
and B2. For activity avoidance, Tau-U analysis revealed
significant effects between baseline and B3, and between
B1 and B2 for all participants. Significant effects were
seen between baseline and B2 (participants 1, 2, and 4),
baseline and follow-up (participants 2 and 4), B2 and
B3 (participants 1 and 2), and B3 and follow-up (partic-
ipant 2). The pooled standardized mean difference was
0.93 (symptom experience), 1.86 (satisfaction), and −2.05
(activity avoidance).

Secondary outcomes and additional parameters

In Supplemental Digital Content Table 4 (available
at: http://links.lww.com/JHTR/A771), the raw scores of
the RPQ, HADS, USER-P, PCS-CS, FMA, and WAI-
SR are presented. The UCL avoidance scale and the
EPQ-RSS neuroticism scale are presented in Table 1.
Participant 1 showed a high level of neuroticism, and
participants 3 and 4 showed high levels of avoidance
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Figure 4. Graphical representation of participant activity
avoidance. Repeated-measures visual analog scale scores of
symptom experience per participant measured daily over base-
line and intervention (B1 = exploration phase, B2 = active
exposure phase, and B3 = booster phase), and weekly over
follow-up.

coping style. Using the reference guidelines,41 all partic-
ipants experienced clinically relevant scores on the RPQ
at baseline (T0) as compared with after intervention (T3,
T4, and T5) where scores reached nonclinically relevant
levels. At baseline (T0), participants noted fatigue (3
participants), concentration problems (2 participants),
and hypersensitivity to light and noise (2 participants)
as “a large problem.” At the end of follow-up (T5), par-
ticipants 1 and 4 indicated “not a problem anymore” for
all RPQ symptoms. Participant 2 noted “a small prob-
lem” (a decrease from baseline) for headaches, fatigue,
irritability, and frustration and “not a problem anymore”
for all remaining RPQ symptoms. Participant 3 noted
“a small problem” (a decrease from baseline) for sleep

problems, fatigue, depression, forgetfulness, and con-
centration problems, and “not a problem anymore” for
all remaining RPQ symptoms. All participants showed
little to no change in anxiety and depressive symptoms
(HADS) at the end of follow-up (T5) compared with
baseline (T0), with all participants scoring at a clinically
relevant level (≥8). Participants 1, 2, and 4 showed
improvements in levels of participation (USER-P fre-
quency) from T0 to T5. Participant 3 scores started high
at T0, decreased at T2, and then increased and stabilized
(T3) through to T5. All participants showed improve-
ment in subjective ratings of participation (USER-P
restrictions scale) and satisfaction with participation
(USER-P satisfactions scale) from T0 to T5. After the
treatment (T4) and at the end of follow-up (T5), there
was a reduction in catastrophizing thoughts about the
PCS (PCS-CS), and in fear avoidance behaviors in both
active avoidance and somatic focus (FMA), as compared
with baseline (T0) for all participants. Participants ex-
perienced high therapeutic alliance (goal mean = 18.5,
task mean = 18, and bond mean = 15.5). According
to the treatment experience questions, participants rated
the treatment highly (mean = 9.75) and positively. All
participants noted that despite experiencing difficulty in
the sessions, the session duration, amount, and content
(real-world application, personal guidance) were good,
and the therapists were also in agreement. All partic-
ipants thought the treatment was beneficial for them
and that they could see improvement (commenting that
they had their life back), and all participants would
recommend this treatment to others with PCS.

DISCUSSION

The goal of the current study was to investigate the
efficacy of a newly developed intensive exposure therapy
program for PCS. Findings showed that all partici-
pants experienced moderate to very large improvements
in their subjective perceptions of well-being (reduc-
tion in symptom experience, improved satisfaction,
and reduction of activity avoidance) between baseline
and intervention phases, which were maintained dur-
ing follow-up. Three out of 4 participants experienced
symptom exacerbation42 during the treatment; however,
all 4 participants demonstrated symptom improvement
by the end of treatment. For all participants, symptom
levels and severity decreased to clinically nonrelevant
levels after the intervention and this decrease was main-
tained through to the end of the study. At baseline
all participants’ symptom profiles were highest in the
somatic domain (ie, fatigue, headaches, hypersensitivity,
etc)43 than the emotional or cognitive domains. For
2 participants after treatment through to the end of
follow-up, all symptoms were noted as no longer a
problem. For the other 2 participants, the symptoms
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fell across the domains (somatic and emotional, for
participant 2 and additionally cognitive for participant
3) but at much lower levels of severity. No change to
depression and anxiety symptoms was seen, possibly
because the intervention was not focused on these symp-
toms but rather focuses on PCS and avoidant behaviors.
All participants indicated that this 1 week of intensive
exposure treatment made them have “their lives back
again.” Catastrophizing thoughts were decreased, fear
avoidance or safety behaviors were reduced (and extin-
guished in certain participants), participants’ radius of
action improved, all participants went back to work or
started their studies again, and improvements in par-
ticipation (social activities, general household activities,
lifestyle activities, etc) and general life satisfaction were
also seen.

It is of note that the intervention was done from
a purely psychological perspective (no physical as-
pects were taken into account) with only psychologists
performing the intervention. The treatment is easily
disseminated and good insight into the FAM of PCS
is important. For all participants, the therapeutic al-
liance between the therapists and participants was high
after the treatment. This finding is interesting and adds
to the current literature, as therapist rotation was a
key feature of the intervention,15 and despite common
understanding, it did not lessen therapeutic alliance.
The advantage of therapist rotation is generalization
(ie, different contexts in which extinction takes place,
reducing return of fear after treatment22,44). Moreover,
after treatment participants indicated that the fact that
many people (not just one) showed confidence that they
could safely perform various activities helped them by
improving their realization that they were indeed safe
and capable. Therapists and participants both qualita-
tively reported that while the intervention was intensive,
improvements were demonstrated quickly and the in-
tervention was feasible (ie, delivery style and frequency,
etc).

A strength of the current study is the intricate design
with multiple control phases, which provide more power
to the study. Additionally, more in-depth information
was gained from each phase of the intervention, pro-
viding greater insight into the treatment efficacy. The
study adhered to the quality guidelines for SCED (eg,
SCRIBE and RoBiNT),45,46 thus strengthening the find-
ings that intensive exposure treatment has efficacy in
treating participants with PCS after concussion. Fur-
thermore, despite the intensity of the treatment, no
adverse events occurred for any of the participants. A
limitation of the study is the homogeneity of the sample
in terms of gender, age, and symptom profiles (vestibular
and other symptoms). The profile of the participants is
likely due to the recruitment and sampling methodol-
ogy. Therefore, the findings of the current study might
not be generalizable to PCS patients outside of these
demographic ranges, limiting the external validity of
the study. Furthermore, minor deviations in the in-
clusion/exclusion criteria for participation occurred (ie,
no loss of consciousness or posttraumatic amnesia);
however, these participants fit the new definition of
mTBI of the ACRM.21 Additionally, the participants
were highly motivated to succeed and recover, and the
treatment and hotel stay were paid for, which may have
biased the findings. As such, future research should
investigate the efficacy of this treatment in a more
heterogeneous group in demographic and motivational
variables.

In conclusion, this study provides first evidence for
the efficacy of this intensive exposure treatment for
participants with PCS after concussion experiencing
severe somatic and cognitive complaints. This inter-
vention successfully improved participants’ subjective
perceptions of well-being, catastrophizing, fear avoid-
ance behaviors, and increased societal participation.
Replications with more diverse samples of participants
are needed to obtain further evidence for the efficacy
and eventually clinical effectiveness of this treatment.
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