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Abstract 

Background:  Persistent post-concussion symptoms (PCS) are associated with prolonged disability, reduced health-
related quality of life and reduced workability. At present, no strong evidence for treatments for people with persis‑
tent PCS exists. Our research group developed a novel intervention, “Get going After concussIoN (GAIN)”, that incor‑
porates multiple evidence-based strategies including prescribed exercise, cognitive behavioural therapy, and gradual 
return to activity advice. In a previous randomised trial, GAIN provided in a hospital setting was effective in reducing 
symptoms in 15–30-year-olds with PCS 2–6 months post-injury. In the current study, we describe the protocol for a 
trial designed to test the effectiveness of GAIN in a larger municipality setting. Additionally, we test the intervention 
within a broader age group and evaluate a broader range of outcomes. The primary hypothesis is that participants 
allocated to enhanced usual care plus GAIN report a higher reduction in PCS 3 months post-intervention compared 
to participants allocated to enhanced usual care only.

Methods:  The study is a stepped-wedge cluster-randomised trial with five clusters. The 8-week interdisciplinary 
GAIN program will be rolled out to clusters in 3-month intervals. Power calculation yield at least 180 participants to be 
enrolled. Primary outcome is mean change in PCS measured by the Rivermead Post-Concussion Symptoms Question‑
naire from enrolment to 3 months after end of treatment. Secondary outcomes include participation in and satisfac‑
tion with everyday activities, labour market attachment and other behavioural measures. Self-reported outcomes are 
measured at baseline, by end of treatment and at 3, 6, and 18 months after end of treatment. Registry-based out‑
comes are measured up to 36 months after concussion.

Discussion:  The trial will provide important information concerning the effectiveness of the GAIN intervention in a 
municipality setting. Furthermore, it will provide knowledge of possible barriers and facilitators that may be relevant 
for future implementation of GAIN in different settings.
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Introduction
Background and rationale {6a}
Concussion, the mildest form of traumatic brain injury, 
is an important public health concern [1]. According to 
prospective studies, people reporting severe post-con-
cussion symptoms (PCS) are associated with prolonged 
disability, reduced health-related quality of life and 
reduced workability [2–4]. Persistent PCS are associated 
with a high societal burden due to persistent impact on 
labour market attachment, and increased use of health 

care services and social welfare benefits [5]. It is esti-
mated that persistent PCS such as headache, dizziness 
and sleep disturbances, are present in almost half of the 
affected persons 1-year post-injury [6].

Psychological factors are likely involved in the devel-
opment of persistent PCS. In particular, negative illness 
perceptions worsen prognosis following concussion [7–
9]. Furthermore, negative illness perceptions are associ-
ated with maladaptive illness behaviours such as avoiding 
activities, excessive rest, or the so-called all-or-nothing 
behaviour, i.e. oscillations between periods with very 
high or very low physical and mental activities [7, 10, 
11]. Negative illness perceptions and maladaptive illness 
behaviours may act as symptom-perpetuating factors and 
reinforce PCS.

At present, no strong evidence for treatments for per-
sistent PCS exists. However, recent systematic reviews 
and guidelines point toward principles from graded exer-
cise therapy (GET), cognitive behavioural therapy (CBT) 
and a an interdisciplinary approach [12–15] may reduce 
symptoms or change illness behaviour and perception. 
These findings are in accordance with international 
guidelines for chronic pain management which also rec-
ommend CBT and GET [16, 17]. In line with this, three 
recent methodologically rigorous clinical trials demon-
strated that an interdisciplinary intervention based on 
these principles were effective in reducing persistent PCS 
[14, 15, 18].

The intervention Get going After concussIoN (GAIN), 
was developed by the research group of the present study. 
GAIN was developed through a comprehensive process 
in a collaboration between people having had a concus-
sion, therapists, experienced clinicians, and researchers 
[19]. The first GAIN trial (hereafter referred to as GAIN 
1.0) tested the effect of GAIN delivered in a specialised 
hospital setting, among adolescents and young adults 
(15–30  years). In a randomised design, people having 
had a concussion receiving Enhanced Usual Care (EUC) 
plus GAIN (EUC + GAIN) showed a significantly larger 
reduction in PCS 3 months post-intervention compared 
to participants receiving EUC only. Furthermore, GAIN 
was demonstrated to be safe, feasible and associated with 
high participant satisfaction [19].

In recent years there has been an increased aware-
ness of societal and personal consequences of persis-
tent PCS in Denmark as well as internationally. Health 

Trial registration:  The current GAIN trial is registered in ClinicalTrials.gov (study identifier: NCT04​798885) on 20 
October 2020.

Keywords:  Brain concussion, Behavioural therapy, mTBI, Activities of daily living, Return to work, The Rivermead Post-
Concussion Questionnaire
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care professionals and social workers point to the gap 
in knowledge concerning the management of persis-
tent PCS in the community setting, and they urgently 
advocate for evidence-based treatment [20]. Therefore, 
we find it relevant to test the effectiveness of GAIN in 
a second trial (hereafter referred to as GAIN 2.0) in 
a larger scale in 16 of the 19 municipalities in the Cen-
tral Denmark Region, where the majority of people who 
experience persistent PCS are being cared for by physi-
cal therapist and occupational therapists, social workers 
and general practitioners (GPs). Additionally, the GAIN 
2.0 study will test the intervention within a broader age 
group and evaluate whether GAIN promotes people’s 
return to work and participation in everyday activities. 
Evidence from this study could facilitate wider uptake of 
GAIN, and thereby reduce personal and economic conse-
quences of concussion.

Objectives {7}
The overall aim of GAIN 2.0 is to test the effectiveness 
of EUC + GAIN in a municipality setting. The effect is 
measured as changes in self-reported PCS, self-reported 
participation in and satisfaction with instrumental activi-
ties of daily living (IADL), and labour market attachment.

Primary hypothesis
Participants allocated to EUC + GAIN report a greater 
reduction in PCS 3 months post-intervention compared 
to participants allocated to EUC only.

Secondary hypotheses

1.	 Participants allocated to EUC + GAIN report a 
greater increase in participation in IADL 3  months 
post-intervention compared to participants allocated 
to EUC only measured by the Utrecht Scale for Eval-
uation of Rehabilitation-Participation (USER-P) [21] 
as sum scores on the following dimensions: more 

time spend on, less limitations experienced in, and 
more satisfaction with participation in IADL.

2.	 Participants allocated to EUC + GAIN have stronger 
labour market attachment 12 and 36  months post-
concussion compared to participants allocated to 
EUC measured by sick leave, employment rate, and 
job stability.

Trial design {8}
GAIN 2.0 is embedded in a regional, population-based 
cohort study—hereafter referred to as “the epidemiologic 
study”. GAIN 2.0 is a stepped-wedge cluster-randomised 
trial rolled out to clusters in 3-month intervals (Fig.  1). 
The trial consists of an 8-week interdisciplinary interven-
tion programme (EUC + GAIN) against EUC only.

Methods: Participants, interventions and outcomes
Study setting {9}
GAIN 2.0 is carried out in Central Denmark Region 
(population 1.3 million) as a collaboration between Ham-
mel Neurorehabilitation Centre and University Research 
Clinic (HNC) and 16 of the regions’ 19 municipalities 
which are organised in five health clusters. GAIN is deliv-
ered at one or two specific locations in each of the five 
clusters.

GAIN 2.0 is embedded in an epidemiologic cohort 
study which includes people diagnosed with concussion 
at an emergency ward in Central Denmark Region and 
referred to the project by GP’s. The cohort is followed by 
means of questionnaires and health registers. People with 
PCS ≥ 20 on the Rivermead Post-Concussion Symptoms 
Questionnaire (RPQ) are recruited for the present study 
from May 2021 to November 2022.

Eligibility criteria {10}
At enrolment, a clinical assessment of all participants is 
performed by medical doctors at the HNC. The clinical 
assessment consists of a neurological examination and 

Fig. 1  The stepped wedge cluster randomised design. The stepped-wedge cluster randomised design with five clusters and six periods of 
each 3 months length. The white boxes illustrate the control condition (Enhanced Usual Care (EUC)) and the grey boxes intervention condition 
(EUC + Get Going After concussIoN (GAIN)). Recruitment, clinical assessment, and EUC take place 3 months period before each period illustrated in 
the figure. From power calculation, each box is estimated to involve a mean of 6 participants 
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a short, standardised medical history interview. Non-
eligible participants are recommended to contact their 
GP for further advice if needed.

Participants are recruited based on the follow-
ing inclusion criteria: (1) concussion caused by a 
head trauma according to the diagnostic criteria 
recommended by the Danish Consensus Report on 
Commotio Cerebri [22]. The criteria are based on rec-
ommendations by the WHO Task Force [2], but with 
the amendment, that there must have been a direct 
contact between the head and an object; (2) age 18 to 
60 years at the time of the trauma; (3) a score of ≥ 20 on 
the RPQ within 1 week before enrolment in the study; 
(4) able to understand, speak and read Danish; (5) liv-
ing in Central Denmark Region; and (6) identified from 
registers of the emergency departments or referred by 
GPs to GAIN 2.0 within 2–4 months after a concussion.

Exclusion criteria are (1) objective neurological find-
ings and/or acute trauma CT scan indicating neurologi-
cal disease or brain damage linked to the concussion, 
if performed; (2) previous concussion within the last 
2  years with ongoing PCS at the time of the present 
concussion; (3) severe misuse of alcohol, prescrip-
tion drugs and/or illegal drugs; (4) severe psychiatric 
co-morbidity (e.g. bipolar disorder, autism, psychotic 
disorder (life time) or severe neurological disease (e.g. 
multiple sclerosis) that impedes participation in the 
programme; and (5) inability to start the intervention 
within the maximum time for eligibility (4 months) plus 
the maximum possible waiting time from assessment 
to start of intervention (3 months), i.e. 7 months after 
concussion.

Who will take informed consent? {26a}
Prior to the clinical assessment and inclusion in the 
GAIN 2.0 programme, written informed consent is 
obtained from each participant.

Informed consent is based on both the written infor-
mation on the GAIN 2.0 project, which is emailed to 
potential participants prior to the clinical assessment 
and verbal information provided through a video or tele-
phone consultation a week before the clinical assessment 
by a medical doctor. In case of no prior video or tel-
ephone consultation, the verbal information is provided 
by the medical doctor just before the clinical assessment. 
The medical doctors are not engaged in performing nei-
ther EUC nor GAIN intervention.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
The study does not involve biological specimens.

Interventions
Explanation for the choice of comparators {6b}
There is no strong evidence for any single intervention 
for people with persistent PCS. Supported by weak evi-
dence [23], written or oral early information, reassur-
ance and advice is a standard of care [24]. We consider it 
most ethically defensible to provide this standard of care 
(EUC) to all participants and compare the GAIN inter-
vention to EUC only [15].

Intervention description {11a}
EUC + GAIN
Participants allocated to EUC + GAIN will receive the 
GAIN intervention in the municipality. GAIN is an 
8-week, interdisciplinary intervention programme that 
aims to achieve changes in negative illness perceptions 
and maladaptive behaviours. The intervention includes 
psychoeducation based on principles from CBT, GET 
and gradual return to daily activities e.g. coping strate-
gies, behavioural reactions to symptoms in everyday 
living, individual goal-setting, and physical exercise 
facilitating the increase of frequency, intensity and time 
[19]. Furthermore, a toolbox regarding advise on spe-
cific shoulder and neck exercises, sleep behaviour, ergo-
nomics and relaxation training is provided if relevant in 
individual cases. In short, the programme is structured 
as (1) three structured group sessions of 2  h duration 
in the first, second and eighth week, led by a neuropsy-
chologist, an occupational- and a physiotherapist which 
aims to give participants a general knowledge. Relatives 
are invited to the first and the second session. (2) Up to 
five semi-structured and tailored individual sessions of 
30  min duration with an allocated therapist (either an 
occupational- or a physiotherapist) dispersed over the 
weeks between the second and last group session. Fur-
thermore, the neuropsychologist provides weekly super-
vision to therapists throughout the intervention period to 
ensure quality and fidelity. Each individual session is per-
formed either in person or video by choice of the partici-
pant, and homework is required between each session. 
The number of individual sessions is flexible (a maximum 
of five), and adjusted according to the participant’s needs 
and goals. If neither a physical meeting nor video consul-
tation was possible the individual session was arranged 
by telephone. The intervention is described in a manual 
which is available for the therapist involved in the inter-
vention and will be released after the trial at the webpage 
of HNC.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Participants are informed that they are free to withdraw 
their consent and reject further participation in GAIN 
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2.0 at any time. Previous results from the GAIN 1.0 trial 
showed no adverse effects of the GAIN intervention and 
therefore we do not expect any adverse effects of the 
intervention in GAIN 2.0 either. Short symptom deterio-
ration may be expected because of exposure to e.g. GET 
and the intervention will be adjusted according to follow 
individual tolerance.

Strategies to improve adherence to interventions {11c}
To support adherence, GAIN incorporates personal goal-
setting. Overall long-term goals are defined at the inter-
vention start and short-term goals are then performed 
every week to be followed up in the next individual 
session.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
All five health clusters begin with a 3  months control 
period where each municipality offers usual services for 
people with persistent PCS. After 3  months, the first 
health cluster is randomly selected to initiate the GAIN 
intervention. The municipalities of the remaining clusters 
continue to offer their usual services including potential 
existing intervention programmes addressing persistent 
PCS, until their health cluster is assigned to initiate the 
GAIN intervention and then GAIN takes over as the 
municipality services that are provided. A cluster will be 
assigned to initiate GAIN every third month to allow the 
8-week intervention to be performed within 3  months 
regardless of holidays. Correspondingly, participants are 
enrolled over periods of 3  months before intervention 
start. This design is necessary to get sufficient partici-
pants to start up group sessions of the GAIN programme. 
Consequently, participants may have a waiting period 
of up to 3 months after enrolment before beginning the 
GAIN intervention. During this period, therapists in the 
municipalities are allowed to provide a maximum of two 
sessions of usual services such as advice regarding return 
to work and IADL. To avoid contamination, therapists 
educated in GAIN will not perform usual services for 
participants in the waiting period. At the end of the trial 
period, the GAIN intervention is provided in all five clus-
ters. During the 8-week GAIN intervention participants 
are recommended to (but not demanded to) pause any 
other treatment for persistent PCS.

Provisions for post‑trial care {30}
After the GAIN intervention, participants are free to 
continue or seek additional treatment for persistent PCS. 
Participants allocated to EUC are advised to seek further 
help from their GP if EUC is not sufficient.

Outcomes {12}
Primary outcome is mean change in PCS level as meas-
ured by the RPQ from baseline to 3 months after end of 
treatment. RPQ is a 16-item, self-reported scale meas-
uring the severity of PCS including physical (e.g. head-
aches or vomiting), cognitive (e.g. poor concentration 
or forgetfulness) and emotional (e.g. feeling frustrated 
or depressed) symptoms, within the past 24 h compared 
to before the injury on a five-point scale (ranging from 
0 “not experienced at all” to 4 “a severe problem”, range: 
0–64; furthermore, as previously recommended, scores 
of 1 counts as 0 which we also apply) [25].

Secondary outcomes include participation in IADL at 
3  months after end of treatment, measured as the sum 
scores in each of the three dimensions (‘time spend on 
daily activities’, ‘experienced limitations’, and ‘satisfac-
tion with participation’) on the USER-P [21]. USER-P is 
a disease-nonspecific questionnaire that measures IADL 
such as work, voluntary work, education, family duties 
and responsibilities, leisure activities, transportation, 
communication, and social activities. Additional second-
ary outcomes include labour market attachment assessed 
by using data from the DREAM register [26] (i.e. inci-
dence of long-term sick leave defined as public assistance 
benefits related to illness in more than three consecutive 
weeks within 12 and 36 months of concussion), propor-
tion of employed participants (defined as receiving no 
public assistance benefits except from state education 
fund grants at 12 and 36 months after concussion), and 
degree of job stability (based on whether labour mar-
ket contributions have been paid in the 1-month period 
before 12 and 36 months after concussion). Measures of 
treatment targets (i.e., mechanistic outcomes) include 
the Brief Illness Perception Questionnaire (B-IPQ) [27] 
and the Behavioural Response to Illness Questionnaire 
(BRIQ) [28]. Additional secondary outcomes are listed in 
additional files (see, Additional file 1).

All self-reported outcomes are measured at baseline 
(within 1  week before clinical examination), at end of 
treatment and at 3, 6 and 18 months after end of treat-
ment. Additionally, RPQ, BRIQ and B-IPQ are meas-
ured four times during intervention in the EUC + GAIN 
group. Furthermore, DREAM register data will be 
extracted up to 36 months after concussion.

Participant timeline {13}
The time schedule for participants is illustrated in Fig. 2.

Sample size {14}
In GAIN 1.0, we found a mean difference in the improve-
ment of 7.6 points between EUC + GAIN and EUC on 
the RPQ 3 months after end of treatment. In GAIN 2.0, 
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we hypothesize a difference in the improvement of 7 
points between groups on the RPQ. Using the data from 
GAIN 1.0, the statistical power of the stepped-wedged 
design can be estimated. With the assumptions of a pop-
ulation mean RPQ change of 9.3 points of EUC + GAIN 
compared with EUC, measurement variance of 137, a 
variance between clusters of 0.97, a statistical significance 
level of 5%, and a statistical power of 80%, we will need 
180 participants, i.e. six participants in each of the six 
clusters for every of six intervention periods. In the first 
GAIN study, we recruited 55 citizens each year in the age 
group between 15 and 30 years. By expanding the range 

of age and offering the intervention in five clusters cov-
ering 17 municipalities, we expect to recruit at least 180 
participants in the project period.

Recruitment {15}
The research group, directing committee and one respon-
sible key person from each cluster collaborate through-
out the project to ensure the sustainability of recruitment 
and communication between clusters and their organi-
sational levels. To facilitate progress in the study and 
ensure awareness of the study, information to GPs and 
collaborators will be continuously distributed through 

Fig. 2  Timeline. Timing and characteristics of questionnaire and treatment elements delivered in each group
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newsletters and internal communication platforms. If the 
recruitment rate declines, information towards GP’s and 
municipalities will be repeated and recruitment activities 
on social media will be increased.

Assignment of interventions: allocation
Sequence generation {16a}
A randomised schedule with time-points for start of 
intervention in each of the five clusters was computer-
generated before trial start, by a statistician not involved 
in any other study procedures. The randomisation sched-
ule is only accessible to the statistician.

Concealment mechanism {16b}
All clusters begin as EUC (control) groups. The five 
clusters are then one by one randomised to begin 
EUC + GAIN every third month. The statistician stores 
the result of the randomisation procedure. Three months 
before a new cluster start as an intervention group, the 
statistician informs the project coordinator of the next 
cluster. The project coordinator subsequently informs the 
key persons in the cluster and the data manager of the 
project.

Implementation {16c}
Participants are enrolled by the medical doctors after 
the clinical assessment at HNC. Within 2 weeks after the 
clinical assessment, the data manager registers the ran-
domisation group of each participant and the participant 
subsequently receives an auto-generated e-mail with 
information on allocation.

Assignment of interventions: Blinding
Who will be blinded {17a}
The medical doctors assessing for eligibility are blinded 
to allocation of clusters. It is not possible to blind the 
therapists and the neuropsychologist performing GAIN 
in the municipalities. Only the project data manager has 
full access to the collected data and will not be involved 
in primary outcome analysis. The primary data analyser 
will be masked to whether a specific participant has 
received the intervention, but will not be masked during 
post hoc analyses.

Procedure for unblinding if needed {17b}
Not relevant in the current trial.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Data is primarily collected through online surveys using 
standardised and validated questionnaires e.g. data on 
the primary outcome (RPQ) which has shown good 
validity and reliability [29].

Additional data on labour market attachment will be 
extracted from the DREAM database. Participants’ satis-
faction with GAIN will be measured by The Experience 
of Service Questionnaire [30]. Furthermore, individual 
interviews with 10–20 participants will be performed 
[31]. The semi-structured interviews will focus on the 
participants’ experiences of the intervention, identify 
inconveniencies, and explore the possible active ingre-
dients of GAIN. Finally, data from audio recordings of 
individual sessions and group sessions will be collected to 
check fidelity.

An overview of all measures and data sources is pro-
vided in additional files (see Additional file  1). All data 
collection and management are in compliance with Dan-
ish Data Protection Legislation and handling of data 
will be conducted according to general guidelines for 
encryption and anonymization (data handling number: 
1–16-02–69-21).

Plans to promote participant retention and complete 
follow‑up {18b}
Responses to questionnaires will be observed closely, and 
reminders are managed by the project data manager and 
a project assistant. In case of no or incomplete response 
to the questionnaires, participants will be contacted twice 
by e-mail, and lastly by telephone to collect as a mini-
mum RPQ data by an interview. Non-responders will be 
included in the analyses of registry-based outcomes (see 
the “Outcomes {12}” section and Additional file 1).

Data management {19}
Study data are collected and managed using REDCap 
electronic data capture tools hosted by Aarhus Univer-
sity [32]. REDCap (Research Electronic Data Capture) is 
a secure, web-based software platform designed to sup-
port data capture for research studies, providing (1) an 
intuitive interface for validated data capture; (2) audit 
trails for tracking data manipulation and export pro-
cedures; (3) automated export procedures for seamless 
data downloads to common statistical packages; and 
(4) procedures for data integration and interoperability 
with external sources. All questionnaires are set up using 
REDCap validation features (e.g. range checks for data 
values). The project data manager administers REDCap 
access and check data quality within the REDCap system 
during the whole project.

Confidentiality {27}
All data collection and storage are managed through sur-
veys and registration forms in REDCap, except for inter-
views which are stored in a safety box. During the whole 
project period, the data manager regularly removes RED-
cap access for users who are no longer affiliated to the 
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project and ensures that users are only granted necessary 
user rights (e.g. therapist will not have access to ques-
tionnaire data entered by the participants). Additionally, 
therapists will only be granted rights to see the partici-
pant’s personal registration number during intervention 
while the participants receive GAIN.

Data to be merged with register-based data will be 
extracted from REDCap and thereafter immediately 
uploaded to the research computers at Statistics Den-
mark using the Statistics Denmark encrypted upload 
function.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
The project does not involve biological specimens.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Analyses are handled on an intention-to-treat basis. 
The primary outcome, RPQ, is analysed by using linear 
mixed-effects models with fixed effect of intervention 
arm and time (baseline, end of treatment, and 3 months 
after end of treatment) in interaction and random effects 
of clusters and subjects within clusters. Similarly, to eval-
uate clinical significance, we calculate the relative risk in 
each intervention arm of having an RPQ total score ≥ 20 
at 3  months after end of treatment as well as the num-
ber needed to treat for prevention of one additional sub-
ject with RPQ total score ≥ 20. The secondary outcomes 
are analysed using linear mixed models similar to those 
described for the primary outcome using the second-
ary outcomes as dependent variables instead of RPQ. 
DREAM data will be analysed with time-to-event analy-
sis and logistic regression.

Interim analyses {21b}
The project does not involve interim analysis because the 
time schedule and design are fixed and end when the fifth 
cluster finishes GAIN at the end of the project period.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Both primary and secondary outcomes are analysed in 
crude and adjusted models including age, sex, previous 
mental health issues (no/yes), and recruitment (GP/hos-
pital registry in Central Denmark Region).

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Additionally, per-protocol analysis for completers defined 
as participants who received one or more group sessions 

and at least one individual session is performed. No fur-
ther methods will be used to handle missing data.

Plans to give access to the full protocol, participant 
level‑data and statistical code {31c}
The data utilised in the current study is defined as sen-
sitive personal data. The data cannot be shared publicly 
due to existing data protection laws in Denmark imposed 
by the Danish Data Protection Agency. The access may 
be granted on anonymised data and case-by-case basis 
by approval from the project group who has the legal 
responsibility as owner and data manager. Access will 
be granted to the extent permissible by the General 
Data Protection Regulation and the Danish Data Pro-
tection Act. In this case, the principal investigator (Jør-
gen Feldbæk Nielsen, e-mail: joerniel@rm.dk) will make 
data available for the investigator through his affiliated 
research institution in Denmark with approved authority 
to access the data. The General Data Protection Regula-
tion and the Danish Data Protection Act and regulations 
prohibit all other forms of data sharing.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The project organisation is composed by a directing com-
mittee meeting every third month (including the princi-
pal investigators PI, JN, and EN and three representatives 
of the Central Denmark Region), five municipal leaders 
each responsible of one of the five clusters, researchers 
(research group and the PIs), a research support group 
(including project assistant and communication worker) 
and an international expert panel. See Additional file  2 
for an overview.

The directing committee and municipal cluster leaders 
are responsible for the risk management throughout the 
project and for ensuring the successful delivery of GAIN 
2.0 in the municipalities. The research group will perform 
the recruitment, the clinical assessment, the education in 
GAIN for therapists in each of the clusters, and the daily 
data management; they meet once every month. The 
municipal leaders (leaders of each of the five clusters) are 
responsible for providing therapists and local facilities for 
delivering GAIN to participants. Challenges and reflec-
tions of the process are shared with the international 
expert panel on meetings scheduled every fifth month.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
Data monitoring committee is not included in the trial as 
sponsors are not involved in the study design, data col-
lection or analysis and data are collected using public 
administered systems (REDCap and Statistics Denmark).
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Adverse event reporting and harms {22}
Potential adverse events may actively be addressed 
through the survey after end of treatment and at 
3 months end of treatment or passively through the inter-
vention period if experienced by the therapists. Adverse 
events during the intervention are additionally registered 
by the municipal therapists.

Frequency and plans for auditing trial conduct {23}
Digital voice recordings are performed in group sessions 
and individual sessions throughout the trial to assess 
fidelity and adherence to the study protocol after obtain-
ing participants’ written consent for the recordings. After 
completion of the trial, 10% of the recordings are ran-
domly selected from the group sessions and the individ-
ual sessions and checked by independent assessors with 
regard to adherence to the GAIN protocol. Furthermore, 
adherence to the treatment manual is monitored by the 
two neuropsychologists who provide weekly supervision 
to therapists delivering GAIN through out the study.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical 
committees) {25}
Any amendments to the protocol having a possible 
impact on outcome are registered to relevant registries 
or regulators, i.e. clinical trials, ethics committee in the 
Central Denmark Region, and record of processing activ-
ities including the General Data Protection Regulation. 
For details on the approved main protocol for the ethics 
committee; see Additional files 3 and 4.

Dissemination plans {31a}
The scientific dissemination will be performed by pub-
lishing results in international peer-reviewed scientific 
journals. The intention is to publish positive as well as 
negative or inconclusive results that will add to the sci-
entific knowledge concerning the treatment of people 
with persistent PCS. Furthermore, results will be pre-
sented at national and international conferences. By 
the end of the study period, we will host a final seminar 
to enable the transfer of knowledge to municipalities 
nationally and patient organisations. In collaboration 
with the press offices at HNC and in the municipalities, 
we plan to execute a media strategy, including dissemi-
nation of results through social media, webpages, press 
releases, and feature articles. Furthermore, we aim at 
publishing popular featured articles in relevant Danish 
professional magazines. The aim is to inform the pub-
lic, including people having had a concussion and rela-
tives, health care professionals (e.g. therapists, medical 
doctors and other medical or social welfare staff), and to 

reach out for the policy makers outside the participat-
ing region and municipalities. In all parts of communi-
cation, dissemination and outreach, “Sygeforsikringen 
danmark” will be acknowledged and mentioned as a 
funder of the trial.

Discussion
At present, a limited number of people with persistent 
PCS in Denmark are offered treatment and the available 
interventions are very heterogenic. There is an increased 
consensus that persistent PCS is best understood in 
terms of a multifactorial bio-psycho-social model [7] but 
standardised interdisciplinary interventions are lacking. 
The present study tests the effectiveness of the originally 
hospital-based GAIN intervention developed by Thastum 
et al. [15] in a municipality setting. The study involves a 
realistic and pragmatic setup of the intervention close to 
participants’ homes.

The present study has some limitations. First, blind-
ing of the clinicians providing the intervention is not 
possible. This is a general and well-known problem 
in trials of behavioural interventions. Another chal-
lenge is to ensure fidelity to the treatment manual in 
a new and larger group of therapists. To ensure fidel-
ity, an educational programme in GAIN to train new 
therapists was developed and piloted in a municipality 
outside the Central Denmark Region before the study 
commenced. Furthermore, two neuropsychologists 
with special knowledge of concussion and persistent 
PCS, cognitive behavioural therapy, and graded return 
to activities, are in charge of all group sessions and pro-
vide weekly supervision to therapists throughout the 
intervention period to ensure quality and fidelity. One 
of the neuropsychologists (MMT) was directly involved 
in the development of GAIN and was part of the inter-
disciplinary intervention team in GAIN 1.0. Another 
limitation is, that the five clusters (consisting of the 17 
municipalities) participating in the trial have differ-
ent approaches to usual care for people with persistent 
PCS, and some municipalities may offer more to partic-
ipants allocated to EUC than others. This may reduce 
the estimated treatment effect of GAIN. Further selec-
tion bias may be an issue if proper randomisation of 
the five health clusters is not achieved. This will how-
ever be accounted for in the data analysis. Expectation 
bias may also affect both the intervention group and 
the control group in respectively positive and negative 
directions. The clinical assessment and advice at base-
line may however partly adjust for the negative effect in 
the control group.

Finally, as the group sessions are a vital part in 
the GAIN programme, it is necessary to accept a 
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recruitment period of 3 months to be able to include a 
group of four to nine persons in each intervention group 
resulting in a waiting period of up to 3  months before 
beginning the intervention in the EUC + GAIN group. 
Therefore, participants in the EUC-only group may on 
average receive usual care earlier after injury than the 
EUC + GAIN group receive the GAIN intervention 
which could reduce the estimated effect of the GAIN 
programme.

In contrast to the hospital-based intervention in GAIN 
1.0, a strength of GAIN 2.0 is that the intervention is 
delivered in a municipality setting close to the home of 
possible participants, and it is delivered by therapists 
employed in the municipalities where this population is 
normally treated. The municipalities may be a more fea-
sible intervention setting in the future, demanding less 
transportation for participants and enabling a closer col-
laboration between therapists and social services in the 
municipalities.

Furthermore, in GAIN 2.0, the upper limit of 60 years 
is broader than the upper limit of 30 years of age applied 
in GAIN 1.0, and the result may therefore be more 
generalizable.

Another strength is the use of reliable and valid out-
come measures based on self-reported surveys not 
administered by persons involved in the intervention. 
Moreover, predefined outcomes and trial registration 
before the beginning of the trial minimise the risk of 
bias.

A final strength may be the holistic and empower-
ing nature of the GAIN programme in contrast to single 
symptom or passive treatment strategies.

In conclusion, this trial will provide important infor-
mation on the interdisciplinary developed GAIN pro-
gramme and its effectiveness in a municipality setting. 
If the programme is successful, it will improve and guide 
future directions for early treatment of people with 
persistent PCS facilitate wider uptake of GAIN, and 
thereby reduce personal and economic consequences of 
concussion.

Trial status
This is the first version of the protocol dated 30.04.2022. 
Enrolment of participants began in May 2021 and 
recruitment will end by November 2022.
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