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post-concussion symptoms
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Abstract 

Background: Up to 25% of concussed individuals experience persistent post-concussion symptoms (PPCSs) which 
may interfere with the return to pre-injury activities and cause significant stress. Given that multiple etiological factors 
are thought to contribute to PPCSs, an interdisciplinary approach is recommended. This pilot study aims to primarily 
investigate the feasibility of a novel interdisciplinary treatment for PPCSs. Given this intervention is novel, uncertainty 
exists in terms of potential recruitment and retention rates, adverse events, and treatment adherence and fidelity. 
These factors will be explored to inform the feasibility of a phase-2 randomised controlled trial. Preliminary efficacy of 
this intervention will also be explored.

Methods: Fifteen individuals with mild traumatic brain injury and PPCSs will receive up to 12 weeks of interdiscipli-
nary treatments including psychology, physiotherapy, and medical interventions. Primary feasibility outcomes includ-
ing data on recruitment and retention rates and treatment adherence will be explored descriptively. The cognitive 
therapy rating scale will be used to assess treatment fidelity. A single-case series with multiple baseline design will 
be used to explore preliminary efficacy. Participants will be randomly assigned to baseline phases of 2, 4, or 6 weeks. 
Regarding patient-centred secondary outcomes, the Rivermead Post-Concussion Symptoms Questionnaire will be 
assessed three times a week during baseline and treatment phases. Secondary outcomes also include measures of 
mood, sleep and fatigue, physical functioning, return to activity, and health-related quality of life. Patient-centred 
outcomes will be assessed at baseline, pretreatment, post-treatment, and one- and three-month follow-up. Thematic 
analysis of participant experiences will be explored through qualitative interviews.
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Introduction
Concussion/mild traumatic brain injury (mTBI) is the 
most prevalent form of traumatic brain injury (TBI), con-
stituting 75–90% of all TBIs [27. , 53. , 59. ], with 1.6–3.8 
million sport- and recreation-related concussions occur-
ring annually in the USA alone [53. ]. There is limited 
literature on the incidence of concussion in Australia, 
although some have estimated that 170,000 concussions 
are sustained annually in Australia [108. ]. Concussion 
is defined by the World Health Organization and the 
American Congress of Rehabilitation Medicine as an 
acute brain injury that results from biomechanical forces 
(i.e. linear and rotational accelerations) to the head that 
causes functional disturbance within the brain. Common 
concussion symptoms include headaches, dizziness, nau-
sea [28. , 43. , 58. , 83. ], sleep disturbance [48. ], fatigue 
[74. , 75. ], forgetfulness, poor concentration [6. ], irrita-
bility, anxiety, and depression [6. ].

Biomechanical forces of linear and rotational accel-
eration and deceleration have been identified as mecha-
nisms underlying concussion [87. ]. These forces shift 
the brain within the skull and may result in a cascade of 
functional disturbances [31. ], inducing vestibular, oculo-
motor, autonomic, cognitive, and behavioural sequelae, 
collectively known as post-concussion symptoms [72. 
]. Concussion sequelae are highly heterogeneous across 
individuals and may result in varying functional impair-
ment and trajectories of recovery [20. ].

In adults, post-concussion symptoms generally resolve 
within 7–10 days [63. , 74. ]; however, up to 25% of con-
cussed individuals experience delayed recovery which 
may interfere with the return to pre-injury activities (e.g. 
work, education, sport) and cause significant stress for 
months and sometimes years after injury [1. , 16. , 17. , 
38. , 82. , 88. ]. Persistent post-concussion symptoms 
(PPCSs) have been described as the persistence of symp-
toms beyond the expected timeframe of recovery (i.e. > 
4 weeks; [35. ]). PPCSs are thought to reflect a range of 
factors beyond the original injury to the brain including 
stress and anxiety [14. , 96. , 98. ] and physical factors 
such as concomitant injury to the neck and visual and/
or balance systems [44. , 61. ]. Predictors of PPCS include 

premorbid factors such as previous loss of consciousness 
(LOC) and pre-injury psychological problems [76. ], with 
the latter often identified as the strongest predictor of 
outcome [80. , 107. , 111. ]. The presence of anxiety and 
depressive symptoms post-concussion is associated with 
the persistence of concussion symptoms more generally 
[39. , 74. , 75. , 114. ], as are coping styles, stress levels, 
and expectations of poor recovery [71. , 112. ]. Being a 
student, female sex, and older age and being injured in 
a motor vehicle accident have also been associated with 
poor recovery [23. , 77. , 98. ].

Research into treatments for PPCSs has primarily 
focussed on single discipline treatments targeting a sin-
gle proposed mechanism (e.g. psychological, autonomic, 
vestibular). Psychoeducation interventions alone dem-
onstrate limited efficacy in reducing concussion symp-
toms [106. ] and therefore may not be a panacea for 
concussion [97. ]. Given anxiety has been implicated in 
the maintenance of PPCSs, psychological interventions 
such as cognitive-behavioural therapy (CBT) represent 
a promising approach for the management of PPCSs [8. 
]. Individualised CBT programmes for PPCSs have dem-
onstrated efficacy in improving psychological distress 
[78. , 90. ] and quality of life [47. ] and reducing PPCSs 
[90. , 99. ]. Physiotherapy treatments including manual 
therapy (e.g. manipulation or stabilisation of the neck 
using hands rather than machines) [32. , 41. , 84. , 110. ], 
vestibular rehabilitation [9. , 36. , 37. , 94. ], oculomotor 
system interventions [19. , 91. , 92. ], and sub-symptom 
exercise therapy [30. , 54. , 55. ] have demonstrated effi-
cacy in reducing impairment in their respective domains. 
In addition to psychological and physiotherapy manage-
ment post-concussion, medical management may also 
be indicated [119. ], including prescribing pharmacology 
for the management of concussion sequelae such as post-
traumatic headache [24. , 51. ].

Although there is evidence to support the efficacy of 
individual interventions in reducing PPCSs, accessing 
single-profession treatment is potentially limiting given 
that multiple etiological factors are often contributing to 
persisting post-concussion symptoms. It contrasts with 
clinical guidelines which emphasise a multidisciplinary 

Discussion: Results from this trial will inform the feasibility and preliminary efficacy of this interdisciplinary concus-
sion intervention and whether proceeding to a future definitive phase-2 randomised controlled trial is worthwhile. 
Understanding the end-user perspective of the treatment will also enable modifications to the treatment protocol 
for future trials to best suit the needs of individuals with PPCSs after mTBI. Outcomes from this trial can be directly 
translated into community rehabilitation programmes.
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approach to concussion management [26. , 60. , 61. ]. 
Specialised concussion services generally include a range 
of disciplines, primarily neuropsychology, physiotherapy, 
and medicine [3. , 4. , 119. ]. There is some evidence sup-
porting the efficacy of multidisciplinary care models for 
PPCSs in military personnel [15. ] and adolescent [3. , 62. 
] samples. There is also some evidence supporting inter-
disciplinary treatment of PPCSs in civilian adults [89. ]. 
Using a randomised clinical trial, Rytter et al. [89. ] dem-
onstrated that a 22-week interdisciplinary programme 
with modules of psychoeducation and return to work 
delivered by a team comprised of neuropsychologists 
and physiotherapists and resulted in reductions in PPCSs 
immediately after treatment, with the maintenance of 
gains demonstrated at 6-month follow-up. They also 
found that reduction in PPCSs correlated with improved 
social functioning, increased activity and life satisfaction, 
and reduction in fatigue [89. ]. These findings demon-
strate the potential utility of a collaborative and coordi-
nated team-based approach to concussion management. 
Almost 20% of participants in this trial, however, were 
lost to follow-up and resulted in missing data for post-
treatment and follow-up assessments [89. ]. This find-
ing raises important practical concerns with regard to 
recruitment and the potential difficulty of retaining par-
ticipants in a randomised treatment trial.

It is clear that further scientifically rigorous work in 
this area is warranted to evaluate the feasibility and effi-
cacy of interdisciplinary interventions, evaluate dosage, 
and identify factors that contribute to the effectiveness 
of such interventions. There is also a need to control 
for the effects of spontaneous recovery when evaluat-
ing the potential efficacy of treatments for concussion. 
Research trials may address this by establishing baseline 
rates of symptoms over time before the introduction of 
treatments. This pilot study, using a single-case series 
design with multiple baselines, therefore aims to pilot 
and conduct a preliminary evaluation of an interdiscipli-
nary intervention that incorporates expertise from neu-
ropsychology, physiotherapy, and medicine to target the 
primary factors thought to contribute to PPCSs. Using a 
single-case series experimental design principally enables 
the examination of the appropriateness of the trial design 
(e.g. choice of outcome and measurement, recruitment 
protocol, adherence to treatment manual) to inform the 
design of a subsequent definitive randomised controlled 
trial as well as enabling the evaluation of preliminary effi-
cacy of this novel treatment.

Objectives
This study aims to investigate the feasibility and pre-
liminary efficacy of interdisciplinary treatment for 

reducing post-concussion symptoms beyond 4-weeks 
post-injury. The primary objectives of the trial were as 
follows:

1. To evaluate the recruitment strategy and its effective-
ness and whether eligibility criteria are too broad or 
strict

2. To quantify participant retention rates post-treat-
ment and at 1- and 3-month follow-up timepoints

3. To examine therapist compliance to the manualised 
treatment protocol

4. To examine if the trial and/or treatments result in 
adverse effects

Secondary objectives are as follows:

1. To evaluate in a case series the preliminary efficacy of 
a pilot interdisciplinary intervention including neu-
ropsychology, physiotherapy, and medical treatment 
in reducing post-concussion symptoms

2. To evaluate whether the treatment improves second-
ary patient-centred outcomes including goal attain-
ment, mood, sleep and fatigue, physical functioning, 
return to activity, and health-related quality of life

3. To qualitatively explore the end-user perspective and 
acceptability of the treatment to facilitate modifica-
tions to the treatment protocol for future trials

Methods
Study design
The study will use a single-case series with nonconcur-
rent multiple baseline A-B design across subjects with 
1- and 3-month follow-up post-treatment to exam-
ine treatment efficacy and maintenance of gains. The 
current multiple baseline design will have three tiers, 
with participants randomly assigned to one of three 
baselines (2, 4, or 6 weeks) to maximise experimental 
control [104. ]. The trial will be run as five three-tiered 
trials to enable replication of trials for the evaluation of 
external validity [104. ]. The risk of bias in N of 1 trials 
scale (ROBiNT) and the single-case reporting guideline 
in behavioural interventions (SCRIBE) will be used to 
ensure methodological rigour and reporting [102. , 103. 
]. Individual and group level data from the single-case 
studies will be used to examine the feasibility of the 
intervention to inform the trial design of a phase 2 ran-
domised controlled trial.

We will also explore participant experiences of the 
intervention using semi-structured interviews and ana-
lyse this data using thematic analysis.
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Study setting
This study will be conducted across three Melbourne-
based community health centres with specialist services 
in concussion management.

Participants
Participants will be 15 individuals aged between 16 and 
70 with concussion classified as having a mild trau-
matic brain injury — Glasgow Coma Scale (GCS) score 
between 13 and 15, less than 30 min of loss of conscious-
ness, less than 24 h of post-traumatic amnesia (PTA), and 
have persisting post-concussion symptoms (> 3 post-con-
cussion symptoms rated 2 or above persisting for at least 
1 month) [105. ] as indicated on the Rivermead Post-
Concussion Symptoms Questionnaire (RPQ). Individu-
als must be at least 4 weeks post-injury but less than 12 
months post-injury to ensure that symptoms are current 
and persistent [109. ]. Participants will also have suffi-
cient proficiency in English to participate in the research 
assessments and treatment.

Exclusion criteria include moderate-severe TBI as 
indicated by GCS < 13, PTA > 24 h, positive findings on 
imaging, an acute psychiatric condition requiring inter-
vention, significant neurological history, active substance 
abuse, significant medical history that would prevent 
completion of research assessment and/or treatments, 
and if they are having other concurrent treatment for 
concussion symptoms.

Sample size was determined based on current recom-
mendations for single-case series methodology [49. , 104. 
]. For multiple baseline designs to meet evidence stand-
ards, each phase (e.g. A — baseline or B — intervention) 
needs to have at least five data points. Furthermore, there 
needs to be at least six phases (three A-B tiers) in order 
to provide three replications of the experimental effect. 
Given these design standards, which suggest sample sizes 
in multiples of three, 15 participants will result in five 
replications of the three-tiered multiple baseline design, 
allowing for the evaluation of external validity [104. ].

Recruitment
Participants endorsing PPCSs may be referred to the 
study by (a) the researchers through public advertise-
ments or (b) clinicians through the three community 
health centres.

The potential participant will subsequently be screened 
by the research coordinator regarding the post-con-
cussion symptoms they are experiencing and invited to 
participate in the research project if they satisfy selec-
tion criteria on the RPQ and do not meet the exclusion 
criteria. A record will be kept of the reason for declin-
ing to participate in the trial. Treatment as usual at the 

respective clinical services will be offered to those who 
decline to participate in the research trial if deemed 
appropriate. The nature of this treatment will be 
recorded.

Suitable participants will then meet with the research 
coordinator to complete written consent (see Addi-
tional file 1 for informed consent materials) and baseline 
measures. Demographic details (age, years of education, 
marital status, living situation, pre-injury, and current 
employment/study status), neurological history, drug 
and alcohol history, and current medications will be 
documented. Medical details including date and cause 
of injury, GCS scores, PTA duration, and routine clinical 
imaging findings as documented in medical files will also 
be obtained where available.

Randomisation
A block randomisation method will be used to randomise 
participants into baseline duration phases of 2, 4, or 6 
weeks. The following website will be used to facilitate 
randomisation https:// www. random. org/ lists/. Allocation 
concealment will be ensured by an independent research 
assistant to ensure that the research and treatment teams 
are adequately blinded to baseline phase duration. Allo-
cation into baseline phases will be communicated to 
participants after all baseline (T1) measures have been 
completed.

Outcome measures
Primary outcomes
Primary outcomes pertained to the feasibility of the trial 
and included measures of recruitment and retention 
rates, compliance to the manualised treatment protocol, 
and the presence of adverse events.

The number of participants referred to the trial and 
assessed for eligibility will be reported with reasons for 
exclusion documented. The total number of partici-
pants randomised will also be documented. Percentage 
of participants who completed post-treatment, 1-month 
follow-up, and 3-month follow-up assessments will also 
be reported with reasons for lost to follow-up also docu-
mented. Any adverse events occurring in the trial will be 
documented and described.

Compliance with the manualised treatment protocol 
will be assessed in terms of adherence and competency. 
Treatment adherence is operationalised as the extent of 
therapist adherence to the treatment protocol measured 
on a 7-point Likert scale where 1 represents “unaccepta-
ble” and 7 represents “excellent” adherence. Treatment 
competency will be assessed using the Cognitive Ther-
apy Rating Scale (CTRS; [118. ]) and will reflect the 
extent to which the therapist implemented the interven-
tions in a skilful manner. For physiotherapy and medical 

https://www.random.org/lists/
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treatments, fidelity will be assessed by auditing clinical 
notes and evaluating whether the treatment modules 
have been completed.

Secondary patient‑centred outcomes
Compliance with patient-centred outcomes will be 
assessed in terms of completion rates. The main patient-
centred outcome measure will be post-concussion symp-
toms from the RPQ [45. ]. The RPQ assesses the severity 
of symptoms experienced after concussion with items 
categorised as physical symptoms (headaches, dizzi-
ness, nausea/vomiting, sleep disturbance, noise and light 
sensitivity, blurred vision, and double vision), cognitive 
symptoms (forgetfulness, poor concentration, slowed 
thinking), and behavioural symptoms (fatigue, irritabil-
ity, tearfulness/depression, impatience, and restlessness). 
Comprised of 16, 5-point Likert-type items, partici-
pants will be asked to rate symptoms on a scale of 0 = 
“not experienced at all” to 4 = “a severe problem”. Higher 
scores on the RPQ indicate greater severity of post-con-
cussion symptoms. As recommended by King et al. [45. 
], RPQ items will be summed with ratings of 1 scored as 
0 (as this response indicates that the symptom is expe-
rienced but is “no more of a problem than before the 
injury”), with total scores ranging from 0 to 64. There is 
evidence to suggest a unidimensional construct of symp-
toms, suggesting reliable calculation of total RPQ scores 
[5. ]. The RPQ demonstrates good test-retest and inter-
rater reliability [45. ].

Other patient-centred outcomes of interest include 
measures of fatigue, sleep, health-related quality of life, 
depression, anxiety, and stress symptoms, vestibular, 
physiological, and cervical functioning, and postural 
stability. These outcomes will be assessed using ques-
tionnaires and physiotherapy outcome measures as sum-
marised in Table 1.

As part of the intervention, participants will work with 
the clinician to develop treatment goals. These goals will 
be assessed and monitored using goal attainment scal-
ing (GAS; [46. ]). GAS goals provide an opportunity for 
person-centred and participant-generated outcome and 
is a method of qualitatively evaluating the extent to which 
a participant’s personalised goals of return to activity are 
attained during the course of the intervention. Setting GAS 
goals with individuals with acquired brain injury has been 
demonstrated to be feasible [10. ]. GAS is a valid measure 
for use in rehabilitation with good sensitivity to change 
[40. ]. Goal attainment is scored on a 5-point scale with 0 
representing that the goal was achieved as expected. Posi-
tive scores indicate that participants achieved more than 
expected with +1 indicating the goal was achieved “some-
what more” than expected and +2 indicating “much more” 
than expected. Negative scores indicate that participants 

achieved less than expected, with −1 and −2 representing 
“somewhat less” and “much less”, respectively.

Additional baseline cognitive measures
To characterise baseline cognitive functioning of the sam-
ple to inform their treatment, participants will complete a 
brief neuropsychological assessment with a research assis-
tant (summarised in Table 1).

Assessment timepoints
Post-allocation, participants will be seen across five time-
points where they will be asked to complete secondary 
patient-centred outcomes. See below summary of the 
assessment timepoints and Table 2 for participant schedule 
adapted from the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) recommendations 
[18. ]. We have also included a visual representation of 
this as Fig. 1. See Additional file 2 for SPIRIT checklist. To 
improve participant retention at post-treatment follow-up 
timepoints, participants will be reminded of the follow-up 
appointments by their treating clinicians toward the end of 
the treatment phase. To promote engagement at 1-month 
follow-up, participants will be reimbursed with a AU $50 
gift card for completing an interview at 1-month follow-up. 
To limit attrition, the 3-month follow-up was designed to 
be less onerous for participants.

T1: Start of baseline (1‑day before 2, 4, or 6 weeks of baseline 
phase)
At baseline assessment, participants will complete the RPQ 
and secondary outcome questionnaires online using RED-
Cap with a research assistant present to answer any queries 
the participant may have. They will also complete the neu-
ropsychological assessment measures and physiotherapy 
outcome measures on this occasion.

Baseline phase Once randomised and informed of 
length of baseline phase, participants will complete the 
RPQ three times a week on a Monday, Wednesday, and 
Friday. They will receive the RPQ as a REDCap link via 
email at 8:00 am and will receive a reminder email at 5:30 
pm on the same day if they have not completed the RPQ. 
If participants do not complete the RPQ after the email 
reminder, they will be sent a follow-up text message 
reminder at 8:00 pm. If no response is made after the 8:00 
pm reminder, this data point will be noted as incomplete.

T2: End of baseline (within 1 week of completing the baseline 
phase)
Participants will receive a REDCap link and will be 
asked to complete the questionnaires at the end of their 
baseline phase. They will also complete physiotherapy 
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outcome measures at this time in an appointment at the 
clinic with research physiotherapists (i.e. those therapists 
collecting outcome measures are not the same as those 
providing treatment).

Intervention phase As in the baseline phase, par-
ticipants will complete the RPQ three times a week on 

Monday, Wednesday, and Friday and will be provided 
with reminders as outlined above.

T3: Post‑intervention (within 1‑week post‑intervention)
As in the T2 assessment, participants will receive a RED-
Cap link to complete questionnaires. They will also see a 

Table 1 Secondary patient-centred outcome measures

Questionnaires
 Brief Fatigue Inventory (BFI) [64. ] A 9-item fatigue scale to assess the severity and impact of fatigue on daily functioning 

in the past 24 h. The BFI has demonstrated reliable change after CBT for sleep distur-
bance and fatigue after TBI [67. ]

 Fatigue Severity Scale (FSS) [50. ] A 9-item general fatigue scale to assess behavioural consequences and impact of 
fatigue on daily functioning with demonstrated sensitivity to fatigue after TBI [120. ]

 Insomnia Severity Index (ISI) [65. ] A 7-item self-report questionnaire to assess the nature, severity, and impact of insom-
nia. The ISI has been used to evaluate CBT-I in adolescents with PPCSs, demonstrating 
clinically significant changes post treatment and at 4-week follow-up [109. ]

 SF-36 Health Survey (SF-36) [115. ] Measures the impact of the injury on the individual’s lifestyle from the perspective of 
the injured person. Widely used in TBI literature [73. ], the SF-36 has been validated in 
TBI samples and has shown good internal consistency [22. , 33. ]

 Depression Anxiety and Stress Scales-21 (DASS-21) 
[57. ]

Measures symptoms of depression, anxiety, and stress experienced by the individual 
over the past week. The DASS-21 demonstrates very good internal consistency in TBI 
samples with the use of the Lovibond [57. ] 3-factor model validated in TBI rehabilita-
tion [81. ]

 Brief Illness Perceptions Questionnaire (IPQ-B) [13. ] An eight-item measure of an individual’s cognitive perception of their illness, rated 
on an ordinal scale (0–10). Scores range from 0–80 with higher scores reflecting more 
negative perceptions of illness

Physiotherapy outcome measures
 Vestibular/ocular motor screen (VOMS) [66. ] A screening tool developed to detect the signs and symptoms of concussion, testing 

for five areas of vestibular and ocular motor impairment including smooth pursuits, 
saccadic or rapid eye movements, near point of convergence, vestibular ocular reflex, 
and visual motor sensitivity. The VOMS demonstrates excellent internal consistency and 
sensitivity in identifying individuals with mTBI [66. ], with positive VOMS performances 
associated with delayed recovery [2. ]

 Balance Error Scoring System (BESS) [34. ] An objective measure of static postural stability. The BESS has demonstrated high reli-
ability in samples of individuals with PPCSs [21. ]

 Buffalo Concussion Treadmill Test (BCTT) [54. ] Safe and validated test to monitor symptoms and physiological responses to graded 
exercise demands after mTBI [56. ]

 Flexion/rotation test of the cervical spine [85. ] Tests the integrity and range of the upper cervical spine. In this test, the cervical spine 
is fully flexed, to isolate movement to C1-C2, which has a unique ability to rotate in 
flexion. The procedure has high sensitivity and specificity to detect the presence or 
absence of cervical joint dysfunction in neck pain and headache patients [95. ]

 Smooth pursuit neck torsion test (SPNTT) [85. ] A test for identifying cervical pathology through dizziness and altered ocular move-
ments with the neck in a position of torsion vs a midline position. Sensitive in whiplash 
injuries

Neuropsychological assessment measures
 Test of premorbid functioning (TOPF; [117. ]) Measures premorbid intellectual ability

 Oral Symbol Digit Modalities Test (Oral SDMT; [100. ]) Assesses information processing speed. The oral version was chosen over the pencil-
and-paper version to suit telehealth administration if required during the COVID-19 
pandemic

 WAIS-IV Digit Span Forward [116. ] Assesses basic verbal attentional capacity

 WAIS-IV Digit Span Backward [116. ] Assesses working memory

 Oral Trail Making Test Ricker and Axelrod [86. ] Assesses information processing speed and divided attention. The oral version was 
chosen over the pencil-and-paper version to suit telehealth administration if required 
during the COVID-19 pandemic

 Rey Auditory Verbal Learning Test (RAVLT; [93. ]) A measure of verbal learning and memory
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research physiotherapist at this time to complete second-
ary outcome measures.

T4: 1‑month post‑treatment follow‑up
As in the T2 and T3 assessments, participants will com-
plete questionnaires online and physiotherapy outcome 
measures with a research physiotherapist. To elicit par-
ticipant experiences of their persistent post-concussion 
symptoms and of the interdisciplinary intervention, 
semi-structured interviews will be conducted.

T5: 3‑month post‑treatment follow‑up
Participants will be sent a REDCap link and asked to 
complete the RPQ.

Assessment and treatment standardisation
Baseline neuropsychological assessment will be com-
pleted by a trained neuropsychology PhD student using 

standardised administration and instructions. At all 
timepoints, questionnaires will be completed online 
using a REDCap survey. Physiotherapy measures will 
be completed in person with a trained physiotherapist 
using established protocols for each outcome measure to 
ensure standardised assessment.

Psychology treatments will be delivered by registered 
psychologists with skills in CBT and knowledge of con-
cussion and will complete regular supervision from 
authors experienced in the treatment (AM, CW, JP). 
Adherence to the treatment manual and competency in 
CBT will be assessed and reported. Physiotherapy treat-
ments will be administered by physiotherapists who work 
in the neurological and vestibular population and are 
trained in concussion management. They will be over-
seen with regular supervision by an author (KD) with 
experience in concussion management. Medical treat-
ments will be delivered by a team of medical practitioners 

Table 2 Schedule of enrolment, interventions, and assessments

a −t1 enrolment, t1 baseline assessment, BL baseline phase (of either 2, 4, or 6 weeks), t2 end of baseline assessment, Tx treatment phase, t3 post-treatment assessment, 
t4 1-month post-treatment follow-up, t5 3-month post-treatment follow-up

Study period

Enrolment Allocation Post-allocation

Timepointa ‑t1 t1 BL t2 Tx t3 t4 t5

Enrolment
 Eligibility screen and 
demographics interview

X

 Informed consent X

 Allocation X

Interventions
 i‑RECOveR X

Assessments
 RPQ X X X X X X X

 BFI X X X X

 FSS X X X X

 ISI X X X X

 SF‑36 X X X X

 DASS‑21 X X X X

 IPQ‑B X X X X

 WAIS‑IV DSF, DSB X

 RAVLT X

 ORAL SDMT X

 ORAL TMT—A and B X

 TOPF X

 VOMS X X X X

 SPNTT X X X X

 Flexion rotation X X X X

 BESS X X X X

 BCTT X X X X

 Qualitative interview X
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working with established clinic protocols and evidence-
based treatments for concussion.

Blinding
To ensure that the research and treatment teams are 
adequately blinded to baseline phase duration of each 
participant, an independent research assistant will coor-
dinate all research assessment and treatment assessment 
appointments beyond the initial baseline assessment. 
The research coordinator will complete recruitment and 
screening interviews with potential participants and then 
organise neuropsychology and physiotherapy baseline 
assessments, communicating these dates to an independ-
ent research assistant. This research assistant will then 
inform participants of their baseline phase duration at 
the completion of all baseline assessments. They will also 
coordinate end of baseline phase assessments and treat-
ment appointments without disclosing baseline phase 
duration to treating clinicians. Baseline neuropsychologi-
cal assessments will be conducted by the research coor-
dinator and not the treating neuropsychologist. Likewise, 
there will be separate physiotherapists for research 

assessments (research physiotherapists) and for the pro-
vision of treatment (treating physiotherapist). At the end 
of the trial, given the nature of the single-case series data 
analysis, the trial coordinator and lead author (JN) will be 
unblinded to conduct statistical analyses.

Interdisciplinary treatment programme
The i-RECOveR treatment manual was developed by the 
investigators in 2020 through consultations with col-
laborators from the three Melbourne-based community 
health centres. This treatment programme includes indi-
vidualised and coordinated psychology, physiotherapy, 
and medical interventions.

All participants will have an initial consultation with 
a neuropsychologist, physiotherapist, and sports medi-
cine physician. In these consultations, the clinicians will 
obtain a history from the participant and, through inter-
view, establish the participant’s presenting complaints. 
Following these consultations, the clinicians will meet 
via case conference to triage the participant’s treatment 
needs, establish GAS goals, and develop a treatment 
plan for the participant. As part of our interdisciplinary 

Fig. 1 Schedule of study assessments
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intervention, participants with PPCSs will be offered 
eight sessions each of psychological and physiotherapy 
treatment and medical management over 12 weeks as 
required based on the initial consultations (Fig. 2).

The minimum intervention required to qualify as hav-
ing received interdisciplinary treatment is attendance at 
all initial consultations with the three treating clinicians. 
Ongoing management (up to eight sessions of physi-
otherapy, up to eight sessions of psychology, medical 
management as needed) will differ across participants 
depending on clinical needs and will be documented. All 
treatments offered and received will be documented.

Psychological intervention
As part of the intervention, participants will attend an 
initial consultation with a psychologist. The psycholo-
gist will refine case understanding and formulation, 
provide psychoeducation on concussion, and discuss 
treatment structure. The psychological intervention will 
be oriented toward a cognitive-behavioural framework as 
described by Beck [7. ] and will be adapted from previ-
ous manuals developed by Ferguson and Mittenberg [29. 
] and Silverberg et al. [99. ] and comprises the following 
components: goal setting, psychoeducation regarding 
concussion and recovery, activity scheduling, addressing 
beliefs and expectations, anxiety management training, 
and sleep intervention.

Physiotherapy intervention
Participants will also attend an initial consultation with 
a physiotherapist where they will receive a full impair-
ment-based assessment of the visual, vestibular, and 
cervical system based on their history and subjective 

presentation. Based on this initial assessment, the physi-
otherapist will develop an individualised treatment plan 
for the patient depending on cervical, vestibular, ocular, 
and physiological outcome measures (described below). 
Participants will also receive education on the physical 
presentation of concussion and an educational handout. 
Up to eight sessions of physiotherapy treatment, which 
includes movement and exercise, manual therapy, edu-
cation, and advice regarding physiological changes after 
concussion, will be offered. Treatment will target the vis-
ual, balance, neck, and autonomic systems and primarily 
consist of exercises which improve and resolve symp-
toms. The physiotherapist will track progress over time to 
evaluate participant response to treatment and adjust the 
treatment plan if required.

Medical intervention
In addition to psychology and physiotherapy interven-
tions, medical management will be provided to par-
ticipants. Participants will attend an initial consultation 
with a physician. The physician will collect a detailed 
history of the concussion, any past history (including 
number, recency, and duration of symptoms), and the 
presence of any concussion modifiers (i.e. predictors of 
prolonged symptoms such as learning difficulties, history 
of migraine, mood disorder) [42. ]. This assessment will 
also involve assessment of post-concussion symptoms 
and neurological examination. Medical treatment will be 
directed at the domains that are most commonly affected 
by concussion. Medications including simple analgesics, 
amitriptyline, anti-depressants, anti-migraine medica-
tion, and cervical spine injections may be prescribed 

Fig. 2 Concurrent interdisciplinary intervention
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depending on the clinical presentation [69. ]. Medical 
management of PPCSs will comprise ongoing consulta-
tion with the physician as required, which may include 
pharmacological management of symptoms as well as 
advice regarding return to activities (e.g. work, sport, 
school).

Adapting to telehealth during the COVID‑19 pandemic
Participants will be recruited during the COVID-19 
pandemic. The aim is for all treatment and research 
assessments to be completed face to face, but given 
the expected interruptions due to the state of Victo-
ria COVID-19 lockdowns, the following adaptions are 
designed to facilitate ongoing data collection during the 
pandemic. Baseline neuropsychological assessments (T1) 
and 1-month follow-up post-treatment interviews (T4) 
will be completed via videoconference (e.g. Zoom) dur-
ing the lockdowns which restricts travel for non-essential 
reasons. Under the state of Victoria COVID-19 lock-
down restrictions, individuals may leave their house to 
seek treatment, therefore permitting travel to complete 
i-RECOveR intervention sessions. Neuropsychology 
intervention sessions may be completed via telehealth 
using the videoconferencing platform Zoom. Physiother-
apy and medical services will remain face to face as per-
mitted. For all face-to-face appointments, treatments will 
be conducted in accordance with established COVIDSafe 
plans for each clinic.

Treatment cessation
As part of the interdisciplinary treatment programme, 
clinicians will have ongoing communication with each 
other throughout the participant’s individualised treat-
ment (communication between clinicians will be docu-
mented). Participants may be discharged from treatment 
early based on clinical opinion. They may be discharged 
from one discipline before the other (e.g. if physical issues 
resolve, they would be discharged from physiotherapy yet 
may continue psychological intervention to address per-
sisting cognitive, mood, or behavioural issues).

Relevant concomitant care and interventions
Participants may undergo concomitant care and inter-
ventions for comorbid conditions. Concomitant treat-
ments will be documented at the start of the trial. Parallel 
treatments for concussion will not be permitted during 
the trial.

Qualitative guide to explore participant experiences 
of i-RECOveR
This mixed-methods study will also qualitatively explore 
participant experiences of i-RECOveR.

Participant experience
To elicit the participant’s experience of their PPCSs and 
the intervention, the following interview guide will be 
utilised in semi-structured interviews:

1. What was your experience of the intervention?
2. What were the most helpful elements of the interven-

tion?
3. What were the least helpful elements of the interven-

tion?
4. How has the intervention changed the way you think 

about your concussion?
5. Compared to how you were before the intervention, 

what effects have you noticed on your life since com-
pleting the intervention?

6. What effects have you noticed on your primary com-
plaint (e.g. mood/cognition/headaches)?

7. Was there anything else you would like to say about 
the intervention?

Data analysis plan
Data management plan
All data will be deidentified and stored securely on RED-
Cap. Prior to the commencement of data collection, a 
REDCap database will be established. Where applicable, 
range checks for data values will be embedded into the 
database. To mitigate missing data, all items of a measure 
must have a value entered for the measure to be marked 
complete. Throughout the trial, data audits will be com-
pleted by two researchers, and all items for question-
naires will be double scored.

AIM 1: Feasibility of i‑RECOveR Data on recruitment 
and retention rates, protocol compliance, adverse events, 
treatments received, and treatment acceptability will be 
collected and analysed descriptively to inform guidelines 
for progressing the pilot trial to a larger phase 2 trial [25. 
]. Adequate completion rates (i.e., 75%), limited adverse 
events, and signs of preliminary efficacy will inform 
whether the trial will progress to a randomised con-
trolled design.

Treatment fidelity

Psychology treatment sessions will be audio recorded 
to allow for analysis of treatment fidelity. Recordings of 
10% of the sessions will be rated by an independent psy-
chologist, evaluating adherence to the treatment proto-
col. For physiotherapy and medical treatments, fidelity 
will be assessed by auditing clinical notes and evaluating 
whether the treatment modules have been completed.
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AIM 2: Preliminary efficacy of i‑RECOveR Post-con-
cussion symptom severity

Participant-reported post-concussion symptoms (RPQ) 
will be graphed to allow for visual inspection using 
GraphPad Prism 8. Systematic visual analysis will be con-
ducted in line with established guidelines proposed by 
Spriggs, Lane, and Gast [101. ] and Lane and Gast [52. ], 
incorporating both within- and between-phase analyses 
to evaluate trend, level, and stability of data. Trend will 
be assessed using the split-middle method using median 
values [52. ].

Statistical analysis of single-case experimental data (i.e. 
total RPQ scores collected three times a week) will be 
conducted to augment visual analysis to provide more 
robust conclusions about the dataset. Planned compari-
sons between baseline and intervention phases will be 
conducted using the non-overlap method, Tau-U [68. 
]. Tau-U is a nonparametric approach, appropriate for 
small data sets, which controls for improving trends 
(whether linear, curvilinear, or mixed) in the baseline 
phase and autocorrelation to generate an effect size [113. 
]. An online Tau-U calculator (http:// www. singl ecase 
resea rch. org/ calcu lators/ tau-u) will be used to check for 
trend in the baseline, adjust for it where necessary, and 
calculate contrasts between phases [113. ]. This calcula-
tor will also be used to test omnibus statistics.

Secondary patient-centred outcomes

Regardless of whether participants receive physiother-
apy, psychological, or medical treatments beyond the 
three initial consultations, they will complete all sec-
ondary outcome measures according to an intention to 
treat analysis. GAS goals will be descriptively explored 
with any changes considered clinically significant [70. ]. 
Given this is a pilot investigation of the preliminary effi-
cacy of this 12-week intervention, the focus for the sec-
ondary outcome measures will be on clinically significant 
change. Secondary outcome measures (BFI, FSS, ISI, 
DASS-21, IPQ-B, VOMS, BESS, SPNTT, flexion rotation, 
BCTT) will also be explored descriptively with 95% con-
fidence intervals to explore clinically significant changes 
across the four assessment timepoints.

AIM 3: Qualitative analysis of participant experience of 
i‑RECOveR All participants will complete an inter-
view using a semi-structured interview guide with the 
aim of producing an analysis of participants’ experience 
of the interdisciplinary intervention, exploring what ele-
ments they found helpful and those they found unhelp-
ful, as well as exploring the impact(s) of the intervention 

on their symptoms and daily functioning. All interviews 
will be audio recorded. Recordings will be transcribed by 
author JN using NVivo software (version 12; [79. ]). An 
orthographic/verbatim notation system will be used as 
outlined by Braun and Clarke [12. ].

An inductive approach to analysis of the interview tran-
scripts will be completed with codes derived from the 
data as per the six-phase thematic analysis approach out-
lined by Braun and Clarke [11. ]. The initial phase will 
require familiarisation of the data which will be under-
taken during the interview and transcription stages. 
Following this, documentation of initial patterns and 
codes will be completed. The data will then be system-
atically recoded. Codes will then be categorised to pro-
duce themes and subthemes. Resultant themes will then 
be reviewed to ensure that they reflect the coded texts 
and are representative of the broader data set. Themes 
will then be defined and named before the manuscript 
is drafted. Regular investigator meetings, cross-check-
ing of transcripts, codes, and revisions of themes will be 
planned to ensure rigour of the analysis.

Ethics and dissemination
The trial has been registered with the Austral-
ian New Zealand Clinical Trials Registry (Trial ID: 
ACTRN12620001111965). Ethics approval has been 
obtained from the Monash University Human Research 
Ethics Committee (MUHREC number: 23005). Written 
parental consent and participant assent will be obtained 
for all participants aged 16 to 17. Written consent will 
be obtained for all participants aged 18 and older. Par-
ticipants can withdraw from the study at any time. CBT, 
physiotherapy, and medical consultations have been 
demonstrated to be safe and tolerable for individuals with 
PPCSs. Although there are no known risks of participat-
ing in these interventions, it is possible that participants 
may find some of the content during the intervention dif-
ficult and/or emotionally challenging. The physiotherapy 
interventions may induce symptoms (e.g. dizziness), 
however, this will be done in a controlled environment 
under the care of trained physiotherapists. Research and 
clinical staff involved in the project are experienced in 
assessing and managing potential adverse events associ-
ated with this treatment and associated outcome meas-
ures should they arise.

Results from this study will be disseminated in peer-
reviewed journals and will be submitted to local and 
international conferences. Given the study design, results 
could potentially be identifiable to those who know the 
cases well (e.g. doctors, family members). Identifying 
information will be limited as much as possible.

http://www.singlecaseresearch.org/calculators/tau-u
http://www.singlecaseresearch.org/calculators/tau-u
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Discussion
Persisting concussion symptoms after mTBI can dis-
rupt return to education, employment, leisure activities 
including sport, social participation, and family relation-
ships and can be a source of significant distress [1. , 16. , 
17. , 38. , 82. , 88. ], requiring interdisciplinary support. 
Despite this, there are few studies worldwide evaluat-
ing interdisciplinary concussion interventions in adults, 
and evidence regarding the efficacy of these interven-
tions is sparse. There is good indication that this may in 
fact be the best practice, but more evidence is required. 
In undertaking this research, we aim to first evaluate 
the treatment in a series of case studies and qualitatively 
evaluate participant experiences of the i-RECOveR treat-
ment programme.

The results from this trial will inform the study design 
of a larger definitive phase-2 randomised controlled trial 
in the following ways:

1. A fully powered randomised controlled trial of treat-
ment for PPCSs has not been evaluated in an Aus-
tralian context. Given this, there remains uncertainty 
regarding potential recruitment and retention rates. 
This trial will provide an opportunity to pilot the pro-
posed recruitment strategy and make amendments 
if necessary to facilitate participant recruitment and 
engagement.

2. Given that i-RECOveR is a new treatment, assess-
ment of compliance (i.e. adherence and competency) 
to the treatment protocol is critical before progress-
ing to a larger trial. By closely examining treatment 
recordings and compliance ratings, investigators will 
be able to identify areas of the manual that need fur-
ther attention with regard to therapist training and 
supervision.

3. Patient-centred outcomes will also be explored as 
part of this pilot investigation. It is hoped that this 
trial will serve to also inform the appropriateness of 
these measures for future trials as well as providing 
pilot data to inform the potential compliance rates 
associated with each measure. Given the study will 
use a robust single-case experimental design, signs 
of preliminary efficacy can be examined to explore 
whether proceeding to a phase-2 RCT is worthwhile.

4. By undertaking qualitative interviews with partici-
pants in the pilot study, the end-user perspective 
of treatment will be elicited. It is anticipated that 
the responses will inform the unique experiences of 
i-RECOveR for each participant to identify aspects of 
the trial and treatment that worked or did not work. 
By understanding the end-user perspective, the pilot 
study will enable the adaptation of the treatment 

manual to better address the needs of individuals 
with PPCSs after mTBI.

The main trial will aim to assess the effectiveness of the 
intervention as well as providing insights into the par-
ticipants’ experience of an interdisciplinary concussion 
intervention. Outcomes from this trial will be directly 
translated into the community. This research will evalu-
ate treatments that are currently provided by the clini-
cians, with a focus on interdisciplinary management, and 
it is hoped that this project will eventually establish an 
evidence-based treatment programme for concussion.

Trial status
Recruitment commenced in January 2021, and it is still 
ongoing.
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