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Introduction
Background and rationale {6a}
Traumatic brain injury (TBI) affects how the brain works [1] and can result from a range of events including road-traffic, domestic and workplace accidents, military service, sporting activities and interpersonal violence. [2] Injuries may be catastrophic, with a lifelong impact on the injured and their families. [3-6]

Classification of a TBI is based on the Glasgow Coma Scale (GCS) score and/or neurobehavioural deficits after injury with injuries classified as mild, moderate, or severe. [7] 

Symptoms of TBI are attributed to injury progression and divided into primary or secondary injury. Primary injury is induced by mechanical force and occurs at the moment of injury while secondary injury may be delayed from the moment of impact and involves a range of neurobiological responses altered or initiated at a cellular level following the primary injury.[8]

In Australia, the incidence of TBI is difficult to describe accurately, particularly for mild TBI (mTBI) where people do not always access medical care. [2,9] Notwithstanding, in 2016 there were an estimated 275 (230–327) cases per 100,000 population. [2]

Despite an increase in the number of TBIs, there has been no substantial change in survival or functional outcomes post-TBI in recent years, highlighting the opportunity for better and/or more targeted treatments to reduce mortality, improve quality of life, and reduce the negative impacts on families and society. [10]

Although most patients with mTBI recover within a few weeks, a proportion (5-43%) have persistent symptoms including cognitive difficulties, visual dysfunction, sleep disturbance, emotional changes, fatigue, tinnitus, headaches, neck pain, dizziness, and balance impairment [11,12]. These symptoms are characterised as post-concussion syndrome (PCS) when they last longer than 4 weeks [12] and are associated with a lower quality of life and increased disability. [13] 

Standard care for people with mTBI and persistent headache, neck pain and/or dizziness includes sub-threshold exercise.[14] Evidence also exists for the use of vestibular rehabilitation and manual therapy (mobilisation and manipulation of the neck and spine) in the management of mTBI. [15,16] With respect to the safety of these interventions, there have been no reports of any serious adverse events associated with either intervention in three separate clinical trials and one systematic review. [16-19]

Given mTBI is associated with ongoing symptoms and disability, there has been a shift from passively awaiting symptom remission to recommending active management when symptoms persist. [15] This view is reflected in the current guidelines in several countries. [20-22]

As active management is becoming the preferred approach for patients with mTBI, the rationale for performing this study is to assess the feasibility of recruiting and administering two different active interventions to people with mTBI and persisting symptoms.

Objectives {7}
To assess the feasibility of recruiting and administering vestibular rehabilitation and manual therapy to people with mTBI and persisting symptoms

Trial design {8}
3-arm parallel open label randomised feasibility trial

Methods: Participants, interventions and outcomes
Study setting {9}
Macquarie University Chiropractic Campus Clinic and Research Centre 
Level 2, 75 Talavera Road, Macquarie University NSW 2109
Eligibility criteria {10}
Inclusion criteria
· Male & Female
· Age range: 18-50 years
· Sport-related mTBI with persistent vestibular and neck symptomatology (>4 and <26 weeks)

Exclusion criteria
· History of previous mTBI within 12 months of current injury
· History of moderate/severe TBI (self-reported loss of consciousness >30 minutes and/or post-traumatic amnesia >24 hours and/or Glasgow Coma Scale score <13 after 30 minutes post-injury (from medical chart))
· History of recent skull or cervical spine fracture
· History of seizures, fluid build-up in the brain (hydrocephalus), brain-related infections such as encephalitis or meningitis or brain-related blood vessel damage  
· History of cranial or cervical surgery 
· Osteoporosis (bone scan/DEXA)
· Fail the Canadian C-Spine Rule (decision-making tool used to determine when Cervical radiography should be utilised following trauma: fail = need for Cervical radiography).
· Currently pregnant (self-reported)
· Typical contra-indications to MT
· Not able to tolerate exercise protocol (as assessed by screening exercise questions)
· Unable to walk on a flat surface unaided for 1 minute (self-reported)

Who will take informed consent? {26a}
A Research Assistant not involved in providing intervention or collection of outcome data will obtain informed consent. The consent process occurs prior to baseline assessment. All potential participants will be supplied with the Patient Information Sheet (PIS) explaining the study's processes, procedures and risks and what is expected of them during the study. All potential participants will be given the opportunity to have any questions they may have about the study answered, either by telephone, email or in person. In the event there is any doubt on the part of the Investigators (RE, CR or RL) about a person's capacity to understand the information that has been provided to them or to decide whether they should participate in the study, that person will be excluded from the study.

Additional consent provisions for collection and use of participant data and biological specimens {26b}
The consent provided in this study is extended in scope meaning that data collected can be used in future research projects that are extensions or closely related to this project.

Interventions
Explanation for the choice of comparators {6b}
Cardiovascular exercise: TBI is associated with a decrease in cardiorespiratory function and an increase in exercise intolerance. [20] Fitness training is effective at improving cardiorespiratory deconditioning and increasing exercise tolerance with no evidence of additional harm in people with mTBI. [18,21] Standard care for people with mTBI and persistent headache, neck pain and/or dizziness includes sub-threshold exercise. [14,18] Exercise is ideally suited as an active control in this trial. 

Manual Therapy: Neck pain is a common complaint following TBI [22] with neck pain immediately after injury a predictor for incomplete recovery. [23] Notwithstanding, mobilisation and manipulation of the neck and spine have been shown to contribute to decreasing time to medical clearance to return to sport in young adults with persistent symptoms of dizziness, neck pain and headaches following a sports-related concussion. [24] Furthermore, a recent systematic review found support (weak) for commonly applied non-pharmacological interventions such as manual treatment of the neck and back and vestibular rehabilitation in the management of persistent post-concussion symptoms in adults. [15]

Vestibular Rehabilitation: Vertigo, dizziness, and imbalance are commonly associated with mTBI. Early metabolic changes following the initial injury may lead to worsening of the injury and symptoms in individuals not properly managed from the outset. Vestibular Rehabilitation has been shown to be an effective modality for managing these symptoms following TBI. [16,17,19,24]

Intervention description {11a}
Cardiovascular exercise: Sub-threshold cardiovascular exercise on a treadmill (30 minutes)
Dosage: 8 sessions over 4 weeks @ 2 x week.  

Manual Therapy: (Includes both assessment and intervention).
Assessment - Cervical range-of-motion and segmental mobility testing using passive physiological intervertebral motion testing for pain reproduction and mobility assessment. 
Intervention - Soft tissue therapy and joint mobilisation and manipulation to the cervical spine. Manual therapy techniques will be chosen by the treating practitioner according to the results of the assessment performed at the beginning of each session described above. [25,26]
Dosage: 8 treatments over 4 weeks @ 2 x week.

Vestibular Rehabilitation: Individually tailored cervico-vestibular specific rehabilitation exercises. Exercises will be based on symptoms, signs, and functional challenges at baseline and include exercises for benign paroxysmal positional vertigo, habituation exercises for motion sensitivity and central post-traumatic vertigo, gaze-stabilization exercises (adaptation and substitution) for symptoms exhibited during eye–head coordination and reduced vestibulo-ocular reflex, and exercises for reduced balance focusing on improving sensory integration. [27] 
Dosage: 8 treatments over 4 weeks @ 2 x week.

Criteria for discontinuing or modifying allocated interventions {11b}
Due to the range of symptoms that can be present in mTBI, there is the possibility that one or more symptoms could worsen in response to intervention. A participant will be discontinued in the trial if they suffer a serious adverse event that is the result of an intervention. Should a participant suffer an exacerbation of an existing symptom/s that is consistent with a moderate adverse reaction (i.e. symptom/s lasting > 48 hours without improvement and requiring additional medical intervention) then the participant will be referred to their medical practitioner and a decision made by the investigator team (Trial Coordinator (TC), treating practitioner and CIs) on whether the participant should be discontinued in the trial. Should a participant suffer an exacerbation of an existing symptom/s that is consistent with a mild adverse reaction (i.e. symptom/s lasting <48 hours and resolving without the need for medical intervention) then the scale and nature of the exacerbation will be assessed by the treating practitioner and a decision made on whether the intervention should be modified and the nature of any modification. The investigator team will decide if the participant should be discontinued in the trial. 

Strategies to improve adherence to interventions {11c}
All three interventions occur face-to-face. The exercise is supervised while MT and VR interventions are passive. This should result in a good adherence rate. Re-confirmation of appointments by phone the day before will support this level of adherence. Furthermore, free parking at the clinical facility will be available to all participants that require it during the trial.   

Relevant concomitant care permitted or prohibited during the trial {11d}
Concomitant care that is ongoing at baseline is permitted during the trial. Initiation of other exercise, manual therapy and/or vestibular rehabilitation programs or schedules during the trial are prohibited.

Provisions for post-trial care {30}
As all participants in the trial will receive active care, there is no provision for post-trial care within the scope of this trial. Participants who express an interest in continuing with one or more of the interventions will be referred to a practitioner in private practice who is competent in that intervention.
Compensation for those who suffer harm from participating in the trial will be covered by Macquarie University’s clinical trial insurance policy.  

Outcomes {12}
Primary outcome: Post-Concussion Symptom Scale (PCSS) score. [28] 
The PCSS consists of 22 items that relate to post-concussive symptoms. Respondents are asked to rate each symptom according to a 7-point Likert scale ranging from 0-6. Higher scores indicate a higher severity of post-concussive symptoms. The minimum clinically important difference (MCID) for the overall PCSS score is 26.5 and for number of symptoms is 5.5.
PCSS scores will be measured at baseline and then again at 3 time points (weeks 4, 8 and 12). 

All outcome measures:
	Outcome measure
	Time to administer
(minutes)
	Administered by

	Primary
	
	

	Post-Concussion Symptom Scale (PCSS) [28]
	8
	SA

	Secondary
	
	

	Patient Health Questionnaire 9-item (PHQ-9) [29]
	2
	SA

	Generalised Anxiety Disorder assessment 7-item (GAD-7) [30]
	1
	SA

	Dizziness Handicap Inventory (DHI) [31]
	5
	SA

	Neck Disability Index (NDI) [32]
	3
	SA

	VAS Pain (neck) [33] 
	1
	SA

	Pittsburgh Sleep Quality Index (PSQI) [34]
	5
	SA

	World Health Organization Quality of Life - Brief Version (WHOQOL-BREF) [35] 
	10
	SA

	Stroop Color and Word Test (SCWT) [36,37]
	3
	C

	Digit Span Test - Forward (DST-F) [38]
	5
	C

	Modified Vestibular/Ocular-Motor Screen (mVOMS) [39,40]
	7
	RA

	Balance Error Scoring System (BESS) [41]
	5
	RA

	Buffalo Concussion Treadmill Test (BCTT) [42]
	20
	EP

	TOTAL TIME
	75
	


SA: Self-administered; C: Computerised; RA: Research Assistant; EP: Exercise Physiologist. 

The secondary outcome measures can be grouped according to who administers the measure: self-administered; computerised; RA or EP. While the group order of administering these measures will remain the same throughout the trial, the order of administering the measures within each group will be randomised.   

Feasibility outcomes: Data will be collected on the following aspects of the trial as a measure of feasibility.
•	Recruitment rate (overall and over time)
•	Attrition rate
•	Protocol adherence 
•	Tolerance to intervention
•	Adverse events


Participant timeline {13}
	
	
	STUDY PERIOD

	
	Enrolment
	Allocation
	
	Post-allocation

	TIMEPOINT (wk)
	-1
	0
	1
	2
	3
	4
	  8
	12

	ENROLMENT:
	
	
	
	
	
	
	
	

	Eligibility screening
	X
	
	
	
	
	
	
	

	Exercise/Manual Therapy screening 
	X
	
	
	
	
	
	
	

	Informed Consent 
	X
	
	
	
	
	
	
	

	Allocation
	
	X
	
	
	
	
	
	

	INTERVENTIONS:
	
	
	
	
	
	
	
	

	Exercise (EX)
	
	
	
	
	
	
	
	

	Manual Therapy (MT)
	
	
	
	
	
	
	
	

	Vestibular Rehabilitation (VR)
	
	
	
	
	
	
	
	

	ASSESSMENTS:
	
	
	
	
	
	
	
	

	PCSS
	
	X
	
	
	
	X
	X
	X

	
PHQ-9
	
	X
	
	
	
	X
	X
	X

	GAD-7
	
	X
	
	
	
	X
	X
	X

	DHI
	
	X
	
	
	
	X
	X
	X

	                                                                              
                                                   NDI
	
	X
	
	
	
	X
	X
	X

	VAS
	
	X
	
	
	
	X
	X
	X

	PSQI
	
	X
	
	
	
	X
	X
	X

	WHOQOL-BREF
	
	X
	
	
	
	X
	X
	X

	SCWT
	
	X
	
	
	
	X
	X
	X

	DST-F
	
	X
	
	
	
	X
	X
	X

	mVOMS
	
	X
	
	
	
	X
	X
	X

	BESS
	
	X
	
	
	
	X
	X
	X

	BCTT
	
	X
	
	
	
	X
	X
	X



Abbreviations: PCSS, Post-Concussion Symptom Scale; PHQ-9, Patient Health Questionnaire 9-item; GAD-7, Generalised Anxiety Disorder assessment 7-item; DHI, Dizziness Handicap Inventory; NDI, Neck Disability Index; VAS, VAS Pain (neck); PSQI, Pittsburgh Sleep Quality Index; WHOQOL-BREF, World Health Organization Quality of Life - Brief Version; SCWT, Stroop Color and Word Test; DST-F, Digit Span Test - Forward; mVOMS, Modified Vestibular/Ocular-Motor Screen; BESS, Balance Error Scoring System; BCTT, Buffalo Concussion Treadmill Test.

Sample size {14}
The estimated number of participants is 30 (3 groups of 10)
The sample size was arbitrarily determined by budgetary constraints.

Recruitment {15}
Recruitment will be by referral (self or otherwise) to the Chiropractic Clinic and Research Centre at Macquarie University. Local GPs, Sports Physicians, Sports Chiropractors, Osteopaths and Physiotherapists will be informed about the trial through their professional networks (Sydney North Health Network – SNHN, Australian Chiropractors Association, Osteopathy Australia and the Australian Physiotherapy Association). Local sporting clubs will also be notified about the trial.    

Assignment of interventions: allocation
Sequence generation {16a}
Allocation to the three groups will be on a 1:1:1 basis, with random blocks of 6 participants to reduce the predictability of the allocation sequence. The allocation sequence will be generated by a statistician using an online random sequence generator (Sealed Envelope Ltd, London, United Kingdom).

Concealment mechanism {16b}
The statistician who generates the allocation sequence will upload the sequence to REDCap, which has a built-in randomisation module whereby the externally generated allocation sequence is concealed from all other trial staff. Allocation remains concealed until the RA who is responsible for determining eligibility and consenting participants clicks the ‘randomise’ button in REDCap to assign participants to interventions.

Implementation {16c}
Central randomisation will be implemented using REDCap and its built-in randomisation module, which allows for effective management of randomisation privileges, allocation concealment, and blinding. An RA will enroll a participant and assign them to a group using the randomise functionality in REDCap. The trial coordinator will have access to the randomisation dashboard in REDCap and can track the progress of participants who have been randomised. 
 
Assignment of interventions: Blinding
Who will be blinded {17a}
Trial participants and intervention providers cannot be blinded to intervention groups. Outcome assessors will be blinded to group allocation throughout the trial. The data analyst will be blinded to group allocation during the intervention and analysis phases of the trial. The data analyst will receive group allocation in a coded format (i.e. Group 1, Group 2, Group 3) without access to the coding. This can be managed using REDCap and its randomisation module and randomisation user privilege settings. 

Procedure for unblinding if needed {17b}
As trial participants and intervention providers are not blinded, in the situation where a participant requires additional medical care/referral, the identity of the participant will be known to the treating practitioner. Should the results of one or more outcome measures raise a medical concern with the data monitor (DM), the TC will contact the relevant intervention provider (EX, MT, or VR) and discuss the participant’s progress in the trial with them. 

Data collection and management
Plans for assessment and collection of outcomes {18a}
For both baseline and subsequent measures, most of the outcome measures (8 out of 13) used in this trial are self-administered with data collected online via REDCap (PCSS, PHQ-9, GAD-7, DHI, NDI, VAS, PSQI, and WHOQOL-BREF). Of the remaining five, two are RA-supervised computerised measures (SCWT and DST-F), while the remaining three require an RA/EP to administer the measure (mVOMS, BESS, and BCTT). RA/EP assessors will undergo training in administering the relevant outcome measures and entering the data into REDCap forms. All REDCap forms will have appropriate field validations (e.g. range checks for data values) incorporated where applicable to minimise the risk of data entry errors. All completed REDCap forms will be reviewed by the trial coordinator for accuracy and completeness.
    
All outcome measures used in the trial are commonly used and have acceptable reliability and validity (see Section 12 ‘Outcomes’ above).  

Plans to promote participant retention and complete follow-up {18b}
Retention will be promoted through informal ‘check-ins’ as part of the bi-weekly visits during the intervention phase of the trial. One or two brief SMSs/emails will be sent to participants re-confirming their 8 and 12-week assessment visits during the follow-up period of the trial (weeks 4 to 12).
Given this is a feasibility trial, we will try to obtain data from participants who withdraw from the study (e.g. a brief exit interview/survey to identify reasons for discontinuing and barriers to participation).
 
Data management {19}
All data will be stored in REDCap. A de-identified dataset will be exported for analysis purposes and then stored in an MQ OneDrive folder with restricted access. Data will be retained for 15 years and then destroyed according to the University’s policies for the destruction of sensitive data.
Confidentiality {27}
Confidentiality of personal information will be managed through user settings and privileges in REDCap, whereby access to identifiable information is restricted to trial staff who need it (e.g. enrolment RA, intervention providers). Importantly, no identifiable information will be exported from REDCap at any stage of the trial.  

Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular analysis in this trial/future use {33}
Not applicable in this trial. 

Statistical methods
Statistical methods for primary and secondary outcomes {20a}
Participant demographics and baseline characteristics will be analysed using descriptive statistics. 
All primary and secondary outcome measures are continuous and will be analysed using mixed-effects models for repeated measures (MMRM).   
Feasibility outcomes include recruitment, accrual, retention, attrition and adverse event rates. 
Recruitment rate = number of participants enrolled divided by number of assessed (or eligible) participants. 
Accrual rate = number of participants enrolled divided by number of months of recruitment.
Retention rate = number of enrolled participants completing 4/8/12-week measures divided by number of enrolled participants.
Attrition rate = number of enrolled participants not completing 4/8/12-week measures divided by number of enrolled participants.
Adverse events = number of adverse events over number of intervention sessions. 

Interim analyses {21b}
No interim analyses are planned. 
Stopping guidelines relate to the type (serious and moderate) and number of adverse events/reactions related to interventions during the trial.
Given mTBI is associated with ongoing symptoms and disability, minor adverse reactions/events will not trigger stopping of the rules. The thresholds for stopping the trial are: 
· Serious adverse events: group rate of >10% (i.e. >1 in 10 group participants) 
· Moderate adverse reactions: group rate of >40% (i.e. >4 in 10 group participants)   
The TC will continuously monitor the reporting of adverse events throughout the trial and will regularly report on adverse events (i.e. number of new adverse events and cumulative number of adverse events) to the Trial Operations Committee (TOC). Should a trial stopping threshold be exceeded, the TOC will inform the Trial Steering Committee (TSC) who will make the final decision to terminate the trial (see below 5d: Oversight and Monitoring)

Methods for additional analyses (e.g. subgroup analyses) {20b}
There are no plans for additional analyses such as subgroup or sensitivity analyses. 

Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
Protocol non-adherence will be managed by using intention-to-treat (ITT) analysis on all available data. The mixed-effects model for repeated measures handles missing outcome data using full-information maximum likelihood. When appropriate, missing predictor data will be imputed using logical rules and other trial data. The remaining missing predictor data will not be imputed.

Plans to give access to the full protocol, participant level-data and statistical code {31c}
The protocol will be pre-registered with the Australian New Zealand Clinical Trials Registry (ANZCTR) and publicly available.
Given this is a feasibility trial, there are no plans to make the participant level-data and statistical code publicly available.
 
Oversight and monitoring
Composition of the coordinating centre and trial steering committee {5d}
The Trial Steering Committee (TSC) will meet quarterly and oversee the monitoring, reporting and governance aspects of the trial. The TSC comprises the three CIs, lead clinicians, Trial Coordinator, data analyst and an independent Data Monitor (DM). 

The trial Operations Committee (TOC) will meet weekly and oversee the day-to-day running of the trial during the recruitment and intervention phases. The TOC comprises the TC, the enrolment RA, the outcome assessor RA and the lead clinicians.      

Composition of the data monitoring committee, its role and reporting structure {21a}
As this is a feasibility trial, a separate data monitoring committee is not needed. Continuous data monitoring will be provided by the TC, who will report regularly on data quality to the TOC and TSC. Data quality will be audited by the independent DM (see item {23} below), who will provide regular reports to the TSC. 
Adverse event reporting and harms {22}
All adverse events, whether as a direct result of intervention or not, will be recorded by the relevant intervention providers or the TC using purpose-made adverse event reporting forms in REDCap. The TC will provide regular reports on adverse events to the TOC and TSC. Reports on adverse events will also be provided to the HREC through annual reporting.
Serious adverse reactions (SARs), suspected unexpected serious adverse reactions (SUSARs) and serious adverse events (SAEs) will also be recorded using Macquarie University’s Investigator Initiated Clinical Trial (IICT) Safety Report Form and reported to the HREC within 72 hours of being made aware of the event. 

Frequency and plans for auditing trial conduct {23}
Auditing of trial conduct will be done on a regular basis by the Data Monitor (DM), a person independent of the investigators, sponsor and day-to-day running of the trial. The DM will be responsible for maintaining a delegation log covering consent documents, adverse event reporting, adherence to protocol and data quality. The DM will provide regular reports to the TSC at their quarterly meetings. 
Participant consent documentation will be audited after recruitment of the first, third, fifteenth and last participant. 
Adverse event reporting, protocol adherence and data quality will be audited monthly from the start of recruitment to the end of data collection.  

Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
Should the need arise to modify the protocol during the trial, the TC will notify the relevant parties (i.e. investigators, HREC, treating clinicians, RAs, data analyst and trial registries).  

Dissemination plans {31a}
A summary of the de-identified group results will be sent to any participant who responds in the affirmative to the question of whether they want to receive a summary of the results during the consenting process. A preferred email address for receiving such communications can be recorded in REDCap for that purpose. 
De-identified group results may also be included in manuscripts submitted for publication in peer-reviewed scientific journals and conference presentations.     

Minimum requirements for treating practitioners
Minimum requirements for treating practitioners (MT and VR only).
· >5 years’ experience in the field
· Current Good Clinical Practice certificate (or equivalent)
· Completion of online webinar ‘Understanding TBI MOOT, University of Tasmania’ https://www.utas.edu.au/wicking/understanding-tbi (or equivalent)

Minimum requirements for Exercise Physiologists (EPs).
· >2 years’ experience in the field
· Current Good Clinical Practice certificate (or equivalent)
· Completion of online webinar ‘Understanding TBI MOOT, University of Tasmania’ https://www.utas.edu.au/wicking/understanding-tbi (or equivalent)

Trial status
The trial will be registered with the Australian New Zealand Clinical Trials Registry (pending). 

Funding {4}
Funding for the trial will be provided by:
· Australian Chiropractic Education and Research Foundation (ACERF) - Research grant (awarded)  
· Private donation - Philanthropic grant to Macquarie University (awarded)
· Macquarie University Chiropractic Clinic (in-kind)

Availability of data and materials {29}
Once data collection is complete, only the chief investigators (RE, CR & RL) and the data analyst will have access to the final trial dataset.

Ethics approval and consent to participate {24}
Ethics approval will be sought from Macquarie University’s Human Research Ethics Committee (HREC). Written informed consent to participate will be obtained from all participants. 

Consent for publication {32}
Participant Information Sheet and Consent form have been attached to the ethics application.

Competing interests {28}
The authors declare that they have no competing interests.
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