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Background: Sixty percent of people have non-functional arms 6 months after 
stroke. More effective treatments are needed. Cochrane Reviews show low-quality 
evidence that task-specific training improves upper limb function. Our feasibility 
trial showed 56 h of task-specific training over 6 weeks resulted in an increase of a 
median 6 points on the Action Research Arm test (ARAT), demonstrating the need 
for more definitive evidence from a larger randomised controlled trial. Task-AT 
Home is a two-arm, assessor-blinded, multicentre randomised, controlled study, 
conducted in the home setting.

Aim: The objective is to determine whether task-specific training is a more 
effective treatment than usual care, for improving upper limb function, amount 
of upper limb use, and health related quality of life at 6 weeks and 6 months after 
intervention commencement. Our primary hypothesis is that upper limb function 
will achieve a ≥ 5 point improvement on the ARAT in the task-specific training 
group compared to the usual care group, after 6 weeks of intervention.

Methods: Participants living at home, with remaining upper limb deficit, are 
recruited at 3 months after stroke from sites in NSW and Victoria, Australia. 
Following baseline assessment, participants are randomised to 6 weeks of either 
task-specific or usual care intervention, stratified for upper limb function based 
on the ARAT score. The task-specific group receive 14 h of therapist-led task-
specific training plus 42 h of guided self-practice. The primary outcome measure 
is the ARAT at 6 weeks. Secondary measures include the Motor Activity Log (MAL) 
at 6 weeks and the ARAT, MAL and EQ5D-5 L at 6 months. Assessments occur 
at baseline, after 6 weeks of intervention, and at 6 months after intervention 
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commencement. Analysis will be  intention to treat using a generalised linear 
mixed model to report estimated mean differences in scores between the two 
groups at each timepoint with 95% confidence interval and value of p.

Discussion: If the task-specific home-based training programme is more effective 
than usual care in improving arm function, implementation of the programme into 
clinical practice would potentially lead to improvements in upper limb function 
and quality of life for people with stroke.

Clinical Trial Registration: ANZCTR.org.au/ACTRN12617001631392p.aspx
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Introduction

Background and rationale

Worldwide, 12.2 million people had a stroke in 2019 (1). In 
Australia, where this study occurs, 1,000 new strokes occur every week 
and the resultant cost burden is $5 billion a year (2). Problems 
performing everyday activities of daily living persist 6 months after 
stroke for 95% of people (3), largely due to not being able to use the 
arm. Only half of all stroke survivors with an initial affected upper 
limb regain some useful upper limb function after 6 months (4). Sixty 
percent of severely impaired and 30% moderately impaired stroke 
survivors have been reported as having non-functional arms after 
6 months (5). Poor recovery of upper limb function is associated with 
a low health-related quality of life (6, 7).

A Cochrane systematic review of repetitive task training in 2007 
(8), most recently updated in 2017 (9), showed a moderate level of 
evidence for effect of task-specific training on functional ambulation 
and walking distance, but a low level of evidence for effect on arm 
and hand function, at ≤6 months after stroke. At the time of 
conceiving this trial, few studies (10, 11) had directly addressed the 
hypotheses that task-specific training for the upper limb is more 
effective than usual care. Several exploratory studies had compared 
task-specific/functional training to other interventions. For example, 
Winstein et al. (11) compared 22 participants receiving functional 
training in addition to current practice to 21 receiving only usual care, 
and found an advantage for functional training. Other studies 
compared task-specific training to alternative treatments such as 
strength training (12), education (13) or Brunnstrom and Bobath 
technique (14). About half of the existing studies at the time favoured 
task-specific training but all were small in sample size (N < 53), most 
had design limitations (e.g., lack of intention to treat analysis, blinded 
assessor, poor allocation concealment) and several combined the 
treatment with added interventions so the effect of task-specific 
training alone could not be estimated. Encouragingly, the EXCITE 
trial of constraint-induced therapy (CIMT), which contains 
functional training similar to task-specific training and which was 
community based, found a positive effect for CIMT on the Wolf 
Motor Function test at 12 months (primary outcome Wolf Motor 
Function test) (15).

In a phased approach to developing better treatments, in 2014 
we  completed a Phase II feasibility RCT with 48 participants (24 

task-specific, 23 usual care) using an preliminary version of the design 
in this protocol (16). Proof-of-concept of task-specific training was 
demonstrated, with an improvement in median ARAT score (primary 
outcome measure: range 0–57) of the task-specific group from 8.5 
(IQR: 3.0, 24.0) at baseline to 14.5 (3.5, 26.0) at 6 months, compared 
the usual care group, which had a median score of 4 (3.0, 14.0) which 
did not change (17). Participants, 85% of whom had moderate–severe 
impairment, performed a median 157 repetitions per visit plus a 
median 52 repetitions per day of self-practice, fulfilling the goal of 
100–300 reps per day, proving the treatment dose is feasible. 96% of 
participants rated task-specific training acceptable, 71% rated 1 h of 
independent practice/day acceptable and 83% reported it improved 
their arm function. There were no serious adverse events. Based on 
the results of the feasibility study, we decided to go to the next step to 
conduct a Phase III trial to investigate effectiveness.

Given that a several existing studies show positive effects of 
task-specific training compared to other interventions, an 
important pragmatic question to be answered is whether the new 
treatment is more beneficial than care routinely delivered now. 
Consequently, we chose as our comparator group, usual care, where 
we will not alter treatment intensity or content in the usual care 
group. Usual care may provide less treatment, but intensity between 
the two groups will not be matched for the following reasons: (1) 
matching intensity would not be a true comparison to usual care, 
because current service provision does not currently offer the 
proposed intensity of treatment; (2) it is known that increasing 
intensity of current practice does not deliver the quantum change 
needed to improve stroke outcome at a population level (18). The 
importance of our question to health service providers overrides the 
potential for a difference in intensity of the two treatments. 
Moreover, if task-specific training is shown to be effective, there will 
be incentive for increasing intensity when implemented. Treatment 
intensity will however be carefully recorded.

Since the conception of the present study, in 2016 a randomised 
controlled trial with 361 participants with stroke, comparing task-
oriented rehabilitation to dose-equivalent occupational therapy, or to 
usual care was published by Winstein et  al. (ICARE trial) (19). 
Findings revealed that a structured, task-oriented rehabilitation 
program did not significantly improve motor function or recovery 
beyond either an equivalent or a lower dose of usual care upper 
extremity rehabilitation. The therapy content was 30 h delivered over 
10 weeks and consisted of “intense bouts of task-specific practice, 
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strengthening exercises, shoulder stability/mobility training and 
motivational enhancements to enable self-confidence and autonomy 
support to use the stroke-affected arm and hand in valued activities 
outside the clinic” (19) (Supplementary content, etable2). As the 
ICARE trial had a similar aim to our study, it is of interest to compare 
the methods. There are some key differences. We  have a more 
intensive 56 h of intervention over 6 weeks, compared to 30 h over 
10 weeks in Winstein 2016 (19). Our study is home-based rather than 
outpatient based. Primary outcome measure and timepoint also 
differ. Our primary outcome timepoint (ARAT) is immediately after 
the intervention at 6 weeks and at 6 months post-randomization. In 
comparison, in the ICARE trial, the primary outcome 
(log-transformed Wolf Motor Function Test time score) was 
measured at 12 months post-randomization. Our study will provide 
key additional information on the effect of intensity, timing of 
primary outcome measure and environment. In addition, another 
small trial was also reported in 2019 (20) comparing task-oriented 
training to usual care, for the upper limb, with 14 participants 
allocated to each group. The task-oriented group improved 
significantly more than usual care on the Wolf Motor Function Test 
and the Fugl-Meyer upper extremity assessment.

There is a trend to moving inpatient rehabilitation services 
into the community (21). In Australia in 2020 for example, 42% 
of services were providing early discharge services compared to 
17% in 2016 (22). It follows that much upper limb recovery 
occurs in the community, after discharge from hospital. At the 
time of conceiving this study however, a Cochrane review of a 
range of upper-limb therapies at home (23) showed that we did 
not yet know if therapy was effective in the home. The likelihood 
is that home-based treatment will be  more beneficial than 
hospital-based treatment since practice in the person’s own 
environment is more meaningful (24). In addition, participants 
might prefer treatment in their home. For example, 96% of 
participants in our feasibility study (16) found it acceptable. The 
following two systematic reviews report favourable effects for 
home rehabilitation in general, though they did not focus 
particularly on the upper limb. Hillier et  al. (25) reported a 
significant effect in favour of home-based rehabilitation in 
general compared to centre-based rehabilitation at 6 weeks and 
3–6 months post-intervention. Similarly Chi et al. (26) found that 
home-based rehabilitation led to moderate improvements on 
physical function in home-dwelling patients with a stroke. To 
summarise, there are compelling reasons to base therapy at home, 
but more evidence is still needed.

Study aims and hypotheses

The primary aim of the Task-AT Home study is to determine if a 
6-week task-specific home-based training programme for stroke 
survivors is more effective than usual care in improving upper limb 
function and amount of arm use.

The hypotheses relating to this aim are as follows:

 1. Upper limb function will achieve a ≥ 5 point improvement on 
the Action Research Arm Test in the task-specific training 
group compared to the usual care group, immediately after 
6 weeks of intervention (primary outcome).

 2. Amount of upper limb use in everyday life will achieve a ≥ 1 
point improvement on the Motor Activity Log in the task-
specific training group compared to the usual care group 
immediately after 6 weeks of intervention (secondary outcome).

 3. The difference in upper limb function on the Action Research 
Arm Test between groups will persist to the end of follow up at 
6 months after intervention commencement 
(secondary outcome).

There are 2 secondary aims:

 1. Secondary aim 1: To determine if a 6-week task-specific home-
based training programme for stroke survivors is more effective 
than usual care in improving health related quality of life.

Hypothesis for secondary aim 1: Health related quality of life 
will achieve a minimally important change of 0.08 point 
improvement on the EQ5D-5 L in the task-specific training 
group compared to the usual care group at follow up at 
6 months.

 2. Secondary aim 2: To identify costs and consequences of both 
interventions, where consequence is measured by change in 
health related quality of life.

Supplementary aims:

 a. Identify potential barriers and possible solutions to implementation 
of task-specific training. A qualitative study is being conducted 
using a narrative inquiry methodology. In-depth interviews with 
eight stroke survivors, three caregivers and four therapists will 
capture a broad range of perspectives following participation in the 
training. A detailed description of this study will 
be reported elsewhere.

 b. Originally a sub-study was included in our plan to determine 
changes in motor control in response to training, using kinematics 
of reach-to-grasp., in the task-specific training group compared to 
the usual care group. However, due to adjustments that needed to 
be made to recruitment and funding due to Covid-19, resources 
were instead redirected to execution of the main trial, so this 
sub-study could not occur.

Methods and analysis

Trial design

This study is a two-arm, assessor-blinded, multicentre randomised 
controlled trial comparing task-specific treatment to usual care for the 
arm and hand after stroke. The study will occur in participants’ homes 
with the interventions delivered by therapists upskilled and employed 
to deliver the task specific research intervention.

Research personnel responsible for data collection will be blinded 
to the treatment group to which a participant is assigned. Those 
involved in the delivery of the treatment will not be blinded. We have 
also aimed to blind participants as much as possible to group 
allocation by (a) not informing them deliberately of group allocation 
– instead they were told they would be visited by a therapist soon and 
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the approximate timeline of this visit. The visit would occur within a 
week of assessment (if allocated to the task-specific treatment) or in 
approximately 6 weeks (if allocated to usual care).

The trial is registered with the ANZCTR. Appendix 1 shows key 
Trial Registration data.

Study population

Participants with stroke affecting upper limb function will 
represent the target study population. Participants will be identified 
during their inpatient stay in stroke wards at hospitals, or via 
community stroke services, in New South Wales (NSW) and 
Victoria, Australia. In NSW these sites include the Local Health 
Districts of Hunter New England Health (Kurri Kurri, Maitland, 
Cessnock and Manning Hospitals, Transitional Aged Care 
Programme Hunter Valley), Central Coast (Gosford, Long Jetty and 
Wyong Hospitals, Woy Woy Rehabilitation Centre), Mid North 
Coast (Port Macquarie, Kempsey and Wauchope Hospitals), 
Berkley Vale Private Hospital and Mt. Wilga Private Rehabilitation 
Hospital. In Victoria the sites include health services from Austin 
Health, Eastern Health and Western Health. Potential participants 
are identified by therapists working in these organisations and are 
then screened by the trial manager, at between 2.5 and 3.5 months 
after stroke. Potential participants who learn about the study via 
social media or the Hunter Medical Research Institute (HMRI) 
website or study website are also able to self-refer to the study by 
contacting the research team directly.

Inclusion criteria are diagnosis of primary or recurrent stroke, 
including stroke caused by focal cerebral infarction (ischemic stroke), 
intracerebral haemorrhage, subarachnoid haemorrhage and cerebral 
venous thrombosis (27); discharged home (i.e., permanent address, 
may include care home/sheltered accommodation); approximately 
3 months post stroke (between 2.5 and 3.5 months post stroke); 
remaining upper limb movement deficit defined as being unable to 
pick up a 6 mm ball bearing from the tabletop, between index finger 
and thumb, and place it on a shelf 37 cm above table (item from Action 
Research Arm Test); informed written consent. Exclusion criteria are 
upper limb movement deficits attributable to non-stroke pathology; 
unable to lift hand off lap at all when asked to place hand behind head; 
severe fixed contractures of elbow or wrist (i.e., grade 4 on the 
modified Ashworth scale).

Trial interventions

Task-specific intervention
The task-specific intervention will be guided by a detailed protocol 

(28). The intervention will occur in the participant’s home. In brief, 
the intervention therapist analyses the whole of the task which is to 
be trained, e.g., reach-to-grasp., to identify movement components to 
be prioritised for training and individual movement performance 
targets to be  reached. This will be  necessarily different for each 
participant. The person’s visual attention is directed to regulatory cues 
in the environment, which are organised to be functionally relevant, 
individualised and varied, by providing meaningful everyday objects 
of different sizes, weight and shape, in different positions. The 
therapist’s role is like a sports coach. He/she uses knowledge of critical 

biomechanical characteristics of the task to give instructions (by 
demonstration or verbally) which are concrete and task oriented. 
Repetitive practice and motor learning principles are used to empower 
the participant to practice on their own.

Training will be  delivered according to an exercise manual 
containing 142 exercises in words and photographs including 
variations of the exercises to allow for different levels of difficulty 
and complexity.

The manual was developed during our previous feasibility trial by 
a team of therapists during the feasibility trial (Paulette van Vliet, Ailie 
Turton, Fredreike van Wijck, Paul Cunningham) (28) with 
consultation with user representatives and local specialist 
neurophysiotherapists. It describes the underlying principles, clinical 
objectives and individual exercises to achieve the stated objectives. It 
also details a menu of the treatment strategies (in words and pictures) 
and includes variations of the treatment strategies to allow for different 
levels of difficulty and complexity. A description of the development 
of the manual is available (28), however the manual itself is under 
embargo until the completion of the trial.

Participants receive 14 × 1-h visits from a therapist over the 
6 weeks (3 visits in weeks 1–3, 2 visits in weeks 4–5, 1 visit during week 
6). This will replace any usual care training for the upper limb. The 
intensity of practice within each 1-h session will be dependent on 
individual participant’s capabilities, but high numbers of repetitions 
will be encouraged, with the aim of delivering between 100 and 300 
repetitions within each 1-h session. Beyond the target of 100–300 reps, 
participants will do as many repetitions as they can accomplish in 1 h, 
within limits of fatigue. Any repetition is counted, full range is not 
required, and repetitions are recorded on a task-specific therapy log 
form. The number of minutes spent practising each exercise is also 
recorded on the form, as well as the number of the session (out of 14 
sessions), and the total duration of task-specific practice in each 
session (minutes).

Stretches may be  indicated when decreased muscle length is 
present as a secondary consequence from having had a stroke. When 
decreased muscle length is interfering with performance of exercises 
from the task-specific exercise manual, a maximum of 5 min during 
the 1-h treatment may be spent in stretching and may include short 
duration stretches of between 8 s to 5 min. Longer duration stretches, 
of 20–30 min duration, may also be prescribed as part of the patient’s 
self-managed programme, to be performed outside of their 1 h daily 
self-practice. Long duration stretches will not be  used in the 
one-to-one treatment sessions with the therapist. The stretches that 
may be used are described with photographs in a document ‘Upper 
Limb Stretches’, which is given to the therapists.

Self-practice
Participants will be asked to perform in addition to therapy 

sessions, 1 h/day of self-practice. Adherence is encouraged by joint 
goal setting, providing a booklet about recovery from stroke 
emphasising potential for ‘rewiring’ the brain through practice, 
and using a self-practice log to record repetitions, and the date on 
which they were performed. The self-practice log is checked by 
the therapist at the beginning of each therapy session, and the 
participant is assisted to record the repetitions done if needed. 
The role of the carer will be  to encourage the participant to 
practice and assist with equipment to enable practice and with 
recording practice.
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Usual care intervention
The control group for this trial will receive ‘usual care’. Usual care 

will be provided according to the usual provision in the Local health 
District(s)/health services, by the usual staff (not staff employed on 
the trial). In usual care the frequency and content of therapy is variable 
according to the individual’s pathway and the range of community 
services available. Community rehabilitation services may be delivered 
via early supported discharge, day hospital, community-based 
rehabilitation provided in the home or outpatient rehabilitation (29). 
Usual care variously consists of facilitation of muscle activity, 
strengthening exercises, soft tissue and joint mobilisation, positioning, 
training of sensation, and education (30). While it may include 
practice of everyday functions, it does not include systematic practice 
of part-tasks, biomechanical analysis, engaging environmental cues or 
high numbers of repetitions. Usual care therapists will be requested to 
indicate any treatment they used for an identified participant on a 
checklist form listing usual care treatment activities called the Upper 
Limb Usual Care Therapy Log.

Participants allocated to the usual care group will be provided 
with a booklet about recovery after stroke, with information about 
details of the frequency of assessment visits rather than about task-
specific training. At the end of a participant’s involvement in the trial, 
at 6 months after recruitment, the usual care participants will 
be offered a one-off consultation with a research therapist, in which 
several exercises from the task-specific manual will be recommended.

Who delivers treatment, amount of 
treatment and adherence

Different therapists will deliver the usual care and task-specific 
interventions. Usual care will be delivered by the usual clinical service 
physiotherapists and/or occupational therapists. Task-specific 
intervention will be delivered by a group of therapists employed to 
deliver the intervention in the trial. Intervention therapists will 
be  trained to deliver task-specific training over a 2-day course 
including theory, and practice with participants with stroke, prior to 
delivering the treatment. Further training sessions with participants 
with stroke, and/or follow-up discussion about intervention, with the 
trainer are available, if needed. Therapists will also receive instruction 
in the importance of strictly following the treatment manual.

The treatment duration for the task-specific intervention will 
be 6 weeks, with 1-h visits occurring 3 times in the first 3 weeks, twice 
in each of the next 2 weeks, then once in the final week, (tapered to 
increase self-management).

For each intervention therapist, fidelity to treatment protocol will 
be assessed. For each therapist, we will aim to assess fidelity on 4 
separate occasions. A treatment fidelity checklist will be  used. If 
fidelity to treatment schedule is <90% then further training will 
be given within the 2 weeks following the fidelity assessment, until the 
90% criteria is achieved.

Outcomes

All outcome measures are performed immediately after the 
6 weeks of intervention and at 6 months after intervention 
commencement by an assessor blind to group allocation. The primary 

outcome measure is a test of arm function and impairment, the Action 
Research Arm Test (ARAT) (31), immediately after the 6 weeks of 
intervention. It consists of 19 items focusing on grasping objects of 
different shapes and sizes, and gross arm movements. Each item is 
given an ordinal score of 0, 1, 2, or 3 with higher values indicating 
better function. The test has high inter-rater and test–retest reliability, 
good validity and is sensitive to therapy-related changes after stroke. 
A standardized test protocol will be followed (32).

Secondary outcome measures are (a) the Motor Activity Log (33); 
(b) the ARAT at 6 months to indicate whether changes occurring at 
end of 6 weeks are sustained in the longer term; and (c) the EQ5D-5 L 
(34). The Motor Activity Log is a self-report of quality of upper limb 
movement and amount of use, to capture the patient perspective. A 
clinically important mean change on the Motor Activity Log is ≥1; 
(scale range 0–5). This is a valid, reliable and responsive tool and its 
scores are strongly correlated with arm accelerometry data (33). The 
EQ5D-5 L is a standardised measure of health status providing a 
simple, generic measure of health for clinical and economic appraisal 
(34). It includes a descriptive system comprising 5 dimensions  - 
mobility, self-care, usual activities, pain/discomfort, and anxiety/
depression. Each dimension has 5 levels: no problems, slight problems, 
moderate problems, severe problems, and extreme problems. It also 
includes a Visual Analogue scale which records the respondent’s self-
rated health on a 20 cm vertical, visual analogue scale with endpoints 
labelled ‘the best health you  can imagine’ and ‘the worst health 
you can imagine’.

Tertiary outcomes are (a) the Wolf Motor Function test (WMFT) 
(35); (b) the Fugl-Meyer assessment (upper limb section) (36); (c) the 
Caregiver Strain Index; and (d) the modified Rankin Scale. The Wolf 
Motor Function Test assesses a wide range of functional abilities of the 
upper limb. Fifteen movements both with and without objects are 
measured according to quality of task performance (graded 0–5) and 
the time to complete the task. In addition, the number of tasks that 
can be performed in less than 120 s is assessed. The test is responsive 
to measuring changes in our target group (15), has high inter-rater 
reliability, test–retest reliability, internal consistency, and construct 
validity (35, 37).

The upper limb section of the Fugl-Meyer assessment (FM-UL) 
(36, 38) is also included as this assessment has been identified by 
consensus at the Stroke Recovery and Rehabilitation Roundtable (39) 
as a core measure of sensorimotor recovery that should be included 
in stroke trials, to allow future pooling of participant data across 
studies and institutions aiding meta-analyses of completed trials. 
Caregiver burden will be assessed using the Caregiver Strain Index 
(40). The CSI is included as we would expect carer burden to decrease 
with improved upper limb function. The Modified Rankin Scale will 
be used to measure degree of disability or dependence (41). Finally, to 
allow determination of costs associated with treatments, the Client 
Services Receipt Inventory will be used (42).

The time schedule of enrolment, interventions and assessments, 
is shown in Figure 1.

Participant recruitment

Potential participants may be in hospital awaiting discharge or 
they may already be at home following stroke. In both situations the 
recruitment procedure will take place over at least two occasions. 
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Screening will take place before consent. First, potential participants 
will be  identified by a clinician, who will check whether potential 
participants meet the eligibility criteria. If potential participants meet 
the eligibility criteria, the clinician will make the initial approach to 
the potential participant, and give the person an invitation letter and 
Patient Information Sheet (PIS) [approved by the local Research 
Ethics Committee (REC)]. The clinician will ask the person’s 
permission to pass their contact details onto a member of the research 
team. The participant will have at least 24–48 h to read the PIS and to 
discuss their participation with others outside the research team (e.g., 
relatives or friends) if they wish. The researcher will go through the 
PIS and explain the project to make sure the person understands the 
nature and intensity of the interventions, the randomisation procedure 
and a participant’s right to withdraw at any time without compromising 
their care and research governance issues. The researcher will answer 
questions, confirm the participant’s eligibility and take written 
informed consent if the participant decides to participate. Those who 
consent to participate will be assessed at baseline. Following this, 
participants will be randomised, and the Trial Manager will contact 
participants by telephone to inform them when their next assessment 
will be (usual care group) or organise their first therapy appointment 
and provide the therapist name (task-specific training group). Details 
of all participants approached for the trial and reason(s) for 
non-participation (e.g., reason for being ineligible or participant 
refusal) will be documented.

Strategies being employed for achieving adequate participant 
enrolment include (a) increasing the number of sites; (b) increased 
phone and email communication; (c) prompt resolving of local issues 

relating to recruitment challenges; (d) visiting the sites when possible, 
and (e) sending a newsletter with news about the trial.

Study methods

Participants will be stratified according to severity of upper limb 
impairment, and state (NSW, and Victoria) using randomised 
permuted blocks (block sizes 4 and 6) in a 1:1 ratio. Baseline severity 
of upper limb impairment will be categorized using scores on the 
ARAT (subgroups defined by Morris et al. (43) (Group 1: score 0–3; 
Group 2 score 4–28; Group 3 score 29–57)). Randomisation will occur 
after baseline assessment using a computer-generated random 
allocation sequence, created by the Data Sciences unit at the 
HMRI. The Trial Manager will randomise each participant using 
REDCap, then inform the therapist of the treatment allocation and 
book assessment appointments.

Outcome assessors will be  blinded to the treatment group to 
which a participant is assigned. Owing to the nature of this behavioural 
intervention, therapists delivering treatment cannot be  blinded. 
Participants will be instructed in their treatment but will be blinded 
to the treatment group.

Data collection

Data will be  collected and stored using a web-based database 
REDCap, hosted by HMRI on a secure server. After giving consent, a 

Eligible participants providing written 

informed consent; perform screening tests and 

baseline assessments (ARAT, WMFT, FM-UL, 

MAL, EQ5D-5l, CSI, MRS)

Randomisation

Task specific reach to grasp training (6 weeks) Usual care (6 weeks)

Post treatment upper limb assessments at 7 

weeks ARAT, WMFT, FM-UL, MAL, EQ5D-

5l, CSI, MRS

Post treatment upper limb assessments at 6 

months ARAT, WMFT, FM-UL, MAL, EQ5D-

5l, CSI, MRS

FIGURE 1

Overview of design and study flow.
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baseline assessment will be conducted for the participant. As well as 
the outcome measures, demographic data will be  collected at 
baseline including:

 • Whether thrombolysis or clot retrieval was used (if this 
information is available)

 • National Institute of Health Stroke Scale (NIHSS)
 • Assessment of upper limb sensory deficit including 

proprioception (Wrist Position Sense Test (44)) and touch 
(Tactile Discrimination Test (45))

 • Ability to perform voluntary finger extension (within the Fugl-
Meyer Assessment, by test item 25 -‘extend all fingers’)

 • The Montreal Cognitive Assessment (MoCA) (46), a rapid 
screening instrument for mild cognitive dysfunction. It assesses 
different cognitive domains: attention and concentration, 
executive functions, memory, language, visuoconstructional 
skills, conceptual thinking, calculations, and orientation

 • Self-efficacy using the Stroke Self-Efficacy Questionnaire (47)
 • Depression using the Hospital Anxiety and Depression Scale 

(HADS) (48) or the Stroke Aphasic Depression Questionnaire 
(SADQ) (49). To determine which of these scales is used, 
language is assessed using the Sheffield Screening test for 
Language Disorders (receptive language subsection) (50). If the 
participant scores less than 9 out of 9 on the receptive subsection, 
the SADQ is administered, instead of the HADS

 • Presence of vascular risk factors, comorbid conditions such as 
cognitive decline, arthritis and renal disease, other neurological 
disease, and type of stroke -ischaemic/haemorrhagic, lacunar/
large artery/other, cortical/subcortical, whether thrombolytic 
drugs were used, side of hemiplegia, handedness whether able to 
walk independently at stroke onset, and whether active hand 
movement was present at stroke onset.

Assessments will be conducted at home or in a designated clinic 
room in a hospital or in a research institute attached to a hospital by 
blinded assessors who are different to the therapists delivering 
treatment. Outcome assessors receive 1.5 days training with CI 
Paulette van Vliet and/or CI Leanne Carey and the local trial manager, 
including tutorials and practice of each assessment, and on the wider 
context of the trial, adhering to trial methods (e.g., avoiding being 
unblinded), and completing the participant case report form. This is 
followed by two actual participant assessments supervised by an 
experienced assessor.

Every effort is made to complete the follow-up assessments at 
6 weeks and 6 months. In the event that the participant is unable to 
complete all the assessments, priority is given to at least attempting to 
obtain the primary outcome measure the ARAT, and then the MAL 
and the EQ5D-5 L, if possible.

Modifications due to Covid-19

In March 2020, in NSW, recruitment, assessments and 
therapy were temporarily stopped for 4 months whilst modified 
procedures were developed and piloted to adjust to the presence 
of Covid-19 in the community. Modifications to the assessment 
and therapy procedures (listed below) were adopted and then 
recruitment was restarted at sites that were not under Covid-19 

restrictions. In Victoria, restrictions were experienced from 
March 2020 to March 2022. In addition, state and site-specific 
adjustments were made. For example, in accordance with advice 
from NSW Health, the following will also apply to all research 
staff in contact with participants in this study: COVID-19 
Vaccination will be  mandatory for all NSW staff with first 
vaccination required by 30 September 2021 and second 
vaccination by 30 November 2021 in order to continue to work 
for NSW Health. Evidence of vaccination for the research staff in 
contact with participants will be provided. Modifications were 
approved by the ethics committee.

A further pause of recruitment, assessments and therapy occurred 
in NSW in September 2021 due to NSW Government and University 
of Newcastle restrictions regarding contact with participants and 
conducting field work. Due to the adverse effect of Covid-19 on 
recruitment, as well as lower than expected recruitment rates prior to 
the advent of Covid-19, during the data monitoring committees of 
2020 and 2021, a more realistic expected number that could 
be recruited was proposed, which was 100 participants.

Changes to therapy procedures
Changes have been made to the procedures for conducting the 

task-specific therapy sessions, in order to adapt to the Covid-19 
pandemic, as follows:

 1. COVID19 screening questions are applied prior to the visit. If 
the person indicates that in the last 14 days they have been 
overseas, in contact with someone who has returned from 
overseas, in contact with any person confirmed as Covid-19 
positive, in contact with someone with suspected case of 
Covid-19, or suffering respiratory symptoms, therapy visits are 
postponed until the participant’s symptoms abate and they test 
negative for COVID

 2. If there is a pause in therapy due to any of the reasons in point 
1 above, the missed treatment sessions can be added after the 
6-week treatment period, up to a period of 8 weeks from the 
first treatment session

 3. Therapists are required to have completed minimum level 
education and training in Infection Prevention and Control 
related to COVID-19 and provide certificate; and are requested 
to a have a recent influenza vaccination, and provide evidence 
to the trial manager if they have

 4. All contents of the therapy kits (including the suitcases) which 
cannot be cleaned effectively have been replaced with versions 
of the item that can be thoroughly cleaned

 5. Physically distance as much as possible during the visit so that 
at least 1.5 M is between therapist and carer/participant

 6. Disposing of waste in the person’s home before leaving using 
the usual waste streams

 7. Therapists have been provided with gloves, masks, disinfectant 
cleaning spray and alcohol/detergent wipes, and a thermometer 
for temperature screening. In case of a period of high 
community transmission of COVID19 occurring, additional 
PPE will be  provided, including disposable gowns and 
eye protection

 8. Training sessions maybe conducted via video call, via zoom, if 
a participant does report as having Covid-like or respiratory 
symptoms, or is confirmed as having COVID-19, but feels they 
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can still do upper limb exercises, until such time as they can 
be seen in person again.

Changes to assessment procedures
Changes have been made to the procedures for conducting the 

baseline measures and outcome assessments, in order to adapt to the 
Covid-19 pandemic, as follows:

 1. COVID19 screening questions are applied prior to the visit. If the 
person indicates that in the last 14 days they have been overseas, 
in contact with someone who has returned from overseas, in 
contact with person confirmed as Covid-19 positive, in contact 
with someone with suspected case of Covid-19, or suffering 
respiratory symptoms, assessment visits are postponed until the 
participant’s symptoms abate and they test negative for COVID

 2. Assessors are required to have completed minimum level 
education and training in Infection Prevention and Control 
related to COVID-19 and provide certificate; and are requested 
to a have a recent influenza vaccination, and provide evidence 
if they have

 3. All contents of the assessment kits (including the suitcases) 
which cannot be cleaned effectively have been replaced with 
versions of the item that can be thoroughly cleaned

 4. Physically distance as much as possible during the visit so that 
at least 1.5 M is between assessor and carer/participant

 5. Disposing of waste in the person’s home before leaving using 
the usual waste streams

 6. Assessors have been provided with gloves, masks, disinfectant 
cleaning spray and alcohol/detergent wipes, and a thermometer 
for temperature screening. In case of a period of high 
community transmission of COVID19 occurring, additional 
PPE has been provided, including disposable gowns and 
eye protection

 7. During periods of high community transmission of COVID19, 
in order to limit exposure of participants, and assessors to 
infectious agents, assessment items that can be conducted by 
phone, are being conducted by phone. The assessments being 
conducted by phone are:

 • Modified Rankin Scale
 • Motor Activity Log
 • National Institute of Stroke Scale. Items 9 and 10
 • Client Services receipt Inventory

 8. During periods of high community transmission of COVID19, 
the baseline assessment has been split into 3 sections which are 
performed at different days/times (within 1 week of each 
other), in order to limit exposure of participants, researchers 
or staff to infectious agents.

Data management

The end of the trial for an individual participant is defined as 
completion of the 6-month follow-up. The definition of the end of the 

trial as a whole is the date when all participants have completed their 
final assessment at follow-up or have been lost to follow-up.

The Trial Manager/research assistant at each site will enter data 
into REDCap. The Data Sciences unit at HMRI will develop and 
upload the randomisation schema; develop and maintain the data 
management system; develop a data management plan for the data; 
prepare and clean the data for analysis; write the statistical analysis 
plan and conduct the statistical analysis.

The Trial Manager/research assistant will collect information 
about the number of eligible participants approached, recruit the 
participants, including obtaining consent from those who choose to 
join the study and will ‘track’ each participant to ensure data collection 
at the designated times.

Study staff will review of data for accuracy during data entry, with 
data quality aided by logging of data entry and changes (with 
comments). The Trial Manager/research assistant will also 
be responsible for the secure storage of data coming from participants 
across research sites. Paper records of assessment scores and 
questionnaires will be anonymised using code identifier and kept in a 
locked filing cabinet in an office that is locked when not occupied by 
the research team.

Sample size

We aim to detect a minimal clinically important difference of 5 points 
on the ARAT, which derives from findings of van der Lee et al. (51), who 
reported a difference of 5.7 for a mildly impaired population. The 
clinically important mean change for the ARAT for different severity 
groups are not yet published. We have adjusted to 5 to reflect the inclusion 
of moderate to severe impairment in our expected population, [our 
previous feasibility study population included 37% participants with 
severe (i.e., ARAT 0–3) impairment] (17). Based on observed values from 
our feasibility study, i.e., a pooled standard deviation on the ARAT of 18 
and a correlation between baseline and follow-up of 0.72, 300 participants 
(150 per group) will provide the study with 80% power to detect the 5 
point change on the ARAT at the 5% significance level (two-tailed test), 
allowing for a 20% loss to follow-up. Using similar assumptions, the study 
would have 80% power to detect differences between groups of 0.3 SDs 
on the WMFT, MAL, and the Caregiver Strain Index.

Statistical analysis

Intention-to-treat (ITT) and per protocol (PP) analyses will 
be  conducted. The ITT population will include all subjects who are 
randomised whereas the PP population will include those subjects who 
received 90% allocated treatment. The primary outcome measure (ARAT 
at the end of intervention at 6 weeks) will be analysed using analysis of 
covariance fitted within a Generalised Linear Mixed Model (GLMM) 
framework to adjust for the repeated measurements on individuals. The 
outcome in the model will be the individual’s ARAT (immediately after 
6 weeks of intervention/6 months after intervention commencement); 
fixed effects in the model will be group, time and the interaction of time 
by group, baseline ARAT score and stratification variables (site and 
severity of upper limb impairment). A random effect for subject will 
be  included. Secondary outcome measures of MAL, WMFT, FMA, 
EQ5D-5 L, CSI, and mRS will be analysed using the same approach as 
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used to test the primary outcome, with appropriate distributional families 
depending on the type of outcome. Pre-specified sub-group analysis: 
We will conduct sub-group analyses to determine differential effects of 
the intervention in participants with voluntary finger extension (no 
extension, partial, or full extension) at 3 months post stroke. The GLMM 
regression model described above will be  fitted within each of the 
sub-groups. No formal tests of significant interactions will be assessed for 
these models, since the study is not powered for these tests. The primary 
analysis will take place when follow-up is complete for all recruited 
participants. No formal interim analysis is planned.

Data monitoring

An independent Data Monitoring and Safety Committee (DMC) has 
been formed, consisting of an expert statistician uninvolved with the trial, 
and a researcher in the field who is also an experienced physiotherapist, 
uninvolved with the trial. The role of the DMC is to monitor the data from 
the trial and to make recommendations to the Chief Investigator and trial 
manager and to consider any safety issues for the trial. The DMC is 
independent from the sponsor and competing interests. Meetings will 
be held during recruitment, and then when recruitment reaches n ≥ 50. 
The trial team will prepare the following reports for that meeting:

 • Recruitment report
 • Demographics of participants
 • Number of participants completed, number of participants to 

follow-up, number of participants lost to follow-up
 • Number of participant ARAT (primary outcome) assessments 

performed at baseline, 6 weeks and 6 months
 • Adverse events
 • Adherence data.

Following the meetings, a report will be  provided to the Chief 
Investigator, by the chair of the DMC, and the Chief Investigator will 
report the findings to the Trial Management Committee. When the 
participant number exceeds 50, a report will be provided for the next 
DMC meeting of the outcome data, unblinded, by the trial statistician. At 
meetings where the unblinded outcome data is discussed, there will 
be both an open and a closed meeting, with the closed meeting including 
the DMC, the trial manager, and trial statistician if required (and not the 
Chief Investigator).

Expected adverse events and safety 
reporting

There are adverse events that are expected in the stroke 
population that are not related to the task-specific intervention. These 
are: death, further stroke, cardiovascular conditions and illnesses 
relating to old age, and development of secondary complications: 
such as joint contractures. Poor arm function after stroke is also 
associated with poor balance and falls. While there is low risk of 
shoulder pain or hand pain related to the task specific intervention 
and injury to the hand is not expected as a result of the intervention, 
musculoskeletal adverse events, in addition to common serious 
adverse events will be monitored as part of the trial.

In the event of shoulder or hand pain occurring in participants in 
either group of the trial the clinical physiotherapists or occupational 
therapists would, as part of their role, expect to treat such symptoms 
or refer the trial participant to another service. Incidence of expected 
and unexpected adverse events will be  collected by the research 
physiotherapist/occupational therapist and reported to the Data 
Monitoring Committee.

Ethics and dissemination

Ethics review of the protocol for the trial and other trial related 
essential documents (e.g., Participant Information Statement and 
consent form) will be carried out by the main Human Research Ethics 
Committee (HREC), Hunter New England REC, the University of 
Newcastle Human Ethics Committee, and also site RECs, including 
Central Coast Local Health District REC, Mid North Coast Local 
Health District REC, Austin Health REC, La Trobe University HREC, 
Eastern Health HREC, Western Health HREC.

Any amendments to these documents, will be submitted to the 
REC for approval prior to implementation. Important protocol 
modifications will be  communicated to the RECs, investigators, 
sponsor, and Trial Management Committee.

The process for informed consent is as follows. Potential 
participants will be identified by a clinician, who will check whether 
potential participants meet the eligibility criteria. If potential 
participants meet the eligibility criteria, the clinician will make the 
initial approach to the potential participant and give the person an 
invitation letter and Patient Information Sheet (PIS; approved by the 
REC, see Appendix 2). The clinician will ask the person’s permission 
to pass their contact details onto a member of the research team. The 
participant will have at least 24–48 h to read the PIS and to discuss 
their participation with others outside the research team (e.g., 
relatives or friends) if they wish. The researcher will go through the 
PIS and explain the project to make sure the person understands the 
nature and intensity of the interventions, the randomisation 
procedure and a participant’s right to withdraw at any time without 
compromising their care and research governance issues. The 
researcher will answer questions, confirm the participant’s eligibility, 
and take written informed consent if the participant decides to 
participate. A model consent form is included at Appendix 3.

Data protection and participant 
confidentiality

Data will be collected and retained in accordance with the Australian 
Code for the Responsible Conduct of Research guidelines (52). Data will 
be entered onto a purpose designed database and data validation and 
cleaning will be carried out throughout the trial. Trial data will be entered 
directly into the study database via secure restricted internet access.

All study documentation will be retained in a secure location during 
the conduct of the study and for 15 years after the end of the study, when 
all participant identifiable paper records will be destroyed by confidential 
means. Where trial related information is documented in the medical 
records, these records will be identified by a label bearing the name and 
duration of the trial. Australian Good Clinical Practice research 

https://doi.org/10.3389/fneur.2023.1140017
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


van Vliet et al. 10.3389/fneur.2023.1140017

Frontiers in Neurology 10 frontiersin.org

guidelines, relevant ‘meta’-data about the trial and the full dataset, but 
without any participant identifiers other than the unique participant 
identifier, will be held for up to 15 years on a secure University server. A 
secure electronic ‘key’ with a unique participant identifier, and key 
personal identifiers (e.g., name, date of birth and medical record number) 
will also be held indefinitely, but in a separate file and in a physically 
different location. These will be retained because of the potential for the 
raw data to be used subsequently for secondary research.

Data will not be made available for sharing until after publication 
of the main results of the study. Thereafter, anonymised individual 
participant data will be  made available for secondary research, 
conditional on assurance from the secondary researcher that the 
proposed use of the data is compliant with the Australian Good 
Clinical Practice research guidelines regarding scientific quality, 
ethical requirements and value for money. A minimum requirement 
with respect to scientific quality will be  a publicly available 
pre-specified protocol describing the purpose, methods and analysis 
of the secondary research, e.g., a protocol for a Cochrane systematic 
review. The second file containing participant identifiers would only 
be made available for record linkage or a similar purpose, subject to 
confirmation that the secondary research protocol has been approved 
by a HREC or other similar, approved ethics review body.

The findings will be disseminated by usual academic channels, i.e., 
presentation at international meetings, as well as by peer-reviewed 
publications and through participant organisations and newsletters to 
participants, where available. No commercially exploitable findings 
are anticipated.

Sponsor contact information
The trial Sponsor is the University of Newcastle, University Drive, 

Callaghan, NSW, 2308 Australia, and the sponsor’s reference for the 
study is H-2018-0256.

Funder
The trial was funded by project grant number APP1129008 from 

the National Health and Medical Research Council. This funding 
source had no role in the design of this study and will not have any 
role during its execution, analyses, interpretation of the data, or 
decision to submit results.

Limitations to the study

In this study protocol, it is acknowledged that in making certain 
considered choices regarding our research plan, these choices, however 
well-reasoned, may give rise to other potential limitations, so we would 
like to note these here. Firstly, we chose to use a broad-based inclusion 
criteria, in order to make our results applicable to the wider stroke 
population. So we  decided not to exclude people with no finger 
extension at time of recruitment, neglect/inattention and dyskinesia. 
The presence of these factors may impede the effects of rehabilitation, 
but since we were not aware of evidence that task-specific training might 
not still work with these people, we  allowed them to be  included. 
Secondly, for those participants with low baseline scores on the ARAT 
or no finger extension at the time of recruitment, which would 
be predictive of poor upper limb recovery, it could be argued that these 
participants could be closely monitored with more frequent assessments, 
in order to ascertain whether continuation of therapy is justified. To deal 

with potential limited recovery of finger extension, in this study we have 
included two other assessments as well as the ARAT, namely the WMFT 
and the FMA, which allow improvements to be measured in other 
movements involving the shoulder, elbow and wrist, even if finger 
extension has not recovered. However, in planning future studies, it 
would be  good to include a mechanism to justify continuation of 
therapy. Thirdly, due to finite resources, which were under further 
pressure due to the effects of Covid, it was not possible to periodically 
check the fidelity of each individual assessor’s assessment technique, 
after their initial competence was checked after training. Assessors did 
receive a thorough training for their role, including supervised 
assessments with participants. Additional tutorials on the FMA and 
WMFT were held by zoom as needed, video materials of these 
assessments being done with patients and scores were provided for extra 
practice/confirmation and the trainers were made available to assessors 
for further input when requested. Also, when assessments were returned 
to the trial manager, they were thoroughly checked and any anomalies 
followed up. However we  acknowledge that periodic checking of 
assessor technique is desirable in future trials.

Protocol amendments

The protocol was updated twice following trial registration. Both 
updates occurred after enrolment was initiated on 12/12/2018 as 
outlined below.

Post-enrolment revision #1 (randomized accrual at this time = 12): 
The first revision was made 27/08/20.

New recruitment sites Berkley Vale Private Hospital and Mt. 
Wilga Private Rehabilitation Hospital were added. Outcome measures 
were added: the Stroke Self-Efficacy Questionnaire, Sheffield 
Screening Test Receptive Skills, Stroke Aphasic Depression 
Questionnaire and Hospital Anxiety and Depression Scale. A 
stretching document was produced to guide the use of stretches 
during the task specific visits. An ‘Upper Limb Usual Care Therapy 
Log’ form was developed for treatment of participants allocated to 
receive usual care. A column for ‘time’ was added to the Therapist’s 
‘Task Specific Therapy Log’ form for each task specific exercise. Extra 
clarification of surrounding time between baseline and task specific 
therapy, with task specific therapy starting 1 week after baseline, and 
that participant assessments should occur within 3 days either side of 
an appointment which is cancelled. A document describing the 
assessment of fidelity to treatment intervention was developed. 
Adjustments to assessment and therapy procedures for Covid19 
were added.

Post-enrolment revision #2 (randomized accrual at this time = 31). 
The second revision was made 15/09/21.

New recruitment sites, the Central Coast Local Health District and 
the Mid North Coast Local Health District of NSW, and Eastern Health 
and Western Health, in Victoria. Further advice re COVID-19 Vaccination 
will be mandatory for all NSW staff with first vaccination was added.

Ethics statement

The studies involving human participants were reviewed and 
approved by Hunter New England Health Research Ethics Committee. 
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The patients/participants provided their written informed consent to 
participate in this study.
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