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Auditory rhythmical cueing to improve 
gait in community-dwelling stroke survivors 
(ACTIVATE): a pilot randomised controlled trial
Lisa Shaw1  , Patricia McCue1, Philip Brown2, Christopher Buckley3, Silvia Del Din4, Richard Francis1, 
Heather Hunter2, Allen Lambert5, Sue Lord6, Christopher I. M. Price1,7, Helen Rodgers1,7, Lynn Rochester2,4 and 
Sarah A. Moore1,3,7* 

Abstract 

Background: Gait impairment limiting mobility and restricting activities is common after stroke. Auditory rhythmical 
cueing (ARC) uses a metronome beat delivered during exercise to train stepping and early work reports gait improve-
ments. This study aimed to establish the feasibility of a full scale multicentre randomised controlled trial to evaluate an 
ARC gait and balance training programme for use by stroke survivors in the home and outdoors.

Methods: A parallel-group observer-blind pilot randomised controlled trial was conducted. Adults within 2 years of 
stroke with a gait-related mobility impairment were recruited from four NHS stroke services and randomised to an 
ARC gait and balance training programme (intervention) or the training programme without ARC (control). Both pro-
grammes consisted of 3x30 min sessions per week for 6 weeks undertaken at home/nearby outdoor community. One 
session per week was supervised and the remainder self-managed. Gait and balance performance assessments were 
undertaken at baseline, 6 and 10 weeks. Key trial outcomes included recruitment and retention rates, programme 
adherence, assessment data completeness and safety.

Results: Between November 2018 and February 2020, 59 participants were randomised (intervention n=30, control 
n=29), mean recruitment rate 4/month. At baseline, 6 weeks and 10 weeks, research assessments were conducted 
for 59/59 (100%), 47/59 (80%) and 42/59 (71%) participants, respectively. Missing assessments were largely due to 
discontinuation of data collection from mid-March 2020 because of the UK COVID-19 pandemic lockdown. The pro-
portion of participants with complete data for each individual performance assessment ranged from 100% at baseline 
to 68% at 10 weeks. In the intervention group, 433/540 (80%) total programme exercise sessions were undertaken, in 
the control group, 390/522 (75%). Falls were reported by five participants in the intervention group, six in the control 
group. Three serious adverse events occurred, all unrelated to the study.

Conclusion: We believe that a definitive multicentre RCT to evaluate the ARC gait and balance training programme 
is feasible. Recruitment, programme adherence and safety were all acceptable. Although we consider that the 
retention rate and assessment data completeness were not sufficient for a future trial, this was largely due to the UK 
COVID-19 pandemic lockdown.
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Key messages regarding feasibility

1. An ARC gait and balance training programme for use 
by stroke survivors at home and outdoors had been 
developed, and we wished to establish if evaluation in 
a full-scale RCT would be possible by reviewing key 
trial parameters including recruitment and retention 
rates, programme adherence, gait and balance assess-
ments data completeness and safety.

2. Recruitment rate, programme adherence and safety 
were all acceptable. Retention rate and assessment 
data completeness were not su�cient for a future 
trial, but this was largely due to discontinuation of 
data collection from mid-March 2020 because of the 
UK COVID-19 pandemic lockdown.

3. We believe that a de�nitive multicentre RCT to eval-
uate the ARC gait and balance training programme is 
feasible.

Background
Neurological impairments a�ecting gait and balance 
are common features of stroke. Estimates about recov-
ery are variable with studies reporting that between 60 
and 80% of survivors can mobilise independently at the 
end of their hospital stay [1, 2], but only around one 
quarter regain the ability for real-world walking outside 
of the home [2, 3]. Improving treatments for gait and 
balance problems is frequently considered an impor-
tant research priority for stroke rehabilitation [4, 5] 
and a very recent UK James Lind research priority set-
ting exercise recon�rmed the need to establish how to 
deliver therapy to attain best outcomes after stroke as 
well as facilitate abilities necessary for everyday life [6].

Auditory rhythmical cueing (ARC) uses a metronome 
beat or music delivered during exercise to train step-
ping. Although systematic reviews report bene�ts from 
using ARC for gait rehabilitation after stroke, including 
improvements in gait speed, stride length, and cadence 
[7�9], most studies were conducted in laboratories and 
therefore have limited applicability to �real-world� situ-
ations. Only one small pilot study involving 12 stroke 
survivors has evaluated an ARC programme within 
the home. Although this study reported feasibility and 
improvements in gait parameters [10], one small study 
alone is insu�cient to con�rm whether ARC may have 

a role outside of the laboratory and in wider stroke gait 
rehabilitation.

We wished to further assess this potentially promis-
ing therapy and �rstly due to the lack of an available 
standardised ARC treatment schedule, our team devel-
oped an ARC gait and balance training programme for 
use by stroke survivors in the home and outdoors [11]. 
Prior to undertaking a full-scale multi-centre randomised 
controlled trial to evaluate the e�ects of this new pro-
gramme, we next considered it important to establish 
whether conducting such a trial would be feasible. �e 
aim of the study reported here was to assess the suit-
ability of the proposed RCT design by undertaking a 
pilot trial involving participants from four NHS stroke 
services.

Methods
Objectives
�e objectives were to report recruitment and retention, 
adherence to study treatments, views about the treat-
ments received (i.e., participants) or provided (i.e., sta�), 
data quality and summary statistics from outcome assess-
ments, success of outcome assessor blinding and adverse 
events.

To determine whether to proceed to a de�nitive RCT, 
progression criteria based on published recommenda-
tions [12] were set for recruitment rate, treatment adher-
ence and data completeness (Table�1).

Study design and setting
�e study methods have been reported in detail previ-
ously [13]. �e design was a parallel-group observer-
blind multicentre pilot randomised controlled trial. 
Participants were recruited from four National Health 
Service (NHS) stroke services in North East England, UK. 
Study treatments were delivered in the home and nearby 
outdoors. Ethical approval was granted by London-City 
and East Research Ethics Committee (ref 18/LO/0115).

Participants
NHS stroke sta� from the participating services screened 
patients for potential eligibility and sought permis-
sion to pass contact details onto the research team, who 
con�rmed eligibility and obtained consent. Commu-
nity-dwelling adults within 24 months of stroke with a 
gait impairment (e.g., gait asymmetry, reduced walking 
speed, reduced balance; assessed by stroke sta� clinical 

Trial registration: ISRCTN, ISRCT N1087 4601, Registered on 05/03/2018,

Keywords: Stroke, Gait, Exercise, Rehabilitation, Auditory rhythmical cueing, Pilot randomized controlled trial

https://doi.org/10.1186/ISRCTN10874601
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observation and/or patient report) but could mobilise 
independently indoors (with/without stick) for greater 
than 10 m were eligible for inclusion. People who had 
other neurological or orthopedic conditions a�ecting 
gait, cardiopulmonary conditions limiting walking, and 
cognitive/communication issues or a diagnosis likely to 
interfere with study procedures (e.g., uncorrected hear-
ing problems, registered blind) were excluded. People 
undergoing active physiotherapy were also excluded. All 
participants had to be able to provide informed consent.

Randomisation
A member of the research team used an online randomi-
sation service (https:// www. seale denve lope. com/) to allo-
cate participants to intervention or control in a 1:1 ratio 
using permuted block sequences. No strati�cation was 
used for this pilot trial.

Blinding
Due to the nature of the interventions, it was not possi-
ble to blind participants or treatment providers to study 
group. However, face-to-face outcome assessments were 
intended to be conducted by a blinded researcher and 
any unblinding was recorded.

Intervention
�e ARC gait and balance training programme was 
developed from a literature review and stakeholder 
workshops [11]. Consisting of three 30-min sessions 
per week for 6 weeks (total 18 sessions), one session per 
week was supervised face-to-face by a trained member 
of the research team (PM (stroke researcher with back-
ground in psychology) or HH (research therapist with 
over 20 years specialist stroke clinical experience)) and 
two sessions were self-managed. ARC was provided 
with either a commercially available metronome (Metro 
Tuner MT-100 by Musedo) or a free metronome app for 
a mobile phone (�ZyMi� for android or �Pro Metronome� 

for iOS), according to participant preference. A single 
tone was used to cue each leg with a regular pattern and 
the cueing frequency was dependent on exercise type. 
Ten gait and balance exercises which were gradually pro-
gressed according to participant ability were used with 
ARC. Progression included increasing cueing frequency, 
increasing number of repetitions or time spent on an 
exercise and increasing task di�culty such as increasing 
number of turns. During weeks 4 to 6, the supervised ses-
sion included outdoor walking. Examples of exercises are 
shown in Additional �les 1 and 2. All participants were 
provided with a training manual which included illustra-
tions of the exercises and a diary section to record each 
session undertaken. Videos of the exercises could also 
be accessed online. �e diary section was intended to be 
easy to complete and requested a tick in a box for each 
exercise undertaken in each session. An example of the 
diary is shown in Additional �le�3. At the end of the pro-
gramme, diaries were either collected by the face-to-face 
outcome assessor or returned to the research team by 
post. In addition, both participants and sta� were asked 
to complete study-speci�c feedback forms. A description 
of the training programme using the Template for Inter-
vention Description and Replication checklist [14] is pro-
vided in Additional �le�4.

Control
�e gait and balance training programme was under-
taken without ARC. �e duration, content, supervision, 
and materials were identical to the programme for par-
ticipants in the intervention group, excluding the use of 
ARC.

Baseline and outcome data collection
Data were collected at baseline (prior to randomisation) 
and at 6- and 10-weeks post-randomisation. Participant 
characteristics collected face-to-face by a researcher at 

Table 1 Definitive RCT progression criteria

Criterion Green Amber Red

Recruitment 
of partici-
pants

Average of at least four patients per 
month recruited across the four sites

Average of at least three patients per 
month recruited across the four sites

Average of two or fewer patients recruited per month 
across the four sites

Treatment 
adherence

Average of at least 80% supervised 
and self-monitored treatment ses-
sions completed across the interven-
tion and control groups

Average of at least 70% supervised 
and self-monitored treatment ses-
sions completed

Average of 70% or less supervised and self-monitored 
treatment sessions completed

Data com-
pleteness

Completion (no missing data) of over 
85% of key outcome measures at the 
10-week outcome assessment

Completion of over 70% of key out-
come measures at 10 weeks

Completion of 70% or less of key outcome measures at 
10 weeks.

https://www.sealedenvelope.com/
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baseline included age, sex, pre-stroke disability (modi-
�ed Rankin Scale [15, 16]), pre-stroke walking status 
(with/without stick), stroke type, current stroke limita-
tions (impairment: National Institute of Health Stroke 
Scale [17]; disability: modi�ed Rankin Scale [15, 16]), 
and cognition (Montreal Cognitive Assessment [18]). 
Mood (Physical Health Questionnaire-9 [19]) and fatigue 
(Fatigue Assessment Scale [20]) were recorded in a par-
ticipant self-completion questionnaire.

At each study time point, ambulatory ability (Func-
tional Ambulation Category (FAC) [21], Rivermead 
Mobility Index (RMI) [22]), balance/gait (Mini Balance 
Evaluation Systems Test (Mini-BEST) [23, 24], Activities 
Speci�c Balance Con�dence (ABC) Scale [25, 26]), and 
gait speed (4-m walk test) were assessed. �ese data were 
collected face-to-face by a researcher except the ABC 
Scale which was included in a participant self-completion 
questionnaire.

To assess the safety of the training programmes, 
adverse events and falls were recorded. Participants 
were asked to complete a falls diary recording any events 
which ful�lled a standard fall de�nition [27]. Training 
programme providers enquired about falls weekly and 
assisted with diary completion. At the 6- and 10-week 
face-to-face assessments, participants were questioned 
about any new medical problems to capture other 
adverse events.

Data were also collected on walking activity levels 
using accelerometer-based wearable sensors (Axivity) 
and quality of life using questionnaire scales, but these 
results will be reported separately.

�e choice of data to be collected re�ected informa-
tion and measures which we wished to test for fea-
sibility of use in a future RCT. �is included stroke 
characteristics which may in�uence walking outcome 
and a range of measures spanning impairment, activity 
and participation.

Sample size
In keeping with recommendations for pilot trials, the 
planned sample size was 60 participants [28].

Data analysis
As this was a pilot trial, data analyses were descriptive 
only, group comparisons were not undertaken. Num-
bers and percentages are reported for categorical vari-
ables. Mean and standard deviation (SD) or median and 
interquartile range (IQR) are reported for continuous 
variables. For measurement scales, only complete case 
data are reported, imputation for missing items was not 
undertaken.

Results
Between 05 November 2018 and 28 February 2020, 97 
patients were recorded as screened for the trial and 60 
participants provided consent to take part. �e four 
NHS stroke services commenced their involvement at 
slightly di�erent times resulting in sites 1 and 2 enroll-
ing participants for 68 weeks, site 3 for 66 weeks and 
site 4 for 65 weeks. �e most common reason recorded 
for failure to enrol a screened patient was that the 
patient declined.

Numbers of participants consented per site were 
site 1: 22 (1.5 patients/month), site 2: 12 (0.8 patient/
month), site 3: 10 (0.7 patients/month), and site 4: 16 
(1.1 patients/month). Taking the enrolment period as 15 
months, a mean of 4 patients per month were consented 
in total. Of these 60 participants who provided consent, 
one participant withdrew before randomisation resulting 
in 59 participants being allocated to a treatment group 
(intervention group, n=30; control group, n=29).

Face-to-face assessments were conducted for 47/59 
(80%) of participants at 6 weeks and 42/59 (71%) at 10 
weeks. Where the data collection was expected (i.e., 
the participant had not withdrawn from the study), the 
only reason for an assessment not being conducted was 
because the study had to discontinue activity during 
the UK COVID-19 pandemic lockdown imposed from 
March 2020. Enrolment had completed prior to the lock-
down but the on-going programme training sessions and 
follow up assessments had to be abandoned. Remov-
ing the participants who could not be seen due to the 
COVID-19 pandemic, face to face assessments were con-
ducted for 47/53 (89%) at 6 weeks and 42/49 (86%) at 10 
weeks. Figure�1 shows the trial pro�le, and Table�2 shows 
the reasons for missing assessments and questionnaires.

Baseline characteristics of randomised participants 
are shown in Tables�3 and 4. �e intervention group had 
slightly more females (33% versus 28%), were marginally 
older (median 70 years versus 62 years) and randomised 
into the trial a little later after stroke (9.1 months versus 
7.6 months). Results of baseline gait assessments were 
similar in each group.

Exercise diaries were available from 28/30 (93%) par-
ticipants in the intervention group and 25/29 (86%) par-
ticipants in the control group. For the intervention group, 
both missing diaries related to participants who did not 
complete any of the programme (withdrawal n=1, sus-
pension of study activity due to the COVID-19 pandemic 
n=1). In the control group, for 1 participant a missing 
diary was due to withdrawal before completion of any of 
the programme but for 3 participants, trial notes indicate 
some involvement in the programme and it was unclear 
why the diaries were missing.
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As there were 18 training sessions in the study pro-
grammes, the total number of sessions expected to be 
undertaken was 540 for 30 intervention group partici-
pants and 522 for 29 control group participants. Total 
recorded sessions in the available dairies were 433/540 
(80%) for the intervention group and 390/522 (75%) for 
the control group. Considering only the participants 
who returned a diary, the expected sessions drop to 504 
in the intervention group and 450 in the control group, 
giving recorded sessions as 433/504 (86%) and 390/450 
(87%), respectively; the median number of sessions 
recorded per participant was intervention group 16, 
control group 18.

Participant and training programme provider 
responses to the study-speci�c programme feedback 
questions are shown in Additional �les 5 and 6. �e 
majority of participants in both groups reported �nding 
the programme easy to follow and would recommend to 
others. �e providers reported that the duration and con-
tent of the programme were appropriate for most partici-
pants and materials were acceptable.

Summary statistics for gait and balance performance 
assessments are shown in Table�4. For both the RMI and 
the FAC, most participants obtained maximal or near 
maximal scores across all assessment time points indi-
cating ceiling e�ects. For other assessments, there was 
more scope for potential change. Anecdotal feedback 
from assessors about the use of the Mini-BEST assess-
ment expressed potential safety concerns related to items 
assessing reactive postural control.

To assess trial data completeness, the proportion of 
patients contributing data for each gait performance 
assessment (i.e., including where assessments were not 
undertaken), was calculated and is shown in Table� 5. 
Over both study groups, data completeness for the 
assessments collected face-to-face ranged from 100% 
(most scales at baseline) down to 67.8% (some scales at 
week 10). For the self-completion questionnaire, data 
completeness was lower at each time point. Note that 
these calculations include participants who could not be 
assessed due to the COVID-19 pandemic.

At 6 weeks, the assessor reported that they were 
unblinded for 6/26 (23%) participants in the intervention 
group and 2/21 (10%) in the control group. At 10 weeks, 
the �gures were 4/22 (18%) and 1/18 (6%), respectively. 
�e main reasons for unblinding were reported to be 
information provided by the participant or because the 
metronome was clearly visible.

�ree serious adverse events (SAE) were reported dur-
ing the study, considered to be SAEs due to hospitalisa-
tion (urinary catheter issue, seizure, possible new stroke). 
None were considered related to the study programmes 
and all occurred in control group participants.

Falls diaries were available for 27/30 (90%) of the inter-
vention group and 24/29 (83%) control group. For 2/3 
missing in the intervention group, trial notes indicate 
that these participants did not take part in any of the pro-
gramme. For 1/3, it is unclear why the diary was missing. 
For the control group, for 1/5 missing, trial notes indicate 
no participation in the programme, and for the remaining 
4/5, it is unclear why the diary was missing. Considering 
the available diaries, in the intervention group 4/27 (15%) 
participants had a fall recorded and for the control group 
this was 5/24 (21%). In the control group, one participant 
had 2 falls recorded. �e free text provided described 
minor injuries only although one incident resulted in 
attendance of an ambulance but without conveyance to 
hospital. Other trial notes indicate that two additional 
participants (intervention n=1, control n=1) had a fall 
but these were not registered in diaries.

Discussion
�is pilot trial aimed to establish the feasibility of under-
taking a full scale multi-centre RCT to evaluate the ARC 
gait and balance training programme. Progression crite-
ria based on published recommendations [12] were pre-
set for recruitment rate, treatment adherence and data 
completeness (Table� 1). Results obtained suggest that 
progression to a de�nitive multicentre RCT is feasible. A 
number of design and/or delivery aspects can however 
be strengthened to improve the chances of completing a 
high-quality evaluation.

Recruitment was an average of 4 participants per 
month which makes the recruitment progression cri-
terion �green�. However, two of the four NHS stroke 
services did not manage to enrol one participant every 
month. Whilst recruitment di�erences are unsurpris-
ing, it highlights the need for careful planning of real-
istic service recruitment rates and/or careful selection 
of sites likely to ful�l expectations. Although aiming for 
recruitment of up to one participant per site per month 
may seem low, this is not unusual for stroke rehabili-
tation trials [29, 30] and would not make a future trial 
prohibitive. In planning recruitment targets for stroke 
rehabilitation studies, delivery of the rehabilitation 
intervention must also be considered as this typically 
requires face-to-face sta� time and as such limits the 
number of people who can receive a study treatment at 
any time.

Although we collected screening data, unfortunately, 
these data do not help to explain the di�erent site recruit-
ment rates. In hindsight, the detail captured by the 
screening log was limited as only one reason for failure 
to enrol was requested rather than �rstly asking sta� 
to record whether or not a patient met the eligibility 
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criteria, and secondly whether or not they were willing 
to take part. Had these factors been separately recorded 
as part of the screening log, it would have been possible 
to report whether a speci�c eligibility criterion was limit-
ing enrolment independently to whether or not patients 
were willing to take part. �is would have allowed eli-
gibility to be reviewed and potentially updated before a 
larger study. In addition, the screening data were likely 
incomplete as logs recorded only 97 screened patients 
and many more people with post-stroke gait impair-
ment would have been managed by the four participat-
ing NHS services over the study 65�68 week timeframe. 

For a future trial, the screening log should be improved to 
capture appropriate eligibility information which could 
be used to inform live recruitment rates, and completion 
should be encouraged. However, although this would be 
a recommendation, our experience of leading other trials 
suggests that screening data is generally considered a low 
priority by participating sites and this would be di�cult 
to implement.

Adherence to the study training programmes was 
assessed by counting the number of sessions that par-
ticipants and/or providers recorded as undertaken. Con-
sidering just the participants who returned a diary, the 

Fig. 1 Trial profile
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adherence progression criterion was �green� with over 
80% of sessions recorded as undertaken in both study 
groups. Furthermore, as this included some participants 
who had to discontinue participation due to the UK 
COVID-19 lockdown, it is likely that adherence would 
have been higher if this disruption had not occurred. 
However, if all enrolled participants are included in cal-
culations, adherence is �amber� at 80% in the interven-
tion group and 75% in the control group. �is di�erence 
occurs due to participants with missing diaries being 
considered to have completed 0 sessions, but this may be 
an underestimate as trial notes indicate that some peo-
ple with missing diaries engaged with the programme.

Assessment of adherence by counting sessions alone is 
limited as this does not provide information on whether 
the intended 30 min of exercises was undertaken nor 
whether the content was as planned. However, as 12/18 
sessions in the programmes were self-managed, ask-
ing participants to complete more complex information 
may have a�ected the good diary return rates observed. 
Nevertheless, consideration should be given to whether 
richer programme adherence data could be captured in a 
future large trial.

�e data completeness progression criterion was 
�red,� but this was a�ected by the inability to collect data 
because of the COVID-19 pandemic lockdown. Prior to 
this, data collection was proceeding well and this progres-
sion criterion would likely have been �green� without the 
lockdown. Unsurprisingly, participant self-completion 

questionnaire data were less complete than face-to-face 
collected data and the use of self-completion material 
should be reconsidered for a main trial.

Summary statistics for the RMI and FAC indicated ceil-
ing e�ects in our study population and as such would 
unlikely be suitable choices for outcome assessments in a 
future RCT. Due to the safety concerns about Mini-BEST 
assessment, we also consider this measure unsuitable for 
further use. Gait speed and the ABC scale would be the 
most appropriate performance measures to be retained 
for a larger trial.

Face-to-face assessment blinding to treatment group 
was not achieved with all participants which is a recog-
nised problem in rehabilitation trials where masking 
receipt of the study treatments is not possible [31, 32].

Monitoring of safety was an important aspect of this 
pilot trial and there were no serious adverse events 
related to the training programmes. Records indicated 
that 11 participants sustained a fall during the study 
timeframe with details available for 9/11 showing minor 
injuries only. Fall diaries were missing for some partici-
pants and therefore our data may potentially underes-
timate falls. In addition, although study sta� regularly 
checked falls diaries and encouraged completion, like any 
self-completion documentation, there could still be omis-
sions. However, there was no evidence that falls were a 
cause for concern in the study.

A limitation of this pilot trial is that it was conducted 
in NE England only and programme supervision was 

Table 2 Reasons for missing study assessments

Intervention Control

Withdrawn at or before a 6-week assessment n=1
• Ill health: n=1

n=5
• Ill health: n=2
• Unspecified: n=3

Face to face assessment expected but not conducted at 6 weeks n=3
• COVID-19 restrictions: n=3

n=3
• COVID-19 restrictions: n=3

Questionnaire expected but not returned n=5
• COVID-19 restrictions: n=4
• Pt did not return: n=1

n=4
• COVID-19 restrictions: n=2
• Pt did not return: n=2

Withdrawn between 6 and 10 weeks n=1
• Unspecified: n=1

n=0

Face to face assessment expected but not conducted at 10 weeks n=6
• COVID-19 restrictions: n=6

n=4
• COVID-19 restrictions: n=4

Questionnaire expected but not returned n=8
• COVID-19 restrictions: n=4
• Pt did not return: n=4

n=9
• COVID-19 restrictions: n=4
• Pt did not return: n=4
• Not mailed as no response 
to other questionnaires n=1
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undertaken by researchers. In a future full-scale trial, 
other regions would be included and routine NHS sta� 
supervision of the programme would be preferable for 
real-world evidence generation. In addition, for this 
pilot study, we chose to provide control group partici-
pants with the gait and balance training programme but 
without ARC, as this gave an opportunity for additional 
data collection about this content; however, for a future 
de�nitive RCT, the design should include a group which 
receives standard care.

Conclusions
We believe that a de�nitive multicentre RCT to evaluate 
the ARC gait and balance training programme is feasi-
ble. Recruitment, programme adherence and safety were 
all acceptable. Although the retention rate and assess-
ment data completeness were not su�cient for a future 
trial, this was largely due to the UK COVID-19 pandemic 
lockdown.

Table 3 Baseline characteristics

Intervention Control

Sex, n (%) n=30 n=29

 Male 20 (67%) 21 (72%)

 Female 10 (33%) 8 (28%)

Age years n=30 n=29

 Median [IQR] 70 [65, 78] 62 [58, 77]

 Mean (SD) 71 (10) 66 (13)

Pre-stroke mRS, n (%) n=30 n=29

 0 29 (97%) 28 (97%)

 1 0 (0%) 0 (0%)

 2 0 (0%) 0 (0%)

 3 1 (3%) 1 (3%)

 4 0 (0%) 0 (0%)

 5 0 (0%) 0 (0%)

Pre-stroke walking status, n (%) n=30 n=29

 Stick 5 (17%) 4 (14%)

 Without stick 25 (83%) 25 (86%)

Stroke type, n (%) n=30 n=29

 Ischaemic 28 (93%) 26 (90%)

 Intracerebral haemorrhage 2 (7%) 3 (10%)

 Subarachnoid haemorrhage 0 (0%) 0 (0%)

Stroke sub-type, n (%) n=27 n=28

 TACS 6 (22%) 4 (14%)

 PACS 7 (26%) 6 (21%)

 LACS 9 (33%) 13 (46%)

 POCS 3 (11%) 3 (11%)

 Unable to verify 2 (7%) 2 (7%)

First ever stroke, n (%) n=30 n=29

 No 5 (17%) 4 (14%)

 Yes 25 (83%) 25 (86%)

Residual de�cit due to previous stroke, 
n (%)

n=5 n=4

 No 3 (60%) 3 (75%)

 Yes 2 (40%) 1 (25%)

Side of body affected by stroke, n (%) n=30 n=29

 Right 16 (53%) 11 (38%)

 Left 13 (43%) 18 (62%)

 Both 1 (3%) 0 (0%)

Time from stroke to randomisation 
(days)

n=29 n=29

 Median [IQR] 273 [219, 390] 229 [155, 307]

 Mean (SD) 312 (159) 254 (131)

Table 3 (continued)

Intervention Control

Baseline stroke severity (National 
Institute for Health Stroke Scale) 
(scored 0 to 42)

n=30 n=29

 Median [IQR] 3 [2, 4] 4 [3, 6]

 Mean (SD) 3 (3) 5 (2)

Baseline mRS n (%) n=30 n=29

 0 0 (0%) 0 (0%)

 1 5 (17%) 4 (14%)

 2 5 (17%) 6 (21%)

 3 20 (67%) 19 (66%)

 4 0 (0%) 0 (0%)

 5 0 (0%) 0 (0%)

Baseline cognition (MOCA)
(scored 0 to 30)

n=30 n=29

 Median [IQR] 25 [22, 28] 24 [22, 27]

 Mean (SD) 24 (5) 24 (4)

Baseline depression (PHQ-9)
(scored 0 to 27)

n=25 n=27

 Median [IQR] 6 [2, 10] 6 [3, 9]

 Mean (SD) 6 (5) 6 (5)

Baseline fatigue (Fatigue Assessment 
Scale)
(scored 10 to 50)

n=23 n=26

 Median [IQR] 21 [18, 26] 22 [18, 26]

 Mean (SD) 23 (7) 23 (7)
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Table 4 Gait and balance performance assessments

Baseline Six weeks 10 weeks

Intervention Control Intervention Control Intervention Control

Gait speed—4-m walk test
(time (seconds) to complete 4m)

n=30 n=29 n=26 n=21 n=20 n=20

 Median [IQR] 7.72 [5.73, 10.77] 7.88 5.8 [4, 10.77] 7.17 [5.42, 11.86] 7.39 [4.87, 10.11] 7.97 [5.07, 10.77] 7.35 [5.07, 8.52]

 Mean (SD) 10.39 (7.73) 10.00 (6.91) 10.26 (7.50) 8.41 (4.92) 8.84 (4.64) 8.44 (4.83)

Gait speed—4-m walk test
(m/s)

n=30 n=29 n=26 n=21 n=20 n=20

 Median [IQR] 0.52 [0.37, 0.70] 0.51 [0.38, 0.69] 0.56 [0.34, 0.74] 0.54 [0.40, 0.83] 0.51 [0.37, 0.79] 0.55 [0.47, 0.79]

 Mean (SD) 0.53 (0.23) 0.51 (0.20) 0.54 (0.25) 0.60 (0.25) 0.56 (0.24) 0.59 (0.23)

Rivermead Mobility Index
(scored 0 to 15)

n=30 n=29 n=26 n=21 n=22 n=20

 Median [IQR] 13 [11, 14] 13 [11, 13] 13 [11, 14] 13 [12, 14] 13 [11, 14] 13 [11, 14]

 Mean (SD) 12 (3) 12 (3) 12 (2) 12 (2) 12 (2) 12 (2)

Functional Ambulation Category
(scored 0 to 5)

n=30 n=29 n=26 n=21 n=21 n=20

 Min 3 0 3 4 4 4

 Max 5 5 5 5 5 5

 Median [IQR] 5 [4, 5] 5 [4, 5] 5 [4, 5] 5 [5, 5] 5 [4, 5] 5 [4, 5]

 Mean (SD) 5 (1) 4 (1) 5 (1) 5 (<0.5) 5 (1) 5 (1)

Mini Balance Evaluation Systems Test
(scored 0 to 28)

n=29 n=27 n=25 n=21 n=20 n=20

 Median [IQR] 15 [10, 19] 14 [10, 19] 15 [10, 22] 16 [10, 20] 13 [10, 22] 16 [8, 21]

 Mean (SD) 15 (6) 14 (5) 15 (6) 15 (5) 15 (6) 15 (7)

Activities Specific Balance Confidence 
Scale
(scored 0 to 100)

n=23 n=26 n=23 n=18 n=19 n=15

 Median [IQR] 61 [48, 82] 61 [44, 82] 69 [45, 87] 75 [62, 85] 66 [53, 77] 70 [60, 92]

 Mean (SD) 61 (20) 61 (23) 68 (21) 75 (14) 65 (19) 70 (19)

Table 5 Availability of gait and balance performance assessment data

Baseline data availability 6 week data availability 10 week data availability

Intervention Control Overall Intervention Control Overall Intervention Control Overall

Gait speed 30/30 (100%) 29/29 (100%) 59/59 (100%) 26/30 (86.7%) 21/29 (72.4%) 47/59 (79.7%) 20/30 (66.6%) 20/29 (69.9%) 40/59 (67.8%)

Rivermead Mobility 
Index

30/30 (100%) 29/29 (100%) 59/59 (100%) 26/30 (86.7%) 21/29 (72.4%) 47/59 (79.7%) 22/30 (73.3%) 20/29 (69.9%) 42/59 (71.2%)

Functional Ambula-
tory category

30/30 (100%) 29/29 (100%) 59/59 (100%) 26/30 (86.7%) 21/29 (72.4%) 47/59 (79.7%) 21/30 (70.0%) 20/29 (69.9%) 41/59 (69.5%)

Mini Balance Evalua-
tion Systems Test

29/30 (96.7%) 27/29 (93.1%) 56/59 (94.9%) 25/30 (83.3%) 21/29 (72.4%) 46/59 (78.0%) 20/30 (66.6%) 20/29 (69.9%) 40/59 (67.8%)

Activities Specific Bal-
ance Confidence

23/30 (76.6%) 26/29 (89.7%) 49/59 (83.1%) 23/30 (76.7%) 18/29 (62.1%) 41/59 (69.5%) 19/30 (63.3%) 15/29 (51.7%) 34/59 (57.6%)



Page 10 of 11Shaw et al. Pilot and Feasibility Studies           (2022) 8:239 

Abbreviations
ARC : Auditory rhythmical cueing; IQR: Interquartile range; NHS: National 
Health Service; RCT : Randomised controlled trial; SAE: Serious adverse event; 
SD: Standard deviation; TIDieR: Template for intervention description and 
replication.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s40814- 022- 01193-y.

Additional file 1: Figure S1. Example gait training exercise.

Additional file 2: Figure S2. Example balance training exercise.

Additional file 3: Figure S3. Example of the diary used to record training 
sessions.

Additional file 4: Table S1. Description of the ARC gait and balance train-
ing programme using TIDieR checklist.

Additional file 5: Table S2. Participant feedback data.

Additional file 6: Table S3. Training programme provider feedback data.

Acknowledgements
We would like to thank the following for their contributions:
1. Study participants.
2. Staff from the following NHS Trusts who were involved in recruiting par-
ticipants to the research project: County Durham and Darlington NHS Founda-
tion Trust, Gateshead Health NHS Foundation Trust, Northumbria Healthcare 
NHS Foundation Trust, Newcastle upon Tyne Hospitals NHS Foundation Trust.
3. Staff at Newcastle University who contributed to the project: Ms Anne 
Harrison.

Authors’ contributions
LS, PM, SDD, HH, AL, SL, CP, HR, LR and SAM contributed to the study design. 
PM, PB and HH acquired the study data. LS, PM and RF undertook the data 
analysis. All authors contributed to the data interpretation and revision of 
the manuscript. LS and SAM drafted the manuscript. The authors read and 
approved the final manuscript.

Funding
This study was funded by The Stroke Association, reference TSA 2016/06. 
SAM was supported by Health Education England and the National Institute 
for Health Research (HEE/NIHR ICA Programme Clinical Lectureship, Dr 
Sarah Anne Moore, ICA-CL-2015-01-012). SDD and LR are supported by the 
Newcastle Biomedical Research Centre (BRC) based at Newcastle upon Tyne 
Hospitals NHS Foundation Trust and Newcastle University. The work was also 
supported by the NIHR/Wellcome Trust Clinical Research Facility (CRF) infra-
structure at Newcastle upon Tyne Hospitals NHS Foundation Trust. The views 
expressed are those of the author(s) and not necessarily those of the NIHR or 
the Department of Health and Social Care or the funders. The funders had no 
role in the study design, data collection, analysis, interpretation or writing this 
manuscript.

Availability of data and materials
Data analysed for this study are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was granted by the London-City and East Research Ethics 
Committee (ref 18/LO/0115). Written informed consent was obtained for 
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Stroke Research Group, Population Health Sciences Institute, Faculty 
of Medical Sciences, Newcastle University, Newcastle upon Tyne NE2 4HH, 
UK. 2 Newcastle upon Tyne Hospitals NHS Foundation Trust, Clinical Ageing 
Research Unit, Campus for Ageing and Vitality, Newcastle upon Tyne NE4 
5PL, UK. 3 Department of Sport, Exercise and Rehabilitation, Faculty of Health 
and Life Science, Northumbria University, Newcastle upon Tyne NE7 7YT, UK. 
4 Institute of Translational and Clinical Research, Faculty of Medical Sciences, 
Newcastle University, Newcastle upon Tyne NE1 7RU, UK. 5 Service user. Con-
tact via Stroke Research Group, Population Health Sciences Institute, Faculty 
of Medical Sciences, Newcastle University, Newcastle upon Tyne NE2 4HH, UK. 
6 Auckland University of Technology, 55 Wellesley St E, Auckland 1010, New 
Zealand. 7 Stroke Northumbria, Northumbria Healthcare NHS Foundation Trust, 
Rake Lane, North Shields, Tyne and Wear NE29 8NH, UK. 

Received: 25 June 2021   Accepted: 21 October 2022

References
 1. Jorgensen HS, Nakayama H, Raaschou HO, Olsen TS. Recovery of walking 

function in stroke patients: the Copenhagen stroke study. Arch Phys Med 
Rehabil. 1995;76:27–32.

 2. Blennerhassett JM, Levy CE, Mackintosh A, Yong A, McGinley JL. 
One-quarter of people leave inpatient stroke rehabilitation with 
physical capacity for community ambulation. J Stroke Cerebrovasc Dis. 
2018;27(12):3404–10. https:// doi. org/ 10. 1016/j. jstro kecer ebrov asdis. 2018. 
08. 004.

 3. Lord SE, McPherson K, McNaughton HK, Rochester L, Weatherall M. 
Community ambulation after stroke: how important and obtainable 
is it and what measures appear predictive? Arch Phys Med Rehabil. 
2004;85(2):234–9. https:// doi. org/ 10. 1016/j. apmr. 2003. 05. 002.

 4. Pollock A, St George B, Fenton M, Firkins L. Top ten research priorities 
relating to life after stroke. Lancet Neurol. 2012;11(3):209. https:// doi. org/ 
10. 1016/ s1474- 4422(12) 70029-7.

 5. Rudberg AS, Berge E, Laska AC, et al. Stroke survivors’ priorities for 
research related to life after stroke. Top Stroke Rehabil. 2021;28(2):153–8. 
https:// doi. org/ 10. 1080/ 10749 357. 2020. 17898 29.

 6. The Stroke Association. Shaping stroke research to rebuild lives. The 
stroke priority setting partnership results for investment: The Stroke 
Association; 2021.

 7. Yoo GE, Kim SJ. Rhythmic auditory cueing in motor rehabilitation for 
stroke patients: systematic review and meta-analysis. J Music Ther. 
2016;53(2):149–77. https:// doi. org/ 10. 1093/ jmt/ thw003.

 8. Nascimento LR, de Oliveira CQ, Ada L, Michaelsen SM, Teixeira-Salmela LF. 
Walking training with cueing of cadence improves walking speed and 
stride length after stroke more than walking training alone: a systematic 
review. J Phys. 2015;61(1):10–5. https:// doi. org/ 10. 1016/j. jphys. 2014. 11. 015.

 9. Hollands KL, Pelton TA, Tyson SF, Hollands MA, van Vliet PM. Interventions 
for coordination of walking following stroke: systematic review. Gait Pos-
ture. 2012;35(3):349–59. https:// doi. org/ 10. 1016/j. gaitp ost. 2011. 10. 355.

 10. Wright RL, Brownless SB, Pratt D, Sackley CM, Wing AM. Stepping to the 
beat: feasibility and potential efficacy of a home-based auditory-cued 
step training program in chronic stroke. Front Neurol. 2017;8:412. https:// 
doi. org/ 10. 3389/ fneur. 2017. 00412.

 11. McCue P, Shaw L, Del Din S, et al. Acceptability and deliverability of an 
auditory rhythmical cueing (ARC) training programme for use at home 
and outdoors to improve gait and physical activity post-stroke. Arch 
Physiother. 2022;12(1):1. https:// doi. org/ 10. 1186/ s40945- 021- 00126-x.

 12. Avery KN, Williamson PR, Gamble C, et al. Informing efficient randomised 
controlled trials: exploration of challenges in developing progression 
criteria for internal pilot studies. BMJ Open. 2017;7(2):e013537. https:// 
doi. org/ 10. 1136/ bmjop en- 2016- 013537.

 13. McCue P, Del Din S, Hunter H, et al. Auditory rhythmical cueing to 
improve gait and physical activity in community-dwelling stroke survi-
vors (ACTIVATE): study protocol for a pilot randomised controlled trial. 
Pilot Feasib Stud. 2020;6:68. https:// doi. org/ 10. 1186/ s40814- 020- 00605-1.

 14. Hoffmann TC, Glasziou PP, Boutron I, et al. Better reporting of interven-
tions: template for intervention description and replication (TIDieR) 
checklist and guide. BMJ. 2014;348:g1687.

https://doi.org/10.1186/s40814-022-01193-y
https://doi.org/10.1186/s40814-022-01193-y
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.08.004
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.08.004
https://doi.org/10.1016/j.apmr.2003.05.002
https://doi.org/10.1016/s1474-4422(12)70029-7
https://doi.org/10.1016/s1474-4422(12)70029-7
https://doi.org/10.1080/10749357.2020.1789829
https://doi.org/10.1093/jmt/thw003
https://doi.org/10.1016/j.jphys.2014.11.015
https://doi.org/10.1016/j.gaitpost.2011.10.355
https://doi.org/10.3389/fneur.2017.00412
https://doi.org/10.3389/fneur.2017.00412
https://doi.org/10.1186/s40945-021-00126-x
https://doi.org/10.1136/bmjopen-2016-013537
https://doi.org/10.1136/bmjopen-2016-013537
https://doi.org/10.1186/s40814-020-00605-1


Page 11 of 11Shaw et al. Pilot and Feasibility Studies           (2022) 8:239  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your �eld

• 
 

rapid publication on acceptance

• 
 

support for research data, including large and complex data types

•

  

gold Open Access which fosters wider collaboration and increased citations 

 

maximum visibility for your research: over 100M website views per year •

  
At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 15. van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Inter-
observer agreement for the assessment of handicap in stroke patients. 
Stroke. 1988;19(5):604–7.

 16. Bruno A, Akinwuntan AE, Lin C, et al. Simplified modified Rankin scale 
questionnaire: reproducibility over the telephone and validation with 
quality of life. Validation studies. Stroke. 2011;42(8):2276–9.

 17. Brott T, Adams HP Jr, Olinger CP, et al. Measurements of acute cerebral 
infarction: a clinical examination scale. Research support, U.S. Gov’t, P.H.S. 
Stroke. 1989;20(7):864–70.

 18. Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal cognitive 
assessment, MoCA: a brief screening tool for mild cognitive impairment. 
J Am Geriatr Soc. 2005;53(4):695–9. https:// doi. org/ 10. 1111/j. 1532- 5415. 
2005. 53221.x.

 19. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001;16(9):606–13. https:// doi. org/ 
10. 1046/j. 1525- 1497. 2001. 01600 9606.x.

 20. Michielsen HJ, De Vries J, Van Heck GL. Psychometric qualities of a brief 
self-rated fatigue measure: the fatigue assessment scale. J Psychosom 
Res. 2003;54(4):345–52. https:// doi. org/ 10. 1016/ s0022- 3999(02) 00392-6.

 21. Mehrholz J, Wagner K, Rutte K, Meissner D, Pohl M. Predictive validity and 
responsiveness of the functional ambulation category in hemiparetic 
patients after stroke. Arch Phys Med Rehabil. 2007;88(10):1314–9. https:// 
doi. org/ 10. 1016/j. apmr. 2007. 06. 764.

 22. Collen FM, Wade DT, Robb GF, Bradshaw CM. The Rivermead mobility 
index: a further development of the Rivermead motor assessment. Int 
Disab Stud. 1991;13(2):50–4. https:// doi. org/ 10. 3109/ 03790 79910 91666 
84.

 23. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psycho-
metric techniques to improve the balance evaluation systems test: the 
mini-BESTest. J Rehabil Med. 2010;42(4):323–31. https:// doi. org/ 10. 2340/ 
16501 977- 0537.

 24. Tsang CS, Liao LR, Chung RC, Pang MY. Psychometric properties of the 
mini-balance evaluation systems test (mini-BESTest) in community-
dwelling individuals with chronic stroke. Phys Ther. 2013;93(8):1102–15. 
https:// doi. org/ 10. 2522/ ptj. 20120 454.

 25. Powell LE, Myers AM. The activities-specific balance confidence (ABC) 
scale. J Gerontol A Biol Sci Med Sci. 1995;50a(1):M28–34. https:// doi. org/ 
10. 1093/ gerona/ 50a.1. m28.

 26. Botner EM, Miller WC, Eng JJ. Measurement properties of the activities-
specific balance confidence scale among individuals with stroke. Disabil 
Rehabil. 2005;27(4):156–63. https:// doi. org/ 10. 1080/ 09638 28040 00089 82.

 27. World Health Organization. https:// www. whoint/ en/ news- room/ fact- 
sheets/ detail/ falls.

 28. Lancaster GA, Dodd S, Williamson PR. Design and analysis of pilot studies: 
recommendations for good practice. J Eval Clin Pract. 2004;10(2):307–12. 
https:// doi. org/ 10. 1111/ j.. 2002. 384. doc.x.

 29. Brkic L, Shaw L, van Wijck F, et al. Repetitive arm functional tasks after 
stroke (RAFTAS): a pilot randomised controlled trial. Pilot Feasib Stud. 
2016;2:50. https:// doi. org/ 10. 1186/ s40814- 016- 0088-5.

 30. Da-Silva RH, Moore SA, Rodgers H, et al. Wristband accelerometers to 
motiVate arm exercises after stroke (WAVES): a pilot randomized con-
trolled trial. Clin Rehabil. 2019;33(8):1391–403. https:// doi. org/ 10. 1177/ 
02692 15519 834720.

 31. Rodgers H, Howel D, Bhattarai N, et al. Evaluation of an extended stroke 
rehabilitation service (EXTRAS): a randomized controlled trial and eco-
nomic analysis. Stroke. 2019;50(12):3561–8. https:// doi. org/ 10. 1161/ strok 
eaha. 119. 024876.

 32. Rodgers H, Bosomworth H, Krebs HI, et al. Robot assisted training for the 
upper limb after stroke (RATULS): a multicentre randomised controlled 
trial. Lancet. 2019;394(10192):51–62. https:// doi. org/ 10. 1016/ s0140- 
6736(19) 31055-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1016/s0022-3999(02)00392-6
https://doi.org/10.1016/j.apmr.2007.06.764
https://doi.org/10.1016/j.apmr.2007.06.764
https://doi.org/10.3109/03790799109166684
https://doi.org/10.3109/03790799109166684
https://doi.org/10.2340/16501977-0537
https://doi.org/10.2340/16501977-0537
https://doi.org/10.2522/ptj.20120454
https://doi.org/10.1093/gerona/50a.1.m28
https://doi.org/10.1093/gerona/50a.1.m28
https://doi.org/10.1080/09638280400008982
https://www.whoint/en/news-room/fact-sheets/detail/falls
https://www.whoint/en/news-room/fact-sheets/detail/falls
https://doi.org/10.1111/j..2002.384.doc.x
https://doi.org/10.1186/s40814-016-0088-5
https://doi.org/10.1177/0269215519834720
https://doi.org/10.1177/0269215519834720
https://doi.org/10.1161/strokeaha.119.024876
https://doi.org/10.1161/strokeaha.119.024876
https://doi.org/10.1016/s0140-6736(19)31055-4
https://doi.org/10.1016/s0140-6736(19)31055-4

	Auditory rhythmical cueing to improve gait in community-dwelling stroke survivors (ACTIVATE): a pilot randomised controlled trial
	Abstract 
	Background: 
	Methods: 

	Key messages regarding feasibility
	Background


