Visual cue training to improve walking
and turning after stroke: a study protocol
for a multi-centre, single blind randomised
pilot trial
Hollands, K, Pelton, TA, Wimperis, A, Whitham, D, Jowett, S, Wing, AM and van
Vliet, PM
http://dx.doi.org/10.1186/1745-6215-14-276
Title

Visual cue training to improve walking and turning after stroke: a study
protocol for a multi-centre, single blind randomised pilot trial

Authors

Hollands, K, Pelton, TA, Wimperis, A, Whitham, D, Jowett, S, Wing, AM
and van Vliet, PM

Publication title

Trials

Publisher

BioMed Central

Type

Article

USIR URL

This version is available at: http://usir.salford.ac.uk/id/eprint/32348/

Published Date

2013

USIR is a digital collection of the research output of the University of Salford. Where copyright
permits, full text material held in the repository is made freely available online and can be read,
downloaded and copied for non-commercial private study or research purposes. Please check the
manuscript for any further copyright restrictions.
For more information, including our policy and submission procedure, please
contact the Repository Team at: library-research@salford.ac.uk.

Visual cue training to improve walking and turning
after stroke: a study protocol for a multi-centre,
single blind randomised pilot trial
Kristen L Hollands1*
*
Corresponding author
Email: k.hollands@salford.ac.uk
Trudy Pelton2
Email: t.a.pelton@bham.ac.uk
Andrew Wimperis3
Email: andrew.wimperis@bhamcommunity.nhs.uk
Diane Whitham4
Email: diane.whitham@nottingham.ac.uk
Sue Jowett2
Email: s.jowett@bham.ac.uk
Catherine Sackley5
Email: c.sackley@uea.ac.uk
Wing Alan2
Email: a.m.wing@bham.ac.uk
Paulette van Vliet6
Email: paulette.vanvliet@newcastle.edu.au
1

Research Fellow School of Health Sciences, University of Salford, Allerton
Building, Salford M6 6PU, UK
2

Colleges of Life and Environmental Sciences & Medical and Dental Sciences,
University of Birmingham, Edgbaston, Birmingham B15 2TT, UK
3

Birmingham Community Health Care NHS Trust, (BCHCT), Moseley Hall
Hospital, Birmingham B13 8JL, UK
4

University of Nottingham, Nottingham Clinical Trials Unit, Nottingham Health
Science Partners, C-floor, South Block, Queen’s Medical Centre, Nottingham
NG7 2UH, UK
5

University of East Anglia, School of Allied Health Professions, Queens
Building, Earlham Road, Norwich, Norfolk NR4 7TJ, UK
6

University of Newcastle, School of Health Sciences, Newcastle, Hunter
BuildingCallaghan, University Drive, Callaghan, NSW 2308, Australia

Formatted: French (France)

Abstract
Background
Visual information comprises one of the most salient sources of information used to control
walking and the dependence on vision to maintain dynamic stability increases following a
stroke. We hypothesize, therefore, that rehabilitation efforts incorporating visual cues may be
effective in triggering recovery and adaptability of gait following stroke. This feasibility trial
aims to estimate probable recruitment rate, effect size, treatment adherence and response to
gait training with visual cues in contrast to conventional overground walking practice
following stroke.

Methods/design
A 3-arm, parallel group, multi-centre, single blind, randomised control feasibility trial will
compare overground visual cue training (O-VCT), treadmill visual cue training (T-VCT), and
usual care (UC). Participants (n = 60) will be randomly assigned to one of three treatments by
a central randomisation centre using computer generated tables to allocate treatment groups.
The research assessor will remain blind to allocation. Treatment, delivered by
physiotherapists, will be twice weekly for 8 weeks at participating outpatient hospital sites for
the O-VCT or UC and in a University setting for T-VCT participants.
Individuals with gait impairment due to stroke, with restricted community ambulation (gait
speed <0.8m/s), residual lower limb paresis and who are able to take part in repetitive
walking practice involving visual cues (i.e., no severe visual impairments, able to walk with
minimal assistance and no comorbid medical contraindications for walking practice) will be
included.
The primary outcomes concerning participant enrolment, recruitment, retention, and health
and social care resource use data will be recorded over a recruitment period of 18 months.
Secondary outcome measures will be undertaken before randomisation (baseline), after the
eight-week intervention (outcome), and at three months (follow-up). Outcome measures will
include gait speed and step length symmetry; time and steps taken to complete a 180° turn;
assessment of gait adaptability (success rate in target stepping); timed up and go; Fugl-Meyer
lower limb motor assessment; Berg balance scale; falls efficacy scale; SF-12; and functional
ambulation category.

Discussion
Participation and compliance measured by treatment logs, accrual rate, attrition, and response
variation will determine sample sizes for an early phase randomised controlled trial and
indicate whether a definitive late phase efficacy trial is justified.

Trial registration
Clinicaltrials.gov NCT01600391.

Keywords
Gait, Rehabilitation, Stroke, Vision

Background
Recovery of walking function is a major goal of rehabilitation after stroke. Although many
patients regain a basic locomotor pattern, one study has reported that only 7% of patients
discharged from rehabilitation are able to walk safely in the community [1]. A further study
suggests that as many as 50% of stroke patients discharged into the community will fall and
that a large proportion of these falls will occur during manoeuvres in which the basic walking
pattern needs to be adapted, such as in turning [2]. Recent studies have postulated that
impairments in gait which persist after stroke, such as diminished speed, asymmetries in step
lengths and gait phase durations, may have an underlying impoverished ability to adapt the
gait pattern as required to mobilize independently [3]. Hence, the incidence of falls after
stroke may be due to impaired ability to flexibly adapt an already impoverished coordination
pattern during straight walking [4] in order to turn, step over an obstacle, target a safe footplacement, or alter speed as needed for independent community ambulation [3].
Current approaches to rehabilitation of gait following stroke are varied, based on different
models of motor physiology and disease recovery, but most share targeting motor
impairments during straight walking only as opposed to adaptive walking ability [5]. Overall,
evidence indicates that current rehabilitation approaches have only modest effects on
impairment and activity [6,7]. Therefore, new more effective treatments need to be developed
and tested within robust, early phase studies. Treatments should be supported by a sound
theoretical basis; specifically, by an understanding of the mechanisms which cause gait
deficits and proposed treatment effects [7].
Evidence from the motor learning literature indicates that effective neurorehabilitation
requires task-specific practice that should be varied, intensive [7], and driven by a
combination of extrinsic movement goals and implicit knowledge of movement control [8]. A
recent synthesis of existing evidence further suggests that task-specific practice of walking
which targets restoration of gait coordination patterns (temporal and spatial symmetry) may
be beneficial in improving overall walking function [4]. The goal of normalizing walking
patterns, particularly symmetry, is controversial given enduring neuromuscular asymmetries
after stroke [9]. However, meta-analysis indicates that interventions that show most promise
for improvements in walking function (task-specific locomotor practice and auditory cueing)
both involve repetition of a more normative gait pattern, while the least beneficial (ankle-foot
orthoses/functional electrical stimulation and exercise) do not explicitly practice a normative
gait pattern [4]. The findings from the systematic examination of the evidence base lend
support to the notion that repeated exposure to normalized movement patterns could bring
about positive changes in motor control [10,11] and support the development of interventions
that enable patients to undertake intensive practice of functional tasks in a manner that drives
an optimised movement pattern.
Rehabilitation approaches identified as showing the most promise for eliciting normalized
gait coordination patterns utilised auditory cues as extrinsic movement goals [4]. While there
are good indications that stroke survivors are able to adjust gait coordination in response to

auditory cues [12], some studies have shown that visual cues may be more effective in
triggering gait adjustments in healthy participants walking straight [13].
Current understanding of motor control of locomotion indicates that visual information
comprises one of the most important and salient sources of information used during walking
[4,14] and that stroke survivors have been reported to become more dependent on vision to
maintain dynamic stability [15]. Paradigms involving walking in response to visual cues have
recently begun to be used to investigate functional walking tasks, including turning and
obstacle avoidance, in various patient populations, both overground and on a treadmill
[13,16-18]. Despite numerous small experimental studies reporting the potential efficacy of
using visual cues to enhance gait function, to date, there have been no robust clinical trials of
these interventions that we are aware of.
Based on the current understanding of motor control of walking and stroke rehabilitation, we
hypothesize that visual cues would be more effective in triggering gait recovery and
adaptability following stroke than interventions not including visual cues. It is hypothesized
that anticipated improvements to functional gait may be derived from task-specific practice of
regulating changes in the relation between the base of support and the centre of mass
occurring when step widths and lengths change, which is crucial for dynamic balance control.
The study reported here comprises an early phase pilot randomised controlled trial (RCT)
aiming to examine the feasibility of a trial comparing task-specific locomotor practice
incorporating visual cues to usual care rehabilitation, which does not include visual cues.
Specifically, the study aims to:
1. Characterise participants who are included and excluded into the trial from four NHS
trusts in the West Midlands.
2. Provide an estimation of recruitment rates to the trial across the multiple sites.
3. Estimate the adherence of participants allocated to the visual cue training (VCT) to the
prescribed dose.
4. Present the completeness of proposed outcome data.
5. Calculate sample sizes for a subsequent definitive trial, based on measured changes in
performance for usual care and VCT intervention groups.
6. Determine participant tolerance of the VCT intervention.
7. Determine therapist acceptability for delivering the VCT interventions.
8. Collate health and social care resource data to inform data collection methods for an
economic evaluation in the subsequent definitive trial.

Methods
Design
This is a pilot, multi-centre, randomised [1:1:1], stratified by gait speed (Severe group: <0.4
m/s; Moderate group: between 0.4 m/s and 0.8 m/s [19]), controlled trial with three parallel
groups and single-blind assessment conducted in the UK (four sites).

Randomisation
The randomisation will be created using StataSEv9 (StataCorp, College Station, TX, USA)
statistical software with a 1:1:1 allocation using random permuted blocks of varying size (for
unpredictable allocation sequence [20]), prepared by the Nottingham Clinical Trials Unit
(NCTU) statistician and held on a secure server. To obtain balanced groups on severity, block
randomisation will be used to stratify participants into two groups according to overground
gait speed (Severe group: <0.4 m/s; Moderate group: between 0.4 m/s and 0.8 m/s [19]).
Participants will be randomly assigned to one of three treatment groups by means of a webbased randomisation system accessed by a researcher after obtaining consent and performing
baseline assessments. Participants and therapists will not be blinded to the intervention
allocation. The treating therapist will be notified of treatment allocation directly from the
NCTU by email. To preserve allocation concealment [20], the independent assessor
responsible for collecting the outcome measures will receive only blinded confirmation of
randomisation. The assessor will record a guess of participants’ group allocation for later
examination of the success of blinding.
The sequence from screening, enrolment (provision of written informed consent) and
randomisation is represented in a flow diagram Figure 1.
Figure 1 Trial design flow diagram.

Participants
Combined inclusion and exclusion criteria are as follows:
•
•

•

Community dwelling post-stroke participants over 18 years of age identified at
discharge from inpatient acute wards and at referral to community and outpatient
services.
Able to provide informed consent and eligible to receive formal gait rehabilitation as
indicated by:
○ Gait speed <0.8m/s corresponding with limited community ambulation ability [19];
○ Residual paresis in the lower limb (Fugl-Meyer [21] lower limb score less than 34);
○ A premorbid (retrospective) modified Rankin Scale [22] score of greater than 3;
○ Without gait deficits attributable to non-stroke pathology.
Able to take part in practice of walking including visual cues as indicated by:
○ Walking with minimal assistance, functional ambulation category [23] of 3 or more;
○ Ability to follow a three-step command (as assessed by modified mini-mental status
exam);
○ Without visual impairments preventing use of visual cue training.

•

Medically stable to take part in walking rehabilitation as indicated by:
○ Without concurrent progressive neurologic disorder, acute coronary syndrome,
severe heart failure, confirmed or suspected lower-limb fracture preventing
mobilization;
○ Not requiring palliative care.

Patient characteristics including stroke date and lesion location, demographics, Sheffield
screening test [24], mini mental state examination [25], pre-morbid modified Rankin Scale
[22], and visual attention (Apple Test) [26] will be recorded.

Interventions
This study will contrast the feasibility and potential efficacy of two forms of VCT to usual
care walking (UC) rehabilitation; overground VCT walking (O-VCT) and treadmill-based
VCT (T-VCT). In T-VCT, a force-instrumented treadmill (CMill, Forcelink, NL, USA) will
be used to illuminate footfall targets at specified locations 2–3 steps in advance, in line with
current knowledge of gaze behaviour during locomotion [27] according to gait event
detection of the ongoing gait cycle [28]. In O-VCT, therapists will manually place footfall
target at specified locations, according to the baseline gait assessment, along an overground
walkway.
Both VCT interventions are designed to target the essential control and functional
requirements of walking, namely (1) speed, (2) symmetry (equality of step length), and (3)
adaptability to behavioural goals of the participant and environmental constraints, including
abilities for turning and shortening, lengthening or narrowing (e.g., tandem walking) of steps
[29]. The potential efficacy, feasibility and acceptability of both O-VCT and T-VCT
treatment modalities are being investigated because some studies [7,30] have indicated
support for mechanically aided rehabilitation approaches due to the capacity to deliver high
dosage and high intensity training protocols incorporating motor learning and motor control
theoretical perspectives. However, the efficacy of electromechanically aided walking practice
has not been established and so they are not often offered as part of current practice [31-34].
There will be three treatment arms all of which share the same frequency, duration and
intensity in terms of encouraging therapists to maintain equal session durations and same
intensity of continuous walking. Participants will receive walking practice for one hour, 2
times per week, for 8 weeks duration. The target exercise capacity is 20 minutes of
continuous, independent walking, with symmetrical step length. A resource usage log will
record all other aspects of therapy such as occupational therapy, for which participants are
referred and will continue to receive, irrespective of treatment allocation.
O-VCT and UC will be delivered in four participating hospital settings embedded within
current service provision. Only one specialized treadmill (CMill, Forcelink, NL, USA) for TVCT is available to the study and so the feasibility of this treatment is being assessed through
treatment delivery at one regional treatment site (within a mean 11 mile radius of
participating NHS sites delivering O-VCT and UC treatment arms) at the University of
Birmingham. Patients recruited from the participating hospitals will travel to the University
to receive this arm of training if they are randomised to it. This is not additional travel, but in
lieu of their normal transfer to hospital for treatment. This model of a regional treatment

centre is in line with the provision of other specialist rehabilitation services such as functional
electrical stimulation falls efficacy scale and gait assessment in this part of the UK.
Treating therapists will receive training and a detailed treatment manual to promote
consistency between therapists and sites. Adherence to the intervention by therapists will be
assessed during their involvement in the trial by A. Wimperis and K. Hollands through video
observation at weeks 2 and 6 of each therapists’ first treatment period. Further training for the
therapist will be provided, if necessary, to improve compliance with treatment protocols. The
involvement of different therapists and different sites promotes generalizability, providing
multiple viewpoints regarding the treatment and its feasibility for delivery across different
modes of service provision.

VCT interventions (Figure 2 and Table 1)
Figure 2 Illustration of training target placement for O-VCT and T-VCT. (a) O-VCT
symmetry, (b) O-VCT adaptability, (c) O-VCT turning, (d) T-VCT symmetry, (e) T-VCT
adaptability, (f) T-VCT turning.

Table 1 Visual cue training (VCT): treatment progression
Progression Treatment goal categories
treatment
Walking speed target
Symmetry target
Turning ability target Gait adaptability/
Intensity
phase
translation to functional
(sessions)
mobility
I (1–4)
Increasing walking speed Improving symmetry of
Four 5 min bouts of
in 10% increments, as
(a)step-length, (b) stance
walking to total 20 min
tolerated, from baseline to and swing phases in
of stepping with each
the target threshold (either 10% increments, as
bout addressing one of
0.4m/s or 0.8m/s
tolerated
the goals at a time
depending on initial
SSWS)
II (5–10)
Increasing walking speed Improving symmetry of 10% improvement in
10% improvement in the
Increase bout duration
in 10% increments, as
step-length, stance and turning towards ability to number of failures to hit
and decrease number
tolerated, from baseline to swing phases in 10%
turn in two steps, 2
targets presented
of bouts; however,
the target threshold (either increments, as tolerated, seconds in either
unpredictably in timing and each goal is still
0.4m/s or 0.8m/s
while maintaining new direction while
location on both limbs
addressed individually
depending on initial
walking speed
maintaining new walking while maintaining new
in blocks of practice
SSWS)
speed
walking speed
III (11–16) Practice at maintenance of Practice at maintenance Two steps, 2 seconds in Able to alter stepping
20–30 min of sustained
walking speed over
of symmetrical stepping either direction when
pattern to hit targets
*good quality stepping
threshold and at altering
turns are unpredictable presented unpredictably in
speed as dictated by
timing and location on
varying speed of
either limb
presentation of footfall
targets
*Good quality stepping is defined as walking with spatial symmetry of stepping pattern and dynamic trunk control during adaptations to step
length and turning.
Self selected walking speed SSWS.

Training of speed and symmetry
To improve symmetry we increase the shorter step length incrementally by 10% of the
maximum step length. Patients are presented with stepping targets (white rectangles, 8 cm
deep x 40 cm wide (which adhere to the walkway in O-VCT or are illuminated on the
treadmill belt in T-VCT) along a 5 m long walkway (O-VCT), or 3 m treadmill belt (T-VCT),
to which they must aim to step on. In both VCT treatment arms, stepping targets can be seen
at least two steps in advance in accordance with visuo-motor control literature indicating
where healthy adults typically look while walking to targets [35]. The width of the stepping
targets corresponds to half of the width of the walkway, allowing for self-selected width of
stepping such that medial stabilisation strategies are not constrained while patients are being
challenged to alter step length and speed. The depth of the targets corresponds to the
variability in step length reported in stroke patients [36]. Participants are instructed to step on
the targets with any part of the foot. Thus, the depth of the targets has been selected such that
they should only be missed if the error in footfall location is greater than usual variability.
The location of the stepping targets is predetermined according to goals for 10% increments
in improved symmetry and altered as treatment progresses to increase intensity. The location
of targets is calculated and prescribed to treating clinicians by the research assessor following
baseline overground gait assessment and prior to the start of training. Prescribed targets for
progressing speed (beyond 0.4 m/s or 0.8 m/sfor the moderate and severely impaired,
respectively) will also be provided according to 10% increments to baseline measures.
Participants are allowed to use a walking aid and prescribed ankle/foot orthoses or to grasp
the therapist’s hand, wall or handrail for safety. Stepping towards increasingly symmetrical
targets is practiced at increasing walking speed as treatment progresses (Table 1).

Adaptability practice
Stepping targets are placed to elicit step adjustments similar to that required in environments
with clutter or situations requiring alterations to foot-placement or direction. Targets are
located along the walkway/treadmill belt to elicit lengthening, shortening (±25% of baseline
step lengths) and narrowing of paretic and non-paretic steps. In the T-VCT treatment arm,
illuminated targets shift to elicit step alterations at varying times in the ongoing gait cycle and
obstacles are presented in red and white stripes to be avoided (Figure 2e). Thus with the
exception of obstacle avoidance in T-VCT and the ability to practice changes to walking in
time-critical manner, the number and magnitude of each type of step alteration are the same
across both VCT treatment arms.

Turning practice
Turning is performed by walking between targets located 1 m apart alternately on the left and
to the right of the walkway/treadmill belt. Participants are instructed to ‘turn to walk between
the obstacles’ in such a fashion as to slalom their way across the walkway/treadmill belt. In
O-VCT, once the end of the path is reached, participants practice a 180° turn using a
horizontal marker to cue foot placement according to a two-step turn seen in healthy adults,
[35,37,38]. Participants then slalom their way back down the path.
Each session will consist of 5 min each of warm up and stretching, 20–30 min (plus 10 min
for rests as required) overground walking practice training programme and a 5 min cooldown. Each of the components of walking ability (symmetry, adaptability and turning) is
practiced in blocks at increasing speed as treatment intensity progresses. Thus, walking is

practiced in accordance with current recommendations of motor learning [8,39], i.e., with
many repetitions with increasing intensity, variation of parameters, in response to external
demands and using implicitly known (visuo-motor) control of the gait cycle [35].
Treatment will progress in phases layering practice of walking speed, symmetry, adaptability
and turning in bouts of practice, as detailed in Table 1. Participants will continue to the next
treatment phase even in cases where goals have not been met.
Walking speed in the O-VCT arm will be monitored and progressed by timing walks, with
therapists’ use of a stopwatch, and feedback to the participant. T-VCT treatment will be
delivered by an experienced, HPC registered research therapist. The CMill uses an
assessment of each footfall to determine the timing and location of visual cues projected as
light targets shone 2–3 steps ahead on the treadmill. The location of visual cues and
progression of treatment will therefore be pre-programmed according to baseline gait
parameters in the same manner as for the O-VCT treatment. A safety harness is worn at all
times during T-VCT treatment.

Insert Figure 2

Usual care
The purposes of the UC group are to provide (1) a task-specific-based intervention that does
not include use of visual cues specifically designed to influence quality or adaptability of
gait; (2) an equal number of interactions and time spent with a physical therapist to minimize
any potential for bias due to differential exposure and minimize the risk for differential loss
to follow-up; and (3) a credible training program so that the participants would consider
themselves involved in meaningful therapy activity. UC is standard NHS physiotherapy,
broadly defined as a task-specific-based intervention that may involve walking overground or
on a treadmill; components of gait (such as weight shifting or initiation); exercises aimed at
improving upper or lower extremity strength; balance and coordination; prescription of
assistive devices (such as orthotics or walking aides). UC may involve any standard
equipment or objects such as cones or beanbags, which may be incorporated into walking
practice for functional use, e.g., picking up. These objects will not be used specifically as
visual cues for foot placement, symmetry or timing of gait, or by way of aiming to avoid or
hit targets. The content of UC treatment will be captured by a treatment log for the purpose of
capturing UC physiotherapy specifically used to influence walking. Therapists complete the
log by ticking relevant categories for environment, aids and equipment used, activities
undertaken, facilitation and feedback provided, and duration of each treatment session.

Primary outcomes
Primary outcome measures for this early phase trial focus upon the feasibility and safety of
treatment. In order to determine whether a large late phase trial is warranted, we are
investigating recruitment, participation, compliance, and safety of the interventions. Outcome
measures therefore include:
1. The numbers of patients willing to be recruited into both control and VCT groups.

2. The willingness of physiotherapists at each collaborating site to enrol patients, i.e., the
number of potentially eligible participants referred to the study.
3. The numbers of patients who do not complete the allocated treatment, thus dropping out of
the study, and the reasons for dropping out.
4. Completeness of outcome data, i.e., percentage of patients with no missing values in
outcome assessments.
5. Number and type of adverse events that can be directly attributed to the project
intervention.

Secondary outcome measures
Potential for efficacy will be assessed through measures reflecting the primary aims of the
intervention, i.e., speed and symmetry, turning ability, and adaptability of walking.
Primary measures of walking ability:
1. Gait speed: Proportion of participants achieving a gait speed of 0.4 m/s and 0.8 m/s,
measured during a 10 m walk [40]. Perry et al. [19] have shown that these gait speed
classifications correspond to walking abilities in the community, with a gait speed of <0.4
m/s for household walkers, 0.4–0.8 m/s for limited community walkers, and >0.8 m/s for
community walkers. It has been demonstrated that progressing from one of these
classifications to the next correlates with improvement in physical functioning and quality of
life [41] and these categories also correspond with changes in the functional ambulation
category, a categorical scale rating level of skill in functional ambulation [23].
2. Symmetry and turning ability: Time taken (s) and number of steps to complete a 180° turn
will be measured on the GaitRite instrumented walkway. Time taken to turn will be
calculated as the difference (in time) between the first footfall over a line (tape mark) on the
pressure sensitive walkway delineating where to turn and the first footfall over the line on the
return walk. Longer time to turn and increased number of steps to turn have all been
identified as performance measures which may be indicative of difficulty turning and
increased falls risk [37,42]. Additionally, spatial-temporal gait parameters will be measured
during walking over the GaitRite to quantify symmetry of left and right steps. Stepping
strategies during turning will be measured through gait parameters calculated by GaitRite
software including step width, step length (relative to line of progression) [43], and single
support time during turning steps.
3. Adaptability of gait: The number of times participants fail to hit stepping targets arranged
to cue varying (baseline step length ±30% and medial) foot placements on the overground
walkway (as previously described and illustrated in Figure 2). A target is classified as missed
if the participant is visually observed to be unable to place the whole foot accurately on the
target independently and safely (according to visual inspection). The assessor documents the
number of targets missed in three consecutive passes of the walkway (a total of 48 targets
including three attempts of each step adjustment on each side) as well as time taken to
complete each pass of the walkway and a score for the level of supervision or assistance
required.

We will further explore the relationship between gait impairments and activity level measures
of independence of functional walking in the community. Therefore, the following secondary
outcome measures are included:
•

•
•
•
•
•

The timed up and go test has previously been shown to have good test-retest
reliability in stroke patients [44,45]. The time taken with a stopwatch will be used to
test ability to walk and turn in the context of this standardised test of everyday
functional mobility.
Fugl-Meyer assessment [21] will be used to assess changes in motor and sensory
impairment.
Berg balance scale [46,47] will be used to capture any effects of interventions on
balance.
Overall independence of mobility in the community setting will be rated using the
functional ambulation category [48].
Falls efficacy scale [49] will be used to assess changes in confidence to walk without
falling, which may be expected as a result of practice of adaptable walking.
SF-12 [50,51]. This is a short-form health survey with only 12 questions. It yields an
8-scale profile of functional health and well-being scores, including physical
functioning, and social, emotional, mental and general health, and has been included
to measure effects on broader quality of life (Table 2).

Table 2 Assessment schedule and measures
Outcome measure
Clinical baseline Post-intervention (8
status
weeks postrandomisation)
Stroke date and lesion
X
location
Demographics
X
Sheffield screening test [34]
X
Mini mental state
X
examination [35]
Premorbid modified Rankin
X
Scale [19]
Visual attention – Apple test
X
[36]
Gait assessment (symmetry
X
X
measures)
Gait speed (10 m walk test)
X
X
Gait adaptability (number of
X
X
targets missed)
Timed up and go [37]
X
X
Fugl-Meyer [18] motor
X
X
assessment (lower limb
extremity)
Berg balance scale [38-40]
X
X
Functional ambulation
X
X
classification [41]
Short form 12 (SF-12)
X
X

Follow-up (3 months
post-randomisation)

X
X
X
X
X

X
X
X

Outcome measure

[42,43]
Falls efficacy scale [44]

Clinical baseline Post-intervention (8
status
weeks postrandomisation)
X

X

Follow-up (3 months
post-randomisation)

X

Economic evaluation
The purpose of the economic evaluation in the pilot trial is to identify all the relevant health
and social care costs, and pilot methods for collecting cost data (data collection forms,
questionnaires). This will provide initial cost information and enable effective resource use
and cost data collection systems to be determined for a subsequent definitive trial.

Data collection
Details of all travel to and equipment used for patient therapy will be recorded and costs
established. Therapist time spent with the patient and location of therapy will be recorded in
order to calculate the cost of an individual session. Any additional stroke rehabilitationspecific primary and secondary care and social services resource use information will be
collected in a self-report log from each patient. Quality of life will also be measured using
responses to the SF-12 at baseline, 8 weeks and 3 months.

Analysis
Unit costs will be applied to all items of resource use, and health and social care costs per
patient will be estimated. Responses to the SF-12 will be converted to SF-6D scores, allowing
the calculation of quality adjusted life years (QALYs) per patient over the 3-month period. A
cost-consequence analysis will be undertaken presenting all costs and outcomes in a
disaggregated form for each trial arm. Within the economic evaluation, alongside a larger
trial, a cost-effectiveness analysis and cost-utility analysis are proposed to determine the cost
per unit reduction in impairment, and cost per QALY gained (using the SF-6D derived from
SF-12 responses).

Assessment of safety and adverse event monitoring
The risk of serious or adverse events from taking part in the study is considered low;
however, as with conventional gait rehabilitation, there is a small possibility of injury as a
result of a fall. No special safety assessments are planned. Clinicians will be advised that
participant safety is paramount. Walking will be practiced within limits considered by the
therapist to be safe at the time and targets for treatment progression will only be used as a
guideline. In addition to the compliance of standard NHS reporting procedures, adverse
events, including falls, will be reported immediately to the study coordinating centre via
email using an adverse event form and then quarterly to the Trial Steering Committee (TSC)
and Data Monitoring and Ethics Committee (DMEC). Adverse events will be reviewed
immediately by the treating therapist and the research therapist to determine the severity,
cause and likelihood of recurrence. Training will be discontinued if the treating therapist or
research therapist deems continuation unsafe.

Ethical approvals and data monitoring
Ethical approval has been granted by the NRES Committee West Midlands (11/WM/0167).
R&D Governance approval is provided by the University of Salford; BBC CLRN RM&G
Consortium Trusts (284.74472.P); Heart of England NHS Foundation Trust (2011007SKE);
South Warwickshire NHS Foundation Trust (74472); and Sandwell and West Birmingham
Hospitals Trust (11STR07). The trial is registered on the ClinicalTrials.gov database
(NCT01600391) and adopted by the Stroke Research Network UKCRN (ID11147). A
combined TSC and independent DMEC will be used to monitor the trial conduct. The grant
holding team meet to review project management on a quarterly basis with day-to-day
management overseen by the chief investigator CI.
Data quality is ensured both through the monitoring of the TSC and DMEC, and through the
engagement of data services of the NCTU. The NCTU maintains the computer-based
database of case report forms and has developed and tested the validations for entering study
data into the database.
Compliance to the trial protocol by participating NHS sites is ensured by provision of a
treatment manual and training of all participating NHS therapists by the research therapist
and assessor, as well as video observation of treatment delivery.

Statistical analysis
This feasibility study is designed primarily to test recruitment, retention and the completeness
of data that could be expected within a definitive multicentre trial, hence, there will be no
formal statistical assessment of clinical efficacy. Secondary outcome measures will be
summarised and mean differences between the arms will be calculated and presented with
confidence intervals to determine sample sizes for a subsequent late phase trial. No interim
analysis will be conducted.
Screening logs will be held centrally for each site and from which monthly recruitment rates
will be accrued together with the percentage of participation refusals. The screening data will
be analysed to determine characteristics of the excluded samples. The number of withdrawals
before and after randomisation will be monitored by the NCTU together with a primary
reason for withdrawal whenever possible. Demographic and other baseline data will be
summarised by descriptive statistics (number, mean, standard deviation, median, minimum
and maximum) or frequency tables, stratified by treatment.
Compliance in terms of treatment sessions attended will be summarised by descriptive
statistics (number, mean, standard deviation, median, minimum and maximum) or frequency
tables, stratified by treatment. The frequency, type and duration of exercises will be
summarised from treatment logs recorded by physiotherapists at each session. These will be
collated after the follow-up assessment to prevent unblinding. The completeness of treatment
log data will then be determined. Adverse event incidents will be summarised. A telephone
interview will be conducted at the end of the patients’ participation to determine patient
views on the VCT training. Focus group meetings will be conducted with therapists after the
study to ascertain professional opinions regarding delivery of the interventions. Patient and
therapist feedback will be synthesised to determine necessary changes to the interventions.

Discussion
Recovery of independent mobility after stroke is a major priority of rehabilitation but
evidence indicates that current approaches have only modest effects on walking impairment
and activity [6,7]. In accordance with the suggested need for studies in this area [7], this early
phase trial will test the feasibility, safety and potential efficacy of two novel approaches
which offer repetitive task-specific practice of walking in response to visually cued external
demands designed to exploit implicitly known visuo-motor control of the gait cycle. Results
will indicate potential response (e.g., a confidence interval indicating if, and which of the
VCT interventions has the potential to be superior to the UC) to walking practice
incorporating visual cues, stepping adaptability and turning practice in contrast to UC in
community-dwelling stroke survivors.
For clinicians, this research will help to define an evidence-based protocol for VCT within
routine practice, which is targeted towards increased speed, improved spatial symmetry and
dynamic gait control during adaptations to step length and turning. It is anticipated that the
resulting improvements to functional gait will reduce dependence upon carers and promote
physical activity and social participation for people with stroke, and further, that reduced
health-care costs will reflect fewer falls.

Trial status
Recruitment began in June 2012. To date 364 stroke patients have been screened for
eligibility, 32 potentially eligible participants have been approached for consent, and 8 have
declined. Out of the remaining 24 eligible participants, 16 have provided consent and 8
consents are pending; 11 participants have been randomised and 5 are awaiting baseline
assessment prior to randomisation.

Abbreviations
DMEC, Data Monitoring and Ethics Committee; NCTU, Nottingham Clinical Trials Unit; OVCT, Overground VCT; TSC, Trial Steering Committee; T-VCT, Treadmill-based VCT; UC,
Usual care; VCT, Visual cue training.

Competing interests
The authors declare they have no competing interests.

Authors’ contribution
KH conceptualized the study, contributed to the design and the procurement of funding,
developed procedures for implementing the protocol, oversees coordination of the trial and
helped draft the manuscript. PvV conceptualized the study, contributed to the design and the
procurement of funding and developed procedures for implementing the protocol. CS
contributed to the design and the procurement of funding and developed procedures for
implementing the protocol. DW contributed to the design and the procurement of funding,
and developed the database for randomisation and performed statistical analysis. SJ

developed procedures for implementing the protocol and performed health economic
analyses. AWing contributed to the design and the procurement of funding and developed
procedures for implementing the protocol. AWimperis contributed to the design and the
procurement of funding and developed procedures for implementing the protocol. TP
developed procedures for implementing the protocol, conducted all blinded assessments,
participated in the coordination of the trial and helped to draft the manuscript. All authors
contributed to and have checked the final manuscript.

Acknowledgements
We are most grateful to the support and enthusiasm of clinicians in the West Midlands whom
the success of the research depends on. This paper presents independent research funded by
the National Institute for Health Research (NIHR) under its Research for Patient Benefit
(RfPB) Programme (Grant Reference Number PB-PG-0609-18181). The views expressed are
those of the author(s) and not necessarily those of the NHS, the NIHR or the Department of
Health.

Funding
National Institute for Health Research (NIHR) Research for Patient Benefit Programme
(RfPB) PB-PG-0609-18181.

References
1. Hill K, Ellis P, Bernhardt J, Maggs P, Hull S: Balance and mobility outcomes for stroke
patients: a comprehensive audit. Aust J Physiother 1997, 43(3):173–180.
2. Hyndman D, Ashburn A, Stack E: Fall events among people with stroke living in the
community: circumstances of falls and characteristics of fallers. Arch Phys Med Rehabil
2002, 83(2):165–170.
3. Roerdink M, Lamoth CJ, Kwakkel G, van Wieringen PC, Beek PJ: Gait coordination
after stroke: benefits of acoustically paced treadmill walking. Phys Ther 2007,
87(8):1009–1022.
4. Hollands KL, Pelton TA, Tyson SF, Hollands MA, van Vliet PM: Interventions for
coordination of walking following stroke: systematic review. Gait Posture 2012,
35(3):349–359.
5. Langhorne P, Coupar F, Pollock A: Motor recovery after stroke: a systematic review.
Lancet Neurol 2009, 8(8):741–754.
6. French B, Thomas L, Leathley M, Sutton C, McAdam J, Forster A, Langhorne P, Price C,
Walker A, Watkins C: Does repetitive task training improve functional activity after
stroke? A Cochrane systematic review and meta-analysis. J Rehabil Med 2010, 42(1):9–
15.

7. Krakauer JW, Carmichael ST, Corbett D, Wittenberg GF: Getting neurorehabilitation
right: what can be learned from animal models? Neurorehabil Neural Repair 2012,
26(8):923–931.
8. Wulf G: Attentional focus and motor learning: a review of 10 years of research. E-J
Bewegung und Training 2007, 1:4–14.
9. Krasovsky T, Levin MF: Review: toward a better understanding of coordination in
healthy and poststroke gait. Neurorehabil Neural Repair 2010, 24(3):213–224.
10. Patterson SL, Rodgers MM, Macko RF, Forrester LW: Effect of treadmill exercise
training on spatial and temporal gait parameters in subjects with chronic stroke: a
preliminary report. J Rehabil Res Dev 2008, 45(2):221–228.
11. Harris-Love ML, Forrester LW, Macko RF, Silver KH, Smith GV: Hemiparetic gait
parameters in overground versus treadmill walking. Neurorehabil Neural Repair 2001,
15(2):105–112.
12. Pelton TA, Johannsen L, Huiya C, Wing AM: Hemiparetic stepping to the beat:
asymmetric response to metronome phase shift during treadmill gait. Neurorehabil
Neural Repair 2010, 24(5):428–434.
13. Bank PJ, Roerdink M, Peper CE: Comparing the efficacy of metronome beeps and
stepping stones to adjust gait: steps to follow! Exp Brain Res 2011, 209(2):159–169.
14. Patla AE, Vickers JN: Where and when do we look as we approach and step over an
obstacle in the travel path? Neuroreport 1997, 8(17):3661–3665.
15. Bonan IV, Yelnik AP, Colle FM, Michaud C, Normand E, Panigot B, Roth P, Guichard
JP, Vicaut E: Reliance on visual information after stroke. Part II: Effectiveness of a
balance rehabilitation program with visual cue deprivation after stroke: a randomized
controlled trial. Arch Phys Med Rehabil 2004, 85(2):274–278.
16. Hollands KL, van Vliet P, Zietz D, Wing A, Wright C, Hollands MA: Stroke-related
differences in axial body segment coordination during preplanned and reactive changes
in walking direction. Exp Brain Res 2010, 202(3):591–604.
17. Smulders E, Schreven C, van Lankveld W, Duysens J, Weerdesteyn V: Obstacle
avoidance in persons with rheumatoid arthritis walking on a treadmill. Clin Exp
Rheumatol 2009, 27(5):779–785.
18. Den Otter AR, Geurts AC, de Haart M, Mulder T, Duysens J: Step characteristics
during obstacle avoidance in hemiplegic stroke. Exp Brain Res 2005, 161(2):180–192.
19. Perry J, Garrett M, Gronley JK, Mulroy SJ: Classification of walking handicap in the
stroke population. Stroke 1995, 26(6):982–989.
20. Schulz KF, Grimes DA: Allocation concealment in randomised trials: defending
against deciphering. Lancet 2002, 359(9306):614–618.

21. Gladstone DJ, Danells CJ, Black SE: The fugl-meyer assessment of motor recovery
after stroke: a critical review of its measurement properties. Neurorehabil Neural Repair
2002, 16(3):232–240.
22. Wilson JT, Hareendran A, Hendry A, Potter J, Bone I, Muir KW: Reliability of the
modified Rankin Scale across multiple raters: benefits of a structured interview. Stroke
2005, 36(4):777–781.
23. Holden MK, Gill KM, Magliozzi MR: Gait assessment for neurologically impaired
patients. Standards for outcome assessment. Phys Ther 1986, 66(10):1530–1539.
24. Syder D: Sheffield Screening Test for Acquired Language Disorders. Windsor: NFERNELSON; 1993.
25. Folstein MF, Folstein SE, McHugh PR: Mini-mental state. A practical method for
grading the cognitive state of patients for the clinician. J Psychiatr Res 1975, 12(3):189–
198.
26. Bickerton WL, Samson D, Williamson J, Humphreys GW: Separating forms of neglect
using the Apples Test: validation and functional prediction in chronic and acute stroke.
Neuropsychology 2011, 25(5):567–580.
27. Hollands MA, Patla AE, Vickers JN: “Look where you’re going!”: gaze behaviour
associated with maintaining and changing the direction of locomotion. Exp Brain Res
2002, 143(2):221–230.
28. Roerdink M, Coolen BH, Clairbois BH, Lamoth CJ, Beek PJ: Online gait event
detection using a large force platform embedded in a treadmill. J Biomech 2008,
41(12):2628–2632.
29. Verlinden VJ, van der Geest JN, Hoogendam YY, Hofman A, Breteler MM, Ikram MA:
Gait patterns in a community-dwelling population aged 50 years and older. Gait Posture
2013, 37(4):500–505.
30. Huang VS, Krakauer JW: Robotic neurorehabilitation: a computational motor
learning perspective. J Neuroeng Rehabil 2009, 6:5.
31. Mehrholz J, Werner C, Kugler J, Pohl M: Electromechanical-assisted training for
walking after stroke. Cochrane Database Syst Rev 2007, 4:CD006185.
32. Mehrholz J, Werner C, Kugler J, Pohl M: Electromechanical-assisted gait training with
physiotherapy may improve walking after stroke. Stroke 2008, 39:1929–1930.
33. Moseley AM, Stark A, Cameron ID, Pollock A: Treadmill training and body weight
support for walking after stroke. Cochrane Database Syst Rev 2005, 4:CD002840.
34. Moseley A: Treadmill training more effective than Bobath training in improving
walking following stroke. Aust J Physiother 2005, 51(3):192.

35. Hollands MA, Marple-Horvat DE: Coordination of eye and leg movements during
visually guided stepping. J Mot Behav 2001, 33(2):205–216.
36. Balasubramanian CK, Bowden MG, Neptune RR, Kautz SA: Relationship between step
length asymmetry and walking performance in subjects with chronic hemiparesis. Arch
Phys Med Rehabil 2007, 88(1):43–49.
37. Thigpen MT, Light KE, Creel GL, Flynn SM: Turning difficulty characteristics of
adults aged 65 years or older. Phys Ther 2000, 80(12):1174–1187.
38. Patla AE, Adkin A, Ballard T: Online steering: coordination and control of body
center of mass, head and body reorientation. Exp Brain Res 1999, 129(4):629–634.
39. Magill RA: Motor Learning and Control: Concepts and Applications. New York:
McGraw-Hill Higher Education; 2011.
40. Duncan PW, Sullivan KJ, Behrman AL, Azen SP, Wu SS, Nadeau SE, Dobkin BH, Rose
DK, Tilson JK, LEAPS Investigative Team: Protocol for the Locomotor Experience
Applied Post-stroke (LEAPS) trial: a randomized controlled trial. BMC Neurol 2007,
7:39.
41. Schmid A, Duncan PW, Studenski S, Lai SM, Richards L, Perera S, Wu SS:
Improvements in speed-based gait classifications are meaningful. Stroke 2007,
38(7):2096–2100.
42. Dite W, Temple VA: A clinical test of stepping and change of direction to identify
multiple falling older adults. Arch Phys Med Rehabil 2002, 83(11):1566–1571.
43. Huxham F, Gong J, Baker R, Morris M, Iansek R: Defining spatial parameters for nonlinear walking. Gait Posture 2006, 23(2):159–163.
44. Ng SS, Hui-Chan CW: The timed up & go test: its reliability and association with
lower-limb impairments and locomotor capacities in people with chronic stroke. Arch
Phys Med Rehabil 2005, 86(8):1641–1647.
45. Hollands KL, Hollands MA, Zietz D, Wing AM, Wright C, van Vliet P: Kinematics of
turning 180 degrees during the timed up and go in stroke survivors with and without
falls history. Neurorehabil Neural Repair 2010, 24(4):358–367.
46. Berg K, Wood-Dauphinee SL, Williams JI, Maki B: Measuring balance in the elderly –
development of an instrument. Phys Ther 1988, 68(5):811.
47. Berg K, Wood-Dauphinee SL, Williams JI, Maki B: Measuring balance in the elderly –
validation of an instrument. Can J Public Health 1992, 83(Suppl 2):S7–S11.
48. Stanko E, Goldie P, Nayler M: Development of a new mobility scale for people living
in the community after stroke: content validity. Aust J Physiother 2001, 47(3):201–208.

49. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C: Development and
initial validation of the Falls Efficacy Scale-International (FES-I). Age Ageing 2005,
34(6):614–619.
50. Brazier JE, Harper R, Jones NM, O'Cathain A, Thomas KJ, Usherwood T, Westlake L:
Validating the SF-36 health survey questionnaire: new outcome measure for primary
care. BMJ 1992, 305(6846):160–164.
51. Brazier JE, Roberts J: The estimation of a preference-based measure of health from
the SF-12. Med Care 2004, 42(9):851–859.

Figure 1: Trial flow diagram
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Figure 2 Illustration of training target placement for O-VCT (a) symmetry, (b) adaptability, (c) & turning and T-VCT (d)
symmetry, (e) adaptability & (f) turning.
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