Macquarie University ResearchOnline
This is the published version of:
Ada L, Dean CM and Morris ME (2007) Supported treadmill training to establish
walking in non-ambulatory patients early after stroke. BMC neurology, 7(Article 29).
Copyright:
This version is archived for private and non-commercial use under the terms of this
BioMed Central open access license ("license") (see
http://www.biomedcentral.com/info/about/license). The work is protected by
copyright and/or other applicable law. Any use of the work other than as authorized
under this license is prohibited. For further rights please check the terms of the
license, or contact the publisher.

BMC Neurology

BioMed Central

Open Access

Study protocol

Supported treadmill training to establish walking in
non-ambulatory patients early after stroke
Louise Ada*1, Catherine M Dean1 and Meg E Morris2
Address: 1Physiotherapy, Faculty of Health Sciences, The University of Sydney, PO Box 170, Lidcombe, NSW, 1825, Australia and 2School of
Physiotherapy, The University of Melbourne, 200 Berkeley St, Melbourne, Victoria, 3010, Australia
Email: Louise Ada* - l.ada@usyd.edu.au; Catherine M Dean - c.dean@usyd.edu.au; Meg E Morris - m.morris@unimelb.edu.au
* Corresponding author

Published: 6 September 2007
BMC Neurology 2007, 7:29

doi:10.1186/1471-2377-7-29

Received: 2 May 2007
Accepted: 6 September 2007

This article is available from: http://www.biomedcentral.com/1471-2377/7/29
© 2007 Ada et al; licensee BioMed Central Ltd.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract
Background: It has been reported that only half of the non-ambulatory stroke patients admitted
to inpatient rehabilitation in Australia learn to walk again [1]. Treadmill walking with partial weight
support via an overhead harness is a relatively new intervention that is designed to train walking.
The main objective of this randomised controlled trail is to determine whether treadmill walking
with partial weight support via an overhead harness is effective at establishing independent walking
(i) more often, (ii) earlier and (iii) with a better quality of walking, than current physiotherapy
intervention for non-ambulatory stroke patients.
Methods: A prospective, randomised controlled trial of inpatient intervention with a 6 month
follow-up with blinded assessment will be conducted. 130 stroke patients who are unable to walk
independently early after stroke will be recruited and randomly allocated to a control group or an
experimental group. The control group will undertake 30 min of routine assisted overground
walking while the experimental group will undertake 30 min of treadmill walking with partial weight
support via an overhead harness per day. The proportion of participants achieving independent
walking, the quality of walking, and community participation will be measured. The study has
obtained ethical approval from the Human Research Ethics Committees of each of the sites
involved in the study.
Discussion: Given that the Australian population is ageing and people after stroke can expect to
live for longer, attainment of safe, independent walking is more likely to be associated with longterm health and well being. In its National Research Priorities, the Government has recognised that
it will be important to promote healthy ageing and that this endeavour will be underpinned by
research. The results of this study will clearly identify effective intervention to establish early quality
walking, thereby promoting an increase in community participation in the longer term.
Trial Registration: The protocol for this study is registered with US NIH Clinical trials registry
(NCT00167531)
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partial weight support via an overhead harness is a relatively new intervention that is designed to train walking.
In order to optimise the outcome of walking, practice is
critical because skill in performance improves as a function of practice [2]. For non-ambulatory stroke patients,
treadmill walking with partial weight support provides
the opportunity to complete more walking practice than
would be possible using assisted overground walking.
There is evidence from systematic reviews that outcome
following stroke is associated with the amount of practice
undertaken [3,4]. However, Australian research has
shown that little practice is completed in rehabilitation
[5,6]. One of the barriers to completion of more walking
practice in non-ambulatory stroke patients is marked
muscle weakness and poor coordination, which results in
an inability to practice the whole task. Even with the
assistance of a therapist, they may not be able to complete
even a few steps of overground walking. Treadmill walking with partial weight support via an overhead harness
provides the opportunity to complete larger amounts of
walking practice, eg, even if patients only walk for 5 min
at a slow speed of 0.2 m/s supported on a treadmill, they
will 'walk' 60 m.
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interventions such as a mechanised gait trainer [14] or
aggressive bracing [15] rather than current practice. This
situation has led to the Cochrane Collaboration Systematic Review [9] to recommend that separate, large
number, high quality studies for non-ambulatory patients
be undertaken to examine the efficacy of treadmill walking with partial body weight support after stroke.
The main objective of this randomised controlled trail is
to determine whether treadmill walking with partial
weight support via an overhead harness is effective at
establishing independent walking (i) more often, (ii) earlier and (iii) with a better quality of walking, than current
physiotherapy intervention for non-ambulatory stroke
patients. The study targets stroke patients who are unable
to walk independently on admission to rehabilitation. It
will determine the efficacy of treadmill walking with partial weight support via an overhead harness on the establishment and quality of independent walking.
Furthermore, by assessing community participation six
months later, it will evaluate the longer-term effect of this
intervention.

Methods
The provision of weight support seems crucial since Visintin et al [7], in a randomised controlled trial, found a
small beneficial effect when treadmill training was combined with partial weight support compared with no
weight support. Moreover, treadmill walking with partial
weight support via an overhead harness means that the
therapist can provide the opportunity for subjects to complete large amounts of walking practice without contravening occupational health and safety standards in that
the therapist is less likely to injure their back and the subject is less likely to fall. Furthermore, in using this equipment [8], we have developed innovative equipment and
procedures to enable one therapist to deliver the intervention safely. For example, we have modified a chair to support the therapist while lifting the affected foot through,
modified footwear to allow for easy lifting of the affected
foot, and designed an attachment to support the affected
hand.

Design
A prospective, randomised controlled trial will be carried
out. 130 subjects will be randomly allocated into either an
experimental group (treadmill walking and partial weight
support with one therapist) or a control group (assisted
overground walking with one therapist) by a recruiter
blinded to the sequence of group allocation. All outcome
measures and data analysis will be completed by a
researcher who is blinded to participant group allocation.
The study has obtained ethical approval from the Human
Research Ethics Committees of each of the sites involved
in the study.

The efficacy of treadmill walking with partial body weight
support in non-ambulatory patients after stroke is
unclear. A Cochrane Collaboration Systematic Review [9]
concludes that there is as yet no definitive answer about
whether this intervention helps more non-ambulatory
patients learn to walk compared to assisted overground
walking. There are randomised controlled trials examining whether treadmill walking and partial body weight
support is effective in a mixed group of ambulatory and
non-ambulatory patients [7,10-13]. The only RCTs which
examine non-ambulatory patients, compare treadmill
training and partial body weight support with alternative

• are aged between 50 and 85 years of age

Participants
Stroke patients will be screened and invited to participate
if they:

• are within 3 weeks of their first stroke

• are diagnosed clinically with hemiparesis or hemiplegia
of acute onset, and
• are non-ambulatory defined as scoring 0 or 1 on the
Motor Assessment Scale for stroke.
Participants will be excluded if they:
• have clinically evident brainstem signs

Page 2 of 6
(page number not for citation purposes)

BMC Neurology 2007, 7:29

• have severe cognitive and/or language deficits which
preclude them from following instructions in training sessions
• have unstable cardiac status which would preclude participation in a rehabilitation program, or
• have any pre-morbid history of orthopaedic conditions
of the lower limbs which would preclude them from
relearning to walk.
The presence of sensory loss, neglect and/or spasticity will
not be exclusion criteria. However, their severity will be
recorded using the Nottingham Sensory Assessment for
sensory loss, the line bisection test for neglect, and the
Ashworth Scale for spasticity. In addition, information
about site and size of lesion will be collected.
Randomization
Participants will be randomised into an experimental or a
control group. We will stratify the randomisation. First,
given the potential confounder of site, participants at each
site will be randomised separately. Second, at each site,
participants will be stratified according to initial level of
motor disability since it has been found to affect outcome
[16]. Since all the participants will be unable to walk on
admission to the study, sitting balance will be used to
stratify the allocation of participants to groups because it
has been found to be a useful prognostic indicator of
walking outcome [17-19]. Therefore, participants will be
stratified according to Item 3 (Sitting Balance) of the
Motor Assessment Scale for stroke [20] so that those with
a score of 0–3 will be classified as severely disabled and
those with a score of 4–6 will be classified as moderately
disabled. Within each of the two strata (moderate versus
severe level of disability), participants will be allocated
randomly to one of two groups, the experimental group or
the control group. Random permuted blocks will be used
so that after every block (of 6–10 participants), the experimental and control groups will contain equal numbers.
In summary, stratification will occur according to site
(three sites) and level of disability (two levels). Therefore,
there will be 6 strata and participants will be randomised
separately within each stratum. The random sequence of
group allocation will be concealed from the person
recruiting participants.
Intervention
Both the experimental and the control group will undergo
a maximum of 30 minutes per day of walking practice
with assistance from one therapist, five days a week until
they walk or until discharge from rehabilitation. The total
daily time of intervention will be 30 minutes from beginning (ie, from when the participant is in the gym) to end
(ie, when the participant is back in the wheelchair). This
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time therefore includes transferring, putting on aids or setting up equipment, ie, training does not have to be continuous so that rests may be taken. The amount of
assistance during walking will be standardised to one
therapist, however, additional help will be allowed during
setting up walking (ie, getting the participant onto the
treadmill for treadmill walking or into standing for overground walking). The rationale for this protocol is based
on clinical observation of how much time and how many
therapists are currently used in trying to get a non-ambulatory person to walk. Other intervention involving lower
limb function, (ie, strengthening exercises, practice loading the affected leg during activities such as sitting, standing up and standing) will be standardised to 60 min per
day. No other part of the multidisciplinary rehabilitation
program will be controlled. Randomization should
ensure that any effect of other interventions will be the
same for both groups, therefore, other therapies will not
be withheld.
Experimental group
Training for the experimental group will primarily involve
walking on a treadmill supported in a body harness.
Treadmill training with partial weight support via an overhead harness will be conducted using commercially available systems such as the Spacetrainer (TR Equipment,
Tranas, Sweden) and the Lite-Gait (Mobility Research,
USA). These systems have an access ramp so that a wheelchair can be wheeled onto the treadmill and an automatic
lifter so that the harness can be prefitted in sitting or lying
and the patient lifted into standing. In addition, there is
good access to the patient's legs and the treadmills can run
extremely slowly allowing adequate time to assist the legs
to swing through.

There will be guidelines to determine the progression of
training both in terms of increasing treadmill speed and
reducing weight support. At the start, support from the
harness will be as little as possible but up to a maximum
of 40% of body weight since Hesse et al [21,22] have
found this to be the maximum support which does not
dramatically alter the kinematic and kinetic features of
walking. The actual weight relief will be determined by
observation of whether the knee can extend in midstance.
If the knee remains flexed, then the affected lower limb
muscles are too weak to support the body weight and
indicates that more weight relief is required. At the start,
the speed of the treadmill will be as fast as comfortable
while still maintaining a reasonable step length. If a participant is too disabled to walk on a treadmill moving at
0.1 m/s with the assistance of one therapist, they will walk
on the spot practising lifting their feet rhythmically. When
participants attain a speed of 0.4 m/s, a reduction in
weight support will occur if participants can (i) swing
their affected leg through without help, (ii) maintain a
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straight knee during stance phase without hyperextension,
and (iii) maintain an adequate step length (rather than a
high cadence) without help. These guidelines have been
tested for feasibility and published [8]. Information
describing the specific features of the training session
(such as treadmill speed, amount of weight support, distance walked, assistance required) will be recorded to
monitor adherence to the guidelines and to be able to
describe the intervention accurately.
Control group
Training for the control group will involve current practice
of assisted overground walking. If a participant is too disabled to walk with the help of one therapist, they will
practise stepping forwards and backwards or standing
with a knee splint and practising shifting weight from leg
to leg. Aids such as knee splints, ankle-foot orthoses, parallel bars, forearm support frames and walking sticks can
be utilised as part of training. Training aims to produce
independent walking. Therefore, progression of training
encompasses both increasing speed and reducing assistance from both aids and the therapist. Information
describing the specific features of the training session
(such as use of aids, distance walked, assistance required)
will be recorded to monitor adherence to the guidelines
and to be able to describe the intervention accurately.

The end-point of the training phase of the study will be
either the attainment of independent walking or discharge
from the rehabilitation unit. The end-point of the followup phase of the study will be 6 months after admission to
the study.
Measurement
The initial outcome measures will be:
Proportion of participants achieving independent walking
Independent walking will be operationally defined as
'being able to walk 15 m continuously barefoot across
flat ground without any aids'. Participants will be
tested once a week in the morning (ie, before the training session). Participants will continue to be tested
until they achieve independent walking or are discharged.
Quality of independent walking
Quality of walking will be measured by quantifying
parameters such as speed, affected and intact step
length, step width, and cadence. These parameters are
the result of the timing and magnitude of the angular
displacements during walking and are therefore global
measures which reflect qualitative aspects of walking.
When participants achieve independent walking, their
overground walking will be measured by placing
markers on the heels of both the unaffected and
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affected legs, so that step length of both the affected
and unaffected leg, walking speed, cadence, and step
width can be determined.
The 6-month outcome measures will be:
Proportion of participants achieving independent walking
Quality of independent walking
Community participation
Two aspects of community participation will be measured. First, mobility status will be assessed using the 6min walk test, number of falls since discharge, a selfefficacy questionnaire about walking capability, and
the Adelaide Activities Index. Second, living arrangements will be assessed by recording the type of residence and the amount of support within the
residence.
Sample size
130 participants will be recruited. The sample size has
been calculated to reliably detect a treatment effect size of
a 25% increase in proportion of independent walkers with
80% power at a two-tailed significance level of 0.05. For
non-ambulatory patients, it takes an average of 3 months
to achieve independent walking with about 50% walking
independently at six weeks [1]. We are interested in being
able to detect a 25% increase, from 50% to 75%, proportion of non-ambulatory patients walking independently
by six weeks. Only an effect such as this is clinically significant enough to warrant a change in the implementation
of services which would involve the re-education of physiotherapists and the expense of purchasing a treadmill
and overhead harness system. The smallest number of
participants to detect this difference between two proportions estimated from independent samples is 65 participants per group, ie, 130 participants in total [23].
However, since the analysis of the data is survival curve
analysis, there is greater power than the calculation would
suggest because the effect of dropouts is minimal in this
analysis. For example, in a pre-post design trial of 6 weeks
intervention, if a subject dies or is lost to follow-up (ie,
drops out) at 5 weeks, there is no measurement at the
post-test on which to perform an analysis. In this trial,
which ascertains once a week whether independent walking has been established, they would be censored at five
weeks so that they no longer form part of the total sample.
However, this participant's data would be available for the
five weeks they participated in the trial thereby minimising the effect of their dropping out.

In addition to, but separate from, the difference in the
proportion of participants walking between the groups,
there may also be a difference in the quality of walking.
On the assumption that 20% of participants may be lost
to follow-up and that 80% of participants entering reha-
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bilitation achieve basic independent walking [1], there are
likely to be 84 participants with "quality of walking" data
at 6 months. Goldie et al [24] has suggested that a minimum difference in walking speed worth detecting is 0.2
m/s. The walking speed of a population of stroke patients
who have recently completed rehabilitation [25] on entry
to a randomised controlled trial was 0.56 (SD, 0.27) m/s
using measurement procedures similar to the present proposal. 60 participants are needed to detect a treatment
effect size of 0.2 m/s difference in walking speed between
the groups at 6 months with 80% power at a two-tailed
significance level of 0.05 therefore 84 participants gives
over 90% power.
Statistical analysis
The proportion of independent walkers and the time to
achieve independent walking will be compared between
the two groups using the logrank test, in which those who
do not achieve independent walking are censored at the
time they are discharged. Survival analysis using Cox's
regression will be used to compare the times in the two
groups while allowing for possible confounding variables,
such as other interventions received, and baseline sitting
balance.

The five variables that reflect the quality of walking: speed,
affected and intact step length, step width and cadence,
will be compared between the two groups using Student's
t-test, or Wilcoxon's rank-sum test for variables that are
clearly not Normally distributed.
The four variables that reflect the mobility status: 6-min
distance, number of falls since discharge, self-efficacy
questionnaire about walking capability, and the Adelaide
Activities Index will be compared between the two groups
using Student's t-test, or Wilcoxon's rank-sum test for variables that are clearly not Normally distributed.
The two variables which reflect living arrangements: type
of residence and the amount of support within the residence, will be analysed descriptively.
Descriptive data about lesion, neglect, spasticity and sensation will be used in post-hoc multiple regression analysis to examine if these factors affected walking outcome.

Discussion
Australia, like many other developed nations, is undergoing a major demographic shift involving significant
growth in the aged population. The Australian Government has recognised that a revolution is underway at the
end of the life cycle. In its National Research Priorities, the
Government has recognised that it will be important to
promote healthy ageing and that this endeavour will be
underpinned by research. Only by establishing evidence-
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based interventions, such as the one outlined in this
project, will the severity of many health problems be
reduced. In economic terms, if non-ambulatory patients
do not learn to walk after their stroke, it is likely that they
will require assisted care, placing a high burden on the
community. Furthermore, given that independence in
walking is a major factor in the decision to discharge
patients from inpatient care, earlier independent walking
should result in a reduction in length of hospital stay
which should result in cost saving. The Queensland
Health Report "Hospital benchmarking pricing model"
has estimated the cost of a day in hospital for a neurological patient at $880. In summary, this study has the potential to reduce disability following stroke by improving the
outcome of walking and thereby to reduce the burden of
this condition on the community. Increasing the number
of people who can walk after stroke should reduce the
demand for nursing home placement.

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
LA and CD conceived this study. All authors contributed
to the design and procurement of funding. LA and CD
drafted the manuscript and all authors have contributed
to the manuscript and have read the manuscript.

Acknowledgements
This trial is funded by The National Health and Medical Research Council
(Reference number: NHMRC ID:402679).

References
1.
2.
3.
4.
5.

6.
7.
8.

9.
10.

Dean CM, Mackey FH: Motor Assessment Scale scores as a
measure of rehabilitation outcome following stroke. Aust J
Physiother 1992, 38:31-35.
Johnson P: The acquisition of skill . In The Psychology of Human
Movement Edited by: Smyth MM, Wing A. London, Academic Press;
1984:215-239.
Kwakkel G, Wagenaar R, Koelman T, Lankhorst GJ, Koetsier JC:
Effects of intensity of rehabilitation after stroke: a research
synthesis. Stroke 1997, 28,8:1550-6.
Langhorne P, Wagenaar R, Partridge C: Physiotherapy after
stroke: more is better? Physiother Res Int 1996, 1,2:75-88.
Mackey F, Ada L, Heard R, Adams R: Stroke rehabilitation: Are
highly structured units more conducive to physical activity
than less structured units? Arch Phys Med Rehabil 1996,
77:1066-1070.
Esmonde T, McGinley J, Wittwer J, Goldie P, Martin C: Stroke rehabilitation: patient activity during non-therapy time. Aust J
Physiother 1997, 43,1:43-51.
Visintin M, Barbeau H, Korner-Bitensky N, Mayo NE: A new
approach to retrain stroke patients through body weight
support and treadmill stimulation. Stroke 1998, 29:1122-1128.
Crompton S, Khemlani M, Batty J, Ada L, Dean C, Katrak P: Practical
issues in retraining walking in severely disabled patients
using treadmill and harness support systems. Aust J Physiother
2001, 47:211-213.
Moseley AM, Stark A, Cameron ID, Pollock A: Treadmill training
and body weight support for walking after stroke. Cochrane
Database of Systematic Reviews 2003.
Nilsson L, Carlsson J, Danielsson A, Fugl-Meyer A, Hellstrom K, Kristensen L, Sjolund B, Sunnerhagen KS, Grimby G: Walking training

Page 5 of 6
(page number not for citation purposes)

BMC Neurology 2007, 7:29

11.
12.

13.

14.

15.

16.
17.
18.
19.
20.
21.

22.
23.
24.
25.

http://www.biomedcentral.com/1471-2377/7/29

of patients with hemiparesis at an early stage after stroke: a
comparison of walking training on a treadmill with body
weight support and walking training on the ground. Clin Rehabil 2001, 15:515-527.
Barbeau H, Visintin M: Optimal outcomes obtained with bodyweight support combined with treadmill training in stroke
subjects. Arch Phys Med Rehabil 2003, 84:1458-65.
Teixeira da Cunha I, Lim PA, Qureshy H, Henson H, Monga T, Protas
EJ: Gait outcomes after acute stroke rehabilitation with supported treadmill ambulation training: A randomized controlled pilot study. Arch Phys Med Rehabil 2002, 83,9:1258-1265.
Teixeira da Cunha Filho I, Lim PA, Qureshy H, Henson H, Monga T,
Protas EJ: A comparison of regular rehabilitation and regular
rehabilitation with supported treadmill ambulation training
for acute stroke. J Rehabil Res Dev 2001, 38(2):245-255.
Werner C, von Frankenberg S, Treig T, Konrad M, Hesse MD:
Treadmill training with partial body weight support and an
electromechanical gait trainer for restoration of gait in subacute stroke patients. Stroke 2002, 33:2895-2901.
Kosak MC, Reding MJ: Comparison of partial body weight-supported treadmill gait training versus aggressive bracing
assisted walking post stroke. Neurorehabil Neural Repair 2000,
14:13-19.
Chae J, Johnstin M, Kim H, Zorowitz R: Admission motor impairment as a predictor of physical disability after stroke rehabilitation. Am J Phys Med Rehabil 1995, 74:218-223.
Loewen SC, Anderson BA: Predictors of stroke outcome using
objective measurement scales. Stroke 1990, 21:78-81.
Sandin KJ, Smith BS: The measure of balance in sitting in stroke
rehabilitation prognosis. Stroke 1990, 21:82-86.
Morgan P: The relationship between sitting balance and
mobility outcome in stroke. Aust J Physiother 1994, 40:91-96.
Carr JH, Shepherd RB, Nordholm L, Lynne D: Investigation of a
new Motor Assessment Scale for Stroke patients. Phys Ther
1985, 65:175-180.
Hesse S, Helm B, Krajnik J, Gregoric M, Mauritz KH: Treadmill
training with partial body weight support: Influence of body
weight release on the gait of hemiparetic patients. J Neurol
Rehabil 1997, 11:15-20.
Hesse S, Konrad M, Uhlenbrock D: Treadmill walking with partial body weight support versus floor walking in hemiparetic
subjects. Arch Phys Med Rehabil 1999, 80:421-7.
Fleiss JL: Statistical methods for rates and proportions. 2nd
edition. 1981.
Goldie PA, Matyas TA, Evans OM: Deficit and change in gait
velocity during rehabilitation after stroke. Arch Phys Med Rehabil 1996, 77,10:1074-82.
Ada L, Foongchomcheay A, Canning C: Preventing subluxation of
the shoulder . In Progress in Stroke Research. Focus on Stroke Research
Edited by: Brown SP. New York: Nova Science Publishers;
2005:129-144.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2377/7/29/prepub
Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6
(page number not for citation purposes)

