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Abstract

Achieving safe, independent, and efficient walking is a top priority for stroke survivors to enable
quality of life and future health.

This narrative review explores the state of the science in walking recovery after stroke and
potential for development.

The importance of targeting walking capacity and performance is explored in relation to individual
stroke survivor gait recovery, applying a common language, measurement, classification,
prediction, current and future intervention development, and healthcare delivery. Findings are
summarised in a model of current and future stroke walking recovery research and a mission
statement is set for researchers and clinicians to drive the field forward to improve the lives of
stroke survivors and their carers.
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The importance of gait recovery

Walking problems are common after stroke experienced by approximately 80% of stroke
survivors. (1) Achieving safe, independent, effective, and efficient walking are top priorities
for stroke survivors to enable quality of life and future health. (2) Approximately one
quarter of stroke survivors, however, do not achieve independent walking by three months
post-stroke. (3) For those who do achieve independent walking, persistent gait abnormalities
such as reduced gait speed and endurance and early discharge from rehabilitation before
potential is met result in many stroke survivors not achieving community ambulation status.

(4.9)

Stroke survivors cite walking independence, speed, endurance, and quality are all important
factors in walking recovery and as such should be considered in research and practice

to ensure person-centred care. (2) Gait speed and endurance are important outcomes for
stroke survivors (2) and are commonly measured in stroke research. Reduced gait speed is a
predictor of all-cause mortality and is associated with lower survival rate, increased risk of
falls and reduced quality of life. (6) Reduced endurance is also associated with poor health
outcomes, (7) and increasing endurance can enable participation in the community following

stroke. (8)

But measures of gait speed and endurance only capture walking capacity after stroke which
does not always translate into performance or ‘real-world walking’. Stroke survivors report
the importance of real-world walking in creating freedom from dependence which can

lead to significant psychological and health benefits. Whilst gait speed and endurance are
important measures of walking capacity after stroke, it is imperative that we also capture
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walking performanceto enable insight into gait recovery in real-world settings to guide
research and practice.

In this review we will comprehensively explore the state of the science and practice in
walking recovery after stroke considering both walking capacity and performance. We

will firstly define a common language for walking recovery, then translate this language
into measurement, classification, and prediction. The concepts of walking capacity and
performance will be explored in current guidelines, future interventions, and current
healthcare models. The review will conclude by summarising current knowledge in a model
and provide a mission statement for future research and practice to improve the lives of
stroke survivors and their carers.

Defining walking recovery

To explore walking recovery after stroke and drive research and practice forward in this field
it is essential that a common language is employed. This language is already defined by

the World Health Organisation’s International Classification of Functioning, Disability and
Health (ICF). The language of the ICF should be placed at the centre of walking recovery
research as it encompasses aspects of gait recovery voiced by stroke survivors as important.

The ICF defines walking as “Moving along a surface on foot, step by step, so that one foot
is always on the ground, such as when strolling, sauntering, walking forwards, backwards, or
sideways” (9) and is classified under Activities and Participation within the ICF model. We
argue it is essential to also consider two important ICF qualifiers; capacity and performance
as both are important components of walking recovery. (10) Capacity is the abilityto
execute a task or action, at a given moment and is typically assessed in a structured, clinical
or research laboratory environment. Performance describes what a person does in his/her
current environment, including the societal context, and thus performance can be considered
the real-life behaviour. Thus, adequate measurement tools, prediction models, and treatment
guidelines should be considered by clinicians in relation to both walking capacity and
performance.

The ICF allows the systematic consideration of the multiple factors that may influence an
individual’s walking recovery after stroke to allow individualised care plans. This includes
their health condition (e.g., stroke type, location, and size) and related sensorimotor, visual,
balance, pain, mood and cognitive impairments.

The ICF also encompasses personal and environmental factors which are critical to

consider during gait recovery. Personal factors such multimorbidity, pre stroke walking
status, age, motivation, mood, and support systems impact upon walking recovery. (11) As
can environmental factors which are often not considered in intervention development or
rehabilitation, but impact upon walking performance. These environmental factors include
weather, different terrains, carrying loads, negotiating roads and traffic, responding to
attentional demands and postural transitions to enable turning, opening doors, etc. (12) Only
more recently have the impact and interventions targeting these contextual factors begun to
be explored.
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Recovery after stroke is a non-linear process with most recovery observed in the first weeks
to months with possible stagnation and even deterioration in the chronic stage and at five
years after stroke. (13, 14) The walking domain increasingly benefits from understanding
subgroups of patients. Indeed, recent work evaluating functional mobility indicated different
recovery patterns for mild and moderately affected patients; mild patients showed a relative
mobility improvement in the first year, moderately affected patients demonstrated most
recovery in the first three months and then declined significantly at one year. (15) Other
factors that are associated with reduced walking recovery such as age, diabetes, type, and
location of stroke also need to be considered. (3)

Measuring walking recovery

Stroke survivors report independence, speed, endurance and quality are all important aspects
of gait recovery. (2) Gait recovery measurement tools should therefore be available to
accurately capture these four domains from both a capacity anda performance perspective.
To date recommended tools for measuring walking capacity in terms of dependence, speed
and endurance exist, (16-18) but measures of quality are less well defined and there is 10
consensus for performance measures.

The Functional Ambulation Category is commonly used as a capacity measure of walking
independence, (17) whereas the mobility items of a self-reported questionnaire such as the
Stroke Impact Scale (19) could be used to measure performance of independent walking.
For the approximately three quarters of people who get back onto their feet following
stroke, measures such as speed, endurance and quality then become more important. The 10
Metre Walk Test (LOMWT) (16, 18), the 6 Minute Walk Test (6MWT) (16) and Functional
Gait Assessment (16) are recommended capacity-based measures of speed, endurance

and postural stability during walking tasks. Novel applications like iWalkAssess (http://
www.iwalkassess.com) aid clinical interpretation of these measures by allowing comparison
with normative and community ambulation values. Measures of performance or “real world
walking”, however, are as, or arguably more important, than capacity-based measures as
they translate into what an individual does in their current environment.

A common example of a walking performance measure is the number of steps taken per day
measured by a wearable device such as an activity monitor or pedometer. The Step Activity
Monitor is the most accurate for measuring steps per day after stroke, however this is a
research grade monitor with costs prohibiting use in clinical practice. (20) Limitations to
pedometers and wrist/upper limb and waist worn activity monitors for measuring steps/day
in the stroke population have been noted at all stages post-stroke (20) and greater accuracy
is evident with monitors worn on the lower limb. (21) This can be achieved clinically

with relatively inexpensive activity monitors. However, accuracy of these monitors has not
been established in the real world where stepping is not consistent in terms of cadence,
step length, and direction. Further limitations to steps/day as a measure of performance

are that it only considers the frequency domain of walking and does not consider intensity
(e.g., sedentary time and light, moderate or vigorous walking) and duration (e.g., time
spent walking, length of short and long bouts of walking) domains or the context of the
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walking activity which could add meaningful information and enable targeted intervention
for optimal health benefits.

Alongside independence, speed, and endurance, stroke survivors also cite walking quality
as important. Traditionally walking quality has been measured in gait laboratories using
‘gold standard” camera-based systems with a force plate that can measure temporal-spatial
and force aspects of gait. (22) More recently low-cost systems incorporating accelerometers,
(22) and advanced signal processing techniques have been shown to be valid and reliable in
capturing some of these measures in the home and community.

Although a stroke survivor may have the physical capacity to walk, it does not necessarily
translate to increased walking performance. Many studies have demonstrated that even
relatively mild stroke survivors do not meet daily step recommendations. (23) This alludes
to factors broader than physical capacity alone being important for walking performance —
for example self-efficacy, motivation, and an accessible environment. Currently subjective
walking performance is measured via self-report questionnaires. There are sub-sections of
global questionnaires on physical activity or overall health that relate to walking, (20) and
preliminary evidence that Walk-12 may be a suitable generic self-report measure of walking
performance in neurological conditions. (24) At present, however there is no consensus on
use of self-report questionnaires for walking recovery after stroke.

Rather than relying on subjective report, which is subject to recall bias, a ‘real world
measure’ of walking endurance viaa 6MWT may help to capture how personal

and environmental factors impact upon performance. Alternatively, combining objective
measurement with subjective report may help to understand why capacity often does not
relate to performance and how to target this. Ecological momentary assessment (EMA),
where real time self-report data is used to provide information on the persons behaviour,
cognitions, affect, context and other experiences, (25) could be combined with other
technologies including accelerometers and GPS (26, 27) to provide a more holistic measure
of walking performance.

At present although we have recommended measures of capacity, they are often not
implemented in clinical practice, (28) and we do not have the tools to comprehensively
measure performance in research and practice, limiting standardization of delivery.
Currently, no one performance tool can quantify both quantity (e.g., frequency, duration
and intensity of walking) and quality of walking and contextualise this information and this
should be the focus of future research.

Alongside enhancing and standardising measurement of walking performance, the field
would benefit from development of data collection systems to improve understanding. A
biobank of data could drive analysis of large datasets and stratification into subgroups for
the purposes of prediction and treatment which may spearhead meaningful breakthroughs
in stroke rehabilitation interventions. This has been explored in other conditions (29) and
learning from this research could be applied to stroke.
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Classifying and predicting walking recovery

Because the recovery of walking ability is a primary goal for and a major component of
rehabilitation for people with stroke (2, 30) it is important to be able to classify different
levels of walking ability and to predict return of walking function. The ability to predict
and classify walking ability assists researchers and clinicians with setting goals, interpreting
change, selecting interventions, monitoring progress, and revising the plan of care. It is
important to distinguish between predicting future walking ability and classifying walking
ability. Although many studies indicate that their findings predict walking ability, these are
actually cross-sectional studies that predict what factors categorize people with stroke into
different functional walking classifications. (30, 31) Findings from these studies are useful
to understand what factors may play a role in walking and have been used as primary end
points for rehabilitation trials targeting walking. (32) True predictive studies predict walking
ability at some future date based on factors gathered earlier after stroke. (33)

Expert opinion (34) and self-report (30) have been widely used to develop categories of
walking in order to classify people with stroke as home or community ambulators. Recently
the amount of real-world walking performance has been used to classify people with stroke
as home or community ambulators. Fulk and colleagues (31) used steps/day, measured with
an activity monitor, as a way to classify walking ability where 100-2499 steps/day was
classified as home ambulator, 2,500-7,499 steps/day was classified as limited community
ambulator, >=7,500 steps/day was classified as unlimited community ambulator. They found
that the distance walked during a 6BMWT was able to accurately distinguish between the
different categories of walking function (home ambulator: 6MWT distance <=205 meters,
limited community ambulator: 206-287 meters, and unlimited community ambulator: >=288
meters). Gait speed could also distinguish between these categories (<=0.49 m/s, 0.50-0.93
m/s, >=0.94 m/s) but it was not as accurate as the 6MWT. Recent studies have highlighted
the impact of personal (self-efficacy (11, 35)) and environmental factors (social and physical
environments (11)) on walking performance in the real world.

Predicting who and when an individual post-stroke will be able to walk independently
without physical assistance is important. This is an outcome that is important to people with
stroke (2) and this knowledge assists clinicians with discharge planning and goal setting.
Several measures of physical capacity early after stroke have been identified as predictors
of independent walking ability. A number of studies have demonstrated that trunk control/
balance and strength/motor control measured less than 1-month post-stroke are able to
accurately predict independent walking ability at 2-6 months post stroke. (36) Other factors
such as younger age, (36) less severe stroke, (3, 37, 38) continence, (36) stroke location

and lesion size, (3, 36, 39) and hemianopsia (39) have also been found to be significant
predictors of independent walking.

Other studies have identified factors that predict walking capacity measured by gait speed
(34) and self-reported walking ability. (30) Balance (40, 41) and initial gait speed (40, 42)
early after stroke (<1 month) are valid predictors of walking capacity at six months after
stroke. Gait speed, (43, 44) lower extremity strength, (43) and self-efficacy (44) at 1-3
months post stroke are predictive of self-reported walking performance at >6 months post
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stroke. Only one study, to the best of our knowledge, has identified predictors of real-world
walking performance (steps/day). Handlery and colleagues (45) found that balance at 2
months post-stroke predicted steps/day at 12 months after stroke. A limitation of this study
was that it was a secondary analysis of data from an intervention study.

Although there is strong evidence that good trunk control/balance and other factors listed

above early after stroke are significant predictors of independent ambulation at ~6 months
after stroke a major limitation in these findings is that none of the predictive models have

been externally validated. Additionally, the initial measurement and end point of many of
these studies are different making comparisons difficult.

As demonstrated, we already have numerous capacity-based prediction measures, but where
the field is especially lacking is identification of factors early after stroke that predict
performance of walking in the real world and further research should be focused here.
Expanding understanding beyond clinical outcomes and surrogate markers using biomarkers
that measure the underlying molecular / cellular processes such as structural and functional
imaging could aid prediction of walking recovery and treatment response. Consensus-based
recommendations for the use of certain motor biomarkers for clinical trials already exist
(e.g., corticospinal tract indexed by diffusion tensor imaging or by lesion overlap), (46) but
further developments to understand how factors such as lesion type, location and volume
influence walking recovery are recommended.

Walking recovery interventions

The importance of measuring both capacity and performance to monitor progress and
classify and predict walking recovery outcome is clear, but how best do we target

these important measures? To date the efficacy of walking recovery interventions has
predominantly been measured in terms of capacity not performance. This is demonstrated
in a summary of best practice clinical guidelines for walking recovery after stroke from
four different areas across the world (Table S1) where guidelines are predominantly based
upon measurement of capacity. (47-50) Primary research applied within these guidelines has
also often focused on the chronic stages of stroke, therefore we have less understanding
of the acute and sub-acute phases when motor recovery is more likely to take place.

(13) It also should be noted that the summarised guidelines all come from higher income
countries, however, most guideline-based interventions could also be delivered in low and
middle-income countries.

The methodology for the Australian and New Zealand, Canadian, and UK guidelines
presented in Table S1 differs and the guidelines were developed at different time points. But
despite these differences, commonalities exist across the guideline recommendations. All the
guidelines strongly recommend tailored repetitive practice of walking and a variety of forms
of delivering this practice including, treadmill training with / without body weight support,
circuit class training and cardiorespiratory fitness training to improve capacity measures.
Tailored repetitive task practice is supported by motor learning literature which emphasises
the importance of specificity of practice to enhance neuroplasticity and motor learning and
tailoring of the walking intervention to individual goals. (51) The recommendation also
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encompasses the principle of dose via the repetitive nature of the practice. Neuroplastic
changes have been observed with repetition of skilled movement versus unskilled movement
in animal studies (52) and clinical studies support repetitive training to improve gait
recovery. (53)

Intensity is another important component of dose measured via power output, rate of work /
workload or heart rate response. Intensity is emerging as an important factor in walking
recovery after stroke evidenced by the inclusion of intensity within The American Academy
of Neurologic Physical Therapy Clinical Practice Guidelines. (48) The guidelines strongly
recommend moderate to high intensity walking training for chronic stroke survivors (>

six months) based upon the preponderance of findings and quality of single randomized
controlled trials with a primary or secondary goal to improve walking speed and timed
distance.

Recent studies have provided further evidence for the influence of repetition and intensity on
walking recovery after stroke. For example, a recent phase 2 multi-center trial in inpatient
stroke rehabilitation (N=75, 6-sites) found that increasing the amount of walking practice
and aerobic intensity (from low to moderate/vigorous) during one-hour physical therapy
sessions resulted in better walking and quality of life outcomes than usual care. (54)
Meanwhile, doubling the duration of the higher intensity physical therapy sessions appeared
to have minimal effect on outcomes, (54) suggesting that intensity is a key dosing parameter.

Treadmill training is strongly recommended as a mode of delivering repetitive task practice
in the guidelines. Treadmill training allows for the systematic progression of speed,
individuals can potentially work at higher aerobic intensities and the use of a body weight
support system can reduce the need for manual support from the therapist for patients who
require assistance for ambulation. However, the guidelines recommend treadmill training
should only be an adjunct to overground walking or used when overground walking is

not available as speed gains on the treadmill do not always translate to the overground
environment. Recent preliminary findings support combining both treadmill and overground
training to improve walking recovery, (55) but these findings require further exploration and
translation to practice would be reliant on access to a treadmill.

When individuals cannot walk independently, or would not otherwise practice walking,
electromechanically assisted gait training is weakly recommended. But if an individual can
walk without physical assistance motor learning literature supports independent practice
as physical guidance can potentially impede learning. (51) Other weakly recommended
walking recovery interventions based on the synthesis of the guidelines can be viewed in
Table S1.

Importantly, walking recovery clinical guidelines focus upon interventions targeting walking
capacity, measured often by speed and endurance (e.g., LOMWT, 6MWT) rather than
walking performance. A systematic review and metanalysis on interventions to improve

real world walking (measured via self-report, pedometer or step watch activity monitor)
demonstrated a small effect size and sustained benefit. (56) A subgroup analysis highlighted
interventions that included a behaviour change technique were more likely to be effective.
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Goal setting, barrier identification and self-monitoring were the techniques with the largest
effect sizes. It is imperative that further research is conducted in this field to inform
recommendations on targeting walking performance, alongside walking capacity.

Promising research directions targeting walking capacity

Although the predominance of evidence to date in gait recovery has focused upon improving
capacity, one could argue we still do not know how best to optimise capacity. Targeting
capacity is important as a certain level of capacity is required for performance in the

home and community. Optimizing intensity, neuromodulation, targeting biomechanical
impairments, enhancing motor learning, and predicting responsiveness are all interventions
that show promise in improving walking capacity after stroke and will be discussed below.

While the evidence reviewed in the U.S. guidelines supports task-specific locomotor
training, (48) it includes a very wide intensity range, and there is limited knowledge to help
clinicians decide between moderate and vigorous intensity. Preliminary studies suggest that
vigorous intensity (e.g., above the threshold for blood lactate accumulation ~60% heart rate
reserve) could yield substantially better walking outcomes than moderate intensity (40-60%
heart rate reserve) with a comparable safety profile. (57, 58) However, further research

is needed to fully evaluate the risk/benefit ratio. In addition, therapists have reported that
vigorous intensity is difficult to achieve among stroke survivors using traditional methods
(59) and some studies have had difficulty sustaining vigorous intensity exercise among
persons with motor impairment. (60) Locomotor high-intensity interval training (HIIT) is
one intervention currently under investigation to address these challenges. (61) This strategy
uses bursts of fast walking alternated with recovery periods with the goal of sustaining
higher training intensities for longer durations.

Transcranial magnetic stimulation, direct current stimulation & deep brain stimulation all
have the potential to modulate locomotor training responsiveness. (62, 63) However, the
optimal target region(s) for stimulation remain unclear due to limited knowledge about
the neural underpinnings of locomotor recovery. Current conceptual models in post-stroke
motor rehabilitation largely focus on the ipsilesional corticospinal tract, (64, 65) but
evidence suggests that other pathways (e.g. bilateral cortico-reticulospinal) may be at least
as important for gait function and recovery. (66, 67) A better understanding of the neural
mechanisms of walking recovery would allow more physiologically informed stimulation-
targeting and a more systematic progression of research in this promising area.

Additional supplemental treatments using specific exercises or neuromuscular electrical
stimulation to enhance the effects of task-specific locomotor training are also under
investigation. These interventions target specific biomechanical impairments that limit
walking capacity for many stroke survivors, like impaired paretic propulsion force.

(68) Examples of these promising interventions include high-velocity strength training
of propulsion-generating muscles, (69, 70) and fast walking with concurrent functional
electrical stimulation of the plantar flexors and dorsiflexors timed to the gait cycle. (71)

Stroke. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Moore et al.

Page 10

Another promising class of interventions being tested to improve post-stroke walking
capacity are those that aim to enhance motor learning during locomotor training. For
example, virtual/augmented reality systems may enhance motivation and/or feedback
delivery during training, (48) and novel portable rhythmic auditory stimulation systems
could augment gait training and facilitate increased volumes of walking practice outside of
clinical settings for appropriate patients. (72)

While several studies have attempted to predict overall recovery of walking capacity
post-stroke (i.e., combined effects of spontaneous recovery and variable rehabilitation
intervention/dosing), few have aimed to predict responsiveness to specific interventions.
Further, such analyses have generally been done on an exploratory post-hoc basis (high risk
of false positive and false negative findings) (73) using data from a single group. Without
control group data, it is impossible to distinguish general prognostic factors (e.g. predictors
of spontaneous recovery or repeated testing effects) from predictors of response to a specific
intervention. (73) To enable personalized evidence-based rehabilitation, we need to identify
patient characteristics that predict differential response to a specific treatment versus control
or one treatment strategy versus another (i.e., treatment by characteristic interactions). To
date, the only reproducible differential response predictor identified has been baseline self-
selected gait speed, where =0.4 m/s appears to predict better walking capacity improvement
after locomotor training. (74)

Promising research directions targeting walking performance

As noted above, there is evidence to support task-specific interventions that focus on
walking at a high enough dosage result in improvements in walking capacity (i.e., gait speed
and endurance). However, improvements in walking capacity alone do not always transfer

to more walking performance in the real world. (31) Walking capacity seems to account for
less than 50% of the variance in daily stepping activity. (35) Complementary interventions
that address other factors that are associated with walking activity in the real world may be
necessary to support people with stroke to translate their improved capacity to walking in the
real world.

Early studies that incorporate behavior change techniques including goal setting, barrier
identification, social support and self-monitoring, show promise in targeting walking
performance (56, 75) Using mobile technologies to self-monitor and provide feedback

on physical activity in neurologically intact individuals can positively influence physical
activity levels. (76) Preliminary findings indicate that this strategy may support increased
walking activity in people with stroke. (77, 78) There is a large randomized controlled

trial utilizing this type of intervention that is currently near completion. (79) Similarly,
Ecological Momentary Assessment combined with Ecological Momentary Intervention may
provide contextually relevant interventions delivered at the point of performing the walking
activity in the real world to support persons with stroke to better translate walking capacity
to walking performance. (25)

With the issues related to access to physical therapy services raised by the COVID-19
pandemic and continued improvements in technologies there has been an increase in studies
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examining the use of digital health measures to improve stroke outcomes. (80) Although
preliminary studies indicate that various types of telerehabilitation interventions may support
improved outcomes after stroke, these studies are mainly feasibility studies with a high
potential for bias with small sample sizes. (81-83) Further research in this area is needed to
understand the specific impact of digital health interventions on walking performance after
stroke.

Future research directions

We would argue that although we have some understanding of how to measure and target
walking capacity after stroke, the field is still very much in its infancy, and this is even more
apparent for walking performance. It is also important to remember that what we think we
know about how to maximize walking recovery after stroke is based upon interventions
developed by researchers, tested on relatively small single-site samples (N<100), with
variable methodological rigor, done in research laboratories with selected patient samples.

To address these issues future research should be driven and guided in partnership with
stroke survivors and their caregivers’ preferences, with this approach showing promise in
other areas of stroke rehabilitation. (84, 85) Intervention design needs to include and report
on intervention components using standardized frameworks such as the TIDieR. (86) This
will enable the development of targeted interventions that: encompass the best available
evidence (why?); are personalized (whao?); are delivered at the right time (when?); address
environmental factors (where?); are at the appropriate dosage (how much?); use appropriate
forms of delivery (how?); allow for tailoring (tailoring?); and can be delivered as intended
(how well?). Standardised capacity and performance outcome assessment and more robust
systems for data pooling are required to inform clinical practice. International collaboration
in the field of stroke gait recovery is growing (87) but should continue to advance to allow
larger, more generalizable studies and aid consensus-based recommendations.

Implementation of current best evidence in gait recovery after stroke

The preceding sections have reviewed current research in stroke gait recovery. But are our
current healthcare services facilitating the delivery of this evidence and if not, how can this
be enabled to allow stroke survivors the best potential for walking recovery?

Our strongest evidence to date supports the use of tailored repetitive practice of walking,

or the components of walking. But although this evidence exists, there are many

barriers to consistent implementation of these clinical guidelines into practice. Current
recommendations for therapy delivered to stroke survivors are frequently not met, (88) with
low doses of balance and walking practice observed within these sessions (89, 90) and
minimal walking practice outside of therapy. (91) The healthcare systems and models of
delivery of care present significant barriers to implementation.

Non-modifiable patient characteristics and staffing impact upon therapy delivery, (92) but
interestingly have not been found to be the main determinant of frequency and intensity of
inpatient therapy. (93) Time spent on information exchange appears more important with
units structured so timetables enable increased practice appearing the most successful in
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terms of dose. Supporting staff knowledge of the underpinning evidence behind amount and
frequency of therapy could also impact upon walking recovery therapy provision. (93)

Another area where there is varied implementation of evidence-based practice is in walking
recovery measurement. This is vital to classify and predict activity, measure progress and
outcome, and increase patient engagement, however, clinicians often rely on experience

to guide decision-making. As previously discussed, there is a need for further research

and standardisation of walking performance measures to aid implementation. In contrast
we have recommended walking capacity measures, but these are still not implemented.
Knowledge translation interventions which target barrier identification, knowledge and skills
training, social influences and environmental issues have shown increased adherence to
stroke walking recovery capacity measurement. (28) These strategies could be applied to
increase implementation and systems developed to capture this rich data-source to inform
practice.

Changing healthcare professional behaviour is complex and indeed a whole field of science
has been built around implementation. Within the stroke recovery community, we need to
employ and investigate techniques to enable implementation of walking recovery research to
determine which are the most successful. (94) Using consensus-based behaviour change

and implementation taxonomies will allow structured understanding in this field. (95,

96) Investing in people could aid the implementation of research via: adequate staffing;
research-informed teaching at undergraduate level; (97) and the development of adequately
funded stroke recovery clinical academic career pathways to aid translation of research to
practice. (98)

We also need to invest in environments and service delivery pathways that promote walking
recovery. Research is emerging to support the importance of environmental enrichment to
enable stroke recovery. (99) Unfortunately however, many stroke units have been structurally
altered at the expense of rehabilitation facilities and potential for walking practice due to
many factors. These factors include: the ever-increasing bed shortage in hospitals; (100) a
focus on medicalisation of stroke units in response to the rapid development of thrombolysis
and thrombectomy procedures; enhanced infection control procedures particularly since the
pandemic; (101) and falls risks procedures creating risk adverse staff cultures. (102) We
need to fight for stroke unit environments that enable walking practice and rehabilitation.
This means having the floorspace to practice walking, deliver circuit classes and undertake
recommended measurement protocols, (e.g., 6MWT) and having equipment to enable
general (e.g., treadmills) and targeted walking practice (e.g., leg sled). It also means the
creation of environments that replicate real world walking (e.g., different terrain, slopes,
doors, steps) and areas to undertake independent practice and encourage habitual activity
e.g., activity and dining rooms.

But one might argue the best environment to target walking recovery is in the home

and nearby community where practice is more meaningful. Early discharge from hospital
could also support other important neuroprotective factors such as sleep (103) and nutrition
which can be negatively impacted in hospital settings. (104) Appropriately resourced early
supported discharge (ESD) has been found to reduce length of stay and disability (105) and
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walking activity has been shown to be higher in ESD versus inpatient settings. (106) ESD
services however vary considerably and are not available in some areas.

There will always be a limit to the amount of face-to-face therapy, so it is essential

that stroke survivors are supported to self-manage walking practice, creating long-term
positive walking behaviours, and potentially increasing self-efficacy. Often, however, stroke
survivors are discharged from therapy services before potential has been reached (5) and
without strategies to enable continuation or maintenance of walking. Promising long-term
behaviour change strategies have been identified for enabling long-term physical activity
(75) and interventions developed, (107) but these interventions do not specifically target
walking. There may be a need for more therapist support to observe and clinically reason
around specific impairments that may be influencing walking activity to tailor exercise
plans, rather than simply adopting a basic ‘move more, sit less’ strategy.

Although there are multiple promising applications of technology within stroke walking
research, often even simple technology such as a stopwatch and counter are not used in
practice. (108) The COVID 19 pandemic, however, led the necessity to use technologies
such as telehealth when face-to-face rehabilitation was prohibited. Lessons learned during
this period now need to be applied and further explored to determine if this approach is safe
during activities requiring high levels of balance such as walking. (80)

Conclusion

In this review we present current evidence, promising interventions, future research and
implementation of research to practice in the field of walking recovery after stroke. Key
messages from the review focus on measuring and targeting both walking capacity and
performance after stroke, increasing the evidence base and implementing what we know

to practice. The themes of the review are summarised in our model of walking recovery
(Figure 1). The model places stroke survivor needs centrally and emphasizes the use of

the ICF to consider the multiple factors that influence individual stroke survivor walking
recovery to guide research and clinical care. In Figure 2 we present a mission statement to
enhance walking recovery after stroke. Researchers and clinicians need to collectively work
to achieve this mission and in doing so improve the lives of stroke survivors and their carers.
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Figure 2.
Mission statement to enhance walking recovery after stroke
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