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Gait disorders are one of the leading patient complaints at the sub-acute
stroke stage (SSS) and a main determinant of disability. Walking speed (WS)
is a major vital and functional index, and the Ten-Meter Walk Test is considered
the gold standard after stroke. Based on a systematic review of the literature,
studies published between January 2000 and November 2021 were selected
when WS was reported (ten-meter walk test for short distance and/or 6-min
walking distance for long distance) within 6 months following a first ischemic
and/or hemorrhagic stroke (SSS) in adults prior to receiving specific walking
rehabilitation. Following PRISMA guidelines, a meta-analysis was conducted
on two kinds of WS: the principal criterion focused on short-distance WS
(ten-meter walking test) and the secondary criteria focused on long-distance
WS (6-min test) and meta-regressions to study the association of WS with
balance, cognitive disorders and autonomy. Nine studies comprising a total
of 939 data on post-stroke patients were selected. The weighted average
age was 61 years [95% IC [55-67] and males represented 62% + 2.7 of
patients [57-67]. Average short-distance WS was 0.36 + 0.06 m.s~1 [95%
Cl1(0.23-0.49)]. Average long-distance WS was 0.46 £+ 0.1 m.s~1 [95% ClI
(0.26-0.66)]. The funnel plot revealed asymmetry of publication bias and high
heterogeneity of the nine studies (/2 index 98.7% and Q-test p < 0.0001).
Meta-regressions of secondary endpoints could not be performed due to
a lack of study data. At the SSS, WS would be lower than data in general
population published in literature, but above all, lower than the WS required
for safe daily autonomy and community ambulation after stroke. WS must be a
priority objective of stroke rehabilitation to increase walking function but also
for survival, autonomy, social participation and health-related quality of life.
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Introduction

Gait disorders are one of the leading sequelae (I, 2)
and a major determinant of autonomy and disability
(3-5) in of
gait disorders ranges between 54 and 80% (2, 6, 7).

stroke survivors. Reported prevalence

After stroke, gait ability requires greater postural,
motor and cognitive control (8-10), and especially
executive functions that are impaired in more than
50% of poststroke patients (11-13). Gait disorders

are associated with a high risk of falls (with 70% of
patients experiencing a fall during the first year after
stroke),
consequences (14-16).

impact autonomy and have socioeconomic

Walking speed (WS) is an important functional measure
for vital status and gait ability after stroke (17-21). The
comfortable ten-meter walking test is the gold standard
assessment of short-distance WS in the stroke population (22).
WS >0.80m.s~! (meters per second) is usually considered
to be necessary for safe ambulation in daily activities, such
as safely crossing a street (23, 24). WS >0.83m.s™ ! is
necessary to optimize the energy cost during walking (10).
Improvement in WS has been reported between three and
18 months after stroke, while other sensorimotor impairments
assessed by the Fugl-Meyer Assessment (FMA) and the Barthel
Index (BI) preferentially improve between 6 weeks and 3
months (25). Comfortable gait speed measured using the
ten-meter walking test consistently relates to balance and
strength impairments, mobility limitations across settings,
daily living activities, physical activity and other meaningful
activities relevant to ambulatory patients at the chronic
stage after stroke (26). Although these data support the
functional importance of WS from the sub-acute stage,
no systematic review has established the WS of stroke
patients, especially due to the improvement of the vital and
functional prognosis thanks to thrombectomy and thrombolysis
worldwide (27, 28). In the literature, a previous meta-
analysis evaluated WS at the chronic poststroke phase but
not in the early phase [acute and sub-acute stroke stage
(ASSS)] (25).

The main objective of this study was to assess short-
distance WS according to a systematic review of the literature
and a meta-analysis of survivor data at the ASSS. We chose
the WS on short walking distance for main objective of the
metanalysis because at the acute and subacute stage of strokes,
patients are beginning to walk indoors for a short distance.
The secondary objectives were to study long-distance WS and
the relationships between WS and balance disorders, cognitive
status and degree of dependence within 6 months after stroke.
We chose the WS on long distance for secondary outcome
of the metanalysis to explore a complementary aspect of the
performance of WS.
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Materials and methods
Eligibility criteria

Eligibility criteria were WS data from studies published
between 2000 and 2021 to obtain a recent homogeneous
population from stroke units after introduction of the
thrombolysis and thrombectomy because these treatments have
revolutionized poststroke prognosis (27, 28), regardless of
sample size to limit selection bias, with assessment of WS (ten-
meter walking test for short distance and/or 6-min walking
distance for long distance) within 6 months following a first
ischemic and/or hemorrhagic stroke, and prior to any specific
walking rehabilitation. We chose to focus on the ten-meter
walking test because it is the only test with evidence of excellent
reliability and construct validity in people with acute and
subacute stroke (ASS) (22).

We excluded studies reported as abstract-only without full-
text available, non-English articles, studies conducted on animal
or on pediatric samples, studies that included patients unable
to walk (considered as WS of 0m.s™1) or patients selected
according a defined WS (i.e., maximal WS) or walking ability
categories [i.e., FAC: Functional Ambulation Classification
(FAQ)], studies assessing barefoot WS or patients with weight
or height limitations to use a walking device (i.e., exoskeleton
or treadmill) and published reports without original data. When
data from the same cohort were reported in several papers,
we selected the study reporting the largest sample meeting our
eligibility criteria.

Information sources procedure

This meta-analysis was conducted according to PRISMA
guidelines (29). Studies were obtained from scientific databases,
including PubMed and Cochrane Library. The literature search
was conducted using selected English language publications
databases to explore published biomedical data on strokes.

Search strategy

The literature search was performed using the following
terms and keywords: (speed OR distance) AND (gait OR walk™)
AND (stroke OR (cerebral AND infarct) OR (cerebral AND
hemorrhag*) OR (cerebral AND ischem*)) AND (acute OR
recent) AND (human AND adult) AND (“2000/01/01” [PDAT]:
“2021/11/31” [PDAT]) AND (cohort studies OR group). The
search engine Pubmed was chosen to provide free access
to Medline
biomedical literature from around the world and Cochrane to

contains journal citations and abstracts for

search meta-analysis on walking speed after stroke. To ensure
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literature saturation, reference lists of included studies and
relevant reviews identified through the search were analyzed by
the authors.

Selection and data collection screening

Two reviewers (AD, STP) conducted the search, selected
studies and included reporting on WS investigated in patients
during the first 6 months following ischemic or hemorrhagic
stroke. In event of a disagreement between the reviewers
regarding study inclusion or exclusion, a third reviewer’s
opinion (TS) was sought before including data in the meta-
analysis. When the majority of the reviewers agreed, the
study was included in meta-analysis according to PRISMA
guidelines (29). The data collection process protocol was
prepared according to a data collection table.

Data items and extraction

The data collection table included the scale used and the
following data from selected articles: mean age and sex ratio,
time since stroke and type of stroke, department (neurology:

10.3389/fneur.2022.989622

stroke unit or rehabilitation) of inpatients or community-
dwelling patients (ambulatory care), exclusion or inclusion of
patients with comorbidities, quantitative gait assessments (ten-
meter walking test or 6-min walking test), the use of a qualitative
video system or quantified gait analysis system, functional
walking assessment, balance assessment, cognitive assessment
and autonomy status. The time chosen for the assessments
included was the first 6 months after stroke, before any
rehabilitation research protocol but standard physical therapy

was not an exclusion criterion.

Study risk of bias assessment

To decrease risk of study bias, three reviewers (AD, STP, TS)
assessed each study to obtain a majority in case of disagreement.
In the event of questions, one of the two reviewers (AD or STP)
asked the two other reviewers (AD, STP, TS) to analyze the
problematic study independently.

The problematic article was included or excluded based on
the opinion of the majority of reviewers according to PRISMA
guidelines (29). No automation tool was used in the process. We
attempted to acquire any missing information to limit bias. For
studies comparing different types of care or interventions, only

Records after duplicates removed

(n=14)

Studies excluded according to title and abstracts data

(n=7561)

Studies excluded according to full text data
(n=61)
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FIGURE 1
PRISMA flow diagram summarizing the article selection process.
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FIGURE 2
Funnel plot of walking speed (m.s!) in the nine studies of the meta-analysis.
Average (m/s) Standard Weight (%)
Error (m/s)
Chua & al, 2016 0.24 0.01 11.31 . 3
Oostra & al, 2015 0.32 0.04 10.95 ——
Conesa & al, 2012 0.17 0.03 11.16 —-
Brincks & Nielson etal, 2012 0.24 0.02 11.22 -
Tilson & al, 2012 0.38 0.01 11.34 L]
Mak & Lau, 2011 0.29 0.03 11.02 —l—
Persson & al, 2011 0.71 0.03 11.18 —-
Kollen & al, 2006 0.21 0.05 10.74 —B—
Duncan & al, 2003 0.65 0.03 11.08 ——
Summary 0.36 0.06 -
Q(df=8)=438
p<0.0001
[2=98.7%
T T T T T 1
0.2 0.3 0.4 0.5 086 07
FIGURE 3
Forest plot of short-distance WS at the acute and subacute stages of stroke (ASSS).

Discussion

To our knowledge, this is the first meta-analysis of WS
at the ASSS (within 6 months). The short-distance WS of
0.36m.s~! is consistent with recent literature reporting very
short-distance WS of 0.4m.s~! on the five-meter walking
test (50, 51), higher than 0.25m.s" ! reported at the SSS
and higher than 0.23m.s~! reported in a subgroup of
hemiparetic patients at the chronic poststroke phase (25). This
discrepancy is likely due to the selection of more severely
impaired patients in contrast to this meta-analysis, which was
performed on post-stroke patients able to walk ten meters
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without human aid. Moreover, patients at the subacute stage of
stroke beneficed of physical therapy except any rehabilitation
research protocol, which could overestimate WS in this meta-
analysis.

A recent systematic review (52) identified predictors of
regaining independent walking at 3 months after stroke as
younger age, intact corticospinal tract, good leg strength,
absence of cognitive impairment and neglect, continence, good
sitting and independence in daily life activity (52). However,
only three factors (i.e., younger age, continence and good sitting)
persisted at 6 months after stroke and their links to WS were not
studied (52).
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WS assessment?

BBS MMSE BI

FAC

Type of care N/R/A WS (m.s™1)

Time post S (days) I/H/U stroke (%)

Age (years)

Nb

TABLE 3 Clinical characteristics of the three studies included in the meta-analysis of long-distance WS.

Studies

Frontiersin Neurology

7)

100/R/No (4

0.35(0.37) MD MD MD

0.35(0.22)
0.65 (0.3)

MD

56.5(12.7)
62 (12.7)
69.3 (10.2)

32

Mattlage at al. (46)

100/R/No (48)

36 (14) 26.1(3.5) MD
MD

MD

MD

71/17.2/11.8
90.2/9.8/0

63.8 (8.5)
75.5(27.9)

408

Tilson et al. (15)

MD/R/MD (49)

MD

MD

92

Duncan et al. (40)

Number of valid studies

939

187

534 595

256

939

939

833

939

939

939

Number of subjects

100%

61.3% 19.3%

55%

26.3%

100%

100%

86%

100%

100%

100%

2Walking corridor length (feet)/rest allowed: R or no/Training or practice trials: T or No.

Data expressed as mean (standard deviation) or interquartile range [IQR] or minimum - Maximum [min-Max]. MD, missing 179 data; Nb, number of subjects; S, stroke; I, ischemic stroke; H, hemorrhagic stroke; U, undetermined stroke; N, neurology

unit; Re, rehabilitation unit; A, ambulatory care; WS, walking speed; FAC, Functional Ambulation Classification; BBS, Berg Balance Scale; MMSE, Mini Mental State Examination score; BI, Barthel Index; R, rest; T, training or practice trials.

Pooled values are presented as mean for continuous variables (age, time post stroke, BBS, MMSE, BI) and as percentage for categorical variables (ischemic, hemorrhagic or undetermined strokes).
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By comparison, according to a metanalysis of (53), the
average WS for general population of the same age, 61

1 in women and 1.34 m.s~!

years, is expected to be 1.24m.s™
in men (53). This would indicate an estimation about 71-
73% decrease of short-distance WS at the ASSS, in women
and in men, respectively. An average short-distance WS of
0.36m.s~! corresponded to one-third of the required WS to
safely cross streets (1.2 m.s~1) and one-half of the required
WS for community ambulation (0.8 m.s~1) (2, 23). Our results
indicate that ASS patients experience major gait slowing, which
is responsible for impaired quality of life (24, 54). Long-
distance WS was not significantly greater than short-distance
WS (respectively 0.46 m.s~ ! vs. 0.36 m.s~ L, p > 0.05) and higher
than the literature (0.39m.s~!). Although short- and long-
distance WS seem to explore two complementary aspects of
walking: indoor walking and outdoor walking, they are highly
correlated (6-min walking test and ten-meter walking test: r =
0.89) (55). Post-stroke, 6-min walking test was more correlated
with speed walking (r = 0.89) than cardiorespiratory function
(VO2 max) (r = 0.66) (55, 56). Stroke engine proposes 6-min
walking test to explore community mobility (50).

This review studied WS in all kinds of stroke survivors
at the ASSS: both hospitalized inpatients (stroke unit and
rehabilitation unit) and ambulatory patients. The percentage of
rehabilitation inpatients was significant, so the present study
population was younger (61 years) in term of representativeness
than the mean age of stroke patients (73.5 years) and the sex
ratio included fewer women than in the literature (57). The
proportion of ischemic stroke was similar to the literature (57).
These characteristics are usual in stroke patients selected for
such studies, especially when gait skills are required to assess WS
because a poor functional prognosis is linked to the age of stroke
patients (58, 59).

The main limits of this study were a marked heterogeneity
of the meta-analysis, which is likely due to inclusion of
patients with different stroke severities, at different stroke stages,
and assessed in different settings (stroke units, rehabilitation
departments or ambulatory care) at the ASSS. Because
gait rehabilitation is one of the main priorities in stroke
rehabilitation, meta-analysis had a publication bias in favor
of younger stroke rehabilitation patients included in the gait
rehabilitation studies. Heterogeneity decreased slightly (I?
98.7%; test Q significant p < 0.0001 to I? 70%; test Q significant p
= 0.0163) for the subgroup of rehabilitation patients. However,
considering the heterogeneity of the subacute poststroke
population, a selection bias in each study can be assumed. To
limit the heterogeneity of WS assessments, we chose as primary
criterion short-distance WS according the ten-meter walking
test, which is considered the gold standard after stroke (22).
For short-distance WS, we excluded other assessments ranging
from the two-meter to the six-meter walking test and barefoot
assessments. The ten-meter walking test is characterized by
excellent reliability (2, 42, 60) and good sensitivity to change
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FIGURE 4
Forest plot of long-distance WS at the acute and subacute stages of stroke (ASSS).
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FIGURE 5

Forest plot of WS of rehabilitation inpatients at the acute and subacute stage of stroke (ASSS).
(61). Relationships between balance, cognition, autonomy and through community ambulation (61), social participation and
gait skills could not be assessed on secondary objectives because health-related quality of life (54, 60).
of missing data. In a recent meta-analysis of distance-limited Perspectives of this review are essential for patients because
walking tests after stroke, gait performance assessed by the ten- gait and balance disorders are the leading complaint after stroke
meter walking test was correlated with measures of strength, (65). The ten-meter walking test is very relevant to human
balance and physical activity (r = 0.26-0.8, p < 0.05) (22). While functioning, rehabilitation outcomes and patient-centered goals
the relationship between gait skills and cognitive ability had been (22). Gait performance is poor in the ASSS, so it is essential
assessed in the general population over the age of 65 years (62) to focus on WS improvement, which impacts all aspects of
and in acute stroke patients (63), it needs to be completed at international classification of functioning disability and health,
the subacute stage of stroke in order to advance in the analysis. including quality of life and life expectancy (21, 22, 50, 61, 66).
The result of the meta-analysis of long-distance WS was very Therefore, to avoid the limit of missing data, further studies
unstable, so it must be put into perspective. should collect systematic homogeneous data on scales assessing

The strength of this review is its originality because no motor, balance, autonomy, quality of life and cognitive functions
recent review has been published on the gold standard of WS to analyze their relationship after subacute stroke (67), and
at the ASSS. This is of special interest because the functional also key outcomes data (e.g., early death, fatal intracranial
prognosis of stroke has been revolutionized by recent therapies hemorrhage and poor functional outcome). This meta-analysis
in stroke units, in the thrombolysis and thrombectomy era studied WS during a simple gait task, while other studies
(27, 28, 64). However, WS must be one of the priority objectives examined WS links to balance and cognition with a focus
of stroke rehabilitation to increase walking function (2), as on cognitive motor interference during gait: WS during dual

well as survival (21), motor and balance functions, autonomy task (68).
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In conclusion, this first recent meta-analysis of WS
highlighted a significant impairment of simple task gait
performance at the ASSS. Gait skill is the main complaint of
patients and one of the primary goals of stroke rehabilitation.
Gait rehabilitation applies complementary means through
analytical but also functional gait training techniques in order
to recover efficient gait in all conditions of daily life. It is
essential to further explore all aspects of gait skills to increase
autonomy, social participation, quality of life and life expectancy
after stroke.
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