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Abstract. [Purpose] This study aimed to compare the predictive accuracy of walking ability at discharge among 
subacute stroke inpatients at 6 months post-discharge in terms of community ambulation level and establish optimal 
cut-off values. [Participants and Methods] This prospective observational study included 78 patients who com-
pleted follow-up assessments. Patients were classified into three groups based on the Modified Functional Walking 
Category (household/most limited community walkers, least limited community walkers, and unlimited commu-
nity walkers) obtained by telephone survey at 6 months post-discharge. Predictive accuracy and cut-off values for 
discriminating among groups were calculated from 6-minute walking distance and comfortable walking speed 
measured at the time of discharge using receiver operating characteristic curves. [Results] Between household/most 
limited and least limited community walkers, 6-minute walking distance and comfortable walking speed offered 
similar predictive accuracy (area under the curve, 0.6–0.7), with cut-off values of 195 m and 0.56 m/s, respectively. 
Between least limited and unlimited community walkers, the areas under the curve were 0.896 for 6-minute walk-
ing distance and 0.844 for comfortable walking speed, with cut-off values of 299 m and 0.94 m/s, respectively. [Con-
clusion] Walking endurance and walking speed among inpatients with subacute stroke provided superior predictive 
accuracy for unlimited community walkers at 6 months post-discharge.
Key words:  6-minute walking distance, Comfortable walking speed, Predictive validity

(This article was submitted Nov. 16, 2022, and was accepted Dec. 14, 2022)

INTRODUCTION

For patients with stroke, going out into the community plays an important role in social participation1–3). Improving the 
mobility needed to go out into the community is thus one of the main intervention goals in rehabilitation for patients with 
stroke4). A decreased frequency of community outings following stroke is perceived by many patients with stroke as a loss 
of an important role that had been integral in daily life5). For patients discharged from acute-care hospitals, 53% showed a 
decrease in community ambulation ability in the first month post-discharge compared to before admission, and 34% of those 
patients had not recovered community ambulation ability within the first 6 months post-discharge6). The abilities to predict 
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future community ambulation levels of hospitalized patients and provide appropriate interventions based on these predictions 
are thus important to support social participation.

Exercise tolerance and walking speed are widely used in the physical therapy assessment of stroke patients. Exercise 
tolerance in patients with stroke is an important indicator related to quality of life7). Cardiopulmonary exercise stress tests by 
expiratory gas analysis and 6-minute walking distance (6MWD), as a field walking test, are commonly used to assess exercise 
tolerance. Cardiopulmonary exercise stress tests can accurately assess exercise tolerance, but the high cost of the equipment 
used and the need for skilled staff can make such measurements difficult to obtain in clinical settings. The safety and feasibil-
ity of the 6MWD have been reported for patients with acute stroke8), and this test offers a practical and easy assessment index 
that does not require special equipment. The 6MWD offers a good reflection of aerobic capacity9, 10) and is recommended 
for the clinical assessment of aerobic capacity and walking endurance in adults under rehabilitation for acute neurological 
deficit11, 12). Cross-sectional validation has also reported that the 6MWD is the best single predictive discriminant of walking 
activity in stroke patients13, 14).

Comfortable walking speed (CWS) is widely used as a predictor of community walking activity and walking handicap 
through cross-sectional validation1,13–15).

Several reports have investigated the prediction of walking ability in stroke patients13–26). However, most previous reports 
have used the degree of functional walking independence16–22) and walking speed15, 24, 25) as predictors, and no reports appear 
to have described prediction of the level of ambulation in community life, which reflects more real-life walking activities in 
a cohort of inpatients with subacute stroke. The 6MWD and CWS, which are standardized assessment scales used for stroke 
patients, clarification of discrimination accuracy and cut-offs for post-discharge prognosis will contribute to the determina-
tion of appropriate goal setting and intervention plans in rehabilitation, with a view to improving social participation. The 
objectives of this study were to compare the predictive accuracy for community ambulation levels at 6 months post-discharge 
between 6MWD and CWS measured at discharge in a cohort of inpatients with subacute stroke and to establish optimal 
cut-offs for both rating scales.

PARTICIPANTS AND METHODS

This prospective, longitudinal, observational study investigated community ambulation levels at 6 months post-discharge. 
Data collection was conducted for consecutive stroke patients admitted to the general ward of a single acute-care hospital 
in Japan between November 2020 and October 2021. Prior to the start of this study, we registered the clinical trial with 
the University hospital Medical Information Network (UMIN000041997). All study protocols were approved by the ethics 
committees at Numata Neurosurgery and Cardiovascular Hospital (approval no. 147). The study was conducted in accor-
dance with the Declaration of Helsinki and all patients voluntarily provided written informed consent prior to participation. 
This study was conducted in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines for observational studies27).

A total of 381 patients hospitalized for stroke and undergoing physical therapy was initially enrolled. Patients were 
required to meet all the following inclusion criteria: 1) age ≥20 years; 2) permission provided by a physician for evaluation; 
3) diagnosis of cerebral hemorrhage or cerebral infarction; 4) motor paralysis in the lower limb on one side; and 5) ability to 
walk at baseline assessment, regardless of the use of a walking aid (Functional Ambulation Category (FAC) >2). Exclusion 
criteria were as follows: 1) difficulty understanding test contents; 2) pre-morbid modified Rankin Scale score ≥3; 3) death 
before baseline assessment; 4) unstable angina or myocardial infarction within 1 month prior to the index stroke; 5) infraten-
torial lesion; or 6) missing data required for analysis. All patients started a rehabilitation program from the day of admission 
or within a few days later, conducted daily for 2–3 h/day. Interventions were not controlled for in this study. The appropriate 
sample size for calculating the receiver operating characteristic (ROC) curve was calculated using R for Mac version 4.0.2 (R 
Foundation, Vienna, Austria). For each ROC curve result, assuming an area under the curve (AUC) of 0.8, power of 0.9, and 
the proportion of both groups as 50%, the minimum number of cases required per group was determined to be 14.

Each assessment was conducted using values from two time points, with a baseline assessment conducted within 1 week 
prior to discharge and a follow-up assessment conducted 6 months post-discharge.

The 6MWD and CWS were measured by a physical therapist with a thorough understanding of the evaluation procedure. 
The 6MWD used to assess walking endurance was measured according to American Thoracic Society (ATS) guidelines28). 
A 30-m indoor corridor was used as the walking path, and verbal feedback according to ATS guidelines was provided every 
minute of walking and 10 sec before the end of the measurement. Patients were allowed to use their usual assistive devices 
and were instructed to walk as far as possible on the walking path during a 6-minute period. Patients were allowed to slow 
down or rest while leaning against a wall, but were instructed before the test to resume walking as soon as possible. Patients 
were also instructed to stop walking if they experienced chest pain, severe dyspnea, leg cramps, instability, or cold sweats. 
The reliability and validity of the 6MWD in stroke patients have been confirmed29–31).

To measure CWS, patients were instructed to walk a set distance of 10 m at a comfortable self-selected speed. A 3-m 
auxiliary path was provided at both ends of the 10-m measurement section to allow for acceleration at the beginning of the 
walk and deceleration at the end of the walk29). A walking time of 10 m was measured with a digital stopwatch and walking 
speed was calculated. CWS offers a reliable and valid indicator of walking ability after a stroke29).
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Clinical characteristics at baseline such as age, gender, body mass index, type of stroke, Charlson Comorbidity Index, dis-
charge destination, presence or absence of solitary living, sensory disturbance, unilateral spatial neglect, aphasia, pre-morbid 
modified Functional Walking Category (mFWC), and Brunnstrom Recovery Stage (BRS)32) for motor paralysis severity were 
investigated. In addition, Mini-Balance Evaluation Systems test33), modified Dynamic Gait Index34), Functional Indepen-
dence Measure35), and Falls Efficacy Scale-International36) were collected for balance function and self-efficacy, as measures 
that have been shown to be related to physical activity and walking independence in stroke patients13, 14, 22). All measurements 
were performed by a physical therapist familiar with the evaluation methods.

The follow-up assessment determined community ambulation levels at 6 months post-discharge. Substantial recovery is 
considered possible by 3–6 months after stroke, and follow-up is therefore recommended by 6 months37). Follow-up assess-
ment was conducted by telephone survey of patients by a physical therapist with a thorough understanding of the evaluation 
procedures. In cases where patients showed difficulty understanding assessment questions, a telephone survey was conducted 
with family members. Mobility and living conditions were ascertained, and a mFWC15) was used to classify community 
ambulation levels into six categories: 1) physiological walkers−walks for exercise only either at home or using parallel bars 
during physical therapy; 2) limited household walkers−able to walk to some extent for activities at home, but may need 
assistance for some walking or use a wheelchair; 3) unlimited household walkers−can walk in the home, but encounters 
difficulty with stairs and uneven terrain and may not be able to enter and leave the house independently; 4) most-limited 
community walkers−able to enter and exit the house and climb up and down the curb independently, and can manage stairs 
to some degree; 5) least-limited community walkers−able to climb stairs and independently perform moderate community 
activities without assistance or the use of a wheelchair, and able to go independently to either a neighborhood store or a less 
crowded shopping center; and 6) unlimited community walkers−independent in all activities at home and in the community, 
can walk even in crowded places and on steps, and demonstrates independence in shopping centers. The mFWC has been 
confirmed as a valid measure for determining the effectiveness of interventions for stroke patients26, 38).

All statistical analyses were conducted using SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA). The level of sig-
nificance was set at p<0.05. Analyses included only those patients who completed the follow-up assessment. Descriptive 
statistics are reported as mean ± standard deviation or frequency for patient demographics and clinical characteristics.

To determine the relationship between level of community ambulation at 6 months post-discharge, and 6MWD, CWS, 
and demographic and clinical characteristics at baseline, patients were divided into three groups based on mFWC at 6 
months post-discharge: household/most-limited community walkers (including the most limited community walkers from 
among physiological walkers); least-limited community walkers; and unlimited community walkers. Univariate analysis was 
performed to determine whether each variable differed among the three categories using analysis of variance for continuous 
variables and the Kruskal–Wallis test for ordinal variables, and the χ2 test or Fisher’s exact test for nominal variables. When a 
significant difference was found between the three groups, Tukey’s comparison was used for continuous variables, the Dunn–
Bonferroni procedure for nominal variables, and the Steel–Dwass test for ordinal variables for each multiple comparison.

Next, ROC curves were used to validate optimal cut-offs for 6MWD and CWS at discharge to predict community am-
bulation levels at 6 months post-discharge. Cut-offs were calculated for household/most-limited community walkers versus 
least-limited community walkers and least-limited community walkers versus unlimited community walkers, respectively. 
The prediction accuracy of variables was assessed using the AUC and its 95% confidence interval (95% CI), which can be 
interpreted as the probability that participants will be correctly classified into a designated group (i.e., inferior vs. superior 
community ambulation level groups). The strength of the AUC was determined as follows: 0.7–0.8, acceptable; 0.8–0.9, 
excellent; and 0.90–1.0, outstanding discriminatory power39). For each ROC curve, the Youden index (sensitivity + [1 −
specificity]) was used to calculate the cut-off. Sensitivity, specificity, positive predictive value (PPV) and negative predictive 
values (NPV) were calculated using the Youden index. PPV represents the probability of a true-positive test result when the 
test result is positive, while NPV represents the probability of a true-negative test result when the test result is negative.

RESULTS

Figure 1 shows the flowchart of study participation. Of the 92 patients who participated in inpatient rehabilitation, 78 
continued to participate in the study as of the follow-up assessment at 6 months post-discharge.

Table 1 shows demographic and clinical characteristics at the baseline assessment for patients who completed up to the 
follow-up assessment, grouped by community ambulation levels at 6 months post-discharge. The unlimited community 
walkers group was the largest, at 42, followed by least-limited community walkers (n=16) and household/most-limited 
community walkers (n=20; limited household walkers, n=1; unlimited household walkers, n=2; most-limited community 
walkers, n=17). Type of stroke, sensory disturbances, premorbid mFWC, BRS, balance function and self-efficacy indices dif-
fered significantly between groups. The mFWC from pre-morbid to follow-up was improved in 6.4%, unchanged in 51.3%, 
and worsened in 42.3%. No adverse events were encountered in study patients during measurements.

Table 2 shows a comparison of walking abilities at discharge by community ambulation levels at 6 months post-discharge. 
Mean 6MWD at discharge was 203.6 ± 91.2 m, 266.3 ± 100.4 m, and 430.1 ± 74.3 m for household/most-limited community 
walkers, least-limited community walkers, and unlimited community walkers, respectively, with significant differences ap-
parent between groups. Mean CWS at discharge was 0.7 ± 0.3 m/sec, 0.9 ± 0.3 m/sec, and 1.2 ± 0.2 m/sec for household/
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most-limited community walkers, least-limited community walkers, and unlimited community walkers, respectively, with 
significant differences between groups. Multiple comparisons revealed significant differences for both 6MWD and CWS at 
discharge between household/most-limited community walkers and unlimited community walkers and between least-limited 
and unlimited community walkers, but no significant difference between household/most-limited and least-limited com-
munity walkers.

Figure 2 shows ROC curves for predicting community ambulation levels at 6 months post-discharge based on walking 
abilities at discharge. Table 3 shows the results of cut-offs by Youden index. ROC curve analysis showed that AUCs for 
6MWD and CWS between household/most-limited community walkers and least-limited community walkers were 0.672 
(sensitivity 0.813, specificity 0.550) and 0.675 (sensitivity 0.938, specificity 0.500), respectively, both offering similar pre-
diction accuracy, and with no significant difference in AUC (p=0.967). AUCs for 6MWD and CWS between least-limited 
community walkers and unlimited community walkers were 0.896 (sensitivity 0.976, specificity 0.750) and 0.844 (sensitivity 
0.929, specificity 0.625), respectively. No significant differences in the AUCs of 6MWD and CWS were seen for discriminat-
ing between least-limited community walkers and unlimited community walkers (p=0.266). Cut-offs between household/
most-limited community walkers and least-limited community walkers, and between least-limited community walkers and 
unlimited community walkers were 195 m and 299 m for 6MWD and 0.56 m/sec and 0.94 m/sec for CWS, respectively.

DISCUSSION

This prospective longitudinal study is the first to examine whether walking abilities at discharge can distinguish commu-
nity ambulation levels at 6 months post-discharge in a cohort of inpatients with subacute stroke. Predictive accuracy between 
groups was similar for 6MWD and CWS as demonstrated by the ROC curves (Fig. 2), with cut-offs between household/
most-limited community walkers and least-limited community walkers, and between least-limited community walkers and 
unlimited community walkers of 195 m and 299 m for 6MWD and 0.56 m/sec and 0.94 m/sec for CWS, respectively. These 
results will contribute to the development of appropriate rehabilitation goal setting and treatment decisions shared by clini-
cians and patients.

The 6MWD at discharge offered a good predictor of unlimited community walkers at 6 months post-discharge, supporting 
the findings of a cross-sectional study of walking activity among community-dwelling stroke patients13, 14). Motor paralysis, 
balance, and activities of daily living abilities are all reportedly related to walking endurance in stroke patients40). These 
abilities are thought to be comprehensively required for excellent walking endurance. The 6MWD cut-off for discriminating 

Fig. 1. Flowchart of study participants.
FAC: Functional Ambulation Category; mRS: modified Rankin Scale.
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walking independence in subacute stroke inpatients was 304 m41), approximating the cut-off for predicting unlimited com-
munity walkers in this study. Cardiopulmonary function and fatigue are associated with physical activity after stroke42), and 
a certain threshold of endurance is required for community activities, such as walking on uneven terrain or going shopping. 
Stroke patients with reduced walking endurance during hospitalization may show limited walking activity and life space 
post-discharge, suggesting the benefits of aerobic exercise and endurance training for subacute stroke patients.

The discriminant accuracy for predicting unlimited community walkers of CWS at discharge was as good as that of 
6MWD when compared by AUC and its 95% confidence interval. The cutoff for unlimited community walkers in stroke 

Table 1.  Patient characteristics at baseline, grouped by community ambulation levels at 6 months post-discharge

All Household/Most-limited Least-limited Unlimited 
p-valueparticipants community walkers community walkers community walkers

(n=78) (n=20) (n=16) (n=42)
Age (years), (SD) 72.6 (10.8) 76.6 (9.4) 73.5 (8.1) 70.4 (11.9)
Gender (male), n (%) 52 (66.7) 11 (55.0) 14 (87.5) 27 (64.3)
Body mass index (kg/m2), (SD) 24.0 (4.5) 23.7 (3.3) 24.0 (3.9) 24.2 (5.2)
Time since stroke (days), (SD) 21.9 (10.0) 24.5 (11.0) 23.6 (10.2) 19.9 (9.1)
Type of stroke (cerebral infarction), n (%) 65 (83.3) 16 (80.0) 10 (62.5) 39 (92.9)‡ *
Charlson Comorbidity Index, (SD) 2.7 (0.8) 2.8 (0.8) 2.7 (0.7) 2.7 (0.9)
Solitary life, n (%) 5 (6.4) 1 (5.0) 1 (6.3) 3 (7.1)
Sensory disturbances in the lower  
extremities, n (%)

11 (14.1) 6 (30.0) 2 (12.5) 3 (7.1)† *

Aphasia, n (%) 10 (12.8) 3 (15.0) 2 (12.5) 5 (11.9)
Unilateral spatial neglect, n (%) 5 (6.4) 0 (0.0) 1 (6.3) 4 (9.5)
Pre-morbid mFWC, n (%) † † **

Household walker 3 (3.8) 3 (15.0) 0 (0.0) 0 (0.0)
Most-limited community walker 1 (1.3) 0 (0.0) 0 (0.0) 1 (2.4)
Least-limited community walker 11 (14.1) 6 (30.0) 2 (12.5) 3 (7.1)
Community walker 63 (80.8) 11 (55.0) 14 (87.5) 38 (90.5)

BRS-lower extremity, n (%) †‡ **
Score 3 1 (1.3) 0 (0.0) 1 (6.3) 0 (0.0)
Score 4 2 (2.6) 2 (10.0) 0 (0.0) 0 (0.0)
Score 5 10 (12.8) 5 (25.0) 4 (25.0) 1 (2.4)
Score 6 65 (83.3) 13 (65.0) 11 (68.8) 41 (97.6)

Mini-BESTest, (SD) 19.0 (6.2) 14.8 (6.4) 16.4 (6.7) 22.0 (4.1)†‡ **
mDGI, (SD) 46.1 (18.2) 29.4 (17.4) 38.5 (18.8) 56.9 (8.6)†‡ **
FES-I, (SD) 34.6 (12.7) 40.0 (10.9) 36.1 (15.2) 31.6 (11.8)†‡ *
FIM, (SD) 113.3 (13.8) 106.0 (14.1) 106.0 (17.2) 119.6 (8.1)†‡ **

*p<0.05; **p<0.01; †p<0.01 compared with Household/Most-limited community walkers; ‡p<0.01 compared with Least-limited com-
munity walkers. Using analysis of variance for continuous variables and the chi-square test or Fisher’s exact test for nominal variables, 
and the Kruskal–Wallis test for ordinal variables. When significance was found between groups, Tukey comparison was used for 
continuous variables, Dunn–Bonferroni procedure for nominal variables, and Steel–Dwass test for ordinal variables for each multiple 
comparison.
BRS: Brunnstrom recovery stage; FES-I: Falls Efficacy Scale-International; FIM: Functional Independence Measure; mDGI: modified 
Dynamic Gait Index; mFWC: modified Functional Walking Category; Mini-BESTest: Mini-Balance Evaluation Systems Test; SD: 
standard deviation.

Table 2.  Walking abilities at discharge classified by community ambulation levels at 6 months post-discharge

All participants Household/Most-limited Least-limited Unlimited 
p-valuecommunity walkers community walkers community walkers

(n=78) (n=20) (n=16) (n=42)
6MWD (m), (SD) 338.4 (131.7) 203.6 (91.2) 266.3 (100.4) 430.1 (74.3)†‡ **
CWS (m/sec), (SD) 1.0 (0.3) 0.7 (0.3) 0.9 (0.3) 1.2 (0.2)†‡ **
**p<0.01; †p<0.01 compared with Household/Most-limited community walkers; ‡p<0.01 compared with Least-limited community 
walkers. After analysis of variance, Tukey comparison was used for multiple comparisons.
CWS: comfortable walking speed; SD: standard deviation; 6MWD: 6-minute walking distance.
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patients based on cross-sectional validation classified by the number of steps taken in real life has been reported as 0.93 m/
sec14). The CWS cutoff value at discharge for discriminating unlimited community walkers in this study was 0.94 m/sec, a 
value that was found to approximate those of previous studies14), even when the predictive validity was tested in the stroke 
cohort. Recovery of walking speed after stroke is a widely used measure of improvement in functional status. The results of 
this study suggest that walking speed is also useful for predicting walking activity in the community.

Multiple comparisons showed no significant differences in 6MWD and CWS at discharge between household/most-limited 
community walkers and least-limited community walkers at 6 months post-discharge. Comparing mean 6MWD at discharge 
among groups, a large difference was seen between least-limited community walkers and unlimited community walkers at 6 
months post-discharge. The study included stroke patients who were able to monitor or walk independently at baseline, and 
the 6MWD at discharge of all patients was 338.4 ± 131.7 m, higher than that reported for subacute stroke patients in FAC2-
541). Both 6MWD and CWS at discharge measured among inpatients with subacute stroke appear suitable for the predictive 
discrimination of relatively high levels of community ambulation, but other indicators may be more suitable for predicting 
ambulation within and near the home.

This study had several limitations. First, sample sizes differed between groups. Significant differences were also seen 
between groups in type of stroke and sensory disturbances and motor paralysis in the lower extremities at discharge. Fu-
ture studies should take into account such confounding factors and test generalizability. In the comparison between the 
least-limited community walkers and unlimited community walkers, no significant difference in AUC was detected between 

Fig. 2. Receiver-operating characteristic curves for predicting community ambulation levels at 6 months 
post-discharge by walking abilities at discharge.

A) Household/Most-limited community walkers (n=20) vs. Least-limited community walkers (n=16).
B) Least-limited community walkers (n=16) vs. Unlimited community walkers (n=42).
6MWD: 6-minute walking distance; CWS: comfortable walking speed.

Table 3. Optimal cut-offs and receiver operating characteristic curve analysis statistics for walking abilities at discharge predicting 
community ambulation levels at 6 months post-discharge

Cut-off Area under the curve 
(95% CI) Youden index Sensitivity Specificity PPV NPV

6MWD
Household/Most-limited community walk-
ers vs Least-limited community walkers

195 0.672 (0.492–0.852) 0.363 0.813 0.550 0.591 0.786

Least-limited community walkers vs. 
Unlimited community walkers

299 0.896 (0.783–1.000) 0.726 0.976 0.750 0.911 0.923

CWS
Household/Most-limited community walk-
ers vs Least-limited community walkers

0.56 0.675 (0.497–0.853) 0.438 0.938 0.500 0.909 0.125

Least-limited community walkers vs. 
Unlimited community walkers

0.94 0.844 (0.731–0.956) 0.554 0.929 0.625 0.867 0.769

95% CI: 95% confidence interval; CWS: comfortable walking speed; 6MWD: 6-minute walking distance; PPV: positive predictive 
value; NPV: negative predictive value.
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6MWD and CWS, but 6MWD showed slightly higher values for sensitivity, specificity, PPV, and NPV. Because short-
distance walking speed and walking endurance assess different aspects of ambulation, future studies should test external 
validity in larger populations. In addition, this study was conducted after the advent of a coronavirus epidemic. Many older 
adults were less physically active after the coronavirus epidemic than before the pandemic43, 44), which may have affected 
levels of community ambulation after discharge from the hospital. However, 5.1% of all cases showed improvement at 6 
months post-discharge compared to community ambulation levels prior to illness, suggesting that appropriate intervention 
during hospitalization and follow-up post-discharge may improve activity levels.

In conclusion, our results suggest that walking abilities at discharge offer useful predictors of community ambulation 
levels at 6 months post-discharge among inpatients with subacute stroke. The present findings may contribute to clinician 
decision-making for goal setting and intervention strategies when providing rehabilitation to patients in the subacute phase 
of stroke.
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