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Abstract (263/250 words) 

Background. Balance self-efficacy is a strong predictor of fall risk after stroke and is positively related 

with performance on balance and walking tests. The use of telerehabilitation for delivering stroke 

rehabilitation has increased in recent years and there is a need to adapt common clinical assessments to be 

administered in virtual formats, but the association between balance self-efficacy and virtually 

administered clinical tests of balance performance has yet to be established. This study examined the 

association between the Activities-specific Balance Confidence (ABC) Scale and virtually administered 

Timed Up and Go (TUG) test, Tandem Stand test, and Functional Reach test (FRT) in individuals with 

stroke. Methods. This was a secondary analysis of baseline data from two telerehabilitation trials with 

individuals with stroke. All assessments were virtually administered by trained physical therapists 

through videoconferencing software. Hierarchal multivariate regression analyses were used to examine 

the associations between the ABC scale and TUG test, Tandem Stand test and FRT, while adjusting for 

age and number of comorbidities. Results. Fifty-one participants (n=11 female, median age=64 [IQR:18] 

years, 9.3 ± 4.6 months poststroke) were included in the analyses. ABC scores were associated with TUG 

times (R2=0.56, F(3,47)=20.26, p<0.01), but not Tandem Stand scores (R2=0.18, F(5,45)=1.93, p=0.11) or 

FRT distances (R2=0.14, F(3,47)=2.55, p=0.07). Conclusion. We observed associations between the ABC 

scale scores and virtual TUG, but not with virtual Tandem Stand or FRT which may be attributed to the 

context-specificity of balance self-efficacy. As virtual administration of outcomes assessments becomes 

part of common practice in stroke rehabilitation, our study supports the use of virtually administered TUG 

and ABC in stroke.  

Key Words: 

1. Stroke 

2. Postural Balance 

3. Telerehabilitation 

4. Virtual Rehabilitation 

5. Self-Efficacy 



 4 

6. Outcome Assessment 

Word Count (3127 words) 

INTRODUCTION 

 Stroke is the second most common cause of death and the leading cause of long-term disability 

worldwide.1,2 Fall risk is a major health concern during the acute phase of stroke3,4 and is nearly two-fold 

higher in the chronic phase compared to older adults without stroke,5 with approximately 75% of 

individuals reporting a fall within 6 months of discharge from hospital.6 Fear of falling is highly prevalent 

after stroke, reported by approximately half of cases,7 and is associated with balance impairments and fall 

risk in stroke.8 Indeed, one-quarter of individuals with stroke who report fear of falling will experience 1 

to 3 falls in a 6-month period.7 Balance self-efficacy refers to an individual’s confidence in performing 

tasks while maintaining stability and balance.9 It is inversely related to fear of falling and is the best 

predictor of future falls.10 Of concern, individuals with stroke report low balance self-efficacy,11 which 

may lead to activity avoidance,8 beginning a cycle of muscle atrophy and deconditioning12 and further 

increased risk for falls.8 When balance self-efficacy is higher, individuals with stroke perform better on 

performance-based tests of balance and mobility such as quiet balance, reactive stepping and gait.13,14   

In recent years, telerehabilitation interventions, including physical interventions have provided an 

avenue for delivering stroke rehabilitation programs remotely15 and have been used to address post-stroke 

issues such as balance impairment. Telerehabilitation uses communication technologies to connect a 

healthcare professional with a patient in rural or remote locations, which allows greater access to 

rehabilitation services when physical access is limited.15,16 Moreover, it serves as an avenue for 

individuals with transportation limitations to access to rehabilitation services.17 This was particularly 

relevant throughout the SARS-CoV-2 pandemic,16 and telerehabilitation is recommended to continue as a 

regular component of stroke rehabilitation even as healthcare services return to pre-pandemic levels.16 As 

such, rehabilitation professionals using telerehabilitation require a means of assessing and monitoring 

progress of their patients.15,16,18 Thus, there is a need to adapt common clinical assessments to be 

administered in virtual formats. It is possible, however, that adaptations to virtual environments such as 
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participant hesitancy due to safety, and accuracy of measures may alter previously established 

associations between balance self-efficacy and balance performance.  

The objective of this study was to quantify the associations between virtually administered 

assessments of self-reported balance self-efficacy (Activities-Specific Balance Confidence scale) and 

balance performance (virtual Timed Up and Go test (TUG), Tandem Stand test and Functional Reach 

test), after controlling for known confounding variables. We hypothesized that there would be a moderate 

negative association between balance self-efficacy and virtual TUG times and positive associations with 

virtual Tandem Stand scores and Functional Reach distances. Due to the lower accuracy of our outcome 

measures compared to previous studies that utilized lab-based measures and increased risk of 

measurement error due to the virtual environment, we anticipate a weaker magnitude of association.13,14 

METHODS 

Study Design & Setting 

This study sample was of convenience as it was a secondary analysis of baseline data collected 

from a feasibility study and randomized trial of the TeleRehabilitation with Aims to Improve Lower 

Extremity Recovery Post-Stroke (TRAIL): (ClinicalTrials.gov Identifier: NCT04265664, 

NCT04908241). The results from the feasibility study19 and the protocol for the randomized trial20 has 

been published. This study was reported based on the Strengthening the Reporting of Observational 

Studies in Epidemiology guidelines.21  

Participants 

Volunteer participants were recruited from 5 sites (Vancouver, Winnipeg, Toronto, London, and 

Halifax, Canada) from the CanStroke Recovery Trials Platform which is a network of Canadian hospital 

sites that are affiliated with academic institutions to facilitate participant recruitment and quality trial 

practices. Individuals were eligible to participate in the TRAIL studies if they: 1) were ≥19 years of age; 

2) experience post-stroke lower extremity hemiparesis; 3) were able to walk ≥10 meters with or without a 

gait aid and without physical assistance of another person; 4) were able to tolerate 50 minutes of activity 

to participate in the TRAIL program (including rest breaks); 5) had a support person (family member, 
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friend) available and capable of providing physical assistance during the assessment sessions; 6) had the 

cognitive-communicative ability to participate in the study. The feasibility study included individuals ≤18 

months post-stroke, and the randomized trial ≤12 months post-stroke. Individuals were excluded from the 

studies if they: 1) were participating in formal in- or out-patient stroke rehabilitation focusing on recovery 

of lower extremity function; 2) were living in long-term care; 3) had severe vision or hearing loss; 4) had 

significant musculoskeletal or other neurological conditions; 5) were not medically stable; 6) had 

comorbidities (e.g. limb amputation), pain or other symptoms that significantly impact lower extremity 

function; 7) had planned surgery that would preclude or affect participation in the protocol.  Prior to 

enrollment, a research coordinator provided detailed explanation of the study procedures to potential 

participants and answered any questions. Informed consent was obtained from all participants. 

To be included in the current analysis, we used data from the TRAIL studies for participants who 

had available baseline scores for the Activities-Specific Balance Confidence scale, and Functional Reach, 

Tandem Stand, TUG tests, and covariates of age and number of comorbidities. 

Virtual Assessments 

All assessments were conducted virtually by trained physical therapists using secure video-

conferencing software (e.g., Zoom or Microsoft Teams) while participants were in their homes.  

 To ensure safety throughout the assessment sessions, therapists completed a pre-participation 

checklist with each participant that included questions about their health status that day and to verify their 

location and emergency contact information. Participants were also required to have a support person 

present for all assessment visits who was able to provide physical assistance, safety supervision and 

general assistance to the therapist (managing videoconference technology, camera angles, in-person 

source of confirmation during assessments). Support persons were provided with instructions and a 

written manual in advance of the assessment visits that detailed any set-up or preparation, and how to 

provide safety and supervision. Any technical difficulties during outcome assessments and TRAIL 

sessions were recorded and reported. 
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Demographic information regarding participant age, sex, stroke severity assessed using the 

National Institute of Health Stroke Scale,22 stroke type (ischemic, hemorrhagic, unknown), and number of 

chronic conditions using the Functional Comorbidity Index were collected virtually at the beginning of 

the assessments.  

Balance Self-Efficacy 

The Activities-Specific Balance Confidence (ABC) scale is a 16-item questionnaire that evaluates 

participants’ self-efficacy in maintaining balance when performing daily activities in different settings 

(e.g. around the house, in a parking lot, up or down a ramp) and situations (e.g. walk down stairs, outside 

on icy sidewalks, bumped into by people).23 For each situation, self-efficacy was rated on a 10-point scale 

ranging from 0% (no confidence) to 100% (completely confident). Scores were summed and divided by 

16 to obtain a final score out of 100%, where higher scores indicate better balance self-efficacy. To 

facilitate virtual administration of the ABC scale, therapists shared the questionnaire on the screen to 

enable participants to follow along. In stroke, the in-person assessment of the ABC scale has 

demonstrated high internal consistency (a=0.94) and test re-test reliability (ICC=0.85).23,24 

Clinical Assessments of Balance 

Timed Up and Go. The TUG test is a clinical measure of gait-related balance and lower 

extremity strength that is easily administered, brief and requires little equipment.25,26 Standardized 

instructions were used where participants began sitting in a sturdy chair (approximately 46 cm in height), 

stood up and walked at a comfortable, safe pace to a pre-marked line 3 meters away, turned around, 

returned to the chair, and sat down.25 Participants were permitted to use their usual walking aid (e.g., 

cane, walker), however, no physical assistance was provided.25 Time in seconds (continuous data) was 

recorded by the outcome assessor as the primary outcome of this test.25 For the virtual administration of 

the TUG in the current study, the support person assisted by measuring and marking the 3-meter distance 

in advance of the assessment visit with the therapist, and by providing safety supervision during the test 

itself.  
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The TUG is a valid tool for screening balance deficits that lead to increased fall risk in older 

adults.26  In stroke, the in-person TUG test has demonstrated high test-retest reliability (ICC 0.96),27 

strong convergent validity with the Berg Balance Scale (rho=0.70) and Community Balance and Mobility 

Scale (rho=0.75),28 and has been recommended as an assessment tool of community ambulation levels.29  

Functional Reach Test. The Functional Reach test (FRT) is a simple, clinically accessible test of 

dynamic standing balance.30,31 Participants began standing next to but not touching a wall, with arms 

extended forward at 90 degrees of shoulder flexion. The starting distance was marked, then participants 

reached as far forward as comfortably possible without taking a step or losing their balance, and the final 

position marked.31 The distance reached (continuous data) was the primary outcome of the test. In the 

current study, the support person measured and reported the distance reached to the therapist (in 

centimeters (cm)) and provided safety supervision to the participant.  

In stroke, the FRT has high convergent validity with the Berg Balance Scale (rho = 0.80),32 and 

established criterion validity and concurrent validity with walking speed, tandem walk, and 1-footed 

stand.33 

Tandem Stand Test. The Tandem Stand test consists of progressive balance tasks for up to 10 

seconds to test steady-state standing balance: 1) parallel stance (feet together side-by-side); 2) semi-

tandem stance (feet at the side-by-side stance with one foot slightly forward); 3) tandem stance (one foot 

directly in front of the other, touching heel to toe). The scoring was adapted from the Short Physical 

Performance Battery,34 where parallel and semi-tandem stances were scored as 1 point if held for at least 

10 seconds and 0 points for <10 seconds, and tandem stance was scored as two points for 10 seconds, 1 

point for 3 to 9.99 seconds, and 0 points for <3 seconds (ordinal data). The maximum score for the 

Tandem Stand test was 4, with higher scores indicating better steady-state balance.34 In the current study, 

support persons provided safety supervision but did not provide assistance to achieve each stance. 

Support persons also either assisted with positioning the camera angle to allow the therapist to view the 

participant’s feet or confirmed that the participant had attained each stance position if the virtual viewing 

angle was difficult. 
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In older adults, the Tandem Stand test has demonstrated the ability to predict falls,35 has moderate 

test-retest reliability (r=0.66), and moderate construct validity with laboratory-based measures of balance 

such as difference in heel and toe pressure and area of sway.36  

Statistical Analyses 

Participant characteristics were presented using means and standard deviations for continuous 

data and frequencies and percentages for categorical data. Multivariate linear regression analyses were 

used to determine the associations between balance self-efficacy (dependent variable) and TUG times, 

FRT distances and scores on the Tandem Stand test (independent variables). Regression models were 

adjusted for known covariates of age and number of comorbidities regardless of statistical significance, as 

poorer balance is known to be associated with older age37,38 and higher number of comorbidities.37,39 

Participants with missing data were excluded from the respective analysis. Variance inflation factor was 

used to test for multicollinearity. Visual inspection of the bivariate correlations was first examined, 

followed by regression diagnostics to ensure linearity, homoskedasticity, normality of residuals, any 

influential points, and goodness of fit. If data was deemed not linear or the assumptions of a multivariate 

regression were not met, a transformation was conducted based on satisfying the assumptions and 

interpretability. All statistical analyses were performed using Stata statistical software (Version 16.1, 

Stata CorpLLC, College Station, Texas, USA). The significance level was set a priori at p<0.05. 

RESULTS 

Fifty-one participants were included in this investigation: 32 from the feasibility study and 19 

from the randomized trial. There was no missing data for any dependent or independent variables for the 

51 participants included. Moreover, there were no major technological challenges reported during any of 

the assessments by the outcome assessors, support persons or participants. Participant demographic data 

are summarized in Table 1. Participants were 26 to 80 years old. The National Institute of Health Stroke 

Scale scores suggest that participant stroke severity ranged from moderate severity to “no symptoms”. 

Our sample presented with possible walking-related balance impairment, evidenced by mean time to 
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complete TUG more than two-fold higher than older adults (n=4395),40 and lower mean balance self-

efficacy (n=371).41,42 FRT distances was similar to those reported in older adults (n=7535).43  

For the analysis between balance self-efficacy and TUG times, assumptions for homoscedasticity 

were not met; thus, TUG times were transformed to the natural logarithm (ln) of the original units. 

Unadjusted and adjusted regression models are presented in Table 2. In the unadjusted models, balance 

self-efficacy was associated with the natural logarithm TUG times (R2=0.51, F(1,49)=51.46, p<0.01), 

FRT distances (R2=0.10, F(1,49)=5.57, p=0.02), but not tandem stand scores (R2=0.13, F(3,47)=2.44, 

p=0.40). After adjusting for age and number of chronic diseases, the association remained between 

balance self-efficacy and the natural logarithm of TUG times (R2=0.56, F(3,47)=20.26, p<0.01) (Figure).  

There were no significant associations between balance self-efficacy and FRT distances or 

Tandem Stand scores in the adjusted models (Table 2). 

DISCUSSION 

We report a negative association between balance self-efficacy and virtually-administered TUG 

times among individuals with stroke. This is aligned with previous studies13,14 which observed similar 

associations with quiet balance, reactive stepping and gait. However, we did not find associations 

between balance self-efficacy and Tandem Stand scores or FRT distances. The inconsistency in findings 

is contrary to our hypotheses but may be attributed to the nature of the questions of the ABC scale where 

there may be closer alignment with some tests of physical performance more than others. Self-efficacy is 

highly context-specific,44 and thus balance self-efficacy will differ across contexts and conditions. Among 

the 16 items of the ABC scale, we posit that 12 questions are related to balance during walking activities 

(e.g. walk outside the house to a car parked in the driveway, walking around the house) which would 

align most closely with the walking-focused TUG. In contrast, there are no items on the ABC related 

directly to balance self-efficacy during steady-state standing activities similar to Tandem Stance test, and 

only 4 items related to dynamic reaching (e.g. reach for a small can off a self at eye level, stand on a chair 

and reach for something)24 analogous to the FRT. Additionally, given the virtual nature of this study, 
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there may have been a potential for inaccuracies in the FRT, as attempts were measured by support 

personnel rather than by the therapist. 

The null association observed between ABC and steady-state standing performance may also be 

explained in part by the psychometric properties and the ordinal scoring of the Tandem Stand test. Peng et 

al. recently reported low convergent validity of the virtual Tandem Stand test with in-person clinical tests 

of gait-related balance such as walking speed (r=0.13), 6-Minute Walk Test (r=0.12), and Community 

Balance and Mobility scale (r=0.38) among individuals with stroke.45 The scoring of the Tandem Stand 

test was adapted from the Short Physical Performance Battery34 to use a 4-point ordinal scale, and may 

have been subject to a ceiling effect and thus reduced sensitivity to detect an association compared to a 

test with continuous scoring.46 We noted that the majority of participants (65%) scored the maximum 4 

points and only one participant scored 1 point; raw scores (in seconds) were not recorded and participants 

held each position for up to 10 seconds only. Future work may include larger sample sizes with more 

distributed scores on the Tandem Stand, consider recording time as a continuous scale or expanding the 

maximum allowable time held for greater sensitivity and a larger range of datapoints. 

The inverse association between balance self-efficacy and TUG times observed in the current 

study extend the previously reported associations from in-person assessments13,14 to the virtual 

environment. This implies the use of a virtual TUG test in stroke telerehabilitation programs. These 

similarities may also be attributed to the established high convergent validity of the TUG test with other 

assessments of gait-related balance in individuals with stroke (6-Minute Walk Test, stair ascending and 

descending, and Dynamic Gait Index) during in-person47 and virtual assessments.45 This is important for 

stroke rehabilitation particularly when patient goals are focused on balance and mobility such as walking, 

sit-stand, and turning, components that comprise the TUG test.48 Stroke telerehabilitation programs that 

may improve TUG performance15 may be associated with increased balance self-efficacy and thus 

increased poststroke physical activity12 and reduced risk of falls.8 

We acknowledge the limitations of the study. There may be sampling bias as all participants were 

required to have access to technology and have a support person present to participate in the larger 
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studies. Next, the self-report nature of the ABC scale is subject to social desirability and recall bias.49 

Moreover, we did not have a representative proportion of males and females for the broader stroke 

population, with 22% females in the current study vs. approximately 53% in the general stroke 

population.50 Thus, we were not powered to include biological sex as a covariate or disaggregate our 

results by sex. Future studies should aim to include a representative proportion of females to allow for sex 

to be included as a covariate in the analysis, given that females are more likely to fall than males.51 Doing 

so would provide a better understanding of the relationship between the variables and improve the 

generalizability of the findings to both males and females. 

CONCLUSION 

This study identified an association between balance self-efficacy as measured by the ABC scale 

and a gait-related measure of balance (TUG test) conducted in a virtual environment, but not with tests of 

steady-state (Tandem stand test) and dynamic standing balance (FRT) in individuals with stroke. As the 

body of evidence supporting telerehabilitation to improve balance and walking after stroke increases, this 

study supports the use of virtually administered TUG and ABC to quantify gait-related balance and 

balance self-efficacy in stroke.  
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Table 1. Participant demographics   
 Total (n=51) Males (n=40) Females (n=11) 
Age, median (IQR) 64 (18) 62.5 (18.5) 68 (20) 
Time Post-stroke (Months), mean ± SD 9.3 ± 4.6 10.3 ± 4.5 5.8 ± 2.7 
National Institute of Health Stroke Scale, median (IQR) 3 (3) 3 (3) 2 (3) 
Stroke Type    
     Infarct 28 (54.9%) 26 (65.0%) 2 (18.2%) 
     Hemorrhagic 12 (23.5%) 9 (22.5%) 3 (27.3%) 
     Unknown  11 (21.6%) 5 (12.5%) 6 (54.6%) 
Number of Comorbidities, median (IQR) 3 (2) 3 (3) 3 (2) 
Montreal Cognitive Assessment Score, median (IQR) 13 (2) 13 (2) 13 (3) 
Timed Up and Go (s), mean ± SD 20.5 ± 18.8 19.9  ± 20.1 22.6  ± 13.2 
Functional Reach (cm), mean ± SD 27.3 ± 9.0 28.0 ± 9.3 24.7 ± 7.3 
Tandem Stand Score (n) %    
      1 1 (2.0%) 1 (2.5%) 0 (0%) 
      2 7 (13.7%) 5 (12.5%) 2 (18.2%) 
      3 10 (19.6%) 5 (12.5%) 5 (45.5%) 
      4 33 (64.7%) 29 (72.5%) 4 (36.4%) 
Activities-specific Balance Confidence Scale Score, mean ± SD 68.1 ± 20.1 70.0 ± 20.7  61.3 ± 17.2 
Note. IQR= Interquartile Range, SD= Standard Deviation   
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Table 2. Association between Balance Self-Efficacy and Clinical Measures of Balance Adjusted for Age and Number of 
Chronic Diseases 
 Unadjusted Adjusted 
 β (SE) 95% CI R2 β (SE) 95% CI R2 

lnTUG -23.94 (3.34)* -30.64 to -17.23 0.51 -23.65 (3.27)* -30.23 to -17.07 0.56 
Functional 

Reach 0.72 (0.30)† 0.11 to 1.33 0.10 0.59 (0.32)  -0.06 to 1.24 0.14 

Tandem Stand 
(ref: Score 1)   0.13   0.18 

Score 2 17.66 (20.66) -23.91 to 59.23  10.68 (21.34) -32.09 to 53.46  

Score 3 25.63 (20.27) -15.15 to 66.41  20.17 (20.65) -21.42 to 61.76  

Score 4 34.21 (19.62) -5.26 to 73.68  26.58 (20.24) -14.20 to 67.35  
Note. SE= Linearized Standard Error, CI= Confidence Interval, lnTUG= Natural logarithm of Timed up and Go times, 
*denotes p<0.01, †denotes p<0.05 
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Figure Captions 

Figure. Association between Activities-specific Balance Confidence Scale Score and Natural logarithm of 
Timed up and Go times. 
 


