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Abstract

Background—The Mini-BESTest is a recently developed balance assessment tool that 

incorporates challenging dynamic balance tasks. Few studies have compared the psychometric 

properties of the Mini-BESTest to the commonly used Berg Balance Scale (BBS). However, the 

utility of these scales in relationship to post stroke walking speeds has not been explored.

Objectives—The purpose of this study was to compare the sensitivity and specificity of the 

Mini-BESTest and BBS to evaluate walking speeds in individuals with stroke.

Design—A retrospective exploratory design.

Methods—Forty-one individuals with chronic stroke were evaluated with the Mini-BESTest, 

BBS, and 10-meter self-selected walk test (10MWT). Based on their self-selected gait speeds 

(below or above 0.8 m/s), participants were classified as slow and fast walkers.

Results—Significant linear correlations were observed between the Mini-BESTest vs. BBS (r = 

0.72, p ≤ 0.001), Mini-BESTest vs. 10MWT (r = 0.58, p ≤ 0.001), and BBS vs. 10MWT (r = 0.30, 

p = 0.05). Independent t-tests comparing the balance scores for the slow and fast walkers revealed 

significant group differences for the Mini-BESTest (p =0.003), but not for the BBS (p = 0.09). The 

Mini-BESTest demonstrated higher sensitivity (93%) and specificity (64%) compared to the BBS 

(sensitivity 81%, specificity 56%) for discriminating participants into slow and fast walkers. No 

significant results were observed with the FMLE-M scores.

Conclusions—The Mini-BESTest has a greater discriminative ability than the BBS to categorize 

individuals with stroke into slow and fast walkers.

Introduction

Walking speed is an important predictor of post stroke functional recovery.1 It is also 

important to stroke survivors as recovery of walking is one of the primary self-reported goals 

for rehabilitation.2 This is not surprising as only half of the high functioning stroke survivors 
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are able to achieve walking speeds that translate to independent community ambulation.3 

One of the key determinants of walking speed is balance. Deficits in balance influences self-

selected walking speeds at the time of discharge, and also affects the ability of stroke 

survivors to change from self-selected to fast walking speeds.4–6 Currently, the Berg Balance 

Scale (BBS) is the most widely used clinical assessment scales for quantifying balance post 

stroke.7,8 The psychometric properties of the BBS have been extensively validated, and it is 

well known for its validity, interrater and intrarater reliability. However, the BBS is criticized 

for its ceiling effects,9 its inability to predict falls,10 and its inability to identify the 

underlying impairment causing imbalance in stroke.11

The Mini-BESTest, the shorter version of the Balance Evaluation Systems Test (BEST), is a 

recently developed balance assessment tool that incorporates system-specific balance 

assessments.12 It has been demonstrated to have a high intrarater and interrater reliability, 

and is useful in evaluating balance deficits in individuals with Parkinson’s disease.13 

Recently, the Mini BESTest was identified to have excellent internal consistency, and high 

intrarater and interrater reliability in individuals with chronic stroke.14 Although a few 

studies have compared the effectiveness of BBS to the Mini-BESTest for skewness and fall 

prediction post stroke,14,15 to our knowledge no previous study has compared the usefulness 

of these tests in relationship to post stroke walking speed. This is of clinical relevance as 

balance deficits are a key component of walking disability, and understanding the 

relationship between balance (as measured with the MiniBESTest) and walking speed may 

provide a better guidance for more directed clinical decision making. Hence in this 

retrospective study, our primary aim was to compare the sensitivity and specificity of the 

BBS and Mini-BESTest in relationship to self-selected walking ability (measured with the 

10-meter walk test (10MWT)) in chronic stroke survivors.

Method

Study Overview

This study uses a retrospective comparative exploratory design. The data were collected as a 

part of baseline assessments for a larger ongoing randomized control trial conducted by the 

Brain Plasticity Laboratory at the University of Illinois at Chicago. All participants were 

evaluated with the Mini-BESTest, BBS, and 10MWT as part of their baseline assessments 

by a trained physical therapist.

Participants

Forty-one individuals with chronic stroke (mean age: 59.4 years, 31 males and 10 females) 

participated in this study. These participants had completed the ongoing research trial as of 

August 2016, and thus were included in this study. Inclusion criteria for the larger clinical 

trial included those with a first-ever unilateral stroke at least six months prior to participation 

in the study, residual hemiparetic gait deficits, ability to walk with or without an assistive 

device for at least five minutes, and lower limb Fugl-Meyer Motor score between 20–30. 

Exclusion criteria for the study included cognitive impairments (score of less than 24 on 

Mini-Mental State Examination (MMSE)), prior orthopedic injuries or impairments that 

could interfere with mobility, uncontrolled cardiorespiratory or metabolic diseases, and 
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lesions pertaining to the brainstem or cerebellum (confirmed from medical records). All 

participants signed an informed consent form approved by Institutional Review Board at the 

University of Illinois, Chicago.

Clinical Assessments

Mini-BESTest—The Mini-BESTest is a 14-item balance scale that measures dynamic 

balance specifically anticipatory transitions, postural responses, sensory orientation while 

standing on a compliant or inclined base of support, and dynamic stability during gait.12 

Each task is rated on a 2-point ordinal scale from 0 to 2; a score of 0 indicating that a person 

is unable to perform the task, score of 2 indicates normal performance. The maximum score 

for this scale is 28.

Berg Balance Scale (BBS)—The BBS is a 14-item balance scale that measures static 

and dynamic balance.16 It contains various items that requires the participant to maintain 

positions of varying difficulty and perform tasks such as standing and sitting unsupported, 

transfers, turning to look over shoulders, and place alternate foot on stool. Each task is 

scored on a 4-point ordinal scale from 0 to 4; for a maximum score of 56.

10-meter walk test (10MWT)—Participants were instructed to walk at their self-selected 

comfortable speed for a set distance of 10-meters for two trials. Time to walk 10-meters was 

measured using a simple stop watch. The average walking speed (distance divided by time) 

was calculated in meters per second. A speed of 0.8 m/s is indicative of community 

ambulation.17,18 A gait speed ≥ 0.8 m/s was considered to be a ‘fast walker’ and a speed 

lower than 0.8 m/s was considered to be a ‘slow walker’.

Statistical Analyses

All statistical analyses were conducted using SPSS 19.0 software (IBM Corp., Armonk, 

NY). Normality of each variable was confirmed with Shapiro-Wilk’s tests of normality on 

the studentized residuals. We used Pearson’s correlation analyses to examine the strength of 

relationship between the different outcomes variables. Correlation coefficients of lesser than 

0.49 were interpreted as poor, between 0.50 to 0.79 as moderate, and higher than 0.80 as 

excellent.19 Fisher r-to-z transformations were conducted to directly compare the magnitude 

of correlations. An independent sample t-test was conducted to compare the Mini-BESTest 

and BBS between the participants divided into slow and fast walkers. An effect size 

estimation using Cohen’s d was performed to compare the standardized mean differences. 

Effect sizes were considered to be small (d = 0.2), medium (d = 0.5), and large (d = 0.8) 

based on benchmarks suggested by Cohen (1988).20 Finally, receiver operating characteristic 

(ROC) curve analysis was used to determine the relative performance of Mini-BESTest and 

BBS for classifying participants into two groups based on their walking speeds. The 

accuracy for each test was assessed using area under the curve (AUC), which can be 

interpreted as probability of correctly classifying participants into the designated groups (i.e. 

slow vs. fast walkers). An AUC of 1.00 is considered to be a perfect test, while an area of 

0.5 is considered to have a low diagnostic value. The optimal cut-off points for the ROC for 

discriminating between the groups were chosen by selecting the best data point that 

Madhavan and Bishnoi Page 3

Top Stroke Rehabil. Author manuscript; available in PMC 2018 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



maximizes the additive effect of sensitivity and specificity. An alpha level of 0.05 was 

considered to be significant.

Results

Relevant demographic characteristics of the study participants are summarized in Table 1. 

The BBS scores ranged from 35 to 55, and the Mini-BESTest scores ranged from 10 to 30 

(Figure 1). We found a significant positive correlation between the Mini-BESTest and the 

BBS (r = 0.720, p ≤ 0.001).

The Mini-BESTest and BBS also showed a significant linear relationship with the 10 MWT 

(Mini-BEST: r = 0.576, p ≤ 0.001; BBS: r = 0.303, p < 0.05; Figure 2). A Fisher r-to-z 

transformation for direct comparison of r values revealed that the z score for the Mini-

BESTest (z=0.663) was higher than the BBS (z=0.256). Based on our apriori cut-off speed 

of 0.8 m/s, 25 participants were classified as slow walkers, and 16 participants as fast 

walkers. Independent t-tests comparing the balance test scores for the slow and fast walkers 

showed significant group differences for the Mini-BESTest (t = 3.235, p =0.003, d = 1.1.4) 

but not the BBS (t = 1.731, p = 0.09, d = 0.59) (Figure 3). The effect size for the Mini-

BESTest was found to exceed Cohen’s (1988) convention for a large effect (d=0.80).

ROC analyses was used to further evaluate the discriminative ability of the Mini-BESTest 

and BBS to classify participants into slow and fast walkers. The AUC for the BBS was 0.671 

± 0.08 (p = 0.06) and the AUC for the Mini-BESTest was 0.809 ± 0.06 (p = 0.001) (Figure 

4). The optimal cut-off point for the Mini-BESTest was determined to be 18.5 (out of 28), 

resulting in a sensitivity of 93% and specificity of 64%. The optimal cut-off point for the 

BBS was determined to be 47.5 (out of 56), producing a sensitivity of 81% and specificity of 

56%.

Discussion

In this study, we compare the discriminative ability of two balance tests to categorize 

walking speeds in a cohort of chronic stroke survivors. Our results suggest that the Mini-

BESTest may have a greater discriminative ability than the BBS to categorize chronic stroke 

survivors into slow and fast walkers. This is the first study to compare the newly developed 

Mini-BESTest with the BBS in individuals with chronic stroke.

The BBS is a commonly used tool for measuring balance post stroke. It is reliable, valid and 

can be utilized even in individuals who do not demonstrate independent walking function.7 

Since it was originally intended to assess balance in older frail adults, the BBS does not 

include challenging tasks that test dynamic balance, leading to ceiling effects in individuals 

who exhibit moderate recovery.9,21 The Mini-BESTest, a shorter version of the original 

Balance Evaluations System Test, was developed to assess functional balance, and focusses 

on tasks that involve walking and dynamic balance.12 It was developed with an intent to 

assist clinicians to identify the underlying postural deficits in individuals with poor balance.
22 Since the first publication of the Mini-BESTest in 2011, many studies have examined the 

psychometric properties of the Mini-BESTest, providing support for its reliability and 

validity in individuals with Parkinson’s disease and stroke.23 Tsang et al. (2013) reported the 
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Mini-BESTest to be an instrument with high reliability and validity with no floor or ceiling 

effects in community dwelling stroke survivors.14 Only few studies have compared the 

responsiveness of the Mini-BESTest with standard scales such as the BBS,13,24 and to the 

best of our knowledge none have compared the performance of both instruments in 

individuals with chronic stroke especially in the context of walking recovery.

In the present study, we found the Mini-BESTest to be moderately correlated with the BBS. 

It was interesting to note that in our cohort of 41 participants, only 2 had reached the 

maximum score on the BBS, and none for the Mini-BESTest. This was also reflected in the 

slightly decreased skewness of the Mini-BESTest compared to the BBS.

The primary aim of this study was to compare the discriminative abilities of the two balance 

instruments to evaluate sub-classifications of gait speeds. Walking recovery following stroke 

has been reported as a key indicator of functional status and clinical improvement.25 In the 

present study, we found both the instruments to be significantly and positively correlated 

with self-selected gait speeds. This is not surprising as balance is a key component for 

recovery of walking.26 Our results are concurrent with other studies that have reported the 

BBS to predict variance in walking ability at the time of discharge and initial walking 

function in acute stroke survivors,4,27 as well as walking speeds in chronic stroke survivors.
17,28 This finding also supports the concurrent validity of the Mini-BESTest as a balance 

assessment tool in stroke. The Mini-BESTest had a slightly higher correlation to walking 

speed, perhaps because some components of this instrument involves more dynamic tasks, 

especially the single leg standing task which encourages participants to use their affected 

leg. Although the BBS also includes the single leg standing task, the participant has the 

option to use either leg for the test thereby diminishing the effectiveness of this task. The 

difference between the two scales was apparent when comparing their capacity to evaluate 

gait speeds. The Mini-BESTest scores were different for the cohort of slow vs. fast walkers, 

while there was no difference with the BBS. The AUC was significant and higher for the 

Mini-BESTest compared to the BBS. The cut-off point to identify stroke survivors who had 

fast gait speeds (0.8 m/s or greater) for the Mini-BESTest was 18.5 and for the BBS was 

47.5. Previously numerous cut-off points have been reported for the BBS. A cut-off score of 

lesser than 31 on the BBS is an indication of fall risk in stroke,29 and less than 19 indicates 

stroke survivors with low function.15 We are the first to report cut-off points for the BBS and 

Mini-BESTest to identify fast walkers. It is interesting to note the different cut-off scores 

established for the BBS for assessment of post stroke function. However, it is beyond the 

scope of this paper to provide insight into potential contributors for this incongruence, and 

future research may provide further understanding.

Based on these cut-off points for walking speeds, a comparable specificity was found 

between both scales but the Mini-BESTest showed a higher sensitivity than the BBS. 

Specificity is the likelihood of correctly identifying a non-existent risk (such as identifying 

people who do not fall or those who are community ambulators). Sensitivity is the likelihood 

of correctly identifying an existent risk (i.e. people who will fall or people who will not be 

community ambulators). Our findings indicate that a score greater than 19 on the Mini-

BESTest may more correctly identify individuals with stroke who may achieve community 

ambulation. This might be of relevance for clinicians as walking speeds and balance are well 

Madhavan and Bishnoi Page 5

Top Stroke Rehabil. Author manuscript; available in PMC 2018 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associated.4,5 For example, if a patient achieves a score of 19 and greater on the Mini-

BESTest but does not have walking speeds greater than 0.8 m/s, then this may indicate that 

individuals with stroke maybe slowing down their walking due to an underlying problem 

other than balance, such as strength deficits, fear of falling or cognitive processing. The 

clinician could use this information to target appropriate treatment activities to achieve faster 

walking speeds. On the other hand, if a patient scores lesser than 19 on the Mini-BESTest, 

then appropriate treatment activities targeting balance should be implemented before 

focusing on improving walking speed. However, we acknowledge that the causes for balance 

impairment and walking recovery are complex in nature. The clinical implications suggested 

in this study are the first step towards further research using the Mini-BESTest in chronic 

stroke survivors.

Conclusions

In this study, we found both the Mini-BESTest and the Berg Balance Scale were 

significantly correlated with self-selected gait velocity, but the Mini-BESTest demonstrated 

higher sensitivity than the BBS to discriminate slow and fast walkers. A Mini-BESTest score 

of 18.5 can be used to identify individuals with stroke who have the capacity to ambulate at 

speeds higher than 0.8 m/s. This cut-off score could indicate that stroke survivors slower 

than 0.8 m/s are capable of improving their walking speeds with more directed therapy, 

under the assumption that there no other factors impeding walking ability. Further research 

is needed to understand whether this cut-off score can translate to faster walking speeds with 

appropriate therapies.
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Figure 1. 
Frequency distribution of scores for the Mini-Balance Evaluations Systems test (Mini-

BESTest) and Berg Balance Scale (BBS). Mini-BESTest: skewness = −0.401, kurtosis = 

−0.907; BBS: skewness = −0.665, kurtosis = −0.110.
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Figure 2. 
Scatterplots showing the relationship between 10-meter walk test, and the clinical balance 

scales: Mini-BESTest and Berg Balance Scale (BBS). (*) represents p ≤ 0.05
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Figure 3. 
ndependent sample t-tests demonstrated significant differences between the Fast Walkers 

(FW) and Slow Walkers (SW)) for the Mini-BESTest and BBS. Bars are means and error 

bars are standard deviations. (*) represents p ≤ 0.05; (**) represents p ≤ 0.01.
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Figure 4. 
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(4A) Receiver operating characteristic curves of the Mini-BESTest (black line) and BBS 

(gray line) for classifying participants into fast and slow walkers. The filled circles indicate 

the cut-off points for differentiating participants into fast and slow walkers based on their 

self-selected gait speeds. (4B) Scatter plot of Mini-BESTest and BBS for fast and slow 

walkers. The gray circles denotes slow walkers and filled squares depict fast walkers. The 

cut-off points for the Mini-BESTest and BBS are represented by black vertical and gray 

horizontal lines respectively.
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Table 1

Characteristics of study participants

Mean (SD)

Age (years)* 59.4 (9.05)

Sex (male/female) 31/10

Time since stroke (years)* 5.68 (4.29)

Type of stroke (ischemic/hemorrhagic) 35/6

Hemiplegic side (right/left) 21/20

Assistive Device for walking 10 meters (none/cane) 38/3

MMSE (/30)* 28.43(1.94)

FMLE-M (/68)* 50.59(6.17)

BBS (/56)* 48.51(4.84)

Mini-BESTest (/28)* 19.02(4.51)

10 MWT (FW/SW) 16/25

*
values are presented as means and standard deviations, others are categorical values. Mini-Mental State Examination (MMSE), Fugl Meyer Lower 

Extremity Motor Score (FMLE-M), Berg Balance Scale (BBS), Mini-Balance Evaluation Systems Test (Mini-BESTest), 10-meter walk test 
(10MWT). Participants were classified into fast walkers (FW, ≥ 0.8m/s) and slow walkers (SW, < 0.8m/s).
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