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Abstract

Background & Purpose—Test stability and test-retest reliability have not previously been 

reported for either the BESTest or mBEST in a population of older adults with non-specific 

balance limitations. Furthermore, no criterion for identifying change greater than chance has been 

reported in older adults with non-specific balance problems using either BESTest or mBEST 

scores. The purposes of this study were to determine test stability over time, test-retest reliability, 

to identify minimum detectable change for the BESTest and mini-BEST test in a population of 

older adults with non-specific balance problems. Additionally, the ability of the BESTest and 

mBEST to identify past fallers was characterized.

Methods—Observational study with 58 adults 65 years old or older with a history of falls or self-

reported balance problem. BESTest and mini-BEST were administered to all participants at the 

beginning and end of 4 weeks. Test-retest reliability was calculated with intraclass correlations, 

and minimum detectable change was calculated at the 95% confidence level (MDC95). Receiver 

operating characteristics were used to characterize the sensitivity and specificity of the BESTest 

and mBEST to identify older adults who had previously fallen.

Results—Balance scores did not significantly change over a 4 week period. Test-retest reliability 

for the BESTest (.86) and mini-BEST (.84) was good to excellent. MDC95 scores were identified 

for the BESTest (8.9) and mini-BEST (4).

Conclusions—The BESTest and mini-BEST scores were stable and reliable over a period of 4 

weeks for a population of older adults with self-reported balance problems or a history of falling. 

MDC95 scores allow interpretation of change in BESTest and mBEST scores following 

rehabilitation.
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INTRODUCTION

In the U.S., an estimated 2.5 million non-fatal falls and 24 thousand fatal falls occur every 

year in individuals over age 65, with an annual cost of 19 to 40 billion dollars.1–4 In addition 

to the financial impact, falls have a negative impact on health and quality of life for older 

adults.5 Many clinical balance assessment tools exist to characterize current fall risk and 

change in fall risk following treatment.6 The Balance Evaluation Systems Test (BESTest) 

and the mini-BESTest (mBEST) have received attention as tests with the potential to 

characterize balance ability across multiple sub-domains during standing and walking.6–10 

Assessments like these may allow a more targeted approach to rehabilitation by identifying 

specific systems that are limited.6 Despite recent research attention, less than 1% of 

clinicians regularly use the BESTest for evaluating balance ability and identifying fall risk; 

but 79% of those respondents test single leg stance routinely.11 The mBEST, a shortened 

version of the BESTest, was designed to reduce the time burden while focusing on dynamic 

balance assessment.7,12

The BESTest is a 27 item physical performance test with items distributed among 6 sub-

systems that underlie static and dynamic balance: biomechanical constraints, stability limits/

verticality, anticipatory postural adjustments, postural responses, sensory orientation, and 

stability in gait.6 The BESTest has excellent inter-rater reliability (ICC = .91) with a mixed 

population of individuals with neurological disorders and balance limitations,6 and it has 

excellent test re-test reliability (ICC = .88) for individuals with Parkinson’s Disease (PD).9 

Test-retest reliability for the mBEST has also been shown to be excellent (ICC = .92–.97) for 

individuals with a variety of neurological disorders and balance limitations.8,13,14 The 

mBEST correlated highly with the Berg Balance Scale (BBS), without the ceiling effects 

that limit the utility of the BBS.10

Previous reports addressing test-retest reliability for BESTest and mBEST in older adults 

had a limited number of older adults with non-specific balance limitations grouped with 

adults who had specific neurological disorders that contributed to their balance limitations.
8,13,14 Neurological conditions may contribute to falls in older adults but not all older fallers 

have specific neurological conditions.15 However, test-retest reliability has not previously 

been reported for either the BESTest or mBEST in a population of older adults with non-

specific balance limitations. Furthermore, no discriminatory criteria for identifying 

minimum detectable change (MDC95) or fall risk in older adults with non-specific balance 

problems using either BESTest or mBEST scores have been reported. BESTest cut-off 

criteria previously developed for individuals with PD (69%) may not be appropriate for 

older adults with non-specific balance limitations.9,16 It is not known if BESTest or mBEST 

scores can identify individuals in this population with elevated fall risk, or whether 

previously reported cut off scores are appropriate for older adults with non-specific balance 

limitations. The foci of this study were to describe the test stability over time, test-retest 

reliability, and MDC95 of the BESTest and mBEST, and to characterize the ability of the 

BESTest and mBEST to identify fallers in a population of older adults with non-specific 

balance limitations.
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METHODS

Participants

Fifty eight participants provided informed consent prior to participating in this study. 

Participants were consecutively recruited to participate in a pilot feasibility study which was 

subsequently transitioned to a randomized clinical trial (ClinicalTrials.gov ##366151-1). 

Recruitment was facilitated via advertisements in a newspaper for older adults in the greater 

Washington D.C. area and via fliers placed at North City Congress (Philadelphia, PA), Dr. 

Grace Ma’s Center for Asian Health (Philadelphia, PA) and Collington Episcopal Life Care 

Community (Mitchellville, MD). Results reported here do not reflect results from the 

randomized clinical trial. All participants were adults over 65 with self-reported balance 

problems without neurological or musculo-skeletal diseases who scored at least 24 on the 

Mini-Mental State Exam and were able to walk continuously on a treadmill for 2 minutes. 

The inclusion criteria reported here were designed to ensure eligibility for the clinical trial 

which was a treadmill based intervention study that required sufficient cognition to attend to 

and follow multi-step instructions. This study was approved by the Institutional Review 

Boards at the University of Maryland and Temple University. Data presented here represent 

a 4 week control period prior to the training portion of the clinical trial. Subject testing 

occurred at The University of Maryland, Temple University, and Collington Episcopal Life 

Center. EA, ET, and RR performed the testing. Four participants withdrew for personal 

reasons prior to the second testing session resulting in 55 subjects for test stability and test-

retest comparisons and 58 subjects for the fall risk analysis.

Protocol

All participants were tested at the beginning and end of a 4 week period with instructions 

not to change their physical activity level. Balance and walking ability were characterized 

with the BESTest6 and mBEST7, which are clinical assessments of gait and balance. Since 

all of the items on the mBEST are included in the BESTest, participants performed items on 

the BESTest once and the performance was scored separately according to BESTest and 

mBEST criteria to avoid repeating test items and causing unnecessary fatigue.8 Examples of 

the differences in scoring criteria are presented in Table 1 for select test items from the 

mBEST.

Participants were classified as fallers or non-fallers according to their self-report of at least 

one fall in the previous 12 months. Actual falls were tracked but not used to classify 

participants as fallers.

Data Analysis

Mixed model repeated measures ANOVAs with 2 levels (time: test 1 and test 2) and 2 groups 

(fallers vs. non-fallers) were performed separately to test the overall hypothesis that there 

was no effect of time, group, or an interaction between time and group for the BESTest and 

mBEST. Fifty five participants were used for intraclass correlation coefficients (ICC) (2,1) 

to determine the test-retest reliability for the BESTest and mBEST. Standard error of 

measurement (SEM) was calculated to determine the response stability for the BESTest and 

mBEST. The 95% minimum detectable change (MDC95) was determined for the BESTest 
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and mBEST, to identify the magnitude of improvement greater than chance.17 Receiver 

operating curve (ROC) analysis was performed to evaluate cut points for identifying 

increased fall risk for the mBEST and BESTest using scores from the first testing point with 

all 58 participants. Hypothesis testing was conducted with α = 0.05.

RESULTS

The average age of the participants was 78.1 (SD 7.01, range 66–92) and 72% were female. 

Thirty eight out of the 58 subjects reported at least 1 fall in the previous 12 months. Three 

participants fell during the 4 week period between tests. There was no significant effect of 

time for the BESTest (z = 1.28, p = 0.202, 95% CI [−0.7, 3.3]) or mBEST (z = 0.84, p = 

0.399, 95% CI [−0.5, 1.3]), see Table 2. There was not significant difference in scores 

between fallers and non-fallers for the BESTest (z = 0.15, p = 0.880, 95% CI [−3.9, 4.5]) or 

mBEST (z = 0.02, p = 0.988, 95% CI [−1.8, 1.8]). There was no interaction between group 

and time for either the BESTest (z = −0.11, p = 0.909, 95% CI [−2.6, 2.3]) or mBEST (z = 

0.21, p = 0.832, 95% CI [−1.0, 1.3]).

Test-retest (n = 56) reliability ICC(2,1) values are presented in Table 2. The mBEST and 

BESTest both demonstrated excellent test-retest reliability (ICCs(2,1) .84–.86).18 The SEM 

and MDC95 for the first test time point for the BESTest was 8.9 and for the mBEST was 4.0, 

see Table 2.

The area under the curve was similar for the BESTest (0.53, 95% CI [0.37–0.69]) and the 

mBEST (0.54, 95% CI [0.39–0.69]). Cut-off values to identify fallers and likelihood ratios 

were not calculated since the area under the curve was not meaningfully greater than chance, 

since the 95% CI included 0.5 for both curves. An area under the curve equal to 0.5 

corresponds to a test that is not better than chance at discriminating those with a condition 

from those without a condition.

DISCUSSION

The primary purpose of this study was to determine test stability and test-retest reliability of 

the BESTest and mBEST in a population of older adults with non-specific balance 

limitations. Test-retest reliability for the BESTest (ICC(2,1) = 0.86) and mBEST (ICC(2,1) = 

0.84) in a population of older adults with non-specific balance limitations was consistent 

with previous reports for participants with PD.7,9,13,14 The 4 week time period used in this 

study was longer than the time periods in previous work on test-retest reliability for the 

BESTest and mBEST.9,10,13,14 This extended time period could have resulted in 

performance variability in our participants; however, there were no significant changes over 

time in BESTest or mBEST test scores. Further, in this cohort participants with 1 or more 

past falls performed similarly compared to non-fallers (see Table 2) and neither group 

demonstrated significant changes over time. The longer period between each test also served 

to minimize the potential that scoring may be biased because the testers remembered 

previous test performance. Additionally, this time period reflects the reality of current 

clinical practice, where 4 week intervals often define the time period between functional 

performance assessments consistent with the Centers for Medicare & Medicaid Services 
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requirement for reassessments at least every 30 calendar days.19 Changes in functional 

ability are more likely to be detected over a longer time period compared to a shorter time 

period.20,21 Scores on the BESTest and mBEST were stable over this 4 week time window, 

regardless of whether they had a history of falling, during which participants were asked to 

maintain their current activity levels and are appropriate for evaluating balance in older 

adults with balance limitations.

Participants were instructed not to change their daily activities; however, the extended time 

between assessments afforded the possibility of changes in functional ability. Despite some 

participants being actively involved in regular exercise programs, the overall test scores did 

not change significantly during the 4 week period of this study. The present results 

demonstrate that maintaining current levels of activity, even if that included regular exercise, 

did not result in a meaningful improvement in balance ability after 4 weeks as measured 

using the BESTest and mBEST in this study. The implication is that older adults with 

balance problems will not improve their balance solely by maintaining their current level of 

activity. In this light, any individual with elevated fall risk as identified using the BESTest or 

mBEST should receive appropriate interventions to modify physical ability, environmental 

risks for falling, and possibly even changes in medication as appropriate.22 Changes in 

activity level and overall health status during the 4 week period were not measured; but 3 

participants reported non-injurious falls between the 2 assessments. Two participants 

withdrew from the study due to new onset knee or back pain. It is conceivable that there 

were complementary fluctuations in balance performance such that some participants 

improved while others worsened due to changes in their health status. This would be hidden 

in the current analysis since we could not include activity level or health status as a 

covariate.

The secondary purpose was to characterize the ability of BESTest and mBEST to detect 

change in balance ability and identify fallers for older adults with non-specific balance 

problems. Neither the BESTest or mBEST scores were able to identify participants with a 

history falling better than chance. Recruitment bias may have contributed to this effect since 

all eligible subjects must have had at least 1 fall in the past year or a self-reported balance 

problem. As such it remains to be seen whether a cut-off score for identifying fallers using 

BESTest or mBEST scores in a population of adults with non-specific balance limitations 

differs from those previously reported for individuals with PD (BESTest = 69%, mBEST = 

23).9,10,23 Interestingly, there were 3 participants who fell between the first and second tests. 

Their BESTest scores were: 63.9%, 69.4%, 71.3%; and mBEST scores were: 11, 17, 18. 

Only 1 of those participants had a BESTest score below the reported threshold for 

individuals with PD, while all 3 scored below the threshold for detecting fallers using the 

mBEST.8 The impairments and associated balance problems may be more severe for 

individuals with PD compared to older adults with non-specific balance problems. This 

suggests that the BESTest cut-off values identified for individuals with PD may not be valid 

for older adults with non-specific balance problems. Future prospective studies are needed to 

determine whether there is an ideal test or test battery for identifying future fallers in a 

population of older adults with non-specific balance problems without relying on past fall 

history as a gold standard.
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MDC95 score changes for BESTest (8.9) and mBEST (4) provide useful criteria for goal 

setting and interpretation of change in balance for older adults participating in balance 

training or rehabilitation programs. The identified MDC95 scores are consistent with those 

reported from testing individuals with PD8 and other mixed populations including 

individuals with PD, hemiparesis, multiple sclerosis, vestibular disease, ataxia, 

polyneuropathy, neoplasm, and non-specific balance limitations.14 With good to excellent 

test-retest reliability, BESTest and mBEST can be useful tools for evaluating balance ability 

and fall risk for older adults with non-specific balance problems.

LIMITATIONS

Despite identifying meaningful change scores for the BESTest and mBEST in a cohort of 

older adults with self-reported balance problems, cut-off scores were not calculated to 

identify older adults with increased fall risk. Participants were identified as fallers based on 

self-report of a fall in the previous 12 months. Relying on only past fall history rather than 

multiple falls or prospective fall tracking over an extended time period may have contributed 

to poor discriminatory ability to detect fallers in this cohort. Activity level was not measured 

and it is possible that participants who are more active may have experienced improvements 

while less active individuals experienced decline. Additional studies are needed to elucidate 

the relationship between activity level and balance function in older adults. Prospective 

studies are needed to determine the predictive ability of the BESTest and mBEST for 

identifying individuals who actually fall in the future.

CONCLUSIONS

Both BESTest and the mBEST scores demonstrate good to excellent test re-test reliability 

over a 4 week period in older adults with non-specific balance problems. Progress in 

rehabilitation can be determined by changes in BESTest (9) and mBEST (4) scores for older 

adults with self-reported balance problems. Balance scores on the BESTest and mBEST 

were stable over 4 weeks indicating that balance does not improve or decline when older 

adults with self-reported balance problems maintain their current activity level.
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Table 1

Exemplar differences in scoring criteria between the full BESTest and the mini-BESTest.

Test Items BESTest Scoring Criteria Mini-BESTest Scoring Criteria

Sit To Stand (3) Normal: Comes to stand without the use 
of hands and stabilizes independently
(2) Comes to stand on the first attempt with 
the use of hands
(1) Comes to stand after several attempts or 
requires minimal assist to stand or stabilize 
or requires touch of back of leg or chair
(0) Requires moderate or maximal assist to 
stand

(2) Normal: Comes to stand without use of 
hands and stabilizes independently.
(1) Moderate: Comes to stand WITH use of 
hands on first attempt.
(0) Severe: Unable to stand up from chair 
without assistance, OR needs several 
attempts with use of hands.

Compensatory Stepping Correction-Forward (3) Recovers independently a single, large 
step (second realignment step is allowed)
(2) More than one step used to recover 
equilibrium, but recovers stability 
independently OR 1 step with imbalance
(1) Takes multiple steps to recover 
equilibrium, or needs minimum assistance to 
prevent a fall
(0) No step, OR would fall if not caught, OR 
falls spontaneously

(2) Normal: Recovers independently with a 
single, large step (second realignment step is 
allowed).
(1) Moderate: More than one step used to 
recover equilibrium.
(0) Severe: No step, OR would fall if not 
caught, OR falls spontaneously.

Stance (Feet Together); Eyes Closed, Foam 
Surface

(3) 30s stable
(2) 30s unstable
(1) < 30s
(0) Unable

(2) Normal: 30 s.
(1) Moderate: < 30 s.
(0) Severe: Unable.

Walk with Head Turns - Horizontal (3) Normal: performs head turns with no 
change in gait speed and good balance
(2) Mild: performs head turns smoothly with 
reduction in gait speed,
(1) Moderate: performs head turns with 
imbalance
(0) Severe: performs head turns with reduced 
speed AND imbalance AND/OR will not 
move head within available range while 
walking.

(2) Normal: performs head turns with no 
change in gait speed and good balance.
(1) Moderate: performs head turns with 
reduction in gait speed.
(0) Severe: performs head turns with 
imbalance.
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 –
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5%
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in
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de
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le
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ha
ng

e,
 S

E
M

 a
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D

C
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 w
er
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 a
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 th
e 
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 (
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rs
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nd
 n

on
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rs
).
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