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Abstract

Background: The Balance Evaluation Systems Test (BESTest) is a relatively new
balance assessment tool. Recently, the Mini-BESTest and the Brief-BESTest, which
are shortened versions of the BESTest, have been developed.

Objective: To estimate interrater and intrarater-interoccasion reliability, internal
consistency, concurrent and convergent validity, and floor/ceiling effects of the
three BESTests, and other related measures, namely, Berg balance scale (BBS),
Functional Gait Assessment (FGA), and Activities-Specific Balance Confidence Scale
(ABC) among patients with TKA.

Design: This was an observational measurement study.

Methods: To establish interrater reliability, the three BESTests were administered by
three independent raters to 25 participants with TKA. Intrarater-interoccasion
reliability was evaluated in 46 participants with TKA (including the 25 individuals
who participated in the interrater reliability experiments) by repeating the three
BESTests, BBS and FGA within one week by the same rater. Internal consistency of
each test was also assessed with Cronbach’s alpha. Validity was assessed in another
46 patients with TKA by correlating the three BESTests with BBS, FGA and ABC.
The floor and ceiling effects were also examined.

Results: The three BESTests demonstrated excellent interrater reliability
(ICC;,1=.96-.99), intrarater-interoccasion reliability (ICC;;=.92-.96) and internal

consistency (Cronbach’s alpha=0.96-0.98). These values were comparable to those for
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BBS and FGA. The three BESTests also showed moderate to strong correlations with
BBS, FGA, and ABC (r=.346-.811), thus demonstrating good concurrent and
convergent validity. No significant floor and ceiling effects were observed, except the
BBS.

Limitations: The results are generalizable only to patients with TKA due to end-stage
knee osteoarthritis.

Conclusions: The three BESTests have good reliability and validity for evaluating
balance in people with TKA. The Brief BESTest is least time-consuming and may be
more useful clinically.

(Abstract word count — 275)

(Total word count — 4,162)
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Introduction

Total Knee Arthroplasty (TKA) has become a common surgical intervention in the
treatment of severe osteoarthritis (OA) of knee joint. Both scientific research and
clinical observations support the use of TKA for correction of deformity, mitigation of
pain, amelioration of physical function and symptoms of OA.*® However, substantial
functional deficits may persist long after surgery for many patients with TKA.*® One
important area of concern is balance impairments, which could increase fall risk in
these patients.® Indeed, the fall rate has been reported to be as high as 7%-40%
post-operatively.’®™® Understanding balance problems in patients after TKA is

important.

Previous research in balance assessment among patients with TKA mainly involved
advanced technology and/or sophisticated equipment in laboratory settings such as

1415 stabilogram,*®*” kinematic and

virtual or real obstacle avoidance,
electromyographic analysis,”*® and computerized dynamic posturography,*® which

might not be available and feasible in real clinical situations. While the Berg Balance
Scale (BBS)**# is a common tool for balance assessment and can be considered as a

2223 it is not

reference standard for assessing balance in TKA patients clinically,
without limitations. Firstly, it mainly assesses static balance and has been shown to

have considerable ceiling effect in various patient populations.?**® Balance in

important dynamic tasks, such as walking, is not addressed in BBS. Secondly,
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maintaining body equilibrium involves many different balance control systems. The
BBS has limited ability to identify what balance system (s) is/are impaired and thus

direct treatment.?’

Recently, the 36-item Balance Evaluation Systems Test (BESTest)?® has been
developed. It assesses the functioning of 6 balance control systems (i.e. .
biomechanical constraints, I1. stability limits/verticality, I11. anticipatory postural
adjustments, 1V. postural response, V. sensory orientation, and V1. stability in gait).
Good interrater reliability and intrarater-interoccasion reliability (Intraclass
correlation coefficient ICC>.88) has been reported in a cohort of individuals with
different diagnoses [Parkinson’s disease (PD), vestibular disorders, total hip
arthroplasty, etc.],? and people with PD.?*** However, the BESTest takes about 45
minutes to administer and might not be a practical option in daily busy clinical
situations where time limitation is a serious concern. Hence, a condensed version of
the BESTest, named the Mini-BESTest,** was derived. With only 16 items, the
Mini-BESTest takes only 15 minutes to complete and has also demonstrated good
interrater reliability and intrarater-interoccasion reliability (ICC>.91) in different
patient populations.?®3*** However, two of the balance systems (biomechanical
constraints and stability limits/verticality) are omitted in the Mini-BESTest, thus
contradicting the theoretical framework of the original BESTest and biasing towards

dynamic balance.
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In response to the drawbacks of the BESTest and Mini-BESTest, the 8-item
Brief-BESTest> has been developed more recently. Unlike the Mini-BESTest, the
Brief-BESTest includes items that assess all 6 balance systems. It requires less than
10 minutes to administer and could be more feasible for clinical use. Nevertheless, the
psychometric properties of the BESTest, Mini-BESTest and Brief-BESTest have not
been tested in individuals with TKA specifically. Using a sample of patients with
TKA, the objective of this study was to estimate the psychometric properties in
terms of the interrater and intrarater-interoccasion reliability, internal
consistency, concurrent and convergent validity, and floor/ceiling effects of the
three versions of the BESTest and other established balance and related measures,
namely, BBS, Functional Gait Assessment (FGA), and Activities-Specific Balance

Confidence Scale (ABC).

Methods

Study Design

An observational measurement study was undertaken to examine the reliability and
validity of the three versions of the BESTest, BBS and FGA in people with TKA.
This study consisted of two phases. In the first phase, we would like to establish the
reliability of the three versions of the BESTest, BBS and FGA first, because

reliability is a prerequisite to validity.>® To establish intrarater-interoccasion reliability,
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individuals with TKA participated in a two assessment sessions (within a one-week
interval), during which the three BESTests, BBS, and FGA were administered by the
same physical therapists. Some of these individuals were evaluated independently by
three physical therapists in the first session to establish interrater reliability. In the
second phase, we would like to examine the concurrent validity, convergent validity,
and the floor/ceiling effects of the different balance tests at different stages of
recovery after TKA. Another group of people with TKA were evaluated with the same

balance tests three times, at 2 weeks, 12 weeks and 24 weeks after the operation.

Participants

Participants admitted for TKA in Joint Replacement Centre of the Buddhist Hospital
in Hong Kong from September 2012 to May 2013 and referred for rehabilitation were
recruited. The inclusion criteria were: aged 50-85 years; having had their first TKA
due to a diagnosis of knee OA; able to follow verbal instructions and provide
informed consent. Exclusion criteria were: TKA due to rheumatoid arthritis (RA) of
knee or traumatic injury; previous history of operation on lower limbs; known
medical diagnoses that affect balance (e.g., stroke). For phase one of the study (the
reliability experiments), participants were required to have undergone TKA at
least 6 months earlier. This was important because we had to be able to assume
stability in the response variable (balance performance) for reliability experiments. A

previous study*® showed that little improvement occurred beyond 26 weeks after TKA.



139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

Prior to enrolling in the study, all participants signed a written informed consent that
had been approved by the Human Research Ethics Subcommittee of the Hong Kong
Polytechnic University and the Institutional Review Board of the Kowloon Central
Cluster, Hospital Authority. All procedures were carried out according to the

Declaration of Helsinki.

Sample Size Estimation

All a priori sample size calculations were performed using the PASS 2011 software
(NCSS Statistical Software, Kaysville, Utah, USA). The sample size for interrater
reliability analysis was based on the following assumptions: (1) 3 raters, (2) a null
ICC of 0.75,% (3) an expected ICC of 0.90,%%° (4) a Type | error of 0.025 (1-tailed),
(5) a power of 0.80.3"8 Hence, a sample of 23 patients with TKA was required for

establishing interrater reliability among 3 raters.

The sample size for intrarater-interoccasion reliability analysis was based on the
following assumptions: (1) 2 occasions, (2) a null ICC of 0.75%, (3) an expected ICC
of 0.90,% (4) a Type I error of 0.025 (1-tailed), (5) a power of 0.80.%"% A minimum of
33 patients would be needed for establishing intrarater-interoccasion reliability in 2

assessment sessions.

For establishing validity, Horak et al.?® showed a moderate correlation between the
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BESTest and Activities Balance Confidence Scale (ABC) in a mixed population
(r=.64). A high correlation (r=.79) between the Mini-BESTest and BBS in patients
with Parkinson’s disease was demonstrated by King et al.** A medium to large effect
size (r=0.4) was thus assumed for this study, a minimum sample size of 44 would be

required.

Quialifications of raters

All 3 raters involved in this study are qualified physical therapists with at least 10
years of experience in working with people with TKA. They had prior experience
using the BBS and ABC, but not the three BESTests and FGA. To ensure competency
in using the BESTests and FGA, all raters were required to read the instruction
manual for these tests, and viewed the training video for the BESTest. This was
followed by a 2-week practice period during which the raters practiced administering
the different tests used in this study among themselves. In addition, the raters were
required to administer all tests on at least two patients with TKA prior to the

commencement of the actual data collection period.

Measurement tools
BESTest
Each of the 36 items was scored on a 4-level ordinal scale from 0 to 3 (0: severely

impaired balance or inability to complete a task; 3 no impairment of balance or able to
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perform a task successfully). The BESTest provides 6 subsection scores and a total
score. The six sub-sections included are section 1 — Biomechanical Constraints (5
items; score range: 0-15), Section 2 — Stability Limits/Verticality (7 items; score range:
0-21), section 3 — Anticipatory Postural Adjustment (6 items; score range: 0-18),
section 4 — Postural Responses (6 items; score range: 0-18), section 5 — Sensory
Orientation (5 items; score range: 0-15) and section 6 — Stability in Gait (7 items;
score range: 0-21). The total score (range: 0-108) was converted to a percentage score

for subsequent analysis.?

Mini-BESTest
The mini-BESTest consists of 16 items from the original BESTest. Each item was
scored on a 3-level ordinal scale from 0 to 2 (0: severe impairment of balance; 2: no

impairment in balance), yielding a maximum score of 32.%°

Brief-BESTest
The Brief-BESTest comprises 8 items. The scoring method for each item was the

same as in the full BESTest described above. The maximum possible score is 24.3*

Berg Balance Scale
The BBS comprises a set of 14 balance tasks. Each item was scored on a 5-level

ordinal scale from 0 to 4, yielding a maximum total score of 56. Higher scores
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indicate better balance.?

Functional Gait Assessment

The FGA is a 10-item assessment used to evaluate postural stability during various
walking tasks.***? Each item was scored on a 4-level ordinal scale from 0 to 3
(maximum total score: 30). Higher total scores are indicative of better performance.
The FGA has excellent interrater reliability (ICC=.93) in independently living
individuals aged 40-89 years.*® It also has good interrater reliability (ICC>.86) and

test-retest reliability (ICC>.74) in individuals with PD* and vestibular disorders.*°

Activity-specific Balance Confidence Scale

The ABC scale quantifies how confident a person feels that he or she will not lose
balance while performing 16 activities of daily living on a scale from 0% (absolutely
no confidence) to 100% (completely confident).* The test was self-administered and
the score of the 16 items was averaged. The ABC scale had good test-retest (ICC=.99)

and interrater reliability (ICC=.85).*

Procedures
Demographic information was obtained from medical records and participant
interview in the first session. The average pain intensity experienced on the operated

knee over the past 24 hours was measured by the Numerical Pain Rating Scale
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(NPRS), which is an 11-point scale ranging from 0 (no pain) to 10 (worst imaginable
pain).*® Knee range of motion on both the operated side and non-operated side was
measured with a 1-degree-increment long arm goniometer (Baseline® 180°

Goniometer, NexGen Ergonomics Inc., Pointe-Claire, Quebec, Canada).

In the first assessment session, the balance performance of 25 TKA participants was
assessed independently by 3 raters to establish interrater reliability. As the items for
the Brief-BESTest were taken from the full BESTest and the item scoring method was
exactly the same, the Brief-BESTest score was computed from the BESTest. Previous
research® has also used a similar method to score items on reduced version in patients
with total hip and knee arthroplasties. The common items for Mini-BESTest and
BESTest was graded simultaneously with their respective scales (0 to 2 for
Mini-BESTest; 0 to 3 for BESTest). In addition, for those items that were duplicated
between the BESTest and other balance and related tests (BBS and FGA), the
participants would be asked to perform it only once, and the performance was rated

according to the specific scoring criteria for each test.

Each balance test was administered by any one of the 3 raters in random order, and all
raters concurrently observed and rated the participant’s performance. Sequence of test
administration (BESTest, BBS, FGA, and ABC) and rater was randomized by a

computer program (Random blocks generation by Excel 2013 by Microsoft
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Corporation. One Microsoft Way, Redmond, WA, USA). The average length of the
assessment session 1 was 1.5 hours. Short breaks were given between tests to avoid
over-exertion as needed. The assessment session took place in the afternoon to
minimize effect of morning stiffness. The raters were instructed not to discuss the

scores among themselves.

A total of 46 individuals with TKA (including the 25 individuals who were involved
in the interrater reliability experiments) participated in the intrarater—interoccasion
reliability experiments. The procedures for the first assessment (session 1) were the
same as described above. A second assessment session (session 2) was conducted
within one week after session 1. No physical therapy treatment was provided during
the period between sessions 1 and 2. In session 2, the 46 participants were evaluated
individually with the same balance and related tests by the same rater in session 1. To
minimize the confounding effect of different time of testing, assessment session 2 also

took place in the afternoon.

Another 46 patients with TKA participated in the validity experiments. Each
participant was assessed at 3 time points: 2 weeks, 12 weeks and 24 weeks after
operation. In each session, participant was evaluated with the same six tests. The
sequence of tests was also randomized as described in the reliability experiments.

These data were also used to examine the floor and ceiling effects.
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Statistical Analysis
IBM SPSS Statistic for Windows software program (version 19.0, IBM, Armonk, NY),

was used for all statistical analyses. The level of significance was set at p<0.05.

Reliability

Interrater and intrarater-interoccasion reliability of the BESTest, Mini-BESTest,
Brief-BESTest, BBS and FGA total scores were assessed by using the intraclass
correlation coefficient (ICC, ;). Using the data from session 1 of the
intrarater-interoccasion reliability tests, the internal consistency of the five balance
tests was evaluated by Cronbach’s alpha. Cronbach’s alpha was also calculated for the
subtests of the BESTest. This would allow us to examine individual items to
determine how well they fit the subscales of the BESTest as well. If the Cronbach’s
alpha for a particular subtest is low, this may indicate that some items in the subscale
may represent a different component of balance function than the other items.* The
following criteria were used to judge the magnitude of the reliability coefficient: Poor
reliability= ICC < 0.4; fair reliability= [CC>0.4 but <0.7, good reliability= ICC>0.7
but <0.9; and excellent reliability= ICC>0.9."” The minimal detectable change at 95%
confidence interval (MDCgs) for each balance test, which was an estimation of the
smallest change in score that can be detected objectively for a participant more than

measurement error, was calculated by the formula®: MDCos = SEM x V2 x 1.96 and
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SEM =/ (MSE), where MSE is the mean square error generated from the analysis of
variance model based on the intrarater-interoccasion reliability data, and SEM is the

standard error of measurement.*®

Validity

The BESTest, Mini-BESTest, Brief-BESTest scores were correlated with the BBS and
FGA total score (i.e., concurrent validity) and ABC score (i.e., convergent validity)
using Pearson’s product moment correlation coefficient (r) or Spearman’s rho (p),
depending on whether the assumptions for parametric statistics were fulfilled. The
inter-correlations among the three BESTests were also examined using the same
statistical methods. A correlation coefficient of .00 to .25 means little to no
relationship, .25 to .50 means fair, .50 to .75 means moderate and .75 to 1.00 means

high correlation.*’

Floor and ceiling effects

The skewness (y1) of the score distribution at 2 weeks, 12 weeks and 24 weeks
post-TKA was examined. An absolute value of greater than 1.0 indicates that the
distribution is highly skewed.*® Thus, a positive y; value > +1.0 denotes substantial
floor effect while a negative value < -1.0 indicates substantial ceiling effect. The floor
and ceiling effects were further examined by calculating the proportion of participants

attaining the lowest and highest possible scores at the three time points. A proportion
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greater than 20% was considered to be significant.*®

Source of Funding

There was no external funding source for this study.

Results

Ninety-two individuals with TKA (reliability tests n=46 and validity tests n=46)

participated in the study. Characteristics of the participants are shown in Table 1.
None of the participants required any mobility aids for indoor walking or during
testing. One participant did not return for the validity experiments at 24-week

follow-up because he had moved to a different city.

Reliability

Twenty-five and 46 participants were involved in the interrater and
intrarater-interoccasion reliability testing respectively. The BESTest, Mini-BESTest,
and Brief-BESTest demonstrated excellent interrater reliability (ICC;1=.96-.99,
p<.001), intrarater-interoccasion reliability (ICC,1=.92-.96, p<.001), and internal
consistency (Cronbach’s alpha=.96-.98) (Table 2). Good to excellent interrater and
intrarater-interoccasion reliability and internal consistency were also established for
the six subtests of the BESTest (Table 2). The MDCos value of the BESTest,

Mini-BESTest, and Brief-BESTest was 6.22, 3.71, and 3.19 respectively.
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Validity

There were moderate to high associations of the 3 BESTests with the FGA and BBS at
2 weeks (correlation=.73-.81, p<.01), 12 weeks (correlation=.58-.81, p<.01) and 24
weeks after TKA (correlation=.55-.73, p<.01), thus demonstrating good concurrent
validity (Table 3). The three BESTests were also significantly correlated with the
ABC score at 2 weeks (correlation=.34-.43, p<.05), at 12 weeks (correlation=.40-.48,
p<.01) and 24 weeks after TKA (correlation=.47-.50, p<.01), thus showing good
convergent validity. In addition, high inter-correlations were found among the three

BESTests (correlation=.82-.93, p<.01) at all three measurement time points.

Score distribution, ceiling and floor effects

None of the six measures had a skewness value greater than +1.0 or smaller than -1.0
at 2 weeks post-TKA (Table 4). At 12 and 24 weeks post-TKA, the distribution of
BBS and FGA showed skewness values smaller than -1.0 (i.e., ceiling effect). At 24
weeks post-TKA, ABC also had a skewness value lower than -1.0. The score
distribution of the three BESTests, BBS, FGA and ABC at 24 weeks after TKAis
shown in Figure 1. When examining the proportion of people obtaining the maximum
possible score, it was obvious that the BBS had the most severe ceiling effect, with
52.2% and 57.8 % of the participants attaining the maximum score at 12 weeks and

24 weeks after TKA respectively. The three versions of the BESTest, in contrast,
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showed little ceiling effect, with only 2.2%-8.9% of the participants reaching the top

score at the same time point.

Discussion

In the current study, the psychometric properties of different versions of the BESTest,
BBS and FGA were systematically examined for the first time in people with TKA.
The study showed that the three BESTests have good reliability and validity to
measure balance performance in individuals with TKA due to knee OA, without

significant floor and ceiling effects at 2, 12 and 24 weeks post-TKA.

Reliability

The BESTest, Mini-BESTest, Brief-BESTest had high internal consistency, indicating
that the three BESTests measured the similar underlying attribute. The interrater and
intrarater-interoccasion reliability of the three BESTests were excellent when
administered to individuals with TKA, which were comparable to BBS and FGA. The
MDCegs of the BESTest, Mini-BESTest, Brief-BESTest obtained in our study was 6.22,
3.71, 3.19 respectively, which represent the smallest difference that would reflect a
genuine change in the total score of these tests. These values are quite comparable to
those found in people with mixed neurological conditions (3.5)*?and people with
chronic stroke (3.0)* using the Mini-BESTest. The MDCos values found here would

be useful when interpreting the results of future clinical trials. A real change in
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balance ability following intervention should exceed the MDC value.

Validity

The high correlations between the BESTest, Mini-BESTest, Brief-BESTest, and the
established balance (BBS, FGA) and related measures (ABC) indicate excellent
concurrent and convergent validity. Our results are in line with previous findings in
other patient populations. Strong associations of the BBS with the BESTest (r=.87)*
and Mini-BESTest (r=0.79)* have been reported among patients with PD. The
BESTest has also been shown to have strong correlations with ABC (r=0.75) and
FGA (r=0.88) in patients with PD.* In people with stroke, significant correlation also
existed between the Mini-BESTest and BBS (rho=.83) and ABC (rho=.50).* In
addition, the BESTest showed significant association with ABC (r=.636) in a
population with different balance disorders.?® The three BESTests also showed strong
inter-correlations, indicating that individuals with a less optimal score in one version
of the BESTest also tended to have a less optimal score in the other two versions of
the BESTests. This finding also concurred with a previous study in patients with PD,
where a strong correlation was identified between the BESTest and Mini-BESTest

(r=0.95) %, and also between the Mini-BESTest and Brief BESTest (r=0.94).

Score Distribution, Ceiling and Floor Effects

While none of the balance tests evaluated here had significant floor effects, the three



391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

20

versions of the BESTests, especially the full BESTest and Mini-BESTest had the least
ceiling effect, which was shown by the low degree of skewness, and the small
percentage of participants achieving the top scores at 2, 12, and 24 weeks post-TKA.
A considerably higher ceiling effect of BBS was found at 12 and 24 weeks after TKA
(52.2% and 57.8% respectively) compared with the three versions of the BESTest
(Table 4). In addition, the FGA also demonstrated substantial skewness (y; >1.0) at 12
weeks and 24 weeks post-TKA (Table 4). Other studies also showed more severe
ceiling effect of BBS and FGA than the BESTests. For example, King et al.*® found
that 1% and 13.4% of people with mild PD achieved maximum score for the
Mini-BESTest and BBS respectively. Another study in PD showed that the proportion
of people who received a perfect score on the BBS, FGA and BESTest was 10%,
1.3% and 0% respectively.* In people with chronic stroke, the score distribution for
the Mini-BESTest was significantly less skewed when compared with the BBS. Only
0.9% achieved maximum score for the Mini-BESTest, compared with 32.1% for the

BBS.*

What may explain the difference in ceiling effects between the three BESTests and
BBS and FGA? The BBS consists of tasks which are relatively less challenging, for
instance sitting to standing, sitting and standing without support and turn to look
behind shoulder while standing. On the other hand, the FGA is an

ambulatory-oriented test focusing mainly on dynamic gait balance. The majority of
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our participants had experienced substantial recovery of their physical and functional
mobility, especially at 12 and 24 weeks after the operation, thus leading to a ceiling
effect of BBS of FGA. The BESTests, in contrast, consist of more demanding tasks
(e.g., hip and trunk lateral strength, reach test, and postural responses to external
perturbations). As such, this may have enhanced the ability of the BESTests to
discriminate between participants when compared with the BBS and FGA at different

time points.

Upon examining the ceiling effect of the three BESTests, it was found that none of the
participants attained the maximum score at 2 weeks post-TKA. At later stages of
recovery, the proportion of people who obtained the perfect score (i.e., ceiling
effect) was the lowest with the BESTest, followed by the Mini-BESTest, and
Brief-BESTest. Although the Brief-BESTest had the highest ceiling effect amongst the
three BESTests, merely 8.9% of participants achieved a perfect score at 24 weeks
post-TKA. Overall, after considering the findings on reliability, validity and ceiling
effect, the BESTest is the best balance assessment tool. However, the Mini-BESTest
and Brief-BESTest are reasonable alternatives if time constraint is an important

concern.

The BESTest is a relatively new balance assessment tool. According to the original

authors of the BESTest, physical therapists who were naive to the BESTest should be
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able to learn how to administer it with prior review of the instructions.?® For the sake
of safety, however, it was recommended by the original authors that the push and
release technique to elicit automatic postural responses by suddenly releasing the
participant’s leans requires observation and practice with at least video
demonstration.”® Our study confirmed that physical therapists who had no prior
experience in using it can achieve excellent reliability after self-learning that involved
reading the instructions manual, watching a demonstration video, and a brief practice
period. The results of this study can be generalized to the physical therapists who

have undergone similar training.

Limitations and Future Research Directions

The participants had first TKA (unilateral) due to knee OA. Therefore, the results can
only be generalized to individuals with similar characteristics. Further investigation is
warranted to confirm and expand the present results and generalizability in people
with bilateral TKA or due to other conditions such as rheumatoid arthritis. Future
research is warranted to evaluate the sensitivity and specificity (predictive validity) of
the BESTest for predicting fallers in patients with TKA and the responsiveness of the
BESTest in assessing change in balance ability in patients with TKA during recovery.
The interrater reliability coefficients may have little implications in real clinical
practice. While there were three raters involved in the interrater reliability

experiments, only one rater actually administered the test. The other two raters simply
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observed the performance of the patients and provided their own ratings
independently in the same visit. Such scenario does not resemble what is typically
encountered in daily clinical practice. The interrater reliability coefficients derived
here do not include the patient variability that would exist if one clinician performed
the measurement at a patient’s initial visit and a second clinician at a reassessment,
which is a situation that may be more frequently encountered in the real world.
Further study is also required to use the BESTest in directing treatment regime by
identifying the body balance system(s) that is/are the most impaired in people with

TKA.

Conclusion

The BESTest, Mini-BESTest, and Brief-BESTest have good reliability and validity in
evaluating balance in people with TKA. While the three BESTests have comparable
psychometric properties, the use of the Brief-BESTest is least time-consuming and

could be particularly useful for clinicians and researchers in the field.
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Figure legend

Fig. 1

Frequency distribution of scores on the (A) Balance Evaluation Systems Test (BESTest), (B)
Mini-BESTest, (C) Brief-BESTest, (D) Berg Balance Scale (BBS), (E) Functional Gait Assessment
(FGA), and (F) Activities-specific Balance Confidence scale (ABC) at post-op 24 weeks (45

participants with TKA) is shown.
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Table 1. Characteristics of participants

Parameters Interrater reliability intrarater-interoccasion  Validity experiments
experiments reliability experiments (N=46)
(N=25) (N=46)
Age (year)? 69.7 £ 6.8 69.1+6.1 66.6 £ 6.1
Sex % (n)
Men 32% (8) 26% (12) 26% (12)
Women 68% (17) 74% (34) 74% (34)
Side of knee operation % (n)
Left 64% (16) 54% (25) 39% (18)
Right 36% (9) 46% (21) 61% (28)
Body mass index (kg/m?)? 246+3.9 25.7+3.8 26.1+£4.0
Faller % (n)° 0% (0) 0% (0) 0% (0)
Numeric pain rating scale ® 0.3+0.5 0.3+0.5 06+1.1
Knee range of motion (degree)
Flexion: operated side ? 1152+ 7.6 115.7 + 8.7 116.7 £ 9.0
Flexion: non-operated side ® 1144 +10.1 116.1 +12.3 117.2+12.6
Extension: operated side ® 2.0+32° -1.7+£2.8 -05%£15
Extension: non-operated side * -02+10 -1.3+40 -1.8+4.1

®Values are mean + SD unless otherwise indicated.

®Negative value in knee range of motion refers to the extension lag

“The participant was considered as a faller if he/she reported that he/she had experienced at least one fall in the
12-month period prior to the first assessment session.
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Interrater Intrarater-interoccasion reliability Internal
reliability (n=25) (n=46) consistency
(n=46)
Balance Measure ICC* 95%CI° ICC* 95%CI° MDCy  SEM® 95% CI° Cronbach's
Alpha
BESTest® 0.99 .99-99 096  .93-98 6.22 2.24 1.86-2.83 0.98
I. Biomechanical 0.99 .98-99 096  .93-.98 10.11 3.65 3.03-4.59 0.98
constraint
I1. Stability limits / 0.99 .99-99 0.76  .60-.86 9.08 3.28 2.72-4.13 0.86
verticality
I11. Anticipatory 0.99 .98-99 090 .83-94 13.73 4.95 4.11-6.24 0.95
postural adjustment
IV. Postural responses  0.99 .99-99 087 .77-92 22.71 8.19 6.80-10.32 0.93
V. Sensory orientation  1.00 1.00-1.00 1.00 1.00-1.00  0.00 0.00 0.00-0.00 1.00
V1. Stability in gait 0.98 .97-99 095 .91-97 12.54 4.52 3.79-5.76 0.97
Mini-BESTest 0.96 .93-.98 092 .87-.96 3.71 1.34 1.11-1.68 0.96
Brief-BESTest 0.97 .94-98 094  .90-.97 3.19 1.15 0.95-1.45 0.97
BBS' 0.98 .97-99 097 .94-98 2.00 0.72 0.60-0.91 0.98
FGA? 0.98 .97-99 097  .95-.98 2.59 0.94 0.78-1.18 0.98

dCC=intraclass correlation coefficient

Cl=confidence interval

‘MDCgs=minimal detectable change at 95% confidence interval
ISEM= standard error of measurement
*Balance Evaluation System Test

'Berg Balance Scale

9Functional Gait Assessment
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Table 3. Concurrent and convergent validity

Variables BBSP FGA® BESTest" Mini-BESTest  Brief BESTest

1. ABC* 48" 35" 42" 43~ 34"
(.23-.70)° (.08-.58) (.14-.64) (.15-.65) (.08-.56)

. 2.BBS’ 67" 78" 72" 74"
s (.53-.80) (.70-.85) (.62-.82) (.66-.81)

= 3.FGA’ 81" 79" 72"
% (.68-.89) (.64-.90) (.54-.86)

= 4. BESTest’ 93™ 91™
g (.89-.96) (.86-.94)

5. Mini-BESTest 88"
(.80-.93)

1. ABC® 32" A7 485™ 40 40™
(.01-57) (.21-.67) (.23-.66) (.15-.60) (.14-.60)

g 2.BBS 51" 68" 58" 64"
< (.24-.70) (.46-.82) (.36-.74) (.39-.81)

Z 3.FGA’ 80 78" 63"
= (.67-.90) (.63-.88) (.41-.80)

@ 4. BESTest’ 93" 91™
g (.86-.96) (.85-.95)

5. Mini BESTest 85"
(.75-.92)

1. ABC* 33" 417 48" A7 50"
(.03-.58) (.22-.65) (.25-.71) (.20-.74) (:24-.71)

£ 2.BBS° 43™ 64™ 55 71™
§ (.16-.67) (.43-.79) (.31-.73) (.53-.84)

3 3 FGA’ 73" 65" 59"
a (.56-.84) (53-.77) (.38-.73)

< 4. BESTest" _ 89™ 91™
g (.83-.95) (.86-.95)

5. Mini-BESTest 82"
(.74-.88)

Activities-specific Balance Confidence Scale

®Berg balance scale

‘Functional Gait Assessment

9Balance Systems Evaluation Test

*Values presented are correlation coefficients (95%Cl)

fSpearman’s rho was used because BBS was not normally distributed at post-op 12 and 24 weeks. Pearson’s correlation
coefficients were used to generate the results otherwise.

*p<0.05, **p<0.01
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Table 4. Floor and ceiling effects

At Post-op 2 weeks At Post-op 12 weeks At Post-op 24 weeks
Functional Outcome  Skewness Floor Ceiling Skewness Floor Ceiling Skewness Floor  Ceiling
(1) Effect Effect (v1) Effect  Effect (1) Effect Effect (%)
COMECON (%)° (%) (%)°

BESTest (0-100%) 0.56 0.0 0.0 -0.70 0.0 0.0 -0.55 0.0 2.2
Mini-BESTest (0-32) 0.29 0.0 0.0 -0.72 0.0 2.2 -0.70 0.0 4.4
Brief-BESTest (0-24) 0.69 0.0 0.0 0.04 0.0 8.7 -0.19 0.0 8.9
BBS (0-56) -0.81 0.0 10.9 -6.26 0.0 52.2" -1.71 0.0 57.8"
FGA (0-30) -0.15 0.0 0.0 -1.07 0.0 8.7 -1.32 0.0 17.8
ABC (0-100%) -0.20 0.0 0.0 -0.50 0.0 4.3 -1.62 0.0 4.4

®Balance Systems Evaluation Test

®Berg balance scale

Functional Gait Assessment

YActivities-specific Balance Confidence Scale

*Floor effect: proportion of participants with the lowest possible score
'Ceiling effect: proportion of participants with the highest possible score
“Significant ceiling effect (>20%)



Figure 1. Score distribution at post-op 24 weeks
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