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Is the BESTest at Its Best? A Suggested
Brief Version Based on Interrater
Reliability, Validity, Internal
Consistency, and Theoretical
Construct
Parminder K. Padgett, Jesse V. Jacobs, Susan L Kasser

B a c k g r o u n d . The Balance Evaluation Systems Test (BESTest) and Mini-BESTest
are clinical examinations of balance impairment, but the tests are lengthy and the
Mini-BESTest is theoretically inconsistent with the BESTest.

Objec t ive . The purpose of this study was to generate an alternative version of the
BESTest that is valid, reliable, time efficient, and founded upon the same theoretical
underpinnings as the original test.

D e s i g n . This was a cross-sectional study.

M e t h o d s . Three raters evaluated 20 people with and without a neurological
diagnosis. Test items with the highest item-section correlations defined the new
Brief-BESTest. The vaUdity of the BESTest, the Mini-BESTest, and the new Brief-
BESTest to identify people with or without a neurological diagnosis was compared.
Ihterrater reliability of the test versions w âs evaluated by intraclass correlation
coefficients. Validity was further investigated by determining the ability of each
version of the examination to identify the fall status of a second cohort of 26 people
with and without multiple sclerosis.

Results . Items of hip abductor strength, functional reach, one-leg stance, lateral
push-and-release, standing on foam with eyes closed, and the Timed "Up & Go" Test
defined the Brief-BESTest. Intraclass correlation coefficients for all examination ver-
sions were greater than .98. The accuracy of identifying people from the first cohort
with or without a neurological diagnosis was 78% for the BESTest versus 72% for the
Mini-BESTest or Brief-BESTest. The sensitivity to fallers from the second cohort was
100% for the Brief-BESTest, 71% for the Mini-BESTest, and 86% for the BESTest, and
all versions exhibited specificity of 95% to 100% to identify nonfallers.

Limitat ions . Eurther testing is needed to improve the generalizability of findings.

C o n c l u s i o n s . Although preliminary, the Brief-BESTest demonstrated reliability
comparable to that of the Mini-BESTest and potentially superior sensitivity while
requiring half the items of the Mini-BESTest and representing all theoretically based
sections of the original BESTest.
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The Brief-BESTest: A Suggested Brief Version of the BESTest

I njuries resulting from falls contrib-
ute to decreased health status
and increased mortality, particu-

larly for individuals of advanced age
or with chronic disease.' In addition,
falls are linked to a reduction in over-
all ftinctioning and to early admis-
sion to long-term care facilities.^-'
Balance impairments, which often
lead to injurious falls, can be quanti-
fied in a clinical setting in order
to direct therapeutic rehabilitation
aimed at mitigating an individual's
specific impairments and minimizing
the risk of falls.

To aid in balance assessment and
therapeutic prescription, several reli-
able clinical tools have been devel-
oped.'•<''-'' Although widely used,
most of these assessments provide a
measure of stability based on a single
context of balance impairment.'''-^
Research, however, has demonstrated
that postural impairments may be
evident across several contexts of
behavior. •̂ •"' A recently developed
balance assessment tool, the Balance
Evaluation Systems Test (BESTest),
examines balance performance in
6 specific contexts (or systems, as
termed by the test's developers) of
postural control: mechanical con-
straints, limits of stability, anticipa-
tory postural adjustments, postural
responses to an induced loss of bal-
ance, sensory orientation, and gait.s'
In some cases, balance control may
be compromised by a single balance
system or subset of systems. The
BESTest allows for the identification
of specific balance systems respon-
sible for poor balance performance
and, therefore, can help direct clini-
cal interventions.5

The BESTest has been found to be
reliable across raters evaluating a
cohort of individuals with and with-
out various neurological diagnoses,
and its validity was initially con-
firmed on the basis that BESTest
scores correlate with reported
scores of balance confidence.'^"

BESTest scores also have been vali-
dated to differentiate people with
and without fibromyalgia, chronic
obstructive pulmonar)' disease, and
multiple sclerosis (MS).'^-''' In addi-
tion, the BESTest exhibited high
test-retest and interrater reliability
when used to evaluate participants
with Parkinson disease, and BESTest
scores were sensitive to these partic-
ipants' prospective or retrospective
fall reports."-''^ This initial literature
shows promise for the BESTest, but
its cUnical feasibility is extremely
limited due to the time required to
complete all 36 items.

To address potential limitations of
the BESTest's redundancy and lengthy
test duration, Franchignoni et aV^
identified a subset of the original
BESTest items (ie, the Mini-BESTest),
which consists of 16 items that can
be administered in' approximately 15
to 20 minutes. The Mini-BESTest has
been reported to be just as reliable
and capable of identifying fall status
as the BESTest for individuals with
Parkinson disease.'^ In addition, the
Mini-BESTest exhibited superior
psychometric properties compared
with the Berg Balance Scale for iden-
tifying motor impairments in people
with Parkinson disease.'?

Although the reduced time to admin-
ister the Mini-BESTest renders the
examination more efficient than the
original BESTest, anecdotal reports
suggest this assessment remains too
lengthy, given increasing constraints
on patient contact time in the clinic.
In addition, although the Rasch anal-
ysis used to define the test offers a
powerftil technique to generate an
examination consisting of nonredun-
dant items that measure a correlated
construct and represent a range of
difficulty to prevent ceiling or
floor effects, the result was con-
trary to the theoretical basis of the
BESTest. Specifically, the items defin-
ing the Mini-BESTest represent a
singular construct (termed "dynamic

balance" by the authors) identified
by the Rasch analysis, but excluded
items related to mechanical con-
straints and to limits of stability.

The construction of the Mini-BESTest
thus implies that postural control
represents a single construct and
that a clinical assessment need only
to evaluate this construct, as
opposed to the original BESTest,
which sought a global assessment of
multiple constructs that influence
balance impairment. Multiple con-
structs influence postural control
and may be important for a broader
clinical assessment of balance
impairment intended for use across
diverse clinical populations. Specifi-
cally, the Mini-BESTest's lack of
items assessing mechanical con-
straints or limits of stability could
inhibit its sensitivity when applied
to people with musculoskeletal
impairment or impaired limits of sta-
bility. Furthermore, without assess-
ing these contexts of postural con-
trol, clinicians would be uninformed
to direct interventions on the basis
of these impairments. Indeed, the
existing literature on the BESTest
suggests that mechanical constraints
or limits of stability differentiate
groups with and without clinical
health conditions or groups witb and
without a faU history.s'.'̂ -M.iâ Alter-
native methods, such as classical test
theory, therefore, may offer another
approach to shortening the BESTest
based on its original theoretical
underpinnings, thereby advancing
the clinical goal of generating a time-
efficient balance assessment across
several influential constructs of pos-
tural control for use across multiple
clinical populations.

This preliminary study, therefore,
evaluated the internal consistency of
items in each section of the BESTest
and used item-total correlations to
identify each section's most repre-
sentative item. Each section's most
representative item then was
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included in a new Brief-BESTest
examination. We evaluated each test
version for interrater reliability and
its validity to identify individuals
with and without a neurological
diagnosis. We ftirther tested each
examination version's validity by
evaluating its ability to identify the
reported fall history of people with
or without MS. This second cohort
was chosen because lower-limb
strength and postural performance
at the limits of stability have been
found to represent significant predic-
tors of future falls in people with MS
and because the BESTest subsections
on mechanical constraints and limits
of stability are significantly affected
in people with MS."'•2° Thus, evalu-
ating the different examination ver-
sions' ability to identify fall status in
people with and without MS would
provide insight into w^hether retain-
ing an evaluation of mechanical con-
straints and limits of stability is
important to the utility of the Brief-
BESTest versus the Mini-BESTest. We
hypothesized that the Brief-BESTest
would exhibit psychometric proper-
ties comparable or superior to those
of the Mini-BESTest, but with fewer
items and with representation from
every section of the original BESTest.

Method
Participants
Tw ênty participants were included
in the first cohort (Tab. 1). Recruit-
ment occurred with the intent to
include participants with a wide
range of balance abilities. Partici-
pants were included if they were
able to stand independently and
ambulate 6.1 m (20 ft) with or with-
out an assistive device, and were
willing to complete the BESTest
(45-60 minutes). No other criteria
were applied. Five of the 20 partici-
pants in the first cohort reported at
least 1 fall in the previous 2 months,
for a total of 7 falls (range=0-2). As
part of a larger study,'''•2' thus repre-
senting a secondary analysis within
this study, the second cohort

Table 1.
Participant Characteristics of the First Cohort"

Participant No.

1

2

3

4

S

6

7

8

9

10

11

12

13

14

15

15

17

18

19

20

Sex

F

F

F

M

F

M

M

M

M

M

F

M

M

M

F

F

M

M

M

F

Age (y)

60

51

56

75

70

63

83

60

68

63

57

64

75

60

57

64

65

69

51

61

Neurologicai Diagnosis

N/A

N/A

N/A

N/A

Cerebrovascular accident (stroke)

Parkinson disease

Essential tremor

N/A

Parkinson disease

Multiple sclerosis

Multiple sclerosis

Parkinson disease

N/A

Peripheral neuropathy secondary to diabetes

Multiple sclerosis

N/A

Multiple sclerosis

Parkinson disease

N/A

N/A

° N/A=not applicable, F=female, M=male.

included 13 people with MS (8
women and 5 men; mean age=50
years, range=31-64) and 13 people
without MS (8 women and 5 men;
mean age=50 years, range=31-66).
People with MS were recruited by
advertisement in the local chapter of
the National MS Society and were
included if they: (1) had neurologist-
diagnosed MS, (2) had an Expanded
Disability Status Scale score of less
than 6, and (3) had no uncorrected
hearing or visual impairments. Peo-
ple without MS were recruited by
advertising within the local com-
munity and were included if they:
(1) had no self-reported neurologi-
cal, musculoskeletal, or psycliiatric
disorders; (2) had no uncorrected
hearing or visual impairments; and
(3) were matched to the individuals
with MS according to sex, similar
height and weight, and within 2
years of age. The disease severity of

the participants with MS ranged
from 0 to 4.5 on the Expanded Dis-
ability Status Scale. Seven of the par-
ticipants with MS in cohort 2
reported at least one fall in the pre-
vious 3 months, for a total of 18
reported falls (range=0-6 falls; 5
participants reported multiple falls).
The participants without MS
reported no faUs. All individuals gave
written informed consent to partici-
pate in the study.

Instrument
The BESTest consists of 36 items
grouped into 6 specific postural con-
trol systems: biomechanical con-
straints, stability limits and vertical-
ity, anticipatory postural adjustments,
postural responses to external per-
turbations, sensory orientation dur-
ing stance, and stability in gait. Each
item is scored based on a 4-level ordi-
nal scale from 0 to 3. A score of 0
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indicates failure or inabuity to com-
plete the task, and a score of 3 indi-
cates successful completion of the
task according to all scoring criteria.
As such, total scores range from 0 to
108, with subsection totals ranging
from 0 to 15-21 (depending on the
number of items in the respective
subsection).

The Mini-BESTest is a subset of 14
tasks (16 items due to bilateral
assessment) from sections of the
BESTest related to anticipatory pos-
tural adjustments, reactive postural
responses, sensory orientation, and
stability in gait. The Mini-BESTest's
items are scored on a 3-level ordinal
scale from 0 to 2.

Training
The raters were a student in a Doctor
of Physical Therapy program and 2
doctorate researchers with expertise
in the postural control of individuals
with balance disorders. Raters pre-
pared to administer the BESTest by
reviewing the w r̂itten version of the
test and viewing the accompanying
DVD provided by the test developer.
In addition, one of the BESTest's
original developers provided a
2-hour training session to the raters.
The raters practiced administering
and scoring the BESTest on student
and community volunteers. These
practice sessions allowed all raters to
become familiar and comfortable
with the implementation and scoring
of the BESTest prior to the studies.

Data Collection
Following the training sessions, the
full 36-item BESTest ŵ as adminis-
tered to all participants, regardless of
cohort, although all 3 raters concur-
rently rated only the first cohort. The
space was organized to facilitate
transitions from one item to the next

. in order to minimize fatigue and
mobility requirements. Five rest peri-
ods were offered at regular intervals,
and participants were instructed to
request additional rest if needed.

For the first cohort, 1 of the 3 raters
administered the test while that rater
or another rater served as a spotter
for the participant during task per-
formance in order to minimize the
risk of falling. All raters indepen-
dently scored the test for each par-
ticipant. One rater evaluated the par-
ticipants' BESTest performance for
the second cohort.

Data Analysis
The data from the first cohort were
analyzed for internal consistency,
validity, and interrater reliability
using PASW version 18 (SPSS Inc,
Chicago, Illinois). First, Cronbach
alpha and item-total correlations
were generated for each BESTest sec-
tion and rater. The item with the
highest average item-total correla-
tion for each section was selected
for inclusion in a new Brief-BESTest.
If the item assessed a lateralized
behavior with a companion item that
assesses behavior on the other side
(ie, items that are performed on the
left and right sides), both items were
included in the Brief-BESTest.

After establishing the Brief-BESTest,
total scores were calculated for each
version of the BESTtest. For the Mini-
BESTest, total scores were generated
by transforming scores from the
BESTest's 4-point ordinal scale to
the Mini-BESTest's 3-point scale.
Item-total correlations and Cronbach
alpha also w êre reported for the
Brief-BESTest and Mini-BESTest to
confirm internal consistency and
each item's contribution to the
respective examination's total score.
Interrater reliability of each test
version was analyzed using 2-way,
mixed-model intraclass correlation
coefficients (ICC) testing for abso-
lute agreement. Validity was initially
assessed from the data of the first
cohort by single-variable logistic
regression models to determine the
sensitivity, specificity, overall accu-
racy, and positive and negative like-
lihood ratios of each rater's total

BESTest, Mini-BESTest, and Brief-
BESTest scores to identify partici-
pants with or without a netirological
diagnosis. Similar logistic regression
models were used to determine the
sensitivity, specificity, overall accu-
racy, and positive and negative like-
lihood ratios of the second cohort's
scores for each examination version
to identify participants w îth or
without a reported fall history (ie,
whether they reported experiencing
at least 1 fall in the previous 3
months).

Results
Internal Consistency and
Item-Total Correlations
The average Cronbach alpha coeffi-
cients for each section of the
BESTest were .839, .621, .874, .863,
.813, and .920 for mechanical con-
straints, limits of stability and verti-
cality, anticipatory postural adjust-
ments, postural responses, sensory
orientation, and gait, respectively.
The items with the highest item-total
correlation coefficients to their
respective section totals were hip
abduction, forward reaching, single-
leg stance, lateral compensatory
stepping, standing with eyes closed
on foam, and the Timed "Up & Go"
Test (Eig. 1). These items, therefore,
defined the Brief-BESTest. It should
be noted that single-leg stance was
selected as the representative item
for the section on anticipatory pos-
tural adjustments based on an item-
total correlation of .805, which was
just slightly higher than the value of
.800 elicited by the rise-to-toes item.

Cronbach alpha and item-total corre-
lations for the Mini-BESTest and
Brief-BESTest are identified in Table
2. Cronbach alpha was higher for
the Mini-BESTest than for the Brief-
BESTest in both the first and second
cohorts, but both versions exhibited
values above .85. On average, the
item-total correlations were .732 for
the Mini-BESTest and .737 for the
Brief-BESTest in the first cohort and
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Figure 1.
Item-total correlation coefficients for the items of the Balance Evaluation Systems Test (BESTest) to their respective section totals. The
black bars represent the 8 items that were included in the Brief-BESTest on the basis of having the highest item-total correlations.

.617 for both the Mini-BESTest and
Brief-BESTest in the second cohort.

Interrater Reliability and Validity
All 3 versions of the examination
(score distributions identified in
Fig. 2) exhibited very strong levels of
interrater reliability: ICC (95% confi-
dence interval [CI])=.985 (.959-
.994) for the BESTest, .995 (.988-
.998) for the Mini-BESTest, and .994
(.986-.997) for the Brief-BESTest.
Total BESTest, Mini-BESTest, and
Brief-BESTest scores significantly dif-
ferentiated people from the first
cohort with and without diagnosed
neurological disorders or injuries
(Tab. 3). BESTest scores w^ere more

sensitive than the mini or brief ver-
sions to identify people with neuro-
logical disorders, whereas levels of
specificity were similar among all
versions of the examination. The
relative sensitivity and specificity of
the Mini-BESTest versus the Brief-
BESTest depended on the rater, but
the Brief-BESTest's average sensitiv-
ity and specificity were 3% higher
and 4% lower, respectively, than
the Mini-BESTest's sensitivity and
specificity.

For the second cohort of 26 individ-
uals with and without MS, the Brief-
BESTest was 100% accurate in iden-
tifying whether the participants

reported no falls or at least 1 fall in
the previous 3 months. The Mini-
BESTest and original BESTest also
provided high levels of specificity for
people without a faU history, but
exhibited lower sensitivities for peo-
ple wiûi a fall history than the Brief-
BESTest (Tab. 4).

Discussion
The results support our hypothesis
that the Brief-BESTest, defined from
items with the highest item-total
correlations, exhibits psychometric
properties comparable or superior to
those of the Mini-BESTest. Although
the original BESTest better identified
people with a neurological diagnosis
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Table 2.
Internal Consistency of the Mini-BESTest and Brief-BESTest Based on Cronbach Alpha
and Item-Total Correlations

Item

Item-Total Correlation Coefficients

Cohort 1 Cohort 2

Mini-BESTest (Cronbach alpha=.949 for cohort 1 and .90S for cohort 2)

Sit-to-stand

Rise-to-toes

Left single-leg stance

Right single-leg stance

Forward compensatory stepping

Backward compensatory stepping

Leftward compensatory stepping

Rightward compensatory stepping

Standing with eyes open on firm surface

Standing with eyes closed on foam surface

Incline stance

Change gait speed

Gait with head turns

Gait with pivot turn

Gait over obstacle

Dual-task Timed "Up & Go" Test

.626

.753

.653

.742

.807

.631

.875

.834

.434

.684

.725

.699

.858

.591

.699

.647

Excluded due to lack of variability

.740 -

.765

.611

.813

.746

.888

.495

.534

.627

.630

.569

.837

.591

.124

Brief-BESTest (Cronbacn alpha=.917 for cohort 1 and .856 for cohort 2)

Hip abduction

Forward functional reach

Left single-leg stance

Right single-leg stance

Leftward compensatory stepping

Rightward compensatory stepping

Standing with eyes closed on foam surface

Timed "Up & Go" Test

.755

.330

.708

.760

.904

.820

.820

.799

.579

.495

.866

.810

.605

.619

.401

.562

compared with either abbreviated
version of the examination, the Brief-
BESTest and Mini-BESTest exhibited
very similar levels of overall accu-
racy. The Brief-BESTest offered the
highest sensitivity and overall accu-
racy to identify people with and
without MS who reported at least 1
fall in the previous 3 months. In addi-
tion, all 3 versions of the examina-
tion exhibited ver>' high levels of
interrater reliability. Thus, the Brief-
BESTest offers an even more abbre-
viated alternative to the Mini-BESTest
with similar or superior psychomet-
ric properties.

The primary objective of this study
was to shorten the BESTest in a the-
oretically consistent manner, with
secondary objectives to provide pre-
liminary comparisons of each ver-
sion's psychometric properties. The
preliminary validity analysis to iden-
tify people with and without diag-
nosed neurological disorders is not
intended to suggest that any version
of the BESTest would be used to
diagnose the existence of neurologi-
cal disorders. The analysis was
instead chosen to demonstrate each
examination version's ability to dif-
ferentiate people with and without a

neurological diagnosis regardless of
pathology, thereby supporting their
use as a generalized balance assess-
ment across the sampled clinical
diagnoses.

The 8 selected items of the Brief-
BESTest also exhibit face validity for
representing each context of bal-
ance impairment beyond providing
the highest item-total correlations
for their respective contexts of
impairment. In previously published
research, each item has been shown
to discriminate groups with and
without neurological diagnoses, to
associate with or predict falls or
fractures, or to associate with eco-
logical tasks or limited participation
in activities of daily living.2°'22-4o i^
addition, the Brief-BESTest includes
many assessments reported to be
most frequently executed by physi-
cal therapists (eg, one-leg stance,
functional reach, and Timed "Up &
Go" Test).-*' Thus, the Brief-BESTest
items appear to provide valid repre-
sentative assessments for each con-
text of balance impairment assessed
by the original BESTest.

Both the Brief-BESTest and Mini-
BESTest eUcited a Cronbach alpha
of greater than .85, regardless of
cohort, although this measure of
internal consistency was higher for
the Mini-BESTest. This finding is not
surprising, as the Mini-BESTest w âs
derived based on a Rasch analysis
designed to identify items repre-
senting a single construct, and our
analysis confirms its internal consis-
tency. In contrast, the Brief-BESTest
was defined from the items most
strongly representative of each of
the BESTest's section scores that rep-
resent different contexts of postural
control. The Brief-BESTest's items
appear similarly associated to the
total score as those of the Mini-
BESTest are to its total score. Thus,
although including items from all 6
contexts of postural control exam-
ined by the original BESTest, the
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selected examination items appear
appropriate for assessing balance
impairment.

The analysis of fall history on people
with and without MS demonstrates
either the importance of the Brief-
BESTest's retention of all 6 contexts
of postural control or that the Mini-
BESTest includes additional items
that diminish its sensitivity to falls.
Although further testing is necessary
to identify which is true, measures
of lower-limb strength and the ability
to maintain balance at the limits of
stability are associated with falling in
people with MS, and the 2 BESTest
subsections are significantly differ-
ent between people with and with-
out MS.i-'̂ o Thus, although the
improved sensitivity of the Brief-
BESTest may have been due to the
removal of insensitive items rather
than the retention of items related to
mechanical constraints or limits of
stability, including relevant contexts
of balance impairment in, people
with MS likely contributed to its
combined sensitivity and specificity
to fall history.

Thé Mini-BESTest and BESTest have
previously been reported to elicit
86% and 84% accuracy, respectively,
in identifying fallers and nonfallers
with Parkinson disease."' Thus, our
results suggest all versions of the
BESTest could provide similar or
higher levels of accuracy to identify
the fall status of people with MS. A
larger study is needed to confirm this
finding, and ftirther testing across
multiple patient populations remains
necessary to determine each test ver-
sion's relative capability to serve as a
falls screening tool.

When evaluating the internal consis-
tency of the BESTest, items with par-
tictilarly low correlations to their
section totals were generally those
with little variability across partici-
pants and that exhibited ceiling
effects (eg, base of support, standing
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Figure 2.
Frequency histograms of scores (percentage of possible maximum) from the first and
second cohorts on the original Balance Evaluation Systems Test (BESTest) (top), Mini-
BESTest (middle), and the proposed Brief-BESTest (bottom). With the combined
cohorts, scores represent 24 individuals with a neurological diagnosis (white bars) and
22 without a neurological diagnosis (black bars).

September 2012 Volume 92 Number 9 PhysicalTherapy • 1203



The Brief BESTest: A Suggested Brief Version of the BESTest

Table 3.
Ability of the BESTest, Mini-BESTest, and Brief-BESTest to Differentiate People With and Without a Neurological Diagnosis for
Each Rater

Rater No.

BESTest total score

1

2

3

Mini-BESTest total score

1

2

3

Brief-BESTest total score

1

2

3

Mean (9S% Confidence intervai)
Percent Totai Score

Croup Without
Neuroiogicai

Diagnosis

95(91-98)

89.(87-91)

92 (88-97)

90 (86-95)

90 (85-94)

90 (84-96)

91 (83-100)

84 (80-87)

90 (82-97)

Croup With
Neuroiogicai

Diagnosis

74(61-88)

72 (59-84)

73(61-86)

64(46-81)

61 (43-78)

59(41-77)

59(39-79)

57 (38-76)

61 (43-80)

Regression Modei
) ^ Vaiue
(P Vaiue)

13.60 (.00023)

11.61 (.00066)

10.37 (.0013)

11.54 (.00068)

10.07 (.0015)

13.09 (.00030)

10.04 (.0015)

9.72 (.0018)

9.50 (.0021)

% Sensitivity,
% Specificity,
% Accuracy

82, 67, 75

82, 78, 80

82, 78, 80

64, 78, 70

64, 78, 70

64, 89, 75

64, 78, 70

64, 89, 75

74, 67, 70

Positive, Negative
Liiteiihood Ratios

2.48, 0.27

3.73, 0.23 •

3.73, 0.23

2.91, 0.46

2.91, 0.46

5.82, 0.40

2.91, 0.46

5.82, 0.40

2.24, 0.39

Table 4.
Ability of the BESTest, Mini-BESTest, and Brief-BESTest to Differentiate People With and Without a Self-Reported Recent Fall
History From the Second Cohort

Test Version

Brief-BESTest

Mini-BESTest

BESTest

Mean (95% Confidence intervai)
Percent Totai Score

Croup With
Fail History

59 (45-73)

68 (52-83)

77 (66-87)

Croup Without
Faii History

95 (92-98)

94(91-96)

96 (94-98)

Regression Modei
) ^ Vaiue
(P Value)

30.29 (<.OOOO1)

20.61 (<.OOOO1)

24.47 (<.OOOO1)

% Sensitivity,
% Specificity,
% Accuracy

100, 100, 100

71, 100, 92

86, 95, 92

Positive, Negative
Liiceiihood Ratios

Infinity, 0.00

Infinity, 0.29

1 7.20, 0.46

on a firm surface, feet-in-place
responses). In addition, although the
assessments of verticaUty and stabil-
ity limits are included in the same
section, those on verticality did not
correlate well with their section
scores, nor did they correlate well in
an exploratory analysis with the sen-
sory orientation scores (not shown).
The interrater reliability of the verti-
cality items also was reportedly low
in previous research,» suggesting
these items do not provide ver)'
meaningful contributions to the
examination.

Unexpectedly, the dual-task Timed
"Up & Go" Test provided the lowest
item-total correlations for the gait

section despite the Timed "Up & Go"
Test providing the highest correla-
tions. One potential reason may be
that the examination was challeng-
ing for most participants, with dual-
task costs on either walking speed
or counting being evident for most
participants. Instructional standard-
ization for attentional focus also may
be an important factor,''̂  as the par-
ticipants could have differentially
prioritized either task. Given that the
scoring of this item diminishes based
on impaired performance of either
or both tasks and our itemwise inter-
rater reliability for the item was ade-
quate (Kendall W= .76), this was not
a likely cause of low item-total cor-
relations. Alternatively, the addition

of a dual task may represent another
system of impairment that repre-
sents cognitive-motor interaction. It
w ôuld be of interest to evaluate dual-
task analogs to multiple tasks (reach-
ing, one-leg stance, stance on firm
and foam surfaces, and the Timed
"Up & Go" Test) in order to deter-
mine whether dual-task impairment
represents a unique context of
impairment.

Conclusions
Given the economics of clinical eval-
uation allowing an extremely limited
amount of patient-clinician contact
time, it becomes even more impera-
tive to develop an efficient examina-
tion. At the same time, the presenta-
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tion of balance impairment is
multifactorial, and the consequences
of impaired balance are deserving of
adequate assessment. This study con-
firms the validity and reliability of
both the BESTest and Mini-BESTest
for raters in research and raters in
training as physical therapists, but
also provides initial support for the
Brief-BESTest. The Brief-BESTest elic-
ited equally high levels of interrater
reliability as the existing versions of
the examination, its ability to differ-
entiate individuals w îth and w^ithout
diagnosed neurologic disorders or
injuries w âs similar to that of the
Mini-BESTest, and its ability to differ-
entiate people with and without MS
based on fall history was superior
to that of either existing version.
These psychometric properties are
balanced by the most clinically feasi-
ble combination of only 8 scored
items (compared with the 16 or 36
items of the other versions) while
remaining theoretically intact with
representative items from all 6 sys-
tems of postural control assessed by
the original BESTest. The findings,
however, are preliminary, represent-
ing a modest number of participants
in both cohorts. Eurther use and
examination of the Brief-BESTest are
needed to confirm its validity and
generalizability, as well as to identify
clinically useful cutoff scores.

All authors provided concept/idea/research
design, writing, and data collection and
analysis. Dr Jacobs provided project man-
agement. Dr Padgett and Dr Kasser provided
study participants. Dr Jacobs and Dr Kasser
provided facilities/equipment. The authors
acknowledge Dr Fay Horak for providing
training.

These data were presented as a poster and
abstract at the Joint World Congress of the
International Society for Posture & Gait
Research (ISPCR) and Gait & Mental Func-
tion; June 24-28, 2012; Trondheim, Norway.

The study was funded by the University of
Vermont's Department of Rehabilitation and
Movement Science.
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Appendix.
Scoring Form for the Brief Balance Evaluation Systems Test (Brief-BESTest).°

Brief Balance Evaluation Systems Test Patient/Subject:
Examiner:
Date:

General Note: "instability" is defined as using more than an ankle strategy to maintain balance (eg, a hip strategy is
used).

Section 1. Biomechanical Constraints

Item 1 : Hip/Trunk Lateral Strength
"Rest fingertips in my hands while you lift your leg to the side

and hold, keep trunk vertical. You will hold for 10 s."
Count 10 s, watch for straight knee; if they use moderate torce

on your hands, score as "without keeping trunk vertical."

(3) Normal (10 s with trunk vertical)
(2) Mild (10 s without trunk vertical)
(1) Moderate (1 hip abducts with trunk vertical)
(0) Severe (neither hip, 10 s and vertical or not

vertical)

Section ¡I. Stabiiity Limits

Item 2: Functional Reach Forward .
"Stand normally; lift both arms straight in front of you; reach

as far forward as you can with arms parallel to the ruler
without lifting your heels."

2 attempts
Observe that patient does not lift heels, rotate trunk, or

protract scapula.
Watch for vertical initial alignment. Record best reach.

(3) >32 cm (12.5 in)
(2) 16.5-32 cm (6.5-12.5 in)
(1) <16.5 cm (6.5 in)
(0) No measurable lean (or must be caught)

Trial 1 (cm or in)

Trial 2 (cm or in)

Section Iii. Transitions-Anticipatory Posturai Adjustment

Items 3 and 4: Stand on One Leg-Left and Right
"Look ahead; hands must stay on hips; bend one leg behind

you; stand on 1 leg as long as you can for up to 30 s. Do
not let your lifted leg touch the other leg."

Allow 2 attempts, record best attempt; record time up to 30 s
(stop time if hands off hips or leg on floor or leg touches
supporting leg).

(3) Normal (stable >20 s)
(2) Trunk motion OR 10-20 s
(1) Stand 2-10 s
(0) Unable

Left

Seconds

Right

Seconds

Section iV. Reactive Posturai Response

Items 5 and 6: Compensatory Stepping-Lateral, Left and Right
"Stand with feet nearly together; lean into my hands; 1 will

remove my hands; do whatever necessary to keep balance,
trying to take 1 step."

Note: Stand next to and behind participant. Place hand on
greater trochanter and brace yourself to hold the person's
weight shifted to supported leg.

(3) Recovers with 1 side/crossover step
(2) Several steps to recover independently
(1) Steps but needs assist to prevent fall
(0) No step OR falls

Left

Right

Section V. Sensory Orientation

Item 7: Stance With Eyes Closed, on Foam Surface
"Stand on foam with your eyes closed, your hands on your

hips, and your feet close but not touching. Start by looking
straight ahead, and 1 will start timing when you close your
eyes. Stay as stable as possible and try to keep your eyes
closed for the entire time. The goal is 30 s."

Two trials, if necessary. Patient must step off foam between
trials.

Section VI. Stabiiity in Cait

Item 8: Timed "Up St Go" Test
"When 1 say 'go,' stand up and walk quickly but safely to the

tape, turn, and walk back and sit in chair."
Start with back against chair, stop timing when buttocks hit

the chair; chair should have arms to push from, if necessary.
Imbalance might include trips or lateral/backward stumbles
or crossovers.

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

(3) Fast, <11 s, good balance
(2) Slow, >11 s, good balance
(1) Fast, <11 s, imbalance
(0) Slow, >11 s, imbalance

TOTAL:

Trial 1 (s)

Trial 2 (s)

Time (s)

The scoring form for the Brief-BESTest examination may not be used or reproduced without written permission of the authors.
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