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Abstract This study sought to determine whether the
backward-stepping Push and Release (P&R) Test and the
Pull Test, or comprehensive batteries of postural instability
(the Mini-BESTest and Brief-BESTest), significantly
improve the prediction of future falls beyond knowing a
person’s baseline fall history. Complete data were available
for 43 of 80 participants with PD. At baseline, participants
completed the BESTest (which was scored for all versions
and includes the P&R Test), the Unified PD Rating Scale
(UPDRS) motor section (which includes the Pull Test), and
the participants’ reported falls experienced in the previous
6 months. Participants were classified as recurrent fallers if
they reported more than one fall in the 12 months subse-
quent to baseline. Stepwise logistic regressions determined
whether the P&R Test, Pull Test, Brief-BESTest, Mini-
BESTest, or UPDRS motor score improved predictions of
recurrent fallers independent of baseline fall-group status.
Independently, all assessments significantly predicted
future recurrent fallers, but only the Mini-BESTest and
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Brief-BESTest significantly improved predictions of future
recurrent fallers independent of baseline fall-group status.
The results suggest that, although single tests of reactive
postural control do not offer significant predictive benefit,
predictions of future recurrent fallers with PD do benefit
from a balance examination in addition to knowing whe-
ther an individual has a recent history of falls.
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Introduction

People with Parkinson’s disease (PD) are at an increased
risk for falls and their sequelae [1]. It is important, there-
fore, to identify people with PD who are at greatest risk for
future falls in order to efficiently prescribe interventions for
those who need them. Unfortunately, the best predictor of
future falls is a recent history of falls [1], which under-
mines the potential for targeted preventative interventions.
Balance and gait impairment represents one contributing
factor to future fall risk [2—-4], thus evaluating postural
instability could be valuable to improve the prediction of
future falls for people with PD. In order for such an eval-
uation to be useful, though, it must significantly improve
predictions of future falls beyond knowledge of a person’s
recent fall history, and the evaluation must also be clini-
cally feasible (i.e., fast to perform without requiring sig-
nificant instrumentation or processing).

The Unified PD Rating Scale (UPDRS) includes a motor
section score, and the Pull Test is included within the
UPDRS motor exam as a test of postural instability in
response to perturbation. The Pull Test, however, exhibits
stronger specificity for identifying individuals not at risk
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for falls with weaker sensitivity for those at risk for falls
and, consequently, has not been found sensitive to identi-
fying future fall risk for people with PD [5]. As an alter-
native, the Push and Release (P&R) Test was found to
provide a more reliable perturbation than the Pull Test as
well as higher sensitivity for people with PD who report
recent falls [6, 7]. The P&R Test, however, still needs to be
prospectively evaluated for future fall risk in people with
PD [8]. One objective of this study, therefore, is to deter-
mine if the P&R Test and Pull Test predict future falls
independent of reported fall history.

It has been suggested, however, that fall risk as well as
balance and gait impairments are multi-factorial and, thus,
require more comprehensive assessment than that provided
by a single postural instability test to an external pertur-
bation [8, 9]. The Brief-BESTest [10] and Mini-BESTest
[11, 12] each represent clinically feasible balance assess-
ments that were designed to evaluate multiple contexts of
postural instability, and each has been found to predict
future falls in people with PD [4]. It is not yet determined,
though, whether this predictive capacity of the Brief-
BESTest and Mini-BESTest improves on predictions based
on a person’s fall history. Thus, a second objective of this
study is to determine if the Brief-BESTest and Mini-
BESTest predict future falls independent of reported fall
history. We hypothesized that, independent of baseline fall
history, the P&R Test as well as the Brief-BESTest and
Mini-BESTest, but not the Pull Test, would provide sig-
nificant predictors of future falls for people with PD.

Methods
Participants

Participants were recruited from a Movement Disorders
center. Individuals were eligible for participation if diag-
nosed with definite idiopathic PD (Hoehn and Yahr stages
I-1V) [13]. Potential participants were excluded if they
had: a history or presence of a neurological disorder other
than PD or a musculoskeletal injury that limited the ability
to walk. Forty-three of the 80 participants tested at baseline
completed all assessments at baseline and at the 6-month
and 12-month follow-up sessions (Table 1). All partici-
pants provided informed consent according to the policies
and procedures of the Institutional Human Research Pro-
tection Office.

Protocol and explanation of measures
During assessments, participants were on anti-Parkinson’s

medication approximately 1.0-1.5 h after administration.
Participant characteristics were collected using a custom-
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designed form. Motor symptom severity was determined
using section III of the Movement Disorder Society’s
(MDS) version of the UPDRS [14]. A student of physical
therapy trained in balance test administration evaluated
balance performance using the full, original BESTest [15].
A custom-designed worksheet allowed the examiner to
simultaneously record BESTest item scores and Mini-
BESTest item scores due to their distinct scoring scales.
Brief-BESTest scores were extracted from the relevant
items of the original BESTest. Analyses only involve the
Brief-BESTest and Mini-BESTest because the length of
the original BESTest renders clinical feasibility unlikely.
The Pull Test was executed and scored according to the
MDS-UPDRS, and the P&R Test was executed and scored
according to the original BESTest.

Fall reports and participant classification

Self-reported 6-month fall history was obtained at the
baseline, 6-month, and 12-month sessions. Prior to com-
pleting the form, each participant was informed that a fall
was defined as an unintentional event in which any part of
the body comes into contact with the ground. Participants
who reported 2 or more falls in the 6 months prior to the
baseline assessment were considered recurrent fallers at
baseline, and participants who reported 2 or more falls
across the follow-up sessions were considered recurrent
fallers at follow-up.

P&R Test

The backward-stepping version of the P&R Test involves
an examiner standing behind the tested individual with the
examiner’s hands on the individual’s scapulae. The indi-
vidual stands with feet shoulder width apart and their
arms down at the sides, then leans into the examiner’s
hands, leaning their body backwards through movement
about their ankles while maintaining a straight hip angle.
The examiner manually supports the individual at a final
position such that the hips and shoulders are located just
behind the heels. The examiner then releases support and
evaluates whether the individual requires multiple steps or
assistance in order to recover balance. The response is
scored on a 4-point (0-3) ordinal scale, with lower scores
representing greater impairment. We note that the 4-point
scale of the BESTest’s P&R Test is not the same as the
5-point scale identified in the original description of the
P&R Test [6, 15]. Although the BESTest also examines
feet-in-place and forward-stepping versions of the P&R
Test, only the backward-stepping version was analyzed
due to its similarity to the original description of the P&R
Test.
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Table 1 Baseline participant characteristics

Measure Group analyzed from complete data

Group not analyzed due to dropout  Statistics for group differences®

N (%) female, male 18 female, 25 male (42, 58 %)

15 female, 22 male (41, 59 %) Fisher’s Exact

Mean (95 % CI)
Age

Mean (95 % CI)
Height

Mean (95 % CI)
Weight

Mean (95 % CI)
Years since diagnosis
Mean (95 % CI)
1-Dopa equivalent daily dose
Mean (95 % CI)
UPDRS Motor score
Mean (95 % CI)
Brief-BESTest score
Mean (95 % CI)
Mini-BESTest score
Median (range)
P&R Test score
Median (range)

Pull Test score

N (%)

67 (64-70) year
169 (166-173) cm
81 (75-87) kg

7 (6-9) year

892 (684-1100) mg
38 (34-42) points
15 (14-16) points
62 (56-68) %

20 (18-21) points
70 (64-76) %

2 (0-3) points

1 (0-3) points

8 (19 %)

70 (67-73) year
169 (166—-173) cm
81 (72-90) kg

10 (8-12) year
826 (690-963) mg
46 (40-51) points
11 (10-13) points
48 (40-56) %

16 (14-18) points
56 (48-63) %

1 (0-3) points

2 (0-4) points

17 (46 %)

P value = 1.0
T test

P value = 0.21
T test

P value = 0.94
Mann—Whitney
P value = 0.40

Mann—Whitney
P value = 0.069
Mann—Whitney

P value = 0.59
T test

P value = 0.017
T test

P value = 0.004
T test

P value = 0.002
Mann—Whitney
P value = 0.003
Mann—Whitney
P value = 0.004
Fisher’s Exact

Recurrent fallers

P value = 0.015

# Statistic chosen based on measurement scale and meeting assumptions of normality based on Shapiro-Wilk tests

Pull Test

The Pull Test involves an examiner standing behind the
tested individual, and the individual stands upright with
feet comfortably apart and arms down at their sides. Fol-
lowing explanation and a mild practice, the examiner
briskly and forcibly pulls on the individual’s shoulders to
induce backward stepping and then evaluates the number
of steps needed to recover balance or the need for assis-
tance during recovery. The response is scored on a 5-point
(04) ordinal scale, with higher scores representing greater
impairment [14].

MDS-UPDRS motor exam

The MDS-UPDRS motor exam [14] represents an 18-item
motor symptom exam that evaluates upper-limb, lower-
limb, and speech bradykinesia and hypometria, as well as
rigidity, tremor, postural alignment, voluntary postural
transitions, reactive postural control to a perturbation (the
Pull Test), and gait impairment. Each item is rated on a
5-point (0—4) ordinal scale, with higher scores representing
greater impairment, and then a sum score is derived.

Brief-BESTest

The Brief-BESTest [10] is an 8-item balance exam that
evaluates hip abductor strength, functional reach, one-leg
stance on each leg, lateral P&R tests on each side, stance
with eyes closed on a foam surface, and the timed up-and-
go test. Each item is rated on a 4-point (0-3) ordinal scale,
with lower scores representing greater impairment, and
then a sum score is derived.

Mini-BESTest

The Mini-BESTest [11] is a 14-item balance exam that
evaluates sit to stand, rise to toes, the most impaired side of
one-leg stance, as well as forward, backward, and the most
impaired side of lateral P&R tests, stance with eyes open
on a firm surface and with eyes closed on a foam surface,
stance on an incline with eyes closed, as well as gait with
changes in speed, with head turns, with pivot turns, over
obstacles, and the dual-task timed up-and-go test. Each
item is rated on a 3-point (0-2) ordinal scale, with lower
scores representing greater impairment, and then a sum
score is derived.

@ Springer



136

J Neurol (2016) 263:133-139

If individuals required an assistive device to complete
items in these tests, each version of the BESTest requires
that they be scored 1 level lower for each item in which a
device is used. If an individual is unable to complete a task
with or without a device, they are scored a zero for that
item.

Statistical analysis

Total scores of the UPDRS motor exam, Brief-BESTest,
and Mini-BESTest were used for statistical analysis, and
raw scores were used for the P&R Test and Pull Test.
Single-variable logistic regression analyses were conducted
to identify fall-group status at follow-up using the baseline
fall-group status, Pull Test, P&R Test, Brief-BESTest,
Mini-BESTest, and UPDRS motor scores individually as
predictors entered into separate models. In order to deter-
mine whether the Pull Test or P&R Test could predict
future recurrent fallers better than knowledge of baseline
fall-group status alone, two forward-stepwise logistic
regression models were assessed with baseline fall-group
status and either the P&R Test score or the Pull Test score
evaluated as potential predictors in the model. In order to
determine whether multi-item test batteries, rather than an
individual test item, could predict future recurrent fallers
better than knowledge of baseline fall-group status alone,
three forward-stepwise logistic regressions were also per-
formed with baseline fall-group status and either the
UPDRS motor score, Mini-BESTest score, or Brief-
BESTest score evaluated as potential predictors in the
model. As a preliminary secondary analysis pending fur-
ther establishment of the measurement properties of indi-
vidual items, in order to determine if the complete Mini-
BESTest or Brief-BESTest is required, multiple-variable
stepwise models were generated that included baseline fall
status, as well as the total score and individual item scores
of either the Mini-BESTest or Brief-BESTest. Receiver
operating characteristic (ROC) curves were then generated
from the models’ predicted probabilities against fall-group
status at follow-up to generate the area under the curve
(AUC) for each model.

Results

At baseline, 8 of the 43 participants (19 %) were classified
as recurrent fallers, whereas 17 of the 43 participants
(40 %) were classified as recurrent fallers by the 12-month
follow-up session. Single-variable analysis demonstrates
that baseline fall-group status, the Pull Test, the P&R Test,
the UPDRS motor exam, the Brief-BESTest, and the Mini-
BESTest each individually provide significant predictions
of fall-group status at follow-up (Table 2).
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The 2-variable stepwise regression models that evalu-
ated baseline fall-group status and either the Pull Test or
the P&R Test as potential predictors identified baseline
fall-group status as the only significant predictor of fall-
group status at the 12-month follow-up. Thus, the statistics
identified in Table 2 for the single-variable analysis of
baseline fall-group status remain the same for the two-
variable analyses (the step increase in y> provided by the
Pull Test = 0.98, P = 0.32; the step increase in x> pro-
vided by the P&R Test = 2.66, P = 0.10).

The two-variable stepwise regression models that eval-
uated baseline fall-group status with either the UPDRS
motor scores, Mini-BESTest scores or Brief-BESTest
scores identified baseline fall-group status and either the
Mini-BESTest or the Brief-BESTest, but not UPDRS
motor scores, as significant predictors of fall-group status
at the 12-month follow-up (Fig. 1): (1) with the Mini-
BESTest, final model y* = 22.54 (P < 0.0001), step
increase in y* with addition of the Mini-BESTest = 4.733
(P = 0.030); (2) with the Brief-BESTest, final model
¥* = 22.02 (P < 0.0001), step increase in x> with addition
of the Brief-BESTest = 4.209 (P = 0.040); (3) with the
UPDRS motor score, final model 12 = 17.81 (P < 0.0001)
and did not include the UPDRS motor exam because the
step increase in y° with addition of UPDRS motor
scores = 2.90 (P = 0.089).

When item scores from the Mini-BESTest or Brief-
BESTest were added to these two-variable stepwise
regression models, for the Mini-BESTest, baseline fall-
group status as well as the items of standing on an incline
and walking with pivot turns were identified as significant
predictors of fall-group status at the 12-month follow-up:
final model »* = 28.87 (P <0.0001), AUC = 0.898
(0.79-1.0), step increase in Xz with addition of incline
stance = 5.84 (P = 0.016), further step increase in xz with
addition of walk with pivot turn = 5.22 (P = 0.022). For
the Brief-BESTest, baseline fall-group status and the item
of functional reach were identified as significant predictors
of fall-group status at the 12-month follow-up: final model
¥* = 22.83 (P < 0.0001), step increase in x> with addition
of functional reach = 5.02 (P = 0.025), AUC = 0.851
(0.73-0.97).

Discussion

Our hypothesis that, independent of fall history, the P&R
Test as well as the Brief-BESTest and Mini-BESTest, but
not the Pull Test, would provide significant predictors of
future falls for people with PD was only partially sup-
ported. Although all assessments could individually predict
fall-group status at the 12-month follow-up, the P&R Test,
the Pull Test, and the UPDRS motor exam did not
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Table 2 Single-variable regression models to predict fall-group status at follow-up

Predictor Overall model XZ (P value) AUC (95 % CI) Cutoff value Sensitivity (%) Specificity (%)
Baseline fall-group status 17.81 (P < 0.0001) 0.735 (0.57-0.90) Dichotomous variable  47.1 100

P&R Test 4.94 (P = 0.026) 0.682 (0.52-0.84) <2 41.2 76.9

Pull Test 6.39 (P = 0.011) 0.690 (0.52-0.86) >2 353 96.2
Brief-BESTest 11.37 (P = 0.00075) 0.778 (0.63-0.93) <14 70.6 76.9
Mini-BESTest 12.64 (P = 0.00038) 0.791 (0.65-0.93) <21 82.4 65.4

UPDRS motor 8.13 (P = 0.0044) 0.739 (0.57-0.91)  >40 70.6 76.9

1.0
0.8
>
S o6
'E ’ I‘,'
[}
c
Q 04 .
N == Baseline Fall Group Only
AUC = 0.735 (0.57-0.90)
p = 0.0098
0.2 =« Baseline Fall Group + Mini-BESTest
AUC = 0.842 (0.71-0.97)
p =0.00018
0.0 « = » Baseline Fall Group + Brief-BESTest
AUC = 0.838 (0.70-0.97)
p = 0.00020
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 1 Receiver operating characteristic (ROC) curves identifying
the area under the curve (AUC) with 95 % confidence intervals for
baseline fall-group status by itself as well as when adding scores from
either the Brief-BESTest or the Mini-BESTest, which significantly
improved model predictions of fall-group status at the 12-month
follow-up

significantly improve predictions beyond knowledge of
fall-group status at baseline. The Brief-BESTest or Mini-
BESTest (or specific item scores of incline stance, walking
with pivot turns, and functional reach) did significantly
improve predictions of fall-group status at the 12-month
follow-up when coupled with fall-group status at baseline.

The lack of improved predictive power of the P&R Test
or Pull Test to identify future recurrent fallers beyond
predictions from baseline fall history suggests single tasks
of reactive postural control are insufficient to identify
people without a recent history of falls who are still at risk
for future falls. Because item scores in other domains of
postural control could independently improve predictions
of future falls, this finding likely reflects that reactive
postural control to extrinsic perturbation is not a sensitive
precursor to falls for people with PD compared to other
domains of control. Multiple-item balance and mobility

exams have been previously suggested for predicting falls
in people with PD [8, 9, 16, 17]. This study corroborates
this suggestion due to the improved prediction of recurrent
fallers at follow-up when baseline fall history was com-
bined with either the Brief-BESTest, the Mini-BESTest, or
items derived from these exams. The lack of significant
benefit from the UPDRS motor exam further suggests that
any supplemental physical exam is optimized if it specifi-
cally focuses on balance and mobility impairment.
Although this study suggests that predicting future
recurrent fallers with PD benefits from a balance exam in
addition to knowing fall history, the purpose of this study
was not to identify an optimal set of balance tests specifi-
cally for this purpose. Others have suggested various
combinations of test items for future fall prediction in
people with PD [9, 16, 18], and this study identified that
incline stance, walking with pivot turns, and functional
reach (as scored by the Mini-BESTest or Brief-BESTest)
provide similar predictive capacity as the complete Mini-
BESTest or Brief-BESTest exams. We cannot yet recom-
mend use of the stand-alone items over the complete
exams, though, because the measurement properties of the
stand-alone items are not yet well established. Thus, this
analysis should be viewed as a preliminary validation of
the stand-alone items for this purpose of identifying fall
risk within our sample’s characteristics. We, therefore,
suggest using a standard balance assessment such as the
Mini-BESTest or Brief-BESTest until further studies can
confirm the measurement properties of a more efficient
sub-set of items. Until proven unnecessary with future
study, using a complete standardized exam further ensures
evaluation of multiple contexts of balance and mobility
impairment in order to address the theoretical supposition
that the multi-factorial nature of balance and mobility must
be considered in order to adequately evaluate fall risk [8].
Other methodological considerations include the use of
the BESTest’s version of the P&R Test and scoring, which
differs from the test’s original publication [6]. It has yet to
be determined which scoring method provides superior
assessment. In addition, a large portion of the initial study
sample did not complete follow-up assessments. The
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primary causes for this loss to follow-up were an inability
to contact the subject at follow-up or a decline in health
condition (details reported in [4]), and these subjects were
more severely affected by PD than those who were inclu-
ded for analysis. Therefore, further study will need to
evaluate the generalizability of these findings to people
who are more severely affected by symptoms of PD.
Lastly, although the study is prospective regarding the use
of baseline assessments with subsequent fall reports, the
reporting, even in follow-up, still represented a retrospec-
tive report of the previous 6 months rather than making use
of a formal fall diary or another method of immediate fall
reporting. Thus, fall reports may not be accurate due to
mis-remembering. Unlike a true retrospective report,
however, the participants were aware of their participation
in the study and need of future fall reports, which likely
rendered them more attentive to the experience of any fall
events. This attentiveness was further supplemented with
advance knowledge of how to define fall events.

In summary, this study demonstrates that several clinical
tests of balance and mobility impairments are capable of
predicting future falls, but we confirm that the experience
of recent falls remains the strongest predictor of future falls
for individuals with PD [1]. We also demonstrate, however,
that the Mini-BESTest and Brief-BESTest, as well as some
specific items within these exams, can improve predictions
of future recurrent fallers when paired with fall history
reports. Our results, therefore, strengthen previous analyses
that demonstrated these tests’ ability to predict future falls
[4], but which did not assess their capacity to improve
predictions of future falls despite knowledge of recent fall
history. This study is also the first to evaluate the P&R Test
for prospective fall prediction. As single tests of reactive
postural instability, however, the P&R Test and Pull Test
were less impactful to improve these predictions of future
recurrent fallers with PD. Likewise, the more generalized
motor-symptom exam of the UPDRS was less impactful in
improving predictions of future recurrent fallers than
specific balance and mobility tests. Clinicians, therefore,
may benefit from specifically evaluating balance and
mobility impairment in addition to asking patients about
recent fall history. Although not tested in this study, a
multi-item balance exam may have the additional benefit of
directing preventative interventions against identified
impairments for those individuals who are classified to be
at risk for future falls. Whereas some studies of gait, bal-
ance, or exercise training have reported decreased inci-
dence of falls after treatment (e.g., [19-21]), meta-analyses
demonstrate that not all exercise training ubiquitously
protects against falls for people with PD [22, 23]. Thus,
further research is necessary to identify optimal interven-
tions that clinicians can prescribe to mitigate the risk they
identify by knowing a person’s fall history and
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performance on balance exams. The ability to identify fall
risk independent of fall history, though, at least presents a
path for targeted preventative interventions.
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