
Introduction

Evaluation of postural responses in standing balance
is a key component to the neurological examination
of patients with idiopathic Parkinson’s disease (PD).
The presence of abnormal postural responses sepa-

rates milder PD (Hoehn & Yahr stages 1 and 2) from
more severe and disabling PD (Hoehn & Yahr stages 3
to 5). Furthermore, impaired balance is often an
indication for more aggressive therapy because of the
risk of falls and their medical, psychological, and
social consequences. Therefore, it is important for

Jesse V. Jacobs
Fay B. Horak
Van K. Tran
John G. Nutt

An alternative clinical postural stability
test for patients with Parkinson’s disease

Received: 17 October 2005
Received in revised form: 2 March 2006
Accepted: 10 March 2006
Published online: 20 June 2006

j Abstract We compared the
sensitivity and consistency of a
new Push and Release Test versus
the Pull Test (item 30 of the
Unified Parkinson’s Disease Rat-
ing Scale; UPDRS) as clinical
measures of postural stability.
Subjects with Parkinson’s disease
and age-matched control subjects
participated in 3 protocols inves-
tigating: (1) the sensitivity and
specificity of the two tests related
to the subjects’ balance confi-
dence, as measured by the Activ-
ities-specific Balance Confidence
(ABC) scale, (2) the inter-rater
reliability of the two tests, and (3)
the consistency of the perturba-
tion forces applied to the subjects
by each balance test. As a test for
concurrent validity, the balance
tests were also compared with the
subjects’ retrospective reports of
fall frequency. Compared with the
Pull Test, the Push and Release
Test was more sensitive to subjects
with low balance confidence, but
less specific for subjects with high
balance confidence. The inter-

rater correlations were higher with
the Push and Release Test. Exam-
iners applied more consistent
perturbation forces to the subjects
with the Push and Release Test
than with the Pull Test. The Push
and Release Test correlated better
with self-reported falls. Therefore,
the Push and Release Test pro-
vided a more sensitive and con-
sistent test of postural stability
than the Pull Test.
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disease Æ posture Æ balance Æ
UPDRS Æ push and release test
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clinicians to have accurate and sensitive tools to
evaluate postural instability in PD.

The �Retropulsion Test’ or �Pull Test’ (Postural
Stability Item #30 of the Unified Parkinson’s Disease
Rating Scale; UPDRS [5]) is a commonly used clinical
test of postural stability for patients with PD. This test
evaluates the ability of patients to recover from a
backward pull on the shoulders. Unfortunately, the
Pull Test is not sensitive to the early detection of
fallers [2], and we find the Pull Test is often normal
when patients report their balance to be abnormal.
Although the Pull Test may be insensitive to a PD
patient’s fall history and low balance confidence be-
cause factors other than postural instability result in
falls and low balance confidence, the Pull Test’s
insensitivity may also be due to limitations in the test
itself. For example, when performing the Pull Test, it
has been reported that (1) subjects can brace them-
selves to anticipate the perturbation [10], (2) exam-
iners do not properly administer the test [10], and (3)
the rating scale is insensitive [14]. Therefore, although
some limitations of the Pull Test have been addressed
[10, 14], an alternative test may better fill the need for
a reliable clinical assessment of postural stability that
is sensitive to a PD patient’s fall history and low
balance confidence.

To address the need for an improved clinical test of
postural stability, we developed the Push and Release
Test as an alternative to the Pull Test [8]. The Push
and Release Test rates the postural response to a
sudden release of a subject pressing backward on an
examiner’s hands placed on the subject’s back. In
addition to the new test maneuver, we developed a
new rating scale that differentiates less severe
abnormalities in balance than the rating scale used for
the Pull Test in the UPDRS (i.e., differentiating mild
impairment from moderate impairment by the num-
ber of steps needed to recover equilibrium). The new
rating scale also provides 5 scores for rating a sub-
ject’s response to the Push and Release Test, whereas
the UPDRS rating scale only provides 3 scores that
actually use the Pull Test because the final 2 scores
represent a tendency for the subject to spontaneously
drift out of balance or an inability to stand unassisted.

We had three hypotheses. First, we hypothesized
that the Push and Release Test would correlate better
with the subjects’ perception of their balance, as
determined by comparisons with the Activities-Spe-
cific Balance Confidence (ABC) Scale [13]. We chose
the ABC Scale as our primary comparison because:
(1) as yet, no ‘‘gold-standard’’ measure exists for
testing postural stability, (2) the ABC scale provides
correlations to balance impairment in PD and to the
patients’ mobility outside the clinic [1, 11, 13], and (3)
a subject’s balance confidence would likely coincide

with his or her tendency to complain of a balance
problem in the clinic.

Second, we hypothesized that the Push and Release
Test would be more informative than the Pull Test
because: (1) the forces applied to the subjects during
the Push and Release Test would be less variable, (2)
releasing subjects from a predetermined, unstable
posture during the Push and Release Test removes the
duration of the perturbation as a source of variability
and prevents subjects from bracing in anticipation of
the perturbation, and (3) the score values for the Push
and Release rating scale explicitly differentiate mild
impairment from moderate impairment by the actual
number of steps taken in response to the
perturbation.

Third, assuming postural instability represents a
primary factor for inducing falls in PD patients, we
hypothesized that the Push and Release Test would
present a valid test of postural stability, as determined
by correlations with self-reported falls.

In practice, the Pull Test and the Push and Release
Test are administered several times in succession,
allowing the examiner to determine the amount of
force necessary to make the subjects take a corrective
step. The repetition of the tests, however, simulta-
neously allows the subjects to adapt their responses.
For this reason, we compared the first and third trial
of each balance test to investigate which trial
clinicians should use [2, 12].

Methods

We compared the Push and Release Test and the Pull Test:
1) The Push and Release Test. Subjects stood in a comfortable

stance with their eyes open. Examiners stood behind the subjects,
and subjects were instructed to do whatever necessary, including
taking a step, to regain their balance. The subjects were then in-
structed to push backward against the palms of the examiners’
hands placed on the subjects’ scapulae while the examiners flexed
their elbows to allow backward movement of the trunk while they
supported the subjects’ weight with their hands. The force of the
subjects’ push was not so strong as to cause their heels to come off
the ground, and subjects were not permitted to passively lean back
into the examiners’ hands. When the subjects’ shoulders and hips
moved to a stable position just behind their heels, the examiners
suddenly removed their hands, requiring the subjects to take a
backward step to regain balance (Figure 1). After the subject
reached the proper position, the time at which the examiner re-
leased his or her hands from the subject varied in order to ensure
that the subject could not anticipate the release. We found that the
position of the subjects’ hips relative to their heels could be judged
by both visual inspection and by paying attention to the force
against the examiner’s hands: once the proper position has been
reached, the pressure on the examiner’s hands stabilizes because
the subject becomes dependent on the examiner for support against
gravity. The subjects had to take a step for the test to be properly
executed. The examiners also acted as attendants to prevent the
subjects from falling if their responses were inadequate to retain
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balance. The subjects were rated on the 0- to 4-point Push and
Release scale (Table 1). The values for the Push and Release Test’s
rating scale were defined by the actual number of steps a subject
took in response to the release. A step was counted only if it was
required for the subjects to maintain their balance. Steps taken to
reorient the feet side by side were not counted.

2) The Pull Test. The subjects stood with their eyes open in a
comfortable stance (but were instructed to change their stance to
place the feet approximately shoulder length apart if they assumed
an unusually narrow or wide stance), and the examiners stood
behind the subjects. The examiners ensured that the subjects were
standing upright and not leaning forward in anticipation of the
pull. The subjects were prepared and instructed to do whatever
necessary, including taking a step, to keep their balance. After
giving several gentle pushes to the shoulders laterally, the exam-
iners gave a sudden, brief, backward pull to the subjects’ shoulders
with sufficient force to cause the subjects to step to regain balance.
The pull was considered inadequate if the subject did not step to
regain balance in order to ensure low scores were not biased toward
larger or stronger individuals. The examiners also served as
attendants to catch the subjects if their responses were inadequate
to maintain balance. The examiners scored responses on a 0- to 4-
point scale, using both the scoring employed by the UPDRS for this

test and the scoring for the new Push and Release Test (Table 1).
When rating according to the UPDRS scale, retropulsion was de-
fined as a response of more than two steps [10, 14].

We conducted three experiments to compare the Push and
Release Test and the Pull Test. Experiment 1 examined the tests’
relative sensitivity to balance confidence, measured with the ABC
scale, and the tests’ relative ability to identify patients with a history
of falls. Experiment 2 examined the inter-rater reliability of the
tests’ scores among independent examinations of three raters (as
opposed to the raters simultaneously scoring the same examina-
tion). Experiment 3 examined the consistency of the perturbation
forces applied to the subjects for each balance test. All subjects gave
informed consent to a protocol approved by the Institutional Re-
view Board of Oregon Health & Science University (OHSU) in
accordance with the Declaration of Helsinki.

j Experiment one: test sensitivity, specificity, and validity

Subjects

Eighty-eight subjects with PD (27 females, 61 males) were tested
during a visit to the Movement Disorders Clinic at OHSU. Subjects

Fig. 1 (A) Photo depicting the Push and Release
Test. Notice the subject’s hips and shoulders are just
behind the subject’s heels as the subject actively
pushes back into the examiner’s hands without the
subject’s heels lifting off the ground

Table 1 Balance Test Rating Scales

Score Push and Release Rating Criteria UPDRS Rating Criteria

0 Recovers independently with 1 step of normal length and width Normal
1 Two to three small steps backward, but recovers independently Retropulsion, but recovers unaided
2 Four or more steps backward, but recovers independently Absence of postural response, would fall if not caught by examiner
3 Steps but needs to be assisted to prevent a fall Very unstable, tends to lose balance spontaneously
4 Falls without attempting a step or unable to stand without assistance Unable to stand without assistance
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with PD were tested regardless of their medication dose cycle.
Subjects were screened for the existence of other medical condi-
tions that might affect balance. Consequently, of the 88 total sub-
jects screened, five subjects were excluded from analysis because of
other health problems (i.e., back injury, peripheral neuropathy, and
arthritis) or due to atypical Parkinsonism. Fourteen other PD
subjects were also excluded from analysis because, after giving
informed consent, they chose not to complete the balance tests.
Comparisons between the balance tests, therefore, include data
from the remaining 48 male and 21 female subjects with PD. These
subjects had a mean age (± the standard deviation) of 67 ± 12 years
(range = 42–88 years), a 10 ± 6 -year duration of PD (range = 2–
25 years), and a mean UPDRS motor score of 24 ± 12 points
(range = 3–51 points). Of the 69 subjects that completed the bal-
ance tests, 63 subjects completed the ABC questionnaire.

To compare balance test responses among subjects with and
without PD, 75 age-matched control subjects without PD were also
tested. Subjects included spouses of the PD subjects during their
visit to OHSU’s clinic or subjects recruited at a local fitness center.
Although the control subjects participated in an exercise program,
we do not believe they were biased for better balance than the
general population based on their performance on the balance tests
(see results demonstrating that only 10 of the control subjects
exhibited high levels of performance on all balance tests). All sub-
jects were screened, but not excluded, for the existence of other
medical conditions (e.g., hip and knee replacements, diabetes,
stroke, laminectomy, heart surgery, hearing impairments, corrected
vision impairments, or the use of multiple medications). We chose
not to exclude the 18 control subjects who reported having medical
conditions to preserve the environmental validity of the score dis-
tributions in an elderly population. Two control subjects were ex-
cluded from analysis, however, because (after giving informed
consent) they chose not to complete the balance tests, and 4 addi-
tional control subjects were excluded because they were too young
and did not match the age of our subjects with PD. Comparisons
between the balance tests, therefore, include data from the
remaining 35 male and 34 female control subjects without PD. These
subjects had a mean age of 67 ± 10 years (range = 41–84 years). Of
these 69 subjects, 61 subjects completed the ABC questionnaire.

Elderly subjects without PD may also have balance impair-
ments, and the two balance tests may be differentially sensitive to
these impairments. Therefore, to ensure that the Push and Release
Test’s hypothesized increase in sensitivity was not simply because
control subjects were unable to demonstrate the Push and Release
Test’s definition of a normal, healthy response, 10 control subjects
were classified as Elite subjects. Elite subjects were classified
according to the following criteria: (1) subjects did not report any
health complications, (2) subjects could stand on one leg for 30
seconds [6], (3) subjects could reach farther than 30 cm on a
Functional Reach Test [4], (4) subjects had an ABC score higher
than 90% confidence, and (5) subjects responded normally
(score = 0) on every trial of the Pull Test.

Protocol

The Movement Disorder Clinic’s medical staff acquired the PD
subjects’ demographic information and medical history. For con-
trol subjects, members of OHSU’s Balance Disorders Laboratory
acquired the subjects’ demographic information and medical his-
tory. All subjects reported the number of falls they experienced
over the last year. A neurologist performed the UPDRS test on
subjects with PD. Subsequently, one of three physical therapists, a
neurology research fellow, or a neuroscience graduate student
administered the ABC scale questionnaire and rated the subjects’
performance on three trials for each of the balance tests. The bal-
ance tests were blocked and examiners randomly chose the test
order. Some of the examiners were not blind to the purpose of the
study, potentially biasing our results. Such a bias is not likely,

however, because the instructions, execution, and rating of the
balance tests were clear, detailed, and explicit in order to minimize
any subjective interpretations of the subjects’ responses.

The ABC Scale was administered just prior to balance testing
[13]. The rater administered the 16-item questionnaire by asking
the subject, ‘‘On a scale of zero percent representing no confidence
to 100 percent representing complete confidence, how confident
would you be to...(ABC item stated)?’’ Although the subjects an-
swered the ABC questionnaire under any medication state, during
the questionnaire, the subjects were asked to rate their confidence
as though they were performing the items of the questionnaire
while in their average medication state (i.e., not during ‘‘OFF’’
periods or during periods of peak dosage). Each item’s percentage
was recorded, and the subject’s average ABC-scale score was ob-
tained by averaging the 16 sub-scores.

Analysis

Sensitivity related to balance confidence was defined as the per-
centage of subjects scored by the Push and Release Test or the Pull
Test as having abnormal responses and reporting low balance
confidence on the ABC scale to the total number of subjects
reporting low balance confidence. Specificity was defined as the
percentage of subjects with normal responses to the balance tests
and reporting high balance confidence to the total number of
subjects reporting high balance confidence. For either test’s rating
scale, a normal response was a zero-score and an abnormal re-
sponse was any score above zero. We chose this response classifi-
cation because the nominal scale erased any differences due to
applying different rating scales to the Push and Release Test and
the Pull Test. Low balance confidence was defined as an ABC-scale
score of less than 80% confidence, and high balance confidence was
defined as a score of 80% or greater confidence. The 80% cutoff
score was chosen because lower cutoff scores degraded both of the
balance tests’ agreement with balance confidence, and a higher
cutoff score risked including a healthy range of scores [13].

To determine whether subjects with good balance (defined by
our Elite status) had a normal response to the Push and Release Test,
a McNemar’s test compared the Elite subjects’ actual responses to
the Push and Release Test with hypothetical responses that Elite
subjects would always respond with a normal balance response.

Two-tailed Spearman’s rho correlation coefficients compared
each balance test with self-reported falls to establish concurrent
validity. In addition, because retrospective fall reports may be
unreliable [3], we attempted to minimize this problem by catego-
rizing subjects as fallers (subjects who reported one or more falls in
the past year) or non-fallers (subjects who reported that they had
not fallen in the past year). Sensitivity related to falling was defined
as the percentage of fallers with abnormal responses to the balance
tests. Specificity was defined as the percentage of non-fallers with
normal responses to the balance tests.

A Friedman’s repeated measures ANOVA examined (1) differ-
ences among repeated trials of the Push and Release Test and the
Pull Test, and (2) differences among the Push and Release Test
scores and Pull Test scores. A Kruskal-Wallis Test examined dif-
ferences in balance test scores or questionnaire scores among
control subjects and subjects with PD. We reported averages as
means ± the standard deviations (SD), and medians with the score
range. Significance was defined by a p-value of less than 0.05.

j Experiment Two: Inter-Rater Reliability Among Independent
Examinations

Subjects

Three healthy subjects and eight subjects with PD were tested to
examine the inter-rater reliability of the Push and Release Test and
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the Pull Test. Healthy subjects were two males and one female who
were 62 ± 2 years of age (range = 61–64 years). Subjects with PD
included seven males and one female who were 62 ± 7 years of age
(range = 55–74 years).

Protocol

On the same day, two physical therapists and a neurology re-
search fellow each separately tested and rated the 11 subjects on
the Push and Release Test and the Pull Test. Subjects were tested
by all three examiners, on average, within 31 ± 5 minutes. Sub-
jects performed three trials of each balance test for each examiner.
Tests were blocked and the examiners randomly chose the test
order.

Analysis

We report inter-rater reliability with 2-way, mixed effect model,
intra-class correlation coefficients (ICCs), with the absolute agree-
ment definition (SPSS Inc., Chicago, Illinois).

j Experiment Three: Consistency of Perturbation Forces Applied to the
Subjects in the Push and Release Test and the Pull Test

j Subjects

Eleven elderly women without PD (76 ± 4 years of age;
range = 68–80) were tested to examine the consistency of the
perturbation forces applied to the subjects in the Push and Re-
lease Test and the Pull Test. Subjects were screened, but not ex-
cluded, for health complications (e.g., knee and ankle
replacements, diabetes, neuropathy, hearing impairments, or
corrected vision impairments). We chose not to exclude subjects
with health complications to ensure a wide distribution of balance
test scores.

Protocol

A physical therapist and a neuroscience graduate student examined
every subject 4 times with each balance test (for a total of 8 trials for
each test per subject). Examiners performed the four trials of each
balance test in sequence, although the test order and the order of
examiners were randomized between subjects.

To measure the consistency of forces applied to a subject’s
torso for the Push and Release Test and the Pull Test, examiners
wore sporting gloves fitted with twelve, 444 N-range Flexiforce
pressure sensors on each glove (Tekscan Inc., South Boston, MA,
USA). Paired sensors were placed on the distal pads of the index,
middle, and ring fingers and at 3 locations around the palm of
the glove (Figure 2). The signals from all sensors for both gloves
were summed to determine the total force applied to the
subjects.

Analysis

We analyzed (1) the peak total force applied during the Pull Test
(Pull Force), (2) the peak total force applied just prior to the release
of the Push and Release Test (Push Force), and (3) the duration of
the pull during the Pull Test. We calculated the range of Pull Forces
and Push Forces applied to each subject over four trials by each
examiner. A repeated-measures ANOVA, including the 2-level
factor of TEST and the 2-level factor of EXAMINER, determined
differences among the range of Pull Forces and the range of Push
Forces applied to each subject for each examiner. A paired t-test
determined differences in pull duration between the two examiners.

Results

j Balance Test Sensitivity and Validity

The Push and Release Test elicited higher scores than
the Pull Test (UPDRS scale), regardless of trial or
group (p < 0.01, Table 2). Applying the Push and
Release rating scale to the Pull Test also increased
scores (p < 0.01, Table 2). Compared with control
subjects, subjects with PD exhibited higher scores on
both balance tests, and subjects with PD also reported
lower ABC scores than control subjects (p < 0.001 for
all comparisons, Figure 3A).

Compared with the Pull Test, the Push and Release
Test was more sensitive to low balance confidence,
but less specific to high balance confidence (Fig-
ure 3B). Further analysis revealed 15 control subjects

Fig. 2 (A) Photo of the sporting glove fitted with 444 N-range Flexiforce
pressure sensors (Tekscan Inc., South Boston, MA, USA) used to quantify the
forces applied to subjects during the Push and Release Test and the Pull Test.
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had an abnormal Push and Release response despite
normal Pull Test responses and high balance confi-
dence. Compared with 33 control subjects who dem-
onstrated high confidence and normal responses on
both balance tests, these 15 control subjects with
abnormal Push and Release responses also demon-
strated shorter Functional Reach lengths (35 ± 8 cm
compared with 40 ± 7 cm, p < 0.05) and tended to
have shorter one-leg stance durations (13 ± 10 s
compared with 19 ± 11 s, p = 0.076). The 10 Elite
subjects always demonstrated a normal balance
response in the Push and Release Test.

All of the control subjects reported that they had
not fallen in the past year. For subjects with PD, 34
of 68 subjects reported that they had fallen in the
past year. The Push and Release Test elicited higher
correlations than the Pull Test with self-reported
falls: Spearman’s rho = 0.604 (p < 0.000001) on the
first trial and 0.553 (p < 0.00001) on the third trial of
the Push and Release Test, whereas Spearman’s
rho = 0.375 (p < 0.01) on the first trial and 0.451
(p < 0.001) on the third trial of the Pull Test.
Applying the Push & Release rating scale to the Pull
Test did not increase correlations with self-reported
falls to the same degree as when performing the
Push and Release Test: Spearman’s rho = 0.443 on
the first trial and 0.422 on the third trial of the Pull
Test when rated by the Push and Release scale
(p < 0.001). Compared with the Pull Test, the Push
and Release Test was more sensitive for identifying
fallers, but less specific for identifying non-fallers
(Table 3).

j Inter-Rater Reliability

When 3 examiners independently tested and rated
subjects on 3 trials of each balance test, the Push &
Release Test elicited higher ICCs than the Pull Test:
The Push and Release Test’s ICC = 0.84 on the first
trial and 0.83 on the third trial, compared with the
Pull Test’s ICC = 0.45 on the first trial and 0.74 on the
third trial. Applying the Push and Release rating scale

to the Pull Test increased the ICC from 0.45 to 0.75 on
the first trial, and increased the ICC from 0.74 to 0.84
on the third trial.

j Consistency of Perturbation Forces

The range of Pull Forces applied to the subjects was
greater than the range of Push Forces applied to the
subjects (p < 0.01), and there was no significant dif-
ference in the range of forces applied by each exam-
iner (Figure 4A and 4B). The duration of the pull
during the Pull Test differed among examiners
(p < 0.0001; Figure 4C).

Discussion

Impaired balance and the consequences of impaired
balance are multi-factorial, and there is no single
measure of balance that can serve as the ‘‘gold stan-
dard’’. We used the subjects’ estimates of their bal-
ance, measured with the ABC scale, and their fall
history as the best indices of the functional impact of
impaired balance. Although this study would benefit
from a prospective assessment of each balance test’s
ability to predict falls, the purpose of this study was to
compare each test’s ability to identify existing
impairments of postural stability.

The Push and Release Test was consistently more
sensitive to subjects with low balance confidence
over repeated trials of the test, whereas the Pull
Test’s sensitivity decreased with trial repetition. The
difference in Pull Test sensitivity with trial repetition
may be because (1) subjects were able to prepare or
brace themselves for a repeated trial of the Pull Test
[10], but were unable to change their initial posture
when repeating the Push and Release Test, and (2)
examiners may have adjusted the strength of their
pull during subsequent trials of the Pull Test,
but the perturbation forces during the Push and
Release Test were relatively consistent from trial to
trial.

Table 2 Descriptive Statistics for each Balance Test by Group and Trial

Balance Test First Trial Third Trial
Mean ± SD; Median (range) Mean ± SD; Median (range)

Subjects with PD (n = 69)
Push & Release Test 2.10 ± 1.16; 2 (0–4) 1.66 ± 1.23; 2 (0–4)
Pull Test 1.24 ± 0.89; 1 (0–4) 0.85 ± 0.89; 0 (0–4)
Pull Test (P&R Scale) 1.76 ± 1.27; 1 (0–4) 1.09 ± 1.19; 1 (0–4)
Control Subjects (n = 69)
Push & Release Test 0.63 ± 0.74; 0 (0–3) 0.50 ± 0.73; 0 (0–3)
Pull Test 0.42 ± 0.53; 0 (0–2) 0.17 ± 0.38; 0 (0–1)
Pull Test (P&R Scale) 0.65 ± 0.78; 0 (0–3) 0.33 ± 0.59; 0 (0–2)
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Compared with the Pull Test, the Push and Release
Test was less specific to the subjects with high balance
confidence. The low specificity of the Push and Re-
lease Test may be because a subset of subjects were
over-confident in their ability to perform balance
tasks, and the Push and Release Test, unlike the Pull
Test, was capable of identifying those subjects.
Compared with highly-confident subjects who dem-
onstrated normal responses to both the Pull Test and
the Push and Release Test, highly-confident subjects
with abnormal responses to the Push and Release Test
but normal responses to the Pull Test demonstrated
lower Functional Reach lengths and one-leg stance
times, suggesting that the Push and Release Test
identified overly-confident subjects with evidence of
impaired balance that the Pull Test did not identify.

A strong association exists among falling and bal-
ance confidence [7, 9]. According to Friedman et al.
[7], subjects who had low balance confidence at
baseline were nearly twice as likely to fall within the
next 20 months, and subjects who had fallen at
baseline were nearly twice as likely to report low
balance confidence 20 months later. Because every
control subject in the current study reported not to
have fallen in the past year, some of the control
subjects may have remained confident in their bal-
ance despite diminishing balance competence. Thus,
the low specificity of the Push and Release Test does
not undermine its usefulness in the clinic, because the
Push and Release Test may help identify patients with
balance impairments before they experience a fall,

thereby providing an opportunity to institute thera-
pies before patients become injured or disabled by
recurrent falls. A long-term prospective assessment,
however, would be necessary to examine this
hypothesis.

Compared with the Pull Test, the Push and Release
Test provided a stronger correlation with falling. For
both balance tests, however, the correlations were
only moderate, probably because factors other than
postural instability (such as freezing and dyskinesia)
contribute to falls. In addition to a stronger correla-
tion to the subjects’ fall history, the Push and Release
Test was more sensitive to subjects who had fallen but
less specific for subjects who had not fallen. Due to
the potential consequences of missing a patient that
has postural instability, the Push and Release Test’s
low specificity to non-fallers with high balance con-
fidence presents a relatively minor problem compared
with the Pull Test’s low sensitivity to subjects with low
balance confidence, because the goal of the test is to
identify postural instability early and in concurrence
with patient complaints. Thus, sensitivity is preferred
over specificity [2].

The Push and Release Test was more consistent
across trials and raters than the Pull Test for exam-
ining postural stability. The Push and Release Test
may have been more consistent because (1) the
magnitude of the perturbation to the subjects was less
variable, (2) examiners could take time to control the
perturbation of the Push and Release Test, whereas
the duration of the perturbation was a source of
variability with the Pull Test, and (3) the functional
definitions provided by the Push and Release rating
scale improved inter-rater reliability.

Both a novel trial and a repeated trial of the Pull
Test presented significant limitations: although the
first trial of the Pull Test was more sensitive than the
third trial to subjects with low balance confidence,
and a novel trial was generally considered to be the
most ecologically valid [2], the third trial of the Pull
Test may actually be preferred because (1) the force of
the perturbation elicited by the first trial of the Pull
Test may not be appropriate, (2) associations with
falls increased from the first to the third trial of the

Fig. 3 (A) Frequency histograms illustrating score differences among subjects
with and without PD for the third trial of the Push and Release Test, the third
trial of the Pull Test, and the ABC questionnaire. The horizontal position of the
‘‘M’’ represents the median score, and the horizontal position of the ‘‘l’’
represents the mean score. (B) Scatter plots demonstrating the combination of
specificity and sensitivity afforded by the first and third trial of the Push and
Release Test and the Pull Test. The diamonds represent individual subjects. The
vertical crossbars separate subjects who reported low balance confidence (ABC
score < 80%) from those who reported high balance confidence (ABC
score ‡ 80%). The horizontal crossbars separate subjects with normal responses
to the balance tests (score = 0) from those with abnormal responses to the
balance tests (score > 0). The diamonds in the shaded regions represent
subjects whose balance confidence was correctly classified by their responses to
the balance tests

b

Table 3 The Sensitivity and Specificity of the Push and Release Test and the Pull Test to Falls

Trial Fall History Push & Release Test Pull Test

Abnormal Response Normal Response Abnormal Response Normal Response

Trial 3 Sensitivity 91%; Specificity 32% Sensitivity 76%; Specificity 50%
Fallers 31 3 26 8
Non-Fallers 23 11 17 17

Trial 1 Sensitivity 100%; Specificity 18% Sensitivity 85%; Specificity 26%
Fallers 34 0 29 5
Non-Fallers 28 6 25 9
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Pull Test, and (3) inter-rater reliability improved from
the first to the third trial of the Pull Test.

Performing a repeated trial of the Push and Release
Test, however, provided a better assessment of pos-
tural stability than either trial of the Pull Test,
regardless of rating scales, because (1) the Push and
Release test provided a high level of sensitivity and
consistency, (2) the Push and Release Test correlated
best with falls, and (3) the Push and Release Test’s low
specificity to balance confidence may actually repre-
sent an ability to identify subjects with a minor bal-
ance impairment before the subjects recognize their
deteriorating balance. Therefore, the third trial of the
Push and Release Test provides a valid, more con-
sistent, and more sensitive alternative to the Pull Test
when assessing postural stability in subjects with PD.

Despite the advantages of the Push and Release
Test, some limitations became evident. First, some
subjects were hesitant to push back into the exam-
iner’s hands. Thus, it may be difficult to execute the
test on all subjects. After completing this study and
with further experience, however, we have found that
subjects do not need to push actively into the exam-

iner’s hands when performing the test; a passive lean
by the subjects into the examiner’s hands is preferred.
By eliminating the need for an active push, subjects
may be less hesitant to perform the Push and Release
Test, and a passive lean provides added reliability by
eliminating variations in the test. As a second po-
tential limitation, the Push and Release rating scale
requires the examiner to differentiate whether a
subject took a step to reorient the feet side by side or
to maintain balance. While this instruction may
introduce some subjectivity into the rating, the Push
and Release Test’s inter-rater reliability remained
high, suggesting that separate examiners could con-
sistently differentiate between the two reasons for
stepping.

As a third limitation, our results showed that the
Push and Release Test was less specific than the Pull
Test for subjects with high balance confidence and no
history of falls. While this lack of specificity may be
due in part because the Push and Release Test iden-
tifies subjects (with or without PD) with burgeoning
balance impairments, the test may be less informative
when testing subjects with good balance. Because the

Fig. 4 (A) Representative traces of the total force applied to the gloves
during the Pull Test and the Push and Release Test from 4 trials performed by
one subject. (B) Bar graph demonstrating the difference between the range of

the Pull Forces and the range of the Push Forces. (C) Bar graph demonstrating
the difference among examiners in the duration of the pull during the Pull
Test
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Push and Release Test provides high sensitivity and
the Pull Test provides high specificity, the two tests
may best be used together as complimentary assess-
ments. Nevertheless, the results demonstrate that the
third trial of the Push and Release Test provides a
valid, more consistent, and more sensitive alternative
to the Pull Test when assessing postural stability in
subjects with PD.
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