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Background and Purpose
Parkinson disease (PD) results in an increased frequency of falls relative to the
frequency in neurologically healthy people. The purpose of this study was to com-
pare the accuracy of PD fall risk diagnosis based on one test with that based on the
collective interpretation of multiple tests.

Participants
Seventy people with PD (mean age�73.91 years) participated in this study.

Method
Clinical balance tests were conducted during the initial examinations of people with
PD. Validity indices were calculated for individual tests and compared with validity
indices calculated for a combination of multiple tests.

Results
Thirty-six participants reported a fall history. Analysis of individual tests revealed
broad variations in validity indices, whereas the collective interpretation of multiple
tests improved sensitivity and negative likelihood ratios.

Discussion and Conclusion
Collective interpretation of clinical balance tests resulted in fewer false-negative
results and more substantial adjustments to the posttest probability of being a “faller”
than the interpretation of one test alone. These results should be confirmed in a
prospective examination of fall risk in PD.
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Idiopathic or sporadic Parkinson
disease (PD) is currently the sec-
ond most common neurodegen-

erative disease in the United States,
second only to Alzheimer disease,
with approximately 60,000 new di-
agnoses being made each year to
add to the 1.5 million Americans al-
ready diagnosed with this condi-
tion.1,2 Common symptoms of PD
are progressive postural instability,
hypokinesia, rigidity, and tremor.3,4

These motor deficits, particularly
postural instability, contribute to an
increased frequency of falls (preva-
lence estimates of between 38%
and 73%) and a greater incidence
of fall-related injuries in people with
PD than in people who are neuro-
logically healthy.5 Fall-related inju-
ries appear to be more common in
people with PD, with fractures be-
ing of particular concern. For exam-
ple, Williams et al6 reported a 73%
incidence of falling in people with PD,
and 80 of those people (16.9%) sus-
tained a total of 96 fractures. Of those
fractures, hip fractures constituted
46.9% of all fractures in people with
PD, whereas one third of the fractures
occurred in the upper limb. In addi-
tion, other authors7,8 have demon-
strated that people with PD have an
alarming 5 to 9 times greater risk of
experiencing a hip fracture than do
age-matched people without PD.

The heterogeneity of motor deficits
associated with PD is relevant to an
examination of fall risk in people
with PD. People with PD, who are
at risk for falls, can demonstrate
problems with broad areas of move-
ment control, including, but not
limited to, sensory integration, func-
tioning with a narrow base of sup-
port, controlling their center-of-mass
movement within their base of sup-
port, and coordination of anticipa-
tory postural control tasks.9,10 Addi-
tional factors that can contribute to
fall risk in people with PD include
comorbid conditions (eg, peripheral
neuropathy) and medication side ef-

fects (eg, postural hypotension and
dyskinesias).

Although some degree of postural in-
stability is present in many people
with PD, not all people with PD dem-
onstrate losses of balance or falls dur-
ing daily activities. A variety of clini-
cal balance tests have been used to
attempt to provide valid diagnostic
tools for people who may be at risk
for falls. Four such clinical balance
tests are the Berg Balance Scale (BBS),
the Dynamic Gait Index (DGI), the
Functional Reach Test (FRT), and the
2.44-m (8-ft) Up and Go Test.11–15

These tests appear to be reliable and
valid for examining fall risk in geriatric
populations, but limited validity stud-
ies have been performed with popula-
tions with PD.

Previous researchers have reported
that a history of 2 or more falls in the
preceding year is the best predictor
of future falls in people with PD.5

However, such data do not help cli-
nicians who are attempting to diag-
nosis fall risk in a person who has
PD but who has not yet fallen or
has not yet experienced recurrent
falls. Researchers and clinicians con-
cerned with falls in people with PD
have commented on the inaccuracy
of individual clinical balance tests in
identifying people who have PD and
who may be at risk for falls and have
called for alternative means of diag-
nosing fall risk.16–20 Considered to-
gether, these studies consistently
concluded that reliance on the re-
sults of one clinical balance test to
diagnose fall risk in people with PD
provides a limited perspective of
each person’s risk that is incompati-
ble with the heterogeneous nature of
fall risk in people with PD.

For this reason, the overall objec-
tives of this study were to describe
and compare the diagnostic accura-
cies associated with individual clini-
cal balance tests and the collective
interpretation of multiple tests for a

sample of people with PD. To ac-
complish these overall objectives,
we systematically examined the fol-
lowing questions:

1. Is each individual clinical balance
test a valid measure of fall risk?
On the basis of previous re-
search,16,18 we hypothesized that
each test could accurately distin-
guish people with PD and a his-
tory of falls from those without a
history of falls.

2. With a priority placed on ruling
out a diagnosis of fall risk (maxi-
mizing sensitivity and minimizing
the negative likelihood ratio [LR]),
how do the validity indexes of
individual clinical balance tests
compare with the validity indexes
of combinations of the same clin-
ical balance tests? Previous re-
search suggests that multiple tests
more accurately sample the vari-
ous components of postural insta-
bility and fall risk in people with
PD.16,18,19 Based on this research,
we hypothesized that the collec-
tive interpretation of multiple
clinical balance tests would im-
prove diagnostic accuracy over
that obtained with individual test
interpretation.

Finally, we used our statistical results
to propose a data-driven clinical bal-
ance examination algorithm for peo-
ple with PD.

Method
Facility and Participants
The site of data collection houses
a Parkinsonism Exercise Program
sponsored by the American Parkin-
son Disease Association. All people
receiving care at this facility sign a
University of Utah Health Sciences
Center Institutional Review Board–
approved consent form allowing the
tracking of measures of physical per-
formance. All people receiving tradi-
tional outpatient physical therapy or
participating in a community-based
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risk reduction program from 2004 to
2006 represented the accessible
population for this study. Inclusion
criteria were a confirmed medical di-
agnosis of idiopathic PD,21 the phys-
ical ability to perform at least 3 of the
4 clinical balance tests (BBS, DGI,
FRT, and Up and Go Test), and the
cognitive ability to actively partici-
pate in the balance tests and report
fall history. Exclusion criteria were
an age of less than 60, an inability to
follow 1- or 2-step commands via ver-
bal or tactile cuing, and significant
orthopedic (eg, fracture or moderate
to severe osteoarthritis) or other
neurologic (eg, stroke or traumatic
brain injury) conditions.

Over the 2-year period during which
data were collected, approximately
350 participants with varied neuro-
logic and musculoskeletal diagnoses
were examined at the facility. Sev-
enty people with idiopathic PD (54
men and 16 women), with a mean
age of 73.91 years (SD�6.45 years),
and with a median modified Hoehn
and Yahr staging level of 2.5
(range�1–4) met the inclusion and
exclusion criteria and were the par-
ticipants included in this analysis.
Thirty-six people (51%) reported a
history of at least 2 falls in the previ-
ous year (fall group), whereas the
remaining 34 people reported fewer
than 2 falls in the previous year (non-
fall group) (Tab. 1). There were no
significant differences between the
fall and nonfall groups in any of the
demographic variables (P�.05).

Procedure
All potential participants signed in-
formed consent forms during their
initial examinations. One physical
therapist (DJB), who specializes in
rehabilitation for PD, performed all
of the physical therapy examina-
tions. Participants were interviewed,
and the following variables were re-
corded in their medical records: age,
sex, fall and near-fall history (includ-
ing the number of falls in the previ-

ous year), duration of PD (in years),
past medical and surgical history,
and current medication regimen. Fol-
lowing the clinical interview, each
participant underwent a standard ex-
amination of vital signs, sensory and
motor function, and physical perfor-
mance capabilities. The physical per-
formance examination included mul-
tiple clinical balance tests (at least 3
of the following 4 tests: BBS, DGI,
FRT, and Up and Go Test). These
tests were used because of their es-
tablished reliability and validity and
because we believed that they col-
lectively examined several impor-
tant components of balance abilities
in people with PD. Recording of the
Up and Go Test consisted of 3 in-
dividual trials, with the mean time
for trials calculated and documented.
Single trials of all other tests (BBS,
FRT, and DGI) were performed pri-
marily because of time limitations.
All participants were given a 5-
minute recovery period between in-
dividual balance tests to decrease
fatigue. Each physical therapy exam-
ination took approximately 1 to 1.5

hours. All participants were instructed
to be on the “on-dopamine replace-
ment” phase of their medication cycle
for their initial examinations.

For the purposes of this study, demo-
graphic as well as numerical clinical
balance test data were extracted
and recorded for each individual.
Each participant’s disease severity
was determined using Hoehn and
Yahr staging criteria.22 In 5 of the
cases, the participants could not es-
timate their PD duration or the PD
duration was not recorded in the
medical records. In those cases, a
value of 1 was assigned to acknowl-
edge that the participants were diag-
nosed with PD. Participants were di-
vided into groups based on fall
history. Participants placed in the fall
group were those who reported 2 or
more falls within the previous year,
and participants placed in the nonfall
group were those with fewer than 2
self-reported falls in the previous
year. A fall was classified as an un-
expected contact of any part of the
body with the ground.23 This defini-

Table 1.
Participant Demographicsa

Variable Fall Group
(n�36)

Nonfall Group
(n�34)

Sex (n)

Men 28 26

Women 8 8

Age (y)

X 75.25 72.50

SD 5.15 7.40

95% CI 73.51–76.99 69.92–75.08

Duration of Parkinson disease (y)

X 8.32 6.49

SD 8.67 4.93

95% CI 5.39–11.25 4.77–8.21

Modified Hoehn and Yahr staging level

Median 2.5 2.0

Range 1–4 1–3

a CI�confidence interval.
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tion of a fall was consistent with pre-
vious studies of prediction of falls in
people with PD and people without
PD.5,23,24

Data Analysis
Data analysis was performed with
SPSS for Macintosh (version 11.0)*
and Confidence Interval Analysis
(version 2.0).† Demographic and
disease-related variables were sum-
marized with descriptive statistics.
Between-group comparisons were
performed to determine whether
people in the fall group and people
in the nonfall group performed dif-
ferently on the clinical balance tests
of interest (BBS, DGI, FRT, and Up
and Go Test). Comparisons of demo-
graphic and balance test perfor-
mance differences between groups
were accomplished with separate
nonparametric tests for 2 indepen-
dent groups (Mann-Whitney U tests)
with a level of significance set at
P�.05.25

With each participant’s self-reported
fall history as the gold standard for
the measurement of fall risk, sensi-
tivity, specificity, and LRs (positive
and negative)26,27 were calculated. In
order to explore these validity in-
dexes, we first had to interpret the
test results in a dichotomous fashion
in relation to an established cutoff
score for fall risk. Because we had
concerns that adjusting cutoff scores
and performing collective interpreta-
tion of tests were overly compli-
cated, for the purposes of this re-
search, we chose to use cutoff scores
that are currently accepted in the
literature.13,14,18,23,28–30 Participants
were determined to be positive for
fall risk if they reached the threshold
value for a specific clinical balance
test (FRT value of �25.4 cm, BBS
score of �46/56, DGI of �19/24,

and Up and Go Test value of �8.5 s),
whereas they were considered to be
negative for fall risk if they did not
reach the threshold value (FRT value
of 25.4 cm, BBS score of 46/56, DGI
of 19/24, and Up and Go Test value
of �8.5 s).13,14,18,23,28–30

Sensitivity in this context was de-
fined as how often a clinical balance
test detected fall risk for a partici-
pant in the fall group.26,27,31 Sensitiv-
ity values close to 1.0 indicated that
the majority of “true fallers” were
identified.26,27,31 Specificity was de-
fined as how often a clinical balance
test result was negative for a partic-
ipant in the nonfall group. Specificity
values close to 1.0 indicated that the
majority of “true nonfallers” were
identified.26,27,31 Although sensitivity
and specificity are the validity indi-
ces most recognizable to clinicians,
what they actually tell clinicians is
how likely a clinical balance test re-
sult is to be positive or negative
given that a person with PD is at high
risk for falls or is not at high risk for
falls. There is a paradox of relying on
sensitivity and specificity because
knowledge of a person’s degree of
fall risk would eliminate the need for
a diagnostic clinical balance test in
the first place.

To overcome the limitations of sen-
sitivity and specificity, positive and
negative LRs were calculated. The
advantage of LRs is that they allow a
clinician to quantitatively estimate
the posttest probability of an individ-
ual participant being in the fall
group.26,27,31 The positive LR was
calculated as sensitivity/(1 � speci-
ficity) and used to answer the follow-
ing question: How much more likely
is a positive clinical balance test re-
sult to be found in a person in the
fall group than in a person in the
nonfall group? A larger positive LR
amplified the probability of a person
being in the fall group, given a posi-
tive clinical balance test result.26,27,31

The negative LR was determined as

(1 � sensitivity)/specificity and used
to answer the following question:
How much more likely is a negative
clinical balance test result to be found
in a person in the nonfall group than in
a person in the fall group? A smaller
negative LR reduced the probability
of a person being in the fall group,
given a negative clinical balance test
result.26,27,31

In addition to the analysis of each
individual test, we calculated these
same statistical measures (sensitivity,
specificity, positive LR, and negative
LR) for 3 differential groups of tests:

1. One or more positive tests: The
criterion to meet this standard
was interpretation of the results
of at least one of the clinical bal-
ance tests performed as positive
for fall risk on the basis of the
operationally defined cutoff scores.

2. Two or more positive tests: The
criterion to meet this standard
was interpretation of the results
of at least 2 of the clinical balance
tests performed as positive for fall
risk on the basis of the operation-
ally defined cutoff scores.

3. Three or more positive tests: The
criterion to meet this standard
was interpretation of at least 3 of
the clinical balance tests per-
formed as positive for fall risk on
the basis of the operationally de-
fined cutoff scores.

Because sensitivity and a negative LR
are both used to “rule out” a person
from the fall group (minimizing false-
negative results), they were grouped
together in the presentation of our
results. Because specificity and a pos-
itive LR are both used to “rule in” a
person in the fall group (minimizing
false-positive results), they were
grouped together in the presentation
of our results.

* SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.
† University of Southampton, Mail Point 820,
Southampton General Hospital, Southampton,
United Kingdom SO16 6YD.
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It is important to note that in the
context of determining fall risk, we
believe that misclassifying a partici-
pant as not being at risk for falls
when that participant is at high risk
for falls (a false-negative result) car-
ries more significant consequences
than misclassifying a participant as
being at high risk for falls when that
participant is not at high risk for
falls (a false-positive result). For this
reason, our goals for the interpreta-
tion of validity indexes were aimed
at minimizing false-negative results,
thus increasing sensitivity and reduc-
ing the negative LR.

Results
Validity of Individual Clinical
Balance Tests
For each test used in the present
study, the mean clinical balance test
values were significantly different
between the fall and nonfall groups
(P�.05). In each test, the perfor-

mance of the nonfall group ex-
ceeded that of the fall group. In ad-
dition, in 3 of the 4 tests (all except
the Up and Go Test), the 95% confi-
dence intervals (CIs) of the fall and
nonfall groups did not overlap
(Tab. 2).

The highest level of sensitivity (95%
CI) of any individual clinical balance
test was 0.77 (0.61–0.88), for the
FRT, whereas the smallest negative
LRs (95% CIs) for any individual bal-
ance test were calculated for the FRT
and the DGI: 0.42 (0.21–0.83) and
0.42 (0.24–0.73), respectively. In
the context of a negative balance test
result, such sensitivity and negative
LR values indicate a small number of
false-negative results and a moderate
ability to reduce the posttest proba-
bility of being in the fall group.

The highest level of specificity (95%
CI) of any individual clinical balance

test was 0.85 (0.68–0.94), for the
DGI, whereas the largest positive
LR value (95% CI) for any individual
balance test was calculated for the
DGI: 4.26 (1.67–11.18) (Tab. 3). In
the context of a positive clinical bal-
ance test result, such specificity and
positive LR values indicate a rela-
tively small number of false-positive
results and clinical significance
through amplification of the pretest
probability of being in the fall group.

Validity of Collective
Interpretation of Multiple
Clinical Balance Tests
The combination of one or more
positive tests resulted in the highest
levels of sensitivity (95% CI) and neg-
ative LR (95% CI): 0.97 (0.83–0.99)
and 0.14 (0.012–0.65), respectively;
however, the levels of specificity and
positive LR were relatively low. In
the context of one or more positive
clinical balance tests, such sensitivity

Table 2.
Between-Group Comparisons of Individual Clinical Balance Testsa

Variable Fall Group (n�36) Nonfall Group (n�34)

X (SD) 95% CI X (SD) 95% CI

Functional Reach Test (cm) 18.33 (6.91) 16.00–20.68 23.88 (8.26) 20.85–26.92

Dynamic Gait Index (0–24) 17.92 (3.27) 16.57–19.27 20.81 (2.15) 19.96–21.66

Berg Balance Scale score (0–56) 40.75 (8.96) 37.72–43.78 50.00 (5.97) 47.81–52.19

Up and Go Test (s) 12.19 (5.55) 10.26–14.13 9.50 (6.21) 7.30–11.71

a Significant difference between groups (P�.05), determined by nonseparate nonparametric tests for independent groups. CI�confidence interval.

Table 3.
Sensitivity, Specificity, and Likelihood Ratios (LR) for the Individual Clinical Balance Testsa

Variable
(Cutoff Score)

Sensitivity (95% CI) Specificity (95% CI) Negative LR (95% CI) Positive LR (95% CI)

Functional Reach Test
(25.4 cm)18

0.77 (0.61–0.88) 0.55 (0.38–0.71) 0.42 (0.21–0.83) 1.71 (1.11–2.62)

Dynamic Gait Index
(19/24)14

0.64 (0.45–0.8) 0.85 (0.68–0.94) 0.42 (0.24–0.73) 4.26 (1.67–11.18)

Berg Balance Scale score
(45/56)32

0.64 (0.48–0.78) 0.83 (0.66–0.93) 0.43 (0.27–0.69) 3.83 (1.66–8.85)

Up and Go Test
(8.5 s)13,30

0.68 (0.50–0.80) 0.53 (0.37–0.69) 0.46 (0.18–1.23) 1.23 (0.95–1.60)

a CI�confidence interval.
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and negative LR values indicate very
few false-negative results and clinical
significance through reduction of
the posttest probability of being in
the fall group to a larger extent than
that realized with any individual test.

The combination of 3 or more posi-
tive tests resulted in the highest lev-
els of specificity (95% CI) and posi-
tive LR (95% CI): 0.80 (0.57–0.85)
and 2.48 (1.35–4.57), respectively;
however, the levels of sensitivity and
negative LR were relatively low. In
the context of 3 or more positive
clinical balance tests, such specific-
ity and positive LR values indicate a
moderate number of false-positive
results. However, such positive LR
values support clinical significance
by helping to “rule in” fall risk
through amplification of the pretest
probability of being in the fall group.

The combination of 2 or more posi-
tive tests resulted in validity indexes
between the extremes seen with the
other 2 combinations (sensitivity
[95% CI]: 0.82 [0.67–0.92]; negative
LR [95% CI]: 0.34 [0.16–0.76]; spec-
ificity [95% CI]: 0.51 [0.36–0.67];
and positive LR [95% CI]: 1.70 [1.17–
2.47]) (Tab. 4).

Discussion
Our clinical experience has been
that diagnosing fall risk in people
with PD is a challenging clinical task.
On multiple occasions, we have ex-
amined fall risk in people who have
PD, who have no fall history, and
who have scored above the accepted

cutoff scores for an individual clini-
cal balance test, only to observe
these people subsequently experi-
encing a fall and injury. In these
cases, we believe that the interpreta-
tion of an individual clinical balance
test alone resulted in a misdiagnosis
of fall risk.

In response to these experiences,
we sought ways to improve diagnos-
tic accuracy through the reduction
of false-negative decisions. Prioritiza-
tion of sensitivity and negative LR
values allowed us to correctly diag-
nose as many “true fallers” as possi-
ble while accepting an increased ten-
dency to label some “nonfallers” as
“fallers” (false-positive results). This
article reports our analysis of poten-
tial diagnostic solutions.

On the basis of our findings, we con-
clude that the performance and col-
lective interpretation of multiple
clinical balance tests allow clinicians
the ability to more accurately iden-
tify people with PD at true risk of
falling than does individual test inter-
pretation. In our opinion, multiple
tests more accurately sample the var-
ious components of postural instabil-
ity and fall risk in people with PD.

Testing the Difference Between
People With a History of Falls and
People Without a History of Falls
The first research question analyzed
pertained to the validity of each in-
dividual clinical balance test as a
measure of fall risk. We hypothe-
sized that individual clinical balance

tests could accurately distinguish
people with PD and a history of falls
from those without a history of falls.
In agreement with other studies, all
of the clinical balance tests exam-
ined in the present study could dis-
criminate people with PD and a his-
tory of falls from those without a
history of falls.16,18,32 These findings
strengthen the evidence that all of
these measures have a basic level of
content validity in that they have the
ability to detect a difference in bal-
ance test performance in people
with PD when one exists.

In contrast to previous studies of the
Timed “Up & Go” Test,16,33,34 2 fac-
tors question the diagnostic utility of
the Up and Go Test in our sample.
First, the overlap of the 95% CIs of
the fall and nonfall groups on the
Up and Go Test suggests that this
test was less useful than the other
tests at distinguishing people in the
fall group from those in the nonfall
group (Tab. 2). In addition, the 95%
CIs of the LRs for the Up and Go Test
encompassed 1, indicating that the
Up and Go Test results contributed
little ability to modify the posttest
probability of falling.

Are Multiple Tests More Clinically
Useful Than an Individual Test?
Once we felt confident that the clin-
ical balance tests were valid, the
next diagnostic decision analyzed
was the relative benefit of individ-
ual test interpretation versus collec-
tive interpretation of multiple tests.
This analysis was done with a prior-

Table 4.
Sensitivity, Specificity, and Likelihood Ratios (LR) for the Battery of Clinical Balance Testsa

Variable (n) Sensitivity (95% CI) Specificity (95% CI) Negative LR (95% CI) Positive LR (95% CI)

�1 (62) 0.97 (0.83–0.99) 0.32 (0.19–0.49) 0.09 (0.01–0.82) 1.44 (1.13–1.82)

�2 (44) 0.82 (0.67–0.92) 0.51 (0.36–0.67) 0.34 (0.16–0.76) 1.69 (1.16–2.47)

�3 (32) 0.65 (0.49–0.79) 0.80 (0.57–0.85) 0.47 (0.28–0.77) 2.48 (1.35–4.57)

a n�number of people who tested positive within each condition. �1 indicates the condition in which at least 1 clinical balance test was positive for fall risk,
�2 indicates the condition in which at least 2 clinical balance tests were positive for fall risk, and �3 indicates the condition in which at least 3 clinical
balance tests were positive for fall risk. CI�confidence interval.
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ity placed on ruling out a diagnosis
of fall risk (maximizing sensitivity
and minimizing the negative LR).
The results of the present study indi-
cated that the collective interpreta-
tion of multiple clinical balance tests
(when more than 1 or 2 tests were
positive) reduced the false-negative
rate to a greater degree than did the
interpretation of any individual test
alone. To our knowledge, although
this type of analysis was previously
suggested,16,18,19 such a study had
not been previously reported.

Despite the improved sensitivity of
collective interpretation, the results
of the present study in isolation are
of limited clinical utility. As stated in
the Method section, sensitivity and
specificity alone are limited in their
diagnostic abilities because they re-
quire a clinician to know the fall di-
agnosis (falls versus no falls). The
more clinically useful tools derived
from our data are the LRs.

To emphasize the clinical utility of
our calculated LRs, a clinical case ex-
ample is provided. Clinical case 1
illustrates the utility of the negative
LR in answering the following ques-
tion: How much more likely is a neg-
ative result on multiple clinical bal-
ance tests to be found in a person
who has PD but no fall history than
in a person who has PD and a fall
history?

In clinical case 1, a 65-year-old man
with PD, mild hypometria, unilateral
resting tremor, and no prior history
of falling attends a clinic. Using the
incidence of falling in our sample as
the pretest probability of falling, a
51% pretest probability of falling is
assumed. During the physical exam-
ination, the man is able to reach only
20 cm on the FRT but does not reach
the fall risk threshold for any of the
other clinical balance tests. Because
the man has only 1 positive test (and
3 negative clinical balance tests), a
negative LR of 0.09 is applied

(Tab. 4). By using an LR nomo-
graph27,31,35 (Fig. 1), a clinician can
calculate that the man has an 8%
posttest probability of falling. On the
basis of severity and symptoms,36,37

the clinician may determine that the
man is not currently at high risk and

that intensive one-on-one physical
therapy may be deferred. The man
can be counseled on alternative ther-
apeutic options, such as community-
or home-based exercises designed to
reduce fall risk or improve postural
stability.38–40 It is critical that serial

Figure 1.
Nomograph for interpreting diagnostic test results. The bold line indicates the appli-
cation of a negative likelihood ratio (LR) of greater than one positive clinical balance test
(0.09) to calculate the posttest probability of falling in a person with Parkinson disease.
Reprinted with permission from: Centre for Evidence-Based Medicine (www.cebm.net/
downloads.asp).
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examinations over time be sched-
uled and performed because it is
likely that postural instability and fall
risk will worsen over time as the
severity of the PD progresses (path A
in Fig. 2).

Clinical Decision-Making
Algorithm
Although our analysis strongly sup-
ports the collective interpretation of
clinical balance tests as a means of
minimizing false-negative results and
reducing the posttest probability of
falling, it does not provide guidance
on the order in which the tests
should be administered. To gain in-
sight, we used our individual test
data to construct a clinical decision-
making algorithm based on the rela-

tive validity indices of the individual
tests. Because the DGI possesses the
best overall positive LR compared
with the other clinical balance tests
(BBS, FRT, and Up and Go Test), we
recommend that the DGI be used
first, followed by the BBS (which
contains the FRT).

The following clinical case illustrates
the utility of this clinical decision-
making algorithm. In clinical case 2,
a 72-year-old woman with PD, brady-
kinesia, dementia, and a history of 2
falls in the previous year is referred
to a physical therapist for examina-
tion and treatment. During the exam-
ination, the woman scores 15 of 24
on the DGI. Because the woman has
a positive DGI result, she can be clas-

sified as having a significant fall risk,
and physical therapy intervention
may be justified (path B in Fig. 2). If
the woman had a negative score on
the DGI, then the physical therapist
could perform the BBS (because it
possesses the second largest positive
LR and contains the FRT). If the
woman had a positive score on the
BBS or the FRT, then she would be
classified as having a significant fall
risk, and physical therapy would be
justified (path C in Fig. 2). Given her
report of previous falls, if the woman
had negative scores on both the BBS
and the FRT, then the physical ther-
apist should consider other potential
causes for the previous falls (path D
in Fig. 2).

Figure 2.
Proposed clinical decision-making algorithm that involves the serial use of clinical balance tests. See text for details. PD�Parkinson
disease.
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Limitations and Directions
for Future Research
Although our findings appear to
have clinical relevance, they should
be interpreted cautiously. From a
research design standpoint, our sam-
ple was relatively small and was de-
rived from only one outpatient facil-
ity. For this reason, people with mild
PD and people with severe PD were
not represented in large numbers.
In addition, although the research
plan and data gathering were pro-
spective, we relied on each partici-
pant’s self-reported fall history as
the diagnostic gold standard for fall
risk. A similar method should be ap-
plied to a sample of people with
PD, with prospective observation of
fall history as the diagnostic gold
standard. Finally, we used the cutoff
scores most commonly referenced
in the literature, as opposed to alter-
ing the cutoff scores, as has been
suggested in other research.16,18 The
rationales for the recalculation of
cutoff scores and the collective in-
terpretation of multiple tests are sim-
ilar, that is, minimizing false-negative
results. In the present study, we
chose to constrain our analysis and
examine only the effect of collective
interpretation. Future research should
compare these methods directly.

Although the accurate identification
of fall risk is important so that people
at risk and their caregivers are aware
of the risk for injury, we have made
the assumption that accurate identi-
fication of fall risk will lead to effec-
tive treatment. However, there are
relatively few studies documenting
improved postural stability, reduced
fall risk, or reduced fall occurrence
as a result of physical therapy inter-
vention. Additional research should
be performed to add to the few stud-
ies that have directly examined the
effects of rehabilitation interventions
on fall risk and fall occurrence.39–42

Conclusion
Given the heterogeneity of motor
deficits in people with PD, it is un-
likely that one clinical balance test
can capture the full range of any per-
son’s fall risk. For a sample of 70
subjects with idiopathic PD, the
present study provided evidence
that the collective interpretation of
multiple clinical balance tests has
clinical utility in diagnosing fall risk
in people with PD. Although the
collective interpretation of multiple
tests was suggested by previous re-
search,18,19 the present study is the
first to document that this method
results in fewer false negative diag-
noses and more accurate estimations
of the posttest probability of falling
than the interpretation of one test
alone. These results should be tested
in a prospective examination of the
validity of these clinical balance tests
performed on a larger, more heteroge-
neous sample of people with PD.
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