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Background. Body-worn, inertial sensors can provide many objective measures of balance
and gait. However, the objective measures that best reflect patient perception of mobility
disability and clinician assessment of Parkinson disease (PD) are unknown.

Objective. The purposes of this study were: (1) to determine which objective measures of
balance and gait are most related to patient perception of mobility disability and disease
severity in people with PD and (2) to examine the effect of levodopa therapy on these
correlates.

Design. This was an experimental correlation study.

Methods. One hundred four people with idiopathic PD performed 3 trials of the Instru-
mented Stand and Walk Test (ISAW) in the “on” and “off” medication states. The ISAW consists
of quiet standing (30 seconds), gait initiation, straight walking (7 m), and turning (180°),
yielding 34 objective measures of mobility from body-worn inertial sensors. Patient perception
of mobility disability was assessed with the Activities-specific Balance Confidence (ABC) scale
and the mobility subscale of the Parkinson’s Disease Questionnaire (PDQ-39). Disease severity
was assessed with the Unified Parkinson’s Disease Rating Scale, part III (motor UPDRS).
Spearman correlations were used to relate objective measures of mobility to patient perception
and disease severity.

Results. Turning speed, gait speed, and stride length were most highly correlated to severity
of disease and patient perception of mobility disability. The objective measures of mobility in
the off-medication state were more indicative of patient perception of mobility disability and
balance confidence compared with on-medication state measures.

Limitations. Causation is an inherent problem of correlation studies.

Conclusion. Physical therapists should evaluate mobility in people with PD in the off-
medication state because the off-medication state is more related to disease severity and patient
perception of mobility disability than the on-medication state mobility. Assessment and treat-
ment of mobility in people with PD should target specific measures (ie, turning, gait speed,
and stride length) because these measures best reflect patients’ quality of life and balance
confidence.
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Gait and balance impairments are
common manifestations of idio-
pathic Parkinson disease (PD).

These motor symptoms are debilitating,
leading to decline in balance confidence1

and self-perceived motor function.2

Reduced walking capacity and postural
instability have consistently been identi-
fied as predictors of increased fear of
falling and reduced mobility, with conse-
quent reduced quality of life.3–6 Yet, it is
not known which specific characteristics
of gait and balance function contribute
most strongly to patient perception of
mobility disability (ie, balance confi-
dence and perceived motor functioning)
or whether patient perception is consis-
tent with aspects that are associated
with disease severity. For example, it is
possible that balance impairments, as
reflected by increased postural sway in
stance or increased double support time
in gait, are more reflective of perceived
mobility disability than bradykinetic
aspects of gait. Alternatively, bradyki-
netic aspects of gait may be more related
to disease severity than balance because
motor slowness is weighted heavily in
the Unified Parkinson’s Disease Rating
Scale (UPDRS) evaluation.7

A recent exercise study showed that
although measures of gait and balance
change with exercise, patient percep-
tion of mobility disability and clinical rat-
ings of disease severity can be insensitive
to these changes.8 Canning et al9 showed
that exercise can improve balance and
gait, as well as balance confidence and
quality of life. Therefore, it is important
to understand which specific gait and
balance impairments are best related to
patient perception of mobility disability
and disease severity.

Body-worn, inertial sensors can automat-
ically provide many objective measures
of balance and gait.10 We examined 34
mobility metrics in a large cohort of peo-
ple with PD performing a defined loco-
motor sequence that was designed to
capture key aspects of functional mobil-
ity: standing, gait initiation, walking, and
turning.

The aim of this study was to determine
which specific objective measures of bal-
ance and gait best correlate with balance

confidence and perceived mobility func-
tion in people with PD. Motor function
in people with PD can fluctuate greatly
between the on- and off-medication
states, and it is not known whether
patients evaluate their past mobility dis-
ability based on their best or worst motor
state. Understanding which specific
aspects of functional mobility are repre-
sentative of patient perception of mobil-
ity disability will help identify targets for
rehabilitation interventions that improve
quality of life. We hypothesized that pos-
tural instability and slowness of gait and
turning (dynamic stability task) would
best relate to perceived mobility disabil-
ity and severity of disease because pos-
tural instability and bradykinesia are
primary symptoms of PD. We also
hypothesized that testing balance and
gait in the on-levodopa state would be
best related to patients’ perceived mobil-
ity disability over the previous month, as
the majority of their time is spent in the
on-medication state.

Method
Participants
We recruited 104 participants with idio-
pathic PD (Tab. 1), who had been taking
levodopa for at least 1 year. All partici-
pants were free of musculoskeletal and
neurological impairments, other than
PD, that could affect gait and balance.
Participants gave their informed consent
according to the Declaration of Helsinki.

Procedure
The participants were tested in the
morning in their practical off-medication
state after withholding their antiparkin-
sonian medication for at least 12 hours.
Subsequently, they were retested in their
on-medication state 1 hour after taking a
suprathreshold dose of levodopa (ie,
1.25 times their regular dose). A supra-
threshold dose was administered to
ensure an optimal on-medication state
response that persisted through the
assessment.

Objective Measures of Gait and
Balance
Gait and balance were assessed using the
Instrumented Stand and Walk Test
(ISAW) (Fig. 1).10 Participants were
instructed as follows:

Start by standing with your arms at your
side. Look straight ahead at a fixed
object and remain still without talking
or moving. You should stand naturally,
not rigidly. When I say “Walk,” start
walking forward at a natural and com-
fortable pace. When you cross the line
at the end of the walkway, turn around,
and start walking back. After you cross
the line at the beginning of the walk-
way, stand with your arms by your side
and look straight ahead until you hear
the tone or are told the test is complete.

Participants performed 3 trials of the
ISAW, consisting of standing quietly for
30 seconds, initiating gait with the most
affected leg (participant specified), walk-
ing 7 m, turning 180 degrees, and walk-
ing back 7 m. Initial foot placement
before each trial was standardized to 10
cm between heels and 30-degree out-
ward rotation of feet, with participants’
arms at their sides.11 Participants wore 6
inertial sensors (MTX, Xsens, Enschede,
the Netherlands, or Opals, APDM Inc,
Portland, Oregon) attached to ankles,
wrists, sternum, and lumbar (L5) region.
A total of 34 measures of gait and balance
function were computed using Mobility
Lab’s ISAW test (APDM Inc). These mea-
sures were categorized into 6 domains:
(1) postural sway, (2) initiation of gait,
(3) gait–pace, (4) gait–arm and trunk
movement, (5) gait–dynamic stability,
and (6) turning (Fig. 1, Appendix).

Disease Severity
The Unified Parkinson’s Disease Rating
Scale, part III (motor UPDRS) was admin-
istered by a UPDRS-trained researcher.
The motor UPDRS was used as a clini-
cian’s rating of PD severity and includes
ratings of tremor, bradykinesia, rigidity,
and postural instability and gait difficul-
ties. The motor UPDRS has a score range
of 0 to 108; higher scores indicate
greater severity. Ratings of disease sever-
ity are sensitive to medication state (time
since and size of last dose of levodopa);
therefore, the off-medication state was
chosen as the reference for disease
severity.

The 4-item Postural Instability and Gait
Difficulty (PIGD) subscale score was cal-
culated from the motor UPDRS (arising
from a chair, standing posture, gait, and
postural stability). In addition, partici-
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pants were assessed for dyskinesia using
the modified Abnormal Involuntary
Movement Scale (AIMS)12 and for sever-
ity level with the Hoehn & Yahr scale.13

Video recordings of the assessment were
rated by an experienced clinician who
was blinded to the on- and off-medication
states (except for rigidity, which was
assessed in person).

Patient Perceptions of Mobility
Disability
Self-reported confidence in performing
various ambulatory activities without fall-
ing was assessed using the Activities-
specific Balance Confidence (ABC)
scale.14 The ABC scale score arises from
the average confidence in avoiding a fall
while performing 16 items of everyday
life. A score of 0 represents no confi-
dence, and a score of 100 represents

complete confidence in performing the
various ambulatory activities without fall-
ing or sense of unsteadiness. Perceived
motor functioning was assessed using
the mobility domain of the Parkinson’s
Disease Questionnaire (PDQ-39).15 The
10-item mobility domain of the PDQ-39 is
a health-related quality-of-life instrument
that measures the frequency with which
respondents have difficulty doing func-
tional activities in the previous month.
The PDQ-39 mobility section has a pos-
sible score range of 0 to 40; higher scores
are associated with greater impairment.
Participants also were asked about falls
in the 12 months preceding the
evaluation.

Data Analysis
We calculated the median of 3 ISAW tri-
als for each balance and gait metric in the
on- and off-medication states. The abso-
lute strength of correlation of these met-
rics with the ABC scale, PDQ-39 mobil-
ity, and motor UPDRS (off-medication
state) was assessed using Spearman rho
correlations and plotted as polar plots for
comparisons. Statistical significance was
set at P�.05. Multiple comparisons were
accounted for by using a false discovery
rate (FDR) adjustment set at .05.16 Given
the large number of associations under
question, the FDR was considered more
appropriate over the more conservative,
family-wise error rate corrections such as
Bonferroni.17 This approach allowed for
the false positive rate to be based on
the number of significant associations
observed instead of the total number of
tests.

Role of the Funding Source
This publication was made possible with
support from a grant from the National
Institute on Aging (AG006457); a Chal-
lenge Grant from the National Institute
of Neurological Disorders and Stroke
(RC1 NS068678) and the Oregon Clinical
and Translational Research Institute
(OCTRI) at OHSU; and grant number UL1
RR024140 from the National Center for
Research Resources (NCRR), a compo-
nent of the National Institutes of Health
(NIH), and NIH Roadmap for Medical
Research.

Table 1.
Participant Characteristics (N�104)a

Characteristic Measurements

Age (y) 66.5�6.1 (54–80);

Height (m) 1.73�0.09

Weight (kg) 80.1�14.4

Male (%) 71.2

Disease duration (y) 8.8�5.8 (1–29)

Hoehn & Yahr scale score

Off state 2.5�0.6 (2–4)

2 50% (52)

3 45.2% (47)

4 4.8% (5)

On state 2.4�0.6 (2–4)

2 67.6% (69)

3 28.4% (29)

4 3.9% (4)

Motor UPDRS, part III

Off 35.8�11.6 (10–63)

On 29.8�11.9 (7–57)

PIGD subscore of motor UPDRS, part III

Off state 4.7�2.3 (0–11)

On state 3.8�2.3 (0–12)

Dyskinesia, off/on state, n 0/40

AIMS, on state 6.5�4.3 (1–18)

PDQ-39 mobility 8.1�6.5 (0–25)

ABC scale 80.4�15.9 (42.5–100)

Falls (n�99), % (n)

0 63.6% (63)

1 17.2% (17)

�2 19.2% (19)

Levodopa equivalent dose (mg/d) 1,480.1�4,068.6 (75–37,560)

a Measurements reported as mean�SD (range) unless otherwise stated. ABC scale�Activities-specific
Balance Confidence scale, AIMS�Abnormal Involuntary Movement Scale, UPDRS�Unified Parkinson’s
Disease Rating Scale, PIGD�Postural Instability and Gait Difficulty, PDQ-39�Parkinson’s Disease
Questionnaire.
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Results
One hundred four participants with idio-
pathic PD were tested (Table 1). Partici-
pants had a mean age of 66.5 years
(SD�6.1) and a mean disease duration of
8.8 years (SD�5.8). They were treated
with a mean of 1,480.1 levodopa equiv-
alents (SD�4,068.6) daily. For measure-
ments of disease severity, we found a
mean Hoehn & Yahr scale score of 2.5
(SD�0.6, range�2–4), a mean motor
UPDRS score in the off-medication state
of 35.8 (SD�11.6), and a mean motor
UPDRS score in the on-medication state
of 29.8 (SD�15.9). The average ABC
scale score was 80.4 (SD�15.9), and
mean PDQ-39 mobility score was 8.1
(SD�6.5). Objective measurements of
mobility were obtained from all 104 par-
ticipants. The effect of levodopa on bal-
ance and gait is described elsewhere.18

Balance Confidence
The ABC scale correlated strongest with
turning, pace-related measures of gait,
and dynamic stability during gait in the
off-medication state (Tab. 2). Interest-
ingly, we found only weak correlations
of the ABC scale with postural sway in a

standing position. For measurements
taken in the on-medication state, the cor-
relations with the ABC scale were overall
weaker than in the off-medication state.
Correlations of the ABC scale with objec-
tive measures of balance and gait func-
tion in the off- and on-medication states
are shown in the Figure 2A. Note that for
comparison among metrics, absolute val-
ues of the correlation coefficients are
given (0�no relationship; 1�perfect
relationship). Correlations with a Spear-
man rho �.2 were significant at P�.05.
Objective measures of gait and balance
function are grouped into 6 domains,
indicated by different colors on the outer
radial of the polar plot.

Perceived Mobility Function
The PDQ-39 mobility score showed cor-
relation patterns with the objective mea-
sures similar to those of the ABC scale
(Fig. 2B). The PDQ-39 mobility score was
strongly correlated with turning, pace-
related gait measures, dynamic stability
during gait, range of motion of the trunk
in the frontal plane during gait, and antic-
ipatory postural adjustment peak ampli-
tude in the medial-lateral direction in the

off-medication state. Gait and balance in
the on-medication state were less predic-
tive of perceived motor function than in
the off-medication state (smaller surface
area in the polar plot).

Disease Severity
The UPDRS motor score was most
related to measures of turning, pace-
related gait measures, range of motion of
the trunk in the frontal plane, and initia-
tion of gait. Clinical ratings of disease
severity show a pattern of correlation
similar to that of the ABC scale and the
PDQ-39 mobility scale (Fig. 3; note dif-
ference in axis scaling). However, unlike
the self-perceived measures, we found
no prominent difference in correlation
between the UPDRS motor score taken
in the off-medication state and measures
of balance and gait in the off- and
on-medication states.

False Discovery Rate
A total of 204 correlations were per-
formed, of which 56 were detected as
significant (Spearman rho �.2, P�.05).

Figure 1.
Instrumented Stand and Walk Test (ISAW). Color-coded circles indicate the placement of inertial sensors used for the determination of the
various measures of balance and gait.18 See Appendix for description of measures.
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Table 2.
Spearman Correlations of Gait and Balance Function (Off- and On-Medication States), Patient Perception, and Clinical Ratinga

Measure

ABC Scale �
Off State

ABC Scale �
On State

PDQ-39
Mobility

� Off State

PDQ-39
Mobility

� On State

Motor UPDRS,
Part III

� Off State

Motor UPDRS,
Part III

� On State

rho P rho P rho P rho P rho P rho P

Gait–pace

Gait cycle time –.04 .72 .11 .28 .12 .27 –.07 .50 .28 .01 .14 .18

Cadence .04 .72 –.11 .28 –.12 .27 .07 .50 .28 .01 .14 .18

Stride velocity .26 .01 .13 .22 –.31 <.01 –.12 .27 .38 <.01 .32 <.01

Stride length .30 <.01 .24 .02 –.33 <.01 –.18 .10 .29 .01 .33 <.01

RoM leg .29 .01 .22 .04 –.31 <.01 –.17 .11 .32 <.01 .32 <.01

Gait–arm & trunk movement

Arm peak velocity .14 .18 .14 .20 –.16 .13 –.14 .21 .24 .03 .39 <.01

Asymmetry arm –.06 .55 .09 .43 .09 .40 –.01 .96 .08 .46 .01 .96

Asymmetrical arm swing RoM –.01 .90 .12 .26 –.04 .73 –.15 .15 .07 .49 .14 .20

RoM trunk frontal plane .19 .07 .11 .30 –.25 .02 –.12 .26 .38 <.01 .33 <.01

RoM trunk sagittal plane –.07 .53 –.04 .68 .04 .68 .06 .58 �.01 .99 .13 .22

RoM trunk horizontal plane .06 .57 .03 .78 –.08 .45 –.06 .60 .17 .12 .08 .46

Gait–dynamic stability

Double support time –.24 .03 .03 .75 .25 .02 .04 .71 .18 .09 .11 .30

Stance time –.24 .03 .03 .75 .25 .02 .04 .71 .18 .09 .11 .30

Swing time .24 .03 –.03 .75 –.25 .02 –.04 .71 .18 .09 .11 .30

Turning

Peak velocity .33 <.01 .14 .18 –.32 <.01 –.07 .54 .52 <.01 .39 <.01

Duration –.31 <.01 –.11 .29 .28 .01 .08 .45 .47 <.01 .43 <.01

Number of steps –.29 .01 –.23 .03 .21 .05 .16 .14 .41 <.01 .43 <.01

Mean step time .03 .82 .10 .35 .09 .42 .09 .41 .14 .18 .09 .38

Initiation of gait

APA duration .07 .52 –.06 .56 –.15 .16 –.08 .46 .02 .87 .02 .82

APA latency –.10 .34 –.05 .61 –.01 .93 –.03 .77 .26 .01 .09 .39

APA peak AP .21 .05 .13 .24 –.20 .06 –.17 .11 .31 <.01 .27 .01

APA peak ML .17 .10 .08 .46 –.25 .02 –.09 .41 .35 <.01 .38 <.01

RoM first step .23 .03 .27 .01 –.22 .04 –.25 .02 .11 .29 .22 .04

Duration of first step –.07 .50 .07 .49 .04 .71 –.05 .67 .29 .01 .15 .17

Postural sway

Mean velocity AP –.04 .74 .15 .15 .14 .19 –.06 .59 .23 .03 .19 .07

Sway RMS AP –.04 .74 .12 .25 .08 .48 –.07 .51 .11 .31 .15 .16

Normalized jerk AP .10 .36 –.04 .70 –.03 .79 .02 .83 .04 .74 .08 .45

Centroidal frequency AP .12 .27 –.04 .70 .05 .66 .05 .63 .01 .96 .18 .10

Frequency dispersion AP .14 .20 .06 .58 –.08 .47 –.03 .81 .14 .19 .29 .01

Mean velocity ML –.12 .24 .06 .59 .18 .10 .00 1.00 .17 .11 .10 .35

Sway RMS ML –.09 .42 .04 .69 .18 .10 .01 .92 .22 .04 .12 .25

(Continued)
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After FDR correction, the 56 significant
tests revealed 30 significant associations.

Discussion
The advent of wireless inertial sensors
has generated considerable interest
because of the potential to quickly and
automatically provide many objective
measures of mobility to quantify patient
status. With the proliferation of such
measures a need arises to understand the
relationship between measures of mobil-
ity and perceived balance confidence,
perceived motor function, and disease
severity.

Turning and Gait–Pace Are Most
Indicative of Patient Status
Our study revealed striking coherence in
correlation patterns (ie, both disease
severity and patient perception of mobil-
ity disability were related to the same
objective measures of mobility). Specifi-
cally, turning peak velocity, gait speed,
and stride length were the most highly
related to clinical ratings of severity of
disease, patient perception of balance
confidence, and perceived motor
function.

Consistent with our findings, Bryant et
al3 reported marked differences in walk-
ing speed and stride length during back-
ward and forward walking and 360-
degree turning between people with PD
who had high and low fear of falling. In
a survey study, Nilsson et al4 identified
self-reported walking difficulties and
turning hesitations as also being associ-
ated with fear of falling in people with
PD.

Turning measurements were the stron-
gest correlates of disease severity, as

assessed with the UPDRS motor score.
This finding is interesting, as the UPDRS
motor section includes assessment of
postural instability and gait difficulty, but
not turning difficulty. It appears that
turning difficulty strongly reflects patient
status, agreeing with our previous find-
ings on continuous monitoring of turn-
ing during daily activities.19 In that study,
we found a strong association between
the UPDRS motor score in the
on-medication state and turning velocity
during a week of continuous monitoring
in the home.19 Turning, compared with
straight-ahead walking, is more demand-
ing for dynamic postural stability, as it
requires complex sequencing of body
reorientation toward a new travel direc-
tion with small stability margins20 and,
therefore, might be more vulnerable to
neurological impairments.

Postural sway during quiet standing was
an overall low predictor of UPDRS motor
score, which agrees with findings by
Adkin et al.1 They found only low asso-
ciations of the UPDRS PIGD (on-
medication state) with various standing
balance tasks and one-leg stance duration
correlated better with the UPDRS PIGD.1

In contrast to the ABC scale and PDQ-39
mobility, the motor UPDRS also was not
correlated with gait dynamic stability in
our study.

Effect of Levodopa State
Although participants evaluated their
balance confidence and perceived motor
function over the last month, the stron-
gest relationships with mobility metrics
occurred for measurements taken in the
off-medication state, suggesting that
patients evaluate function in their
worst state. This finding was surprising

because patients taking levodopa
spend less time during the day in their
off-medication state than their
on-medication state. Furthermore, the
instructions of the ABC scale and the
PDQ-39 do not ask the patient to imagine
a particular medication state but the gen-
eral past perception. We are uncertain
why this prominent off-on difference in
correlations between perceived mobility
and gait/balance metrics was not
observed for the clinical severity ratings.
Although the motor UPDRS was mea-
sured only in the off-medication state, it
was equally related to both the on- and
off-medication state balance and gait
metrics, suggesting little change in these
functions or little contribution of balance
and gait to the motor UPDRS score in the
off-medication state.

Clinical Implications
Our study provides a better understand-
ing of the relationship between objective
balance and gait metrics and patients’
and neurologists’ perceptions of mobility
disability. It justifies the physical therapy
focus on improving gait speed, turning,
and postural stability in patients with PD.
A detailed understanding of how neuro-
logical disorders result in balance and
gait impairments that affect patients’
lives and are related to severity of disease
will be useful to target rehabilitation
efforts. That is, improvements in turning
speed, gait speed, and stride length will
more likely be recognized by both
patients and their neurologists, as
improvements in function and disease
severity compared with other measures
of mobility, such as changes in postural
sway, double support time, trunk dis-
placement, or arm swing during gait. In a
randomized controlled trial, it has been

Table 2.
Continued

Measure

ABC Scale �
Off State

ABC Scale �
On State

PDQ-39
Mobility

� Off State

PDQ-39
Mobility

� On State

Motor UPDRS,
Part III

� Off State

Motor UPDRS,
Part III

� On State

rho P rho P rho P rho P rho P rho P

Normalized jerk ML .09 .39 .05 .65 –.09 .42 –.10 .34 .08 .48 .06 .61

Centroidal frequency ML .14 .18 .05 .61 –.14 .19 –.13 .022 .01 .90 .19 .08

Frequency dispersion ML –.07 .50 –.01 .92 .05 .65 –.03 .79 .02 .88 .19 .07

a ABC scale�Activities-specific Balance Confidence scale, UPDRS�Unified Parkinson’s Disease Rating Scale, PDQ-39�Parkinson’s Disease Questionnaire. P
values �.05 are bolded. See Appendix for description of measures.
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shown that exercise can not only
improve physical outcomes but also
reduce fear of falling and quality of life.9

However, changing both physical and
perceived outcomes with exercise
depends on identifying specific physical
outcomes that are highly relevant to

patient perceptions of mobility
disability.

Considering that people with PD associ-
ated their functional balance and gait
performance with their worse state and

not their most common state, the
on-medication state also has important
clinical implications. Therapists seldom
measure balance and gait in patients with
PD in their off-levodopa state, although
these measures best reflect self-
perceived quality-of-life mobility func-
tion and balance confidence. Our study
suggests it could be useful for therapists
to evaluate patients with PD in the off-
medication state (ie, after withholding
antiparkinson medication for 12 hours),
when mobility is most vulnerable and
most related to patients’ perception of
balance confidence and quality of life.
Providing safe strategies for mobility for
patients with PD in those off-medication
state periods may be helpful to improve
quality of life and functional mobility and
reduce falls in patients with PD. Efficacy
of balance and gait training should
include objective measures of mobility
for optimal responsiveness to change.8

Individuals with PD recruited for our
study had mild-to-moderate disability.
Recent efforts have promoted starting
exercise programs early in PD to prevent
motor complications and falls, rather
than to react when they have already
occurred.21,22

Limitations of the Study
There are 2 main limitations to this study.
First, this correlational study cannot
determine whether impaired mobility
leads to fear of falling and mobility dis-
ability, or vice versa. Only the strength of
the relationships can be established. Sec-
ond, the large number of correlations
could result in spurious relationships.
Multiple comparisons were accounted
for by using FDR corrections; after
FDR correction, 30 associations were
significant.

In this study, we identified a marked con-
gruence between patient-reported out-
come measures and specific objective
measures of mobility. Gait–pace and
turning were most indicative of patient-
reported outcome measures and clinical
measures. These results suggest that
turning velocity in the off-medication
state would be a valuable objective out-
come of mobility that reflects both phy-
sician and patient judgments of mobility
for patients with PD.

Figure 2.
Polar plot comparing Spearman correlation of (A) Activities-specific Balance Confidence scale
(ABC scale) and (B) mobility domain of the Parkinson’s Disease Questionnaire (PDQ-39
mobility) with measures of gait and balance function in the off- and on-medication states.
Absolute values given. See Appendix for description of measures.
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Figure 3.
Polar plot comparing Spearman correlation of motor Unified Parkinson’s Disease Rating Scale
(UPDRS), part III (off medication state) with measures of gait and balance function in the off-
and on-medication states. Absolute values given. See Appendix for description of measures.

Gait and Balance Impairments and Mobility Perception in People With PD

November 2016 Volume 96 Number 11 Physical Therapy f 1741



Appendix.
Nomenclature

Instrumented Measure
Unit of

Measure Definition

Gait–pace Pace during straight ahead walking

Gait cycle time s Duration of a complete gait cycle

Cadence steps/min Stepping rate

Stride velocity %h/s Average gait speed normalized for height

Stride length %h Distance between 2 consecutive heel-strikes normalized for height

RoM leg ° Range of motion (RoM) of the leg (calculated from the integrated sagittal
angular velocity, approximation of step length)
Average of the left and right sides

Gait–arm & trunk movement Arm and trunk movement during straight-ahead walking

Arm peak velocity °/s Peak (95%) angular velocity of most affected arm

Arm swing RoM ° Range of motion of most affected arm during arm swing

Asymmetry arm swing RoM % Average asymmetry of left and right arm swing range of motion

RoM trunk frontal plane ° Average range of motion of trunk in frontal plane

RoM trunk sagittal plane ° Average range of motion of trunk in sagittal plane

RoM trunk horizontal plane ° Average range of motion of trunk in horizontal plane

Gait–dynamic stability Dynamic stability during straight-ahead walking

Double support time % of gait cycle Percentage of a gait cycle that both feet are on the ground

Stance time % of gait cycle Average percentage of a gait cycle that either foot is on the ground

Swing time % of gait cycle Average percentage of a gait cycle that either foot is off the ground

Turning 180° turn

Peak velocity °/s Peak (95%) angular velocity of trunk during turning

Duration s Duration of a 180° turn

Mean step time s Average duration of step during 180° turn

Number of steps n Total number of steps during 180° turn

Initiation of gait Anticipatory postural adjustments (APA) made during voluntary initiation of the
first step to begin walking

APA duration s Time from APA onset to end

APA latency s Time from APA onset to first heel-strike (from APA onset to peak angular
velocity of the stepping leg, approximation of the first step velocity)

APA peak AP g Peak trunk acceleration forward from baseline

APA peak ML g Peak acceleration toward the stance foot of the lateral trunk acceleration

RoM first step ° Range of motion of the leg (calculated from the integrated sagittal angular
velocity, approximation of first step length)

Duration of first step s Time from toe-off to first heel-strike

Postural sway Standing quietly for 30 s

Sway RMS AP m/s2 Root mean square (RMS) of acceleration time series in anteroposterior (AP)
direction

Sway RMS ML m/s2 Root mean square of acceleration time series in mediolateral (ML) direction

Mean velocity AP m/s Mean velocity of center of pressure in anteroposterior direction

Mean velocity ML m/s Mean velocity of center of pressure in mediolateral direction

Centroidal frequency AP Hz Centroidal frequency in anteroposterior direction; variability of the acceleration
traces power ranging from 0 to 1

Centroidal frequency ML Hz Centroidal frequency in mediolateral direction; variability of the acceleration
traces power ranging from 0 to 1

(Continued)
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Appendix.
Continued

Instrumented Measure
Unit of

Measure Definition

Frequency dispersion AP - Anteroposterior frequency dispersion; dimensionless measure of variability of the
frequency content of the power spectral density (0 for a pure sinusoid, it
increases with spectral bandwidth to 1)

Frequency dispersion ML - Mediolateral frequency dispersion; dimensionless measure of variability of the
frequency content of the power spectral density (0 for a pure sinusoid, it
increases with spectral bandwidth to 1)

Normalized jerk AP - Smoothness of sway, time derivative of anteroposterior acceleration normalized
to range of anteroposterior acceleration excursion and duration

Normalized jerk ML - Smoothness of sway, time derivative of mediolateral acceleration normalized to
range of mediolateral acceleration excursion and duration

a °�degree, g�acceleration of gravity, %h�percentage of patient’s height, n�number, m/s2�acceleration, s�seconds, -�dimensionless.
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