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Altered postural control and balance are major disabling issues of Parkinson’s disease (PD). Static and
dynamic posturography have provided insight into PD’s postural deficits; however, little is known about
impairments in postural coordination. We hypothesized that subjects with PD would show more ankle
strategy during quiet stance than healthy control subjects, who would include some hip strategy, and
this stiffer postural strategy would increase with disease progression.

Keywords:’ X We quantified postural strategy and sway dispersion with inertial sensors (one placed on the shank
E:‘r,l;gl;;: s disease and one on the posterior trunk at L5 level) while subjects were standing still with their eyes open. A total

of 70 subjects with PD, including a mild group (H&Y<2, N=33) and a more severe group (H&Y>3,
N =37), were assessed while OFF and while ON levodopa medication. We also included a healthy control
group (N =21).

Results showed an overall preference of ankle strategy in all groups while maintaining balance.
Postural strategy was significantly lower ON compared to OFF medication (indicating more hip strategy),
but no effect of disease stage was found. Instead, sway dispersion was significantly larger in ON
compared to OFF medication, and significantly larger in the more severe PD group compared to the mild.
In addition, increased hip strategy during stance was associated with poorer self-perception of balance.

Postural strategy

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Postural coordination to maintain body equilibrium in upright
position is organized into 2 movement patterns: the ankle and the
hip strategy [1]. Recent evidence suggests that both patterns are
used during quiet stance with more hip strategy used during larger
sway dispersion [2,3]. Although postural control is known to
deteriorate with disease severity in subjects with Parkinson’s
disease (PD) [4], it is not known if severity of PD or antiparkinson
medication affects postural coordination. The aim of the present
study is to investigate the effects of disease severity and levodopa
medication on postural strategies during quiet stance in PD using
our recently proposed objective method using body-worn inertial
sensors [5]. Our hypothesis was that subjects with PD would show
more ankle strategy than controls and this stiffer postural strategy
would increase with disease progression.
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2. Methods
2.1. Subjects

This study included 70 subjects with a diagnosis of idiopathic
Parkinson’s disease and a group of 21 healthy control subjects of
similar age. All subjects with PD were treated with levodopa
medication, and all the participants were free of musculoskeletal
and other neurological impairments that could affect gait and
balance. The protocol was approved by the OHSU Institutional
Review Board and all participants gave their consent for the study.
Subjects characteristics are provided in Table 1.

Subjects with PD were divided for analysis into 2 groups based
on disease severity, quantified by the Hoehn & Yahr scale: H&Y<2
for mild disease and H&Y>3 for moderate-to-severe disease.

2.2. Experimental set-up and data analysis

Subjects with PD were tested in their practical OFF state (12 h
after their last levodopa medication) and in the ON state (1 h after
levodopa medication at 1.25 times their regular dose). All
participants performed 3 repetitions of quiet standing (30 s each)
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Table 1

Mean values and standard deviations of clinical characteristics of PD patients and information about age, height in centimeters, body mass in kilograms, number and gender of

the participants.

Age Height Body mass Participants M/F UPDRS UPDRS PIGD Postural ABC
(cm) (kg) rigidity stability
subset

CTR 67(6) 167(10) 76(17) 21 9/12 - - - - 94(6)
PD HY 1-2 67(5) 172(10) 81(14) 33 24/9 OFF 35(8) OFF 3(1) OFF 8(4) OFF 0(0) 86(12)

ON 29(8) ON 2(1) ON 7(4) ON 0(0)
HY 3-4 67(7) 171(8) 78(16) 37 20/17 OFF 42(11) OFF 5(2) OFF 10(4) OFF 1(1) 78(15)

ON 35(10) ON 4(2) ON 9(4) ON 1(1)

with their arms at their sides looking straight ahead. A template
was used to achieve consistent foot placement [6].

The Motor Part of the Unified Parkinson’s disease Rating Scale
(UPDRS) was assessed both in OFF and ON state, and the Postural
Instability and Gait Disability (PIGD) subscore was calculated as
the sum of four-item of the UPDRS Part IIl: arising from chair,
posture, gait, and pull test.

Two inertial sensors (MTX, Xsens Technologies, Enschede,
Netherlands) were placed on the trunk at L5 level and on the right
shank and data were collected at 50 Hz.

The SI was computed from the processed AP accelerations as
described in our previous work [5]:

g - (Tir=Tcp)
(Thp + Tcp)

with Tjp the percentage of time spent in in-phase pattern, Tcp the
percentage of time spent in counter-phase pattern and W a
weighting factor that accounts for the percentage of time during
which a clearly identified pattern is present. The SI ranges from —1
(pure hip strategy) to 1 (pure ankle strategy). Postural sway
dispersion was computed as the root mean square of the trunk
acceleration signal in the AP direction (RMS AP) [5,7].

2.3. Statistical approach

The median SI and RMS AP of the 3 trials was used. Data were
not normally distributed using the Kolgorov-Smirnov test,
therefore a square root transformation was applied. A 2-way
repeated measures ANOVA (disease severity x medication) was
used to investigate the effects of disease severity and levodopa
replacement on SI and RMS. Student t-tests were employed to
investigate differences between healthy control subjects and PD
reporting only comparison that reached a p < 0.01 (Bonferroni
correction for 4 comparisons). Spearman correlation was used to
assess the relationship between SI, RMS AP and clinical scores. All
the computations were performed using Matlab R2012b and NCSS
software.

3. Results

The UPDRS part III significantly improved ON compared to OFF
medication in both mild and moderate-to-severe subjects with PD
(p < 0.0001).

3.1. Strategy Index and Postural sway

SI values show that ankle strategy is more dominant than the
hip strategy in quiet stance in both PD and control subjects (Fig. 1).
Information about specific strategy use are reported in Table 2.

A significant effect of medication (F = 18.9, p < 0.0001), but not
of disease stage, was found for the SI (Fig. 1A). Specifically, SI was

lower (less pure ankle strategy) ON medication compared to the
OFF medication.

Instead, a significant effect of medication (F=10.26, p = 0.002)
and of disease stage (F=5.7, p=0.02) were found for the RMS AP
(Fig. 1B). Specifically, RMS AP was larger in the ON medication
compared to the OFF medication, with significantly increasing
values with disease severity (Fig. 1B). Moderate-to-severe subjects
with PD ON medication showed a larger RMS AP compared to
controls (p = 0.008).

3.2. Correlations of SI and RMS with Clinical Scores

SI was significantly associated with the UPDRS Part III in
subjects with PD ON medication (p = 0.17, p = 0.04), with more hip
strategy in moderate-to-severe PD. The RMS AP was significantly
associated with the UPDRS Part Il (p=0.25, p=0.03), PIGD
subscore (p=0.27, p=0.02) and pull test (p=0.26, p=0.03) in
subjects with PD OFF, but not ON medication. SI and RMS AP were
negatively associated (e.g., more hip strategy with larger sway)
among subjects with PD, both OFF (p = —0.40, p < 0.0001) and ON
medication (p = —0.45, p < 0.0001), but not in control subjects. The
perception of balance (measured by the ABC scale) was associated
to SI in subjects with PD (e.g., worse perception of balance with
larger hip strategy) both OFF (p=0.27, p=0.03), and ON
medication (p = 0.37, p = 0.001), but, again, no significant correla-
tion was found in control subjects.

4. Discussion

This short report quantifies postural strategy as well as sway
dispersion during quiet stance in subjects with PD across a range of
severity in both the ON and OFF levodopa state using wearable
sensors. Our study demonstrated that:

(1) Ankle strategy was preferentially used to control quiet stance
in both mild and severe PD, as well as control subjects, although
PD used more hip strategy in the ON dopa state;

(2) Both disease severity and levodopa-replacement were associ-
ated with increased sway dispersion in subjects with PD;

(3) Patient perception of balance, measured by the ABC scale, was
associated with more hip strategy.

Counter to our hypothesis, subjects with PD did not show
greater use of an ankle strategy compared to healthy control
subjects during quiet stance, nor an increase in ankle strategy in
moderate-to-severe PD compared to mild. Levodopa replacement
increased the use of hip strategy, with no difference in mild or
moderate PD and such increase may be related to a decreased
rigidity ON medication, allowing increased postural sway, requir-
ing more hip strategy control [8]. Although dyskinesia ON
medication could be responsible for an increase use of the hip
strategy, it is unlikely in the present study because we filtered the
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