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The aim of this study was to investigate the effects of disease severity and medication state
on postural control asymmetry during challenging tasks in individuals with Parkinson’s
disease (PD). Nineteen people with PD and 11 neurologically healthy individuals
performed three standing task conditions: bipedal standing, tandem and unipedal adapted
standing; the individuals with PD performed the tasks in ON and OFF medication state. The
participants with PD were distributed into 2 groups according to disease severity:
unilateral group (n = 8) and bilateral group (n = 11). The two PD groups performed the
evaluations both under and without the medication. Two force plates were used to analyze
the posture. The symmetric index was calculated for various of center of pressure. ANOVA
one-way (groups) and two-way (PD groups �medication), with repeated measures for
medication, were calculated. For main effects of group, the bilateral group was more
asymmetric than CG. For main effects of medication, only unipedal adapted standing
presented effects of PD medication. There was PD groups �medication interaction.
Under the effects of medication, the unilateral group presented lower asymmetry of RMS
in anterior–posterior direction and area than the bilateral group in unipedal adapted
standing. In addition, the unilateral group presented lower asymmetry of mean velocity,
RMS in anterior–posterior direction and area in unipedal standing and area in tandem
adapted standing after a medication dose. Postural control asymmetry during challenging
postural tasks was dependent on disease severity and medication state in people with PD.
The bilateral group presented higher postural control asymmetry than the control and
unilateral groups in challenging postural tasks. Finally, the medication dose was able to
reduce postural control asymmetry in the unilateral group during challenging postural tasks.
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1. Introduction

Previous studies have indicated that postural control during bipedal standing tasks is asymmetric in people with Parkin-
son’s disease (PD) (Rocchi, Chiari, & Horak, 2002; Carpenter, Allum, Honegger, Adkin, & Bloem, 2004; Geurts et al., 2011).
Asymmetric dopaminergic degeneration in the substantia nigra in regions of the cerebral hemisphere is one explanation
for the motor and balance differences between the body sides (Kumar et al., 2003; Foster, Black, Antenor-Dorsey,
Perlmutter, & Hershey, 2008; Lewis et al., 2009). This pattern of asymmetry appears to remain unaltered during disease pro-
gression (Djaldetti, Ziv, & Melamed, 2006), which seems to indicate no difference in the level of asymmetry between early –
unilateral – (Geurts et al., 2011) and moderated – bilateral – (Rocchi et al., 2002) stages of PD during bipedal standing tasks.
Medication therapy, principally levodopa, is frequently taken to decrease the motor asymmetry caused by PD (Kumar et al.,
2003). However, pharmacological treatment does not appear to improve postural control asymmetry in bipedal standing,
which is probably explained by poor responses of body sway and muscular stiffness to dopaminergic medication (Bloem
et al., 1996; Rocchi et al., 2002; Carpenter et al., 2004). On the other hand, Boonstra et al. (2014) and Boonstra, van Vugt,
et al. (2014) indicated that people with PD in OFF medication state increased postural control asymmetry during postural
tasks with perturbation in the sagittal plane (force plate movement), differently of patients in ON medication state
(Geurts et al., 2011). Therefore, studies investigating balance asymmetries in ON and OFF medication state are needed in
order to test the hypothesis that depletion of levodopa increase postural control asymmetry in PD. This is the first study
to investigate the influence of disease severity on postural control asymmetry under (without) effects from medication dur-
ing challenging postural tasks.

In a previous study, we found that postural control asymmetry is dependent on postural task challenge (Beretta et al.,
2015). Individuals with PD presented higher postural control asymmetry in challenging postural tasks, such as tandem
adapted standing and unipedal standing, compared to neurologically healthy individuals (Beretta et al., 2015). In addition,
challenging postural tasks presented higher postural control asymmetry than bipedal standing in people with PD (Beretta
et al., 2015). Previous studies have suggested that difficulty in adapting the magnitude and patterns of postural responses
according to changes in postural demand (Horak, Dimitrova, & Nutt, 2005) may explain the increase in postural asymmetry
during challenging postural tasks. The combination of our findings, those of Boonstra and collaborators and the scarce
knowledge related to asymmetries in balance, especially in a challenging posture (Mitchell, Collins, De Luca, Burrows, &
Lipsitz, 1995; Rocchi et al., 2002), raise the question of effects of disease severity and PD medication on postural control
asymmetry during challenging tasks.

Therefore, the aim of this study was to investigate the effects of disease severity (unilateral and bilateral disease) and
medication state (OFF and ON medication state) on postural control asymmetry during challenging tasks (tandem adapted
standing and unipedal adapted standing) in people with PD. We hypothesized that disease severity and PD medication
would not influence postural control asymmetry in the bipedal standing condition. However, for challenging postural tasks,
we hypothesized that unilateral and bilateral individuals with PD would present similar asymmetry in postural control
parameters since asymmetry remains unaltered during disease progression (Djaldetti et al., 2006), but higher asymmetry
than neurologically healthy individuals. Regarding the effects of PD medication on postural control asymmetry, we expected
that people with PD would display benefits of PD medication in reducing postural control asymmetry during challenging
postural tasks, which would create more difficulty.

2. Experimental procedures

2.1. Participants

Nineteen people with PD and 11 neurologically healthy individuals (control group – 6 men) participated in this study. The
participants with PD were referred to the current study by local neurologists. Diagnoses were confirmed by an expert
neurologist according to the UK Brain Bank Criteria (Hughes, Daniel, Kilford, & Lees, 1992). The individuals with PD were dis-
tributed into two groups according to disease severity (Hoehn & Yahr – H&Y –Hoehn & Yahr, 1967; Schenkman, Wei Zhu,
Cutson, & Whetten-Goldstein, 2001): unilateral group (n = 8 – 4 men; H&Y from 1 to 1.5) and bilateral group (n = 11 – 6
men; H&Y from 2 to 3). The inclusion criteria of this study were: (i) aged equal to or over 60 years; (ii) have a current clinical
diagnosis for idiopathic PD; (iii) score between stages 1 and 3 on the H&Y scale (scores above PD stage 3 indicate disabling
motor deficiencies and very different motor patterns to the previous stages, with, sometimes, loss of balance and indepen-
dence); (iv) no signs of dementia based on results of the Mini Mental Status Examination (MMSE) (Folstein, Folstein, &
McHugh, 1975), adjusted according to patients’ education level for the Brazilian population (Brucki, Nitrini, Caramelli,
Bertolucci, & Okamoto, 2003); (v) demonstrate no signs of other neurological diseases associated with PD; (vi) patients with
PD had to be taking PD medication. Due to the inclusion criteria, ten people with PD were excluded from the study.

2.2. Experimental design

The study was approved by the research ethics committee of the São Paulo State University at Rio Claro – Brazil
(#0227/2012). The participants provided written informed consent to participate in the clinical and postural evaluation.
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The individuals with PD performed the tasks in the OFF medication state (after a minimum of 12 h withdrawal from PDmed-
ication), and then again 1 h after the participants had taken their dopaminergic medication; if the individuals were taking
dopaminergic agonist medication, they were evaluated after a minimum of 24 h withdrawal frommedication. We calculated
the Levodopa Equivalent Dosage (LED) based on the medications that participants were taking (Tomlinson et al., 2010). The
control group performed the evaluation once.

2.3. Clinical evaluation

First, an expert neuropsychiatrist performed an anamneses to characterize the PD and control group (CG), in particular
the side on which the symptoms were occurring, complemented by the Unified Parkinson’s Disease Rating Scale – UPDRS
(Fahn, Elton, & Committee MotUD, 1987) evaluation. Next, the patients were evaluated clinically to determine the stage
of PD using the H&Y scale and the motor portion (part III) of the UPDRS. In addition, cognitive aspects were analyzed using
the MMSE (Almeida, 1998; Brucki et al., 2003) in all three groups.

2.4. Determination of the most severely affected leg of people with PD and leg preference of the control group

Footedness was assessed in the control group by asking all participants to stand on one leg (Sadeghi, Allard, Prince, &
Labelle, 2000). The limb that each individual initially chose to stand on was considered to be the preferred limb. For patients
with PD, motor UPDRS items 20–23 and 25–26 were used to assess appendicular asymmetry (Uitti, Baba, Whaley, Wszolek,
& Putzke, 2005). The most severely affected limb was determined by finding the difference between the scores for the right
and left limbs in the aforementioned UPDRS items. When this calculation resulted in a positive value, the right limb was
considered to be the more severely affected limb, but when negative values were obtained, this indicated that the left limb
was more severely affected.

2.5. Postural evaluation

Participants performed 30 s trials of standing tasks: bipedal standing, tandem adapted standing and unipedal adapted
standing. Two force plates (AccuGait, Advanced Mechanical Technologies, Boston, MA), with a sample rate of 200 Hz, were
used to analyze postural control. For each of the three conditions, participants were instructed to stand quietly with their
gaze directed at a target that was positioned at eye level 1 m in front of the participant.

For bipedal standing, participants positioned one foot on each force plate and were required to stand quietly in an upright
position. Their feet were positioned in parallel to each other, at a similar distance from the pelvis. Participants performed
three trials for this condition. For tandem adapted standing, participants positioned one foot on each force plate, but one foot
was placed in front of the other. Participants performed three trials with each lower limb positioned in front. For unipedal
adapted standing, participants used only one leg to stand on the force plate. They performed three trials with each limb. Due
to the difficulties that many of the participants experienced when trying to stand on one foot, especially patients with PD, all
participants were allowed to touch a wooden support as lightly as possible. All participants used this support during the
unipedal standing trials. The order of each block of trials was bipedal standing first (condition a), tandem adapted standing
second (condition b) and unipedal adapted standing last (condition c). In conditions b and c, whether the right or left foot
was placed in front or used for unipedal adapted standing was randomized for each participant. Trials in which the
participant lost their balance and a corrective step was performed were not analyzed; these trials were later repeated.

2.6. Data analysis

The mean center of pressure (CoP) signal was also calculated for each analysis. For bipedal and tandem standing, the
resultant CoP signal of the ground reaction forces was determined in a 2-dimensional transverse plane by means of digital
moment-of-force calculations for each force plate (Rocchi et al., 2002; Geurts et al., 2011). For unipedal adapted standing, the
CoP was calculated in a similar manner as for the other conditions, but only for one force plate. In the tandem standing con-
dition, the CoP of the limb positioned behind was used for the analysis.

The first 10 s of each recording were ignored to avoid potential disturbances resulting from delayed stabilization after the
participant stepped onto the force plates. The data were then filtered with a fourth order low-pass Butterworth filter with a
cut-off frequency determined by residual analysis (10 Hz). The following parameters were analyzed for each force plate: the
total displacement of sway; the mean velocity of sway; the area of sway; and the root mean square (RMS) of sway displace-
ment in anterior–posterior (AP) and medio-lateral (ML) directions. The asymmetry between the most affected and least
affected limbs for patients with PD and the preferred and non-preferred limbs for the control group was analyzed using a
symmetric index – SI (Robinson, Herzog, & Nigg, 1987; Herzog, Nigg, Read, & Olsson, 1989). For each trial, the symmetric
index was determined. Next, the average for each participant in each condition was calculated.
SI ¼ value of MA or D limb� value of LA or ND limb
ðvalue of MA or D limbþ value of LA or ND limbÞ=2

� �
� 100%
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where MA is the most affected limb, D is the dominant limb, LA is the least affected limb and ND is the non-dominant limb. A
value of zero for index indicates that there is no difference between sides. Higher values indicated higher asymmetry of the
individuals.

Statistical analyses were performed using SPSS software (version 18.0) for Windows (a < 0.05). The data were normally
distributed, and the assumption of sphericity was not violated, as verified by the Shapiro–Wilk and Mauchly tests, respec-
tively. The symmetric index (absolute values) of the CoP parameters were analyzed using one-way (groups: unilateral
group � bilateral group � control group) and two-way ANOVA (disease severity: unilateral and bilateral group �medica-
tion: OFF and ON medication state), with repeated measure for medication. The ANOVAs were performed separately for
the three postural conditions. Both unilateral and bilateral people with PD were under the effects of PD medication in the
data used to calculate the one-way ANOVA. When the ANOVA demonstrated significant differences; Tukey’s post hoc tests
were performed. In addition, the effect size (partial eta-squared) was measured for each statistical analysis.

3. Results

The characteristics and clinical variables are presented in Table 1. There were no differences between the unilateral group,
bilateral group and control group for anthropometric characteristics, age or cognitive aspect (p > 0.05). As expected, statis-
tical analysis indicated effects of disease severity for H&Y and motor UPDRS (F1,17 = 70.51; p < 0.001; F1,17 = 25.51; p < 0.001,
respectively), which presented higher values for the bilateral group. In addition, there was a main effect for medication,
which demonstrated lower motor UPDRS (F1,17 = 2.73; p < 0.001) under the effects of PD medication. Finally, there was no
disease severity �medication interaction.

Regarding postural control asymmetry, for the main effects of group (Table 2), there were differences between the groups
for the tandem adapted standing and unipedal adapted standing challenging postural tasks. Tukey post hoc tests indicated
that the bilateral group presented higher asymmetry of area of sway in tandem adapted standing (F2,27 = 3.93) and unipedal
adapted standing (F2,27 = 11.35) and RMS in both directions anterior–posterior (F2,27 = 4.69) and medio-lateral (F2,27 = 3.79)
in unipedal adapted standing than the control group. For main effects of medication (Table 2), only unipedal adapted stand-
ing demonstrated effects of PD medication. People with PD in the ON medication state presented lower asymmetry of mean
velocity (F2,27 = 8.37) compared to the OFF medication state.

There was disease severity �medication interaction for tandem adapted standing and unipedal adapted standing
(Table 3). Under the effects of medication, the unilateral group presented lower asymmetry of RMS in the anterior–posterior
direction (F1,17 = 7.72) and area (F1,17 = 9.03) of sway than the bilateral group in the unipedal adapted standing. In addition,
the unilateral group presented lower asymmetry of mean velocity (F1,17 = 2.73), RMS in the anterior–posterior direction
(F1,17 = 2.73) and area (F1,17 = 9.03) of sway in unipedal standing, and area of sway (F1,17 = 4.76) in tandem adapted standing
after a medication dose.

4. Discussion

The aim of this study was to investigate the effects of disease severity and PD medication on postural control asymmetry
during challenging tasks in individuals with PD. Table 3 presents a summary of the effects of group, medication and disease
severity �medication interaction for each postural task. As we expected, there were no effects of disease severity and med-
ication for the bipedal standing condition, which corroborated previous studies (Rocchi et al., 2002; Carpenter et al., 2004;
Geurts et al., 2011). The main finding of this study was that the PD medication aided efficiency in challenging postural tasks,
mainly for individuals with unilateral symptoms of PD. The individuals with PD in the bilateral stage presented higher pos-
tural control asymmetry than those with PD in the unilateral stage, under the effects of medication, and neurologically
healthy individuals for tandem adapted standing and unipedal adapted standing, which is in contrast with our hypothesis.
Therefore, asymmetry in postural control during challenging postural tasks seems to be influenced by both the effects of DP
medication and disease severity.

The unilateral disease group demonstrated better motor function and balance, which were not as severe as the bilateral
group (Hoehn & Yahr, 1967). Humans use both legs to maintain their balance, and postural instability can result from impair-
Table 1
Means and standard deviations of the characteristics and clinical variables for each group. � – difference between ON and OFF medication state; # – difference
between unilateral and bilateral group.

Groups Medication
state

Age (years) Body weight
(kg)

Body height
(m)

H&Y (pts) Motor UPDRS
(pts)

Cognitive
aspect (pts)

Levodopa equivalent dose
(mg/day)

Control – 69.18 ± 7.37 70.74 ± 11.88 1.65 ± 0.05 – – 29.00 ± 1.61 –

Unilateral OFF 72.75 ± 5.87 75.67 ± 7.46 1.66 ± 0.05 1.5 ± 0.10# 15.87 ± 2.90⁄# 28.12 ± 1.64 175.79 ± 222.05
ON 1.5 ± 0.10 13.62 ± 2.82 28.62 ± 1.84

Bilateral OFF 73.90 ± 6.37 72.22 ± 9.07 1.60 ± 0.07 2.13 ± 0.23 31.90 ± 8.36 27.45 ± 2.25 599.60 ± 296.50
ON 2.09 ± 0.20 27.54 ± 7.73 28.09 ± 1.92



Table 2
Means and standard deviations of symmetric index (%) of the center of pressure parameters in people with PD, unilateral and bilateral groups, and the con ol group, for bipedal standing, tandem adapted standing and
unipedal adapted standing. The final three columns present the significance values and effect size (in the brackets) for main effects of group and medic ion, and disease severity � medication interaction. ns – not
significant. AP = anterior–posterior; ML = medio-lateral.

Task Symmetric index
(%)

Control
group

Unilateral group Bilateral group E ects of
g up

Effects of
medication

Disease severity �
medication interaction

OFF medication
state

ON medication
state

OFF medication
state

ON medication
state

Total displacement 27.61 ± 16.61 32.42 ± 19.31 33.88 ± 24.19 37.44 ± 21.33 39.93 ± 23.20 n ns ns
Mean velocity 26.05 ± 22.42 35.63 ± 21.54 31.75 ± 23.67 34.70 ± 20.67 36.51 ± 22.93 n ns ns
RMS AP 41.39 ± 19.25 34.97 ± 16.31 37.46 ± 21.17 41.94 ± 22.33 35.62 ± 19.19 n ns ns
RMS ML 27.67 ± 16.84 32.78 ± 19.28 33.61 ± 23.49 38.66 ± 21.68 41.63 ± 23.96 n ns ns
Area 36.95 ± 22.26 52.10 ± 21.22 55.57 ± 27.56 54.07 ± 20.46 47.61 ± 19.00 n ns ns

Total displacement 26.28 ± 15.94 27.92 ± 12.95 29.35 ± 11.90 27.37 ± 18.54 29.68 ± 11.27 n ns ns
Mean velocity 25.19 ± 17.82 25.31 ± 10.81 28.04 ± 16.19 26.07 ± 12.76 30.70 ± 16.65 n ns ns
RMS AP 29.72 ± 10.91 23.68 ± 13.26 34.03 ± 17.07 30.47 ± 16.68 36.97 ± 17.71 n ns ns
RMS ML 26.82 ± 9.43 26.59 ± 11.30 29.94 ± 9.47 33.16 ± 19.52 32.35 ± 8.57 n ns ns
Area 47.89 ± 19.74 68.17 ± 24.13 52.07 ± 15.16 60.24 ± 12.07 66.14 ± 17.20 0 3 (0.43) ns 0.04 (0.47)

Total displacement 21.15 ± 16.27 35.42 ± 17.82 28.56 ± 16.98 37.68 ± 16.96 32.28 ± 19.08 n ns ns
Mean velocity 24.34 ± 13.84 44.12 ± 19.75 20.50 ± 8.95 40.51 ± 19.20 34.07 ± 18.12 n 0.01 (0.57) 0.02 (0.37)
RMS AP 20.86 ± 11.53 49.78 ± 20.48 25.03 ± 15.93 34.69 ± 21.05 40.50 ± 18.81 0 1 (0.51) ns 0.01 (0.56)
RMS ML 25.18 ± 18.84 34.13 ± 19.27 38.96 ± 18.95 54.99 ± 21.43 47.39 ± 19.34 0 3 (0.47) ns ns
Area 28.66 ± 16.80 76.49 ± 23.83 50.29 ± 29.32 58.71 ± 22.49 70.50 ± 16.12 0 01 (0.68) ns 0.008 (0.59)
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Table 3
Summary of the group, medication and disease severity �medication interaction for bipedal standing, tandem adapted standing and unipedal adapted
standing. CG – control group.

Effects Tasks

Group NO YES: YES
Bilateral group > asymmetry to
CG

Bilateral group > asymmetry to CG

Medication NO NO YES:
OFF state > asymmetry to ON state

Disease
severity � medication

Unilateral
group

NO YES: YES:
OFF state > asymmetry to ON
state

OFF state > asymmetry to ON state

Bilateral group NO NO YES:
ON state: Bilateral group > asymmetry to unilateral
group
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ment in even one leg. In the bipedal standing condition, it is theoretically possible for one leg to take over the function of the
other leg (van der Kooij, van Asseldonk, Geelen, van Vugt, & Bloem, 2007). This would be an effective compensation strategy
if one of the legs was markedly affected (Geurts, Mulder, Nienhuis, & Rijken, 1992). As the bipedal standing condition is a less
challenging task, this compensatory strategy does not cause significant asymmetry in postural control. However, when the
most affected limb is required for postural control, such as in the unipedal adapted standing condition, the asymmetry in
postural control is evidenced in individuals with moderate (bilateral stage) PD. This type of postural task is more difficult
and requires accurate functioning of the balance or postural control system (Frank, Horak, & Nutt, 2000), which seems to
exacerbate postural asymmetry. This finding may suggest that despite one leg being more affected than the other, the uni-
lateral group was able to use the most affected leg when necessary, such as during the unipedal adapted standing condition,
which did not happen for people with PD in the bilateral stage. Due to progressive impairment in dopamine striatal uptake in
both cerebral hemispheres, which may be different between sides and the difference may increase over the years (Johnson-
Frey, 2004; Binkofski, Buccino, Zilles, & Fink, 2004; Potgieser & de Jong, 2011), bilateral individuals present a severely
affected limb that, when used for balance, impairs postural control and increases the chances of falling. In addition, effects
of PD medication demonstrated a delayed onset, shorter duration and similar magnitude on the more affected side compared
with the less affected side (Kumar et al., 2003). Due to the prolonged use of medication or increase in dopaminergic cells loss,
the effects of medication become less efficient with disease progression (Baatile, Langbein, Weaver, Maloney, & Jost, 2000;
Katzenschlager & Lees, 2002), which appears to increase the asymmetry. Therefore, these findings could indicate that pos-
tural control asymmetry increases proportionally with PD progression during challenging postural tasks, which impairs the
use of the most affected limb and coincides with postural instability (Hsiao et al., 2014).

PD medication improved postural control asymmetry in people with PD in the unilateral stage during challenging postu-
ral tasks. The effects of medication on postural control in individuals with PD, mainly related to asymmetry, are still contro-
versial. The effects of dopaminergic medication on postural control is difficult to predict, as some symptoms may improve,
while others are resistant to medication or even worsen in the ON state (Beckley, Panzer, Remler, Ilog, & Bloem, 1995; Visser
et al., 2008; Mancini, Rocchi, Horak, & Chiari, 2008). While previous studies indicated that PD medication does not seem to
improve postural control asymmetry in bipedal standing (Bloem et al., 1996; Rocchi et al., 2002; Carpenter et al., 2004),
Boonstra et al. (2014) and Boonstra, van Vugt, et al. (2014) indicated that without effects from dopaminergic medication,
people with PD increase postural control asymmetry during postural tasks after postural perturbations in the sagittal plane.
Our findings seem to advance this controversy, indicating that the benefits of PD medication on postural control asymmetry
are dependent on disease severity (unilateral group) and postural task (unipedal adapted standing). One explanation for this
dependency is that the PD medication response changes during the course of the pharmacological therapy, appearing to fol-
low a consistent pattern: a mild and long-lasting response in the early stage, followed by a greater response with shorter
duration resulting in waxing and waning between medication doses, and eventually, abrupt changes in response as if turned
on and off by a switch (Duvoisin, 1989; Kumar et al., 2003). In addition, longitudinal studies have shown that longer duration
of pharmacological treatment causes side effects, which may damage other aspects related to postural control asymmetry,
such as proprioception, stiffness, and balance (Burleigh, Horak, Nutt, & Frank, 1995; Jobst, Melnick, Byl, Dowling, & Aminoff,
1997). Therefore, the medication is more effective by patients newly diagnosed with PD and those who have only suffered
from the disease for a few years (Katzenschlager & Lees, 2002). Regarding challenging postural tasks, the unipedal adapted
standing condition seems to suppress the robust effects that PD medication presents on postural control asymmetry during
the bipedal standing task. This type of task requires more mechanical body adjustments during the task, similar to tasks that
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require more balance, such as walking and running, which seems to indicate a control problem (Beretta et al., 2015). Thus,
the combination of disease severity with the task challenge seems to indicate improvement in postural control asymmetry
under PD medication.

Although the results of this study are consistent and relevant, this study has certain limitations. First, the number of par-
ticipants was small, especially regarding individuals with PD in the unilateral stage. We suggest that a larger number of par-
ticipants in this stage of PD should be analyzed to confirm our findings. However, the importance of our findings is not
diminished since the selection of participants and clinical and postural evaluations were performed according to gold stan-
dard scientific procedures. Second, due to the difficulties that many participants experienced when trying to stand on one
foot, especially patients with PD, all participants were allowed to touch a wooden support as lightly as possible. All partic-
ipants used this support during the unipedal adapted standing trials. We know that this strategy, which could provide
mechanical contact, could prejudice the findings of this study, as unipedal adapted standing should be the most difficult con-
dition. However, the wooden support did not seem to provide substantial mechanical support for the participants. The sup-
port was a wooden bar secured in a pedestal with an unstable base, on which the participants could not support themselves
since the pedestal would drop. Thus, the participants could only lightly touch the bar, although we did not measure the force
applied to the wooden bar, which is important information. However, previous studies have indicated that attenuation of
body sway (nearly 50%) is independent of force applied (light touch or finger contact) (Jeka & Lackner, 1994; Jeka &
Lackner, 1995). Therefore, these aspects and the higher postural control asymmetry for the unipedal standing condition seem
to exclude the possibility of interference in our data. Third, we did not randomize the blocks of experimental conditions. This
could bias the data and should be considered in our findings. Finally, 20 s of the postural task could be considered a short
time to analyze postural control (Carpenter, Frank, Winter, & Peysar, 2001). However, due to the difficulty of the unipedal
condition, the individuals with PD were not able to perform more a longer period in this condition. In addition, CoP records
of short duration capture the high frequency components of the signal, which reflect CoP control over center of mass and
may characterize control strategies, which could be recommended for people with neurodegenerative disease (Carpenter
et al., 2001).
5. Conclusions

We concluded that postural control asymmetry during challenging postural tasks was dependent on disease severity and
PD medication in people with PD. Individuals with PD in the bilateral stage presented higher postural control asymmetry
than those in the unilateral stage, under the effects of medication. In addition, the bilateral group also presented higher pos-
tural control asymmetry than neurologically healthy individuals in the tandem adapted and unipedal adapted standing con-
ditions. Finally, the PD medication dose was able to reduce postural control asymmetry in the unilateral group during
challenging postural tasks (unipedal adapted standing).
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