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Visual conditions and postural directions affect postural sway
variability in patients with Parkinson’s disease

Alteracoes nas condigoes visuais pode afetar a variabilidade de oscilagao
postural em pacientes com Parkinson em diferentes niveis da doenca

Natalia Madalena Rinaldi'’, Fabio Augusto Barbieri?, Claudia Teixeira-Arroyo?, Florindo
Stella?3, Lilian Teresa Bucken Gobbi?

ARTIGO ORIGINAL | ORIGINALARTICLE

ABSTRACT
Postural sway variability was evaluated in Parkinson’s disease (PD) patients at different stages of disease.
Twenty PD patients were grouped into two groups (unilateral, 14; bilateral, 6) according to disease se-
verity. The results showed no significant differences in postural sway variability between the groups (p
= 0.05). Postural sway variability was higher in the antero-posterior direction and with the eyes closed.
Significant differences between the unilateral and bilateral groups were observed in clinical tests (UP-
DRS, Berg Balance Scale, and retropulsion test; p < 0.05, all). Postural sway variability was unaffected
by disease severity, indicating that neurological mechanisms for postural control still function at ad-
vanced stages of disease. Postural sway instability appears to occur in the antero-posterior direction to
compensate for the stooped posture. The eyes-closed condition during upright stance appears to be chal-
lenging for PD patients because of the associated sensory integration deficit. Finally, objective measures
such as postural sway variability may be more reliable than clinical tests to evaluate changes in balance
control in PD patients.
Keywords: variability, postural control, sensory information, balance tests.

RESUMO
Variabilidade de oscila¢do postural, testes de equilibrio de Berg e retropulsdo foram investigados em
pacientes com DP em diferentes estagios da doenca. Vinte pacientes com DP participaram deste estudo
e foram distribuidos em dois grupos: unilateral (14) e bilateral (6). Os resultados mostraram diferenca
nao significativa entre os grupos para a variabilidade de oscilagao postural (p=0.05). Ainda, a variabili-
dade de oscilagdo postural foi maior na dire¢do antero-posterior e na condi¢io de olhos fechados. Para
os testes clinicos, UPDRS (se¢des funcional e motora), teste de Berg e retropulsio, foi encontrada dife-
renga significativa entre os grupos (unilateral e bilateral) (p=<0.05). A partir destes resultados, foi pos-
sivel concluir que a variabilidade de oscilagao postural ndo muda em func¢io da severidade da doenga. Os
mecanismos neurolégicos para o controle postural ainda estdo operando no estagio avancado da doenca.
Assim, a instabilidade postural parece ocorrer na dire¢do antero-posterior como um mecanismo com-
pensatério em fungdo da postura rigida. A condi¢ao de olhos fechados parece ser desafiadora para paci-
entes com DP, em fun¢io dos deficits da integracio sensorial. Finalmente, a variabilidade de oscilagdo
postural pode ser considerada uma medida confidvel, pois elimina o efeito da subjetividade.
Palavras-chave: variabilidade, controle postural, informagio sensorial, testes de equilibrio.
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INTRODUCTION

Postural instability is characterized by in-
creased body sway during quiet stance as a re-
sult of impaired postural control. Postural insta-
bility is a major disabling feature in Parkinson’s
disease (PD) patients and a primary risk factor
for falls. Postural instability has been reported
in 68% of PD patients (Ashburn, Stack, Picker-
ing, & Ward, 2001). Postural sway is greater in
the anterior-posterior and medial-lateral direc-
tions in patients with PD than in healthy old
adults, which is attributed to a progressive de-
cline in postural stability control (Janusz W.
Blaszczyk & Orawiec, 2011). Additionally,
greater postural impairment during sensory ma-
nipulation tasks (eyes closed and changing vis-
ual information) has been observed in patients
with PD than in healthy controls, suggesting
that basal ganglia are crucial for sensory-motor
integration (Brown et al., 2006; Suarez et al.,
2011). Moreover, patients with PD are highly
visually dependent and continue to use visual
cues for postural control even when information
is not appropriate (Azulay et al., 1999). In fact,
Btaszczyk, Orawiec, Duda-Kilodowska, and
Opala, (2007) found higher medial-lateral sway
in the eyes-closed than in the eyes-open condi-
tion in PD patients compared to healthy con-
trols and concluded that PD patients have pos-
tural instability in challenging visual conditions
(eyes closed), suggesting that the eyes-closed
condition may be associated with a higher risk
for falls.

Patients at more advanced stages of PD have
postural instability as evidenced by a re-tropul-
sion test (Item 30 of the Unified Parkinson’s
Disease Rating Scale - UPDRS) (Fahn & Elton,
1986). Frenklach, Louie, Koop, and Bronte-
Stewart (2009) investigated postural sway in
static (still platform) and dynamic (sway refer-
enced platform) conditions and found excessive
postural sway at more advanced stages of the
disease, suggesting that patients in later stages
of PD are at an increased risk for falling. Thus,
investigating postural control at different stages
of the disease may help identify the risk for fall-
ing and sensory-motor problems to initiate a
postural rehabilitation program in PD patients.

Postural instability in PD patients can be
evaluated by measuring the center of pressure
(Btaszczyk et al., 2007; Matinolli et al., 2007),
postural sway angle (Adkin, Bloem, & Allum,
2005), and trunk linear acceleration (Mancini et
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al., 2012). Although these postural sway anal-
yses quantify changes in postural control, they
do not assess postural sway variability due to
disease progression in different visual condi-
tions (eyes open and closed) and postural sway
directions (anterior-posterior and medial-lat-
eral). Postural sway variability may help identify
disabling features of the disease such as pos-
tural instability and changes in the behaviour of
PD patients due to disease progression (van
Emmerik & van Wegen, 2002) and play a func-
tional role by helping explore and identify sta-
bility boundaries in these patients. In addition,
postural sway variability may also help identify
changes in postural control in PD patients at
different stages of disease and in different visual
conditions. Moreover, postural sway variability
may also be used in postural control studies to
detect postural instability in different visual
conditions and postural sway directions.

Some clinical tests such as the retropulsion
test (Item 30/UPDRS) and the Berg Balance
Scale (BBS) have also been used to identify
changes in postural control in PD patients (Jen-
kins, Johnson, Holmes, Stephenson, & Spauld-
ing, 2010). However, these clinical tests are
subjective, indirect measures of postural con-
trol. Moreover, it is not known whether the
same changes in PD postural control due to dis-
ease progression may be identified in postural
sway variability (direct measure) and in clinical
tests (indirect measure). This study aimed to in-
vestigate postural sway variability in PD pa-
tients at different stages of disease in different
visual conditions (eyes open and closed) and
postural directions (anterior-posterior and me-
dial-lateral) and compare the postural control
performance of PD patients in clinical (Item
30), functional (BBS), and postural sway varia-
bility tests.

METHODS

Participants

Twenty patients with idiopathic PD ranging
from 1 to 3 on the Hoehn and Yahr (HY) scale
(Hoehn & Yahr, 1967) participated in this
study. Participants were grouped into two HY
groups according to severity of PD: unilateral
(stages 1 and 1.5) and bilateral (stages 2-3) dis-
ease. The inclusion criteria were: diagnosis of
PD and absence of neuromuscular, vestibular,
or osteoarticular disorders and dementia, which
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could affect postural task performance. All par-
ticipants followed their usual medication regi-
men during testing. The study was approved by
the local ethics committee (UNESP/RC). All
participants signed an informed consent form.

Procedures

Data were collected on two consecutive days.
On the first day, the demographic, anthropo-
metric, and clinical variables including PD se-
verity (HY and UPDRS staging) and cognitive
screening (Mini-Mental State Exam - MMSE)
were determined. The Berg Balance Scale (BBS),
which includes 14 items that evaluate the ability
to maintain balance in different postural posi-
tions, was applied to measure functional bal-
ance, whereas the UPDRS retropulsion test
(Item 30 - motor section) is a clinical test that
was used to determine postural stability in PD
patients. Higher scores in the BBS and retropul-
sion tests indicate better and worse perfor-
mance, respectively.

On the second day, postural instability was
determined using postural sway kinematic anal-
ysis. Participants were asked to wear reflective
markers and postural tasks were recorded with
a digital camcorder. The postural task consisted
of standing as quietly as possible for 30 sec with
eyes open (EO) and eyes closed (EC). Partici-
pants wore goggles in the eyes-closed condition
to ensure that no visual information was cap-
tured. Three 30-sec trials were performed in
each condition and trials were randomized.

Postural sway was assessed in the medial-
lateral (ML) and anterior-posterior (AP) direc-
tions and recorded with a digital camcorder
with a 60 Hz field rate that created 2D kine-
matic data. Fifteen-mm reflective markers were
placed on the right and left acromion process
and right and left anterior center of the ankle
joint for the ML analysis and on the right acro-
mion and right lateral malleolus for the AP anal-
ysis, totalling six reflective markers. These ana-
tomical landmark positions are based on an in-
verted pendulum model and are appropriate for
measuring postural instability (Suarez et al.,
2011).

The measuring area was calibrated prior to
each postural task analysis. Images were cap-
tured by a video card coupled to a computer.
Markers were digitized automatically using the
Digital Video for Windows (DVIDEOW) soft-
ware (Figueroa, Leite, & Barros, 2003). The x

and y coordinates for each marker were con-
verted to the metric system using a bidimen-
sional reference system with four control points
(1.5 x 1.8 m). Raw data were filtered using a
low-pass, second-order digital Butterworth fil-
ter with a cut-off frequency of 5 Hz using the
Matlab 7® software.

Statistical Analysis

The score of each item was computed for the
BBS and UPDRS (Item 30) analyses. The angu-
lar amplitude of body oscillation (degrees), used
as the dependent variable, was calculated by
subtracting the maximum and minimum body
oscillation values during the entire trial in both
directions (anterior-posterior and medial-lat-
eral). Postural sway variability was determined
by calculating the standard deviation of the an-
gular amplitude oscillation.

The Kolmogorov-Smirnov and Levene tests
showed that the data were not normally distrib-
uted and homogenous and thus the unpaired
Mann-Whitney test was used to compare differ-
ences in group characteristics and clinical bal-
ance tests between the HY groups. Because pos-
tural sway variables were normally distributed
(Kolmogorov-Smirnov test) and homogenous
(Levene test), we used a three-way analysis of
variance (ANOVA) with repeated measures to
compare postural sway variability between HY
groups (unilateral and bilateral), conditions
(eyes open and closed), and direction (AP and
ML). The cut-off criteria for the effect size (par-
tial eta squared [n,]) were: small effect (0.20 <
N> < 0.50), medium effect (0.50 < 1> < 0.80),
and large effect (n,* = 0.80) as suggested by Co-
hen (1992). The observer power (0-1) was also
analysed. The significance level was set at p <
0.05. All analyses were performed using the
SPSS software (SPSS for Windows 10.0%).

RESULTS
There were no differences in age, height,
weight, disease duration, cognitive state

(MMSE), and UPDRS staging (mental section)
between the unilateral and bilateral groups.
However, the motor and functional UPDRS
scores were significantly lower in the unilateral
group than in the bilateral group, whereas the
opposite result was observed in the BBS score
(Mann-Whitney test, p < 0.05 all; Table 1).
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Table 1
Subject characteristics (anthropometrical and clinical variables) for unilateral and bilateral groups (mean +
SD)
Groups
Characteristics P-value Group 1 Group 2
(Unilateral disease) (Bilateral disease)
General
Men/women - 5/9 6/0
Age (years) 0.62 64.93(+10.36) 68.67(+7.03)
Duration of the disease (years) 0.12 7.29(+5.7) 11.17(£5.7)
Anthropometrical
Weight (kg) 0.90 66.8(+14.4) 68(x7.5)
Height (m) 0.96 1.6(=0.1) 1.6(=0.1)
Clinical
UPDRS mental (score) 0.39 4(%2.7) 5.2(%+2.2)
UPDRS functional (score) 0.05 14.3(x4.5) 24.5(x6.2)
UPDRS motor (score) 0.00 23.3(x7) 48.3(+9.2)
Item 30/UPDRS (score) 0.01 1.4(+0.7) 2.2(+0.4)
MMSE (score) 0.65 26.6(+3.5) 25.3(%5.2)
BBS (score) 0.04 51.1(+5.7) 45.5(+3.9)
~
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Figure 1. Postural sway variability (mean * SD) in the eyes-open and eyes-closed condition for anterior-
posterior and medial-lateral directions in Parkinson’s disease patients (p < 0.05 for a, b, ¢, and d).

The three-way ANOVA (HY group x
eye condition x sway direction) with repeated
measures on the last two factors showed no sig-
nificant differences between HY groups (F1,15 =
34.02, p = 0.86, np* = 0.65, observer power =
1.0) and interaction (F1,15 = 1.48, p = 0.24, n,?
= 0.076, observed power = 0.73), but showed
significant differences in eye condition (Fis =
7.35, p = 0.014, partial ny* = 0.29, observed

power = 0.74) and sway direction (Fi15 =
11.42, p = 0.003, n,*> = 0.38, observed power =
0.89). Postural sway variability in the AP and
ML directions was greater in the eyes-closed
than in the eyes-open condition for both groups
(Figure 1). In addition, postural sway variability
was higher in the AP than in the ML direction
for both visual conditions (Figure 1).
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DISCUSSION

This study aimed to evaluate postural sway
variability and postural control performance in
different balance tests (Item 30, BBS, and up-
right stance) in PD patients at different stages
of disease. Postural sway variability was not af-
fected by disease severity. In addition, postural
control mechanism was preserved during the
static upright stance task in patients at moder-
ate stages of disease. Thus, balance control
mechanisms are likely still operative in PD pa-
tients at moderate stages of disease.

Frenklach et al. (2009) evaluated postural
sway in patients with PD at different stages of
disease and healthy controls under static and
dynamic conditions with eyes open, eyes closed,
and sway-referenced visual surround (sensory
organization test). The authors did not find any
differences between patients at early stages of
PD and healthy controls for all sensory condi-
tions tested. However, they showed that pos-
tural sway increased with disease severity. The
contrasting results between that study and ours
may be explained by the medication status of
participants: patients were evaluated off dopa-
minergic medication in Frenklach et al. (2009),
whereas in our study participants were evalu-
ated while taking their current medication. In
fact, stability limits are influenced by the levo-
dopa status in patients with PD (Mancini, Roc-
chi, Horak, & Chiari, 2008). Moreover, we in-
vestigated PD patients at early and moderate
stages of disease, whereas Frenklach et al.
(2009) evaluated PD patients at advanced
stages. Thus, the different results observed be-
tween Frenklach et al. (2009) and our study
may be explained by the different medication
status and disease severity. Moreover, even
though we did not include healthy controls in
our study, no significant differences in any sta-
bilographic parameters have been observed in
results published elsewhere between healthy
controls and people with PD at early and mod-
erate stages (Zawadka-Kunikowska et al.,
2014).

No patients in this study presented dyskine-
sia or motor fluctuations that could compro-
mise balance in postural tasks (Armand, Landis,
Sztajzel, & Burkhard, 2009). Chastan, Debono,
Maltéte, and Weber (2008) observed some
changes in dynamic postural conditions be-
tween patients at early stages of PD and healthy
subjects. Despite the changes in postural stabil-
ity, patients at early stages of PD were also able

to recover balance during dynamic tasks, as
were healthy subjects. We could also have in-
vestigated postural sway variability in more
threatening tasks and some differences between
PD patients and healthy adults may have been
observed.

We found increased postural sway variability
not only in the antero-posterior direction, but
also in the eyes-closed condition. Thus, we can
conclude that postural sway instability occurs in
the antero-posterior direction and eyes-closed
condition, because postural sway variability was
higher in these two conditions. The eyes-closed
condition is considered a challenging task that
disturbs postural sway in PD patients. Brown et
al. (2006) observed increased postural sway in
static conditions with eyes closed and showed
that it took more time for PD patients than for
healthy controls to stabilize upright stance after
vision was restored. Recently, Oude Nijhuis, Al-
lum, Nanhoe-Mahabier, and Bloem (2014) have
shown that center of mass displacement was
17% greater in the eyes-closed than in the eyes-
open condition in PD patients. In our study, we
also show that the eyes-closed condition is more
threatening for PD patients, because it increases
postural sway variability. Thus, increased pos-
tural sway variability can be described as a
change in the postural control system caused by
PD and may be an impaired compensatory
mechanism for recovering balance. Moreover,
the increased postural sway variability may
stem from a deficit in the reorganization of sen-
sory information for postural control, indicating
that basal ganglia are critical for integrating sen-
sory information (Brown et al., 2006). The in-
creased body sway in the antero-posterior direc-
tion observed in our study represents an impair-
ment of the postural system and may be associ-
ated with falls.

We also observed that PD patients adopted a
stooped posture in the UPDRS test. The
stooped posture is characterized by forward tilt-
ing of the center of mass and is a compensatory
posture used to fight instability that may be
partly responsible for the abnormal postural re-
sponses in subjects with PD (Jacobs, Dimitrova,
Nutt, & Horak, 2005). Thus, the increased pos-
tural variability in the antero-posterior direction
may be a compensatory mechanism for the
stooped posture (Benatru, Vaugoyeau, & Az-
ulay, 2008). The results of this study are in
agreement with other studies that reported in-
creased postural sway in the anterior-posterior



direction (Bfaszczyk et al., 2007) in the eyes-
closed condition. Because of the rigidity and
functionality problems observed in the UPDRS
test, PD patients were not able to compensate
for the postural sway in the medial-lateral direc-
tion, resulting in greater postural instability in
the antero-posterior direction. Thus, the in-
creased postural sway variability in the anterior-
posterior direction is a compensatory mecha-
nism for postural sway that occurs in the same
direction as the postural problems (Benatru et
al., 2008), as well as for cervical rigidity
(Franzén et al., 2009). Cervical rigidity plays a
significant role in functional mobility and may
contribute significantly to balance and mobility
disorders (Franzén et al., 2009). It should be
noted that the UPDRS test is limited by the sub-
jective estimation of tone in the extremities and
the neck when the patient is sitting.

The differences in UPDRS II-III scores be-
tween the HY groups were expected, because of
the difference in disease severity between the
unilateral and bilateral groups. Similarly, per-
formance in the BBS and Item 30 test was also
affected by disease severity: patients in the uni-
lateral group performed better than patients in
the bilateral group. This result is in agreement
with Hoehn and Yahr (1967), who showed pos-
tural instability in PD patients at moderate and
severe stages of disease. However, postural
sway variability was not affected by disease pro-
gression in our study. Thus, postural sway vari-
ability may be more reliable than clinical tests
to identify factors that affect balance control in
PD patients, because it is an objective measure
that recognizes changes in body balance with
aging and neurological disease (van Emmerik &
van Wegen, 2002). Based on these results, we
suggest that postural sway variability rather
than indirect tests such as the BBS and retropul-
sion test can be used in clinical practice to eval-
uate body balance control because this variable
can detect significant changes in postural con-
trol.

The type of task used in each clinical test
should also be considered, because the upright
stance task is a static test whereas the BBS and
Item 30 include dynamic tasks. Previously, Jen-
kins, Johnson, Holmes, Stephenson, and
Spaulding (2010) also reported that the UPDRS
test may not be appropriate to evaluate postural
stability in PD patients. In that study, the au-
thors found that a functional reaching test is
more reliable to evaluate postural instability.
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Moreover, the level of difficulty of each test
should also be considered. For instance, the up-
right stance task is not threatening for PD pa-
tients at any stage of disease, whereas the clini-
cal balance tests may be more challenging be-
cause of the dynamic tasks. Additionally, for pa-
tients at more advanced stages of PD the dy-
namic tasks might be more difficult to perform.
Lastly, dual-task paradigms and dynamic tasks
may also be used to identify functional changes
in postural control as a result of disease progres-
sion.

One limitation of this study is that we did
not include a healthy control group and more
advanced stages of PD that could provide addi-
tional evidence about postural sway variability
during disease progression. Additionally, we
used a single segment (inverted pendulum) to
analyze postural control. Analyzing quiet stance
in different body strategies could have also been
beneficial because the postural control system
is more complex than an inverted pendulum
and behaves like a multilink pendulum (Creath,
Kiemel, Horak, Peterka, & Jeka, 2005). Alt-
hough postural control should be analyzed as a
multilink pendulum, it has been shown that PD
patients do not use a hip strategy, because they
have small responses, stiff postural coordina-
tion, and impaired proprioception (Baston,
Mancini, Schoneburg, Horak, & Rocchi, 2014).
Thus, the placement of reflective markers on the
shoulder and the ankle was appropriate to quan-
tify postural sway variability as an inverted pen-
dulum (Suarez et al., 2011).

CONCLUSION

Postural sway variability was not affected by
disease severity and was in the anterior-poste-
rior direction, likely to compensate for the
stooped posture. In addition, postural sway var-
iability was higher in the eyes-closed condition,
which appears to be challenging for PD patients
because of the associated sensory integration
deficit. Finally, clinical tests and postural sway
variability differed in their ability to detect pos-
tural changes in PD patients. We suggest that
objective measures such as postural sway varia-
bility may be used in clinical practice to evaluate
changes in balance control in PD patients.
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