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Abstract

Parkinson’s disease is an age-dependent neurodegenerative disease, the prevalence of which increases among older individuals. The aim of
the present study was to perform a comparative analysis of postural balance among elderly individuals with Parkinson’s (Parkinson Group
— PG) and elderly individuals without Parkinson’s (Non-Parkinson Group — NPG) as well as a control group (CG) of younger adults, using
balance platform parameters. The study was carried out at a medical and geriatric clinic in the city of Jales, SP, Brazil. Twenty-six elderly
individuals with Parkinson’s and 25 without Parkinson’s were selected. The CG was made up of 20 young adults. Mean age in the groups was
75.09 + 6.61, 73.86 + 8.12, and 35.90 + 7.88, respectively. A balance platform (Footwork) was used for the data acquisition. There were no
statistically significant differences between the PG and NPG regarding displacement velocity (P) or radial displacement (Rd) for the right and
left feet (p > 0.05), whereas there was a significant increase in these parameters in both elderly groups when compared to the CG (p < 0.001).
Regarding Parkinson Stages I, I and 111, there was a tendency toward an increase in P and Rd values in Stage I1I. The data of the present study
demonstrated no statistically significant differences between elderly individuals with and without Parkinson’s disease regarding the variables P
and Rd, while there was a significant increase in the value of these parameters when comparing elderly individuals to younger adults.
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Resumo

A doenga de Parkinson é uma doenga idade-dependente neurodegenerativas, cuja prevaléncia aumenta entre os individuos mais velhos. O
objetivo do presente estudo foi realizar uma andlise comparativa do equilibrio postural em individuos idosos com Parkinson (Parkinson Grupo
- PG) e idosos sem (Non-Parkinson Group - NPG) de Parkinson, bem como um grupo controle (GC) de jovens adultos, utilizando pardmetros
de plataforma de equilibrio. O estudo foi realizado em uma clinica médica e geriatria na cidade de Jales, SP, Brasil. Vinte e seis individuos
idosos com Parkinson e 25 sem Parkinson foram selecionados. O GC foi formado por 20 adultos jovens. A média de idade dos grupos foi
75,09+ 6,61, 73,86 £ 8,12 ¢ 35,90 + 7,88, respectivamente. Uma plataforma de equilibrio (Footwork) foi utilizada para a aquisi¢do de dados.
Ndo houve diferengas estatisticamente significativas entre os PG e NPG sobre velocidade de deslocamento (P) ou o deslocamento radial (Rd)
para os pés direito e esquerdo (p> 0,05), enquanto houve aumento significativo nesses parametros em ambos os grupos de idosos quando
comparado ao GC (p <0,001). Sobre Estagios Parkinson 1, 11 e I1l, houve tendéncia de aumento nos valores de P e Rd no Estagio I1l. Os dados
do presente estudo ndao demonstraram diferencas estatisticamente significativas entre os individuos idosos com e sem doenga de Parkinson em
relagdo as variaveis P e Rd, enquanto houve aumento significativo no valor destes pardmetros quando comparamos os individuos idosos com
adultos mais jovens.

Palavras-chave: Doenca de Parkinson. Idoso. Equilibrio Postural.

1 Introduction in this pathology in individuals over 65 years of age®. The

. e 1 . . . World Health Organization considers elderly individuals
Parkinson’s disease is an essentially neurodegenerative

disease with a progressive evolution, characterized by the loss in developing countries to be those aged 60 years or more,

of dopaminergic neurons located in the compact part of the whereas elderly individuals in developed countries are

substantia nigra, leading to motor disorders'. This disease ~considered to be those aged 65 years or more. In 1950,

has five distinct, progressive stages, which begin with the there were approximately 204 million elderly individuals

patient demonstrating mild symptoms and end with extreme throughout the world. This number nearly tripled by 1998 and

functional disability. Parkinson’s is characterized by muscle
rigidity, shuffling gait, curved posture and rhythmic muscle
tremors?.

Like most neurodegenerative diseases, Parkinson’s
is age dependent. Hence, its prevalence increases among

older individuals. It is estimated that there is a 1% increase
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it is predicted that there will be 1.9 billion individuals over 60
years of age by 2050

Elderly individuals exhibit a physiological reduction
in muscle strength, joint movement and adaptive reflex
capacity. With age, these individuals experience changes in
postural control mechanisms. This has a harmful effect on the
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visual, vestibular and proprioceptive systems, which assist in
balance® Elderly individuals are often subject to falls, which
are determined by both intrinsic and extrinsic factors®.

Postural control is a complex process that depends on the
integration of vision, vestibular and peripheral sensations,
commands of the central nervous system and neuromuscular
responses, especially muscle strength and reaction time’.
Postural stability is defined as the ability to maintain and
control the center of mass of the body within the support base
in order to prevent falls and control desired movements®.

Postural instability in Parkinson’s occurs due to the loss
of postural adaptation reflexes manifested during abrupt
changes in gait, which leads to frequent falls’. Changes in
balance occur in advanced stages of the disease and are more
evident during changes in position, such as standing up from
a chair or turning around'®". Such changes have considerable
clinical importance due to the correlation with hip fractures
and difficulty in the dissociation of the waist, scapulae and
pelvis during gait'®!,

A balance platform is a device for measuring static
posturography and is commonly used in the qualification of
balance in the standing position. A balance platform allows
the evaluation of postural oscillations and variations in
displacement velocity from the center of pressure of the feet,
providing values that ensure statistically valid comparisons'.

The aim of the present study was to perform a comparative
analysis of static balance among elderly individuals with and
without Parkinson’s with no visual restrictions.

2 Material and Methods

A controlled, cross-sectional study was carried out at a
private medical and geriatric clinic in the city of Jales, SP,
Brazil. All participants signed terms of informed consent
and the study received approval from the Ethics Committee
of the Universidade do Vale do Paraiba in compliance with
Resolution 196/96 of the Brazilian National Health Council.

The sample was made up of 26 elderly individuals with
Parkinson’s (Parkinson Group — PG), 25 elderly individuals
without Parkinson’s (Non-Parkinson Group — NPG) and 20
younger adults (Control Group — CG). Mean age in the groups
was 75.09 + 6.61, 73.86 + 8.12 and 35.90 + 7.88, respectively.
The PG included patients with Stage I, I and III Parkinson’s
based on the Hoehn and Yahr scale'?, with no difficulties in
maintaining an orthostatic position and no severe cognitive
impairment. Individuals with a history of stroke, lasting
effects from poliomyelitis or other neurological diseases were
excluded from the study.

A balance platform from the Footwork analysis system
with 2704 sensors (7.62 x 7.62 mm) was employed. This
platform allows an analysis of balance, pressure load on
the feet in both static and dynamic erect positions and a
baropodometric analysis for the measurement and comparison
of pressure in different points of the plantar region in the
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orthostatic position. This equipment includes a 16-bit A/D
converter and the sampling frequency is 250 Hz.

An initial evaluation was carried out, which consisted of
information on personal data, medical history, duration of the
disease, stage of the disease, family history, co-morbidities,
visual impairment, vestibular impairment, laboratory exams,
current medications, weight, height, shoe size and dominant
side. Balance assessment was performed using a balance
platform. The individuals were placed in an unrestricted
standing position with no support, barefoot, arms alongside
the body and eyes focused on a visual target located at a
distance of approximately one meter, positioned at the height
of the glabella of each individual. Signal acquisition time was
20 seconds and all participants remained with their eyes open.

Data on postural oscillation from the center of mass of the
body in the anteroposterior (x) and mediolateral (y) directions
and for the right and left feet were analyzed using the Origin
software program version 6.0 (Microcal), following the
method described by Ribeiro'*. The following variables were
calculated:

Velocity of center of pressure displacement (P) — the mean
distance traveled per second during the sampling period,
calculated as follows:

W S AR

in which f'is the frequency of the sample (N/T), with N = the
number of points recorded and T = data collection time; x,and z,
are the coordinates of the center of pressure at each instant in the
mediolateral and anteroposterior directions, respectively, in the
sample index i;

pP=

Radial displacement from the center of pressure (Rd) —the
oscillation of the center of pressure, based on the following
formula:

N

xo= 2l 2=y 26

i1 N

in which x and z_ are the coordinates of the center point and x,
and z, are the displacements around this point.

The entire sequence of data analysis and calculation of
the equations was performed using the Origin 6.0 (Microcal)
program. Comparisons of P and Rd were made between
groups (PG, NPG and CG) as well as between right and left
sides. Descriptive analysis of P and Rd was also performed
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for the individuals in the Parkinson Group based on the stage
of the disease (I, II or III). The Newinstat 2.0 and Microcal
Origin 6.0 software programs were used for the calculations
and construction of graphs.

For statistical analysis, normality (Kolmogorov-Smirnov)
and homogeneity of variance (Levene’s) tests were first
applied. The data were then analyzed using Barlett’s method
to determine whether the standard deviations were similar,
in which case one-way analysis of variance (ANOVA) and
the Tukey-Kramer test were used for multiple comparisons
of parametric data. Otherwise, the data were considered non-
parametric and the Kruskal-Wallis ANOVA and Dunn’s test
for multiple comparisons were used. The level of significance
was set at 5%.

3 Results and Discussion

Table 1 displays the anthropometric data on the individuals
of the present study.

Table 1: Anthropometric data

Individuals Age Weight Height Gender
(n) (years) (Kg) (m) FM
Elderly with 2% 75.09 + 6826+ 1.59+ Q/18
Parkinson’s 6.61 17.44 0.07
Elderly without 73.86+ 6474+ 1.60+
Parkinson’s 2 8.12 13.15 0.09 12/13
3590+ 6735+ 1.68+
Control 20 738 213 0.09 10/10

The statistical analysis revealed no significant differences
(p > 0.05) between the elderly individuals with and without
Parkinson’s (PG and NPG) regarding the value of P for the
body, right foot or left foot, whereas both groups obtained
significantly higher mean values in comparison to the CG (p
< 0.001). There were no significant differences regarding the
value of Rd for the body between the PG and NPG (p > 0.05),
whereas the CG obtained significantly lower values than both
elderly groups (p < 0.001) (Figure 1).
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Figure 1: Mean body Rd values of Parkinson, Non-Parkinson
and Control groups
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There were no significant differences regarding the value
of Rd for the right foot between the PG and NPG (p > 0.05),
whereas the CG obtained significantly lower values than both
elderly groups (p <0.001) (Figure 2).
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Figure 2: Mean right Rd values of Parkinson, Non-Parkinson
and Control groups

There were no significant differences regarding the
value of Rd for the left foot between the PG and NPG (p > 0.05),
whereas the CG obtained significantly lower values than both
elderly groups (p < 0.001) (Figure 3).
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Figure 3: Mean right Rd values of Parkinson, Non-Parkinson
and Control groups

The analyses of the right and left sides in the three groups
revealed no statistically significant differences regarding
mean P and Rd values. In the PG, the analysis of mean P
and Rd values in Stages I, II and III was only carried out
descriptively due to the small number of individuals in Stage
III. There was a tendency toward an increase in mean values
for P in Stage III for the body, right foot and left foot (Figure
4). Mean Rd increased between Stages I and II, with a drop

in values in Stage III.
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Figure 4: Mean values of body, right anl left P of Stages I, 1I
and III in the Parkinson group

Elderly individuals are more prone to falls due to intrinsic
aspects stemming from senescence and extrinsic aspects
caused by the aging process. Falls are more frequent among
patients with Parkinson’s disease. The main risk factors listed
in the literature are advanced age, long duration of disease,
previous history of falls, changes in gait, loss of waist
dissociation and reduction in postural reflexes (straightening,
balance and protective extension reactions). Most studies on
balance in individuals with Parkinson’s report alterations in
the visual, vestibular and proprioceptive systems, which cause
postural oscillations and consequent falls®!>7,

The present study demonstrated that elderly individuals
with and without Parkinson’s had a statistically significant
increase in P and Rd values for the body, right foot and left
foot in comparison to the group composed of younger adults
(CG) during the balance platform analysis in an orthostatic
position with eyes open. These results are similar to those
described by Termoz et al.'8, who found greater ranges in
P and Rd values when comparing elderly individuals and
young adults as well as a similar oscillation amplitude when
comparing elderly individuals with and without Parkinson’s.

There were no statistically significant differences in P and
Rd values for the right and left feet between the individuals
in the PG and NPG. Conflicting with this result, Blaszczyk et
al.”’ found statistically significant differences between elderly
individuals with and without Parkinson’s in an analysis of
oscillation during a static posturographic exam. However, the
authors carried out the exam with no visual system, as the
participants remained with eyes closed, whereas the participants
in the present study performed the test with eyes open.

Studies have shown greater oscillation in balance when
the visual system is not employed. In a study on elderly
individuals with and without Parkinson’s assessing postural
oscillation on a balance platform, Brown et a/.” instructed the
participants to remain with their eyes open for 15 seconds,
then closed for 15 seconds and open again for 15 seconds.
The authors found that balance was affected in both groups
when the visual system was not involved. However, there was
a greater difference in the group with Parkinson’s. This may
have occurred due to the difficulty such individuals have in
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sensory-motor reorganization. De Nunzio e al.?' found that
patients with Parkinson’s are less capable of adapting to
sensory modalities, which is reflected in a change in postural
strategies with the eyes open when compared to eyes closed.
This may contribute to the high incidence of falls among
patients with Parkinson’s.

Previous studies have shown that there are no significant
differences in postural control strategy between elderly
individuals with and without Parkinson’s'®*>. This was
corroborated by the results of the present study, which
demonstrated that these populations exhibit a very similar
number and range of alterations, indicating that the presence
of Parkinson’s has no influence over the task performed.
These results may be explained by the aging process in both
groups of elderly individuals, as adequate functioning of the
postural system involves the control of body segments based
on sensory information®.

A large number of studies report that postural instability
in patients with Parkinson’s occurs due to disturbances in
the motor programming during postural corrections (efferent
deficiency). However, Vaugoyeau et al.>* assessed deficiency
in vertical postural control and impairment in proprioceptive
integration in patients with Parkinson’s using a balance
platform and found a decline in the variables studied, but
corrections could be made using visual feedback. This
indicates that postural instability occurs not only due to
efferent deficiency, but afferent deficiency as well.

There were no statistically significant differences in any
of the groups (PG, NPG and CG) between the right and left
feet regarding mean P and Rd values. There was an increase in
mean P of the right and left feet in Stage I1I of the disease in the
assessment of this parameter in the PG. Mean Rd underwent
an increase between Stages I and II, with a later drop in value
in Stage III. This result may be explained by the fact that
postural instability clinically manifests itself beginning with
Stage III, according to Gagey and Weber?®. It is likely that, in
Stages I and II, individuals with Parkinson’s have the same
somato-sensory and musculoskeletal alterations as healthy
elderly individuals. Moreover, Parkinson’s is primarily a
motor disease and alterations may initially lead to postural
changes due to the deficit in the musculoskeletal system and
subsequent balance deficiency.

It should be stressed that the results of the present
study cannot be generalized for the population of elderly
individuals with Parkinson’s due to the small sample size.
Further studies with a larger number of participants based on
an adequate sample calculation are needed to corroborate the
results. However, this study is important to clinical practice,
as it highlights the aggravation of postural instability with
the progression of the disease and the need to identify the
influence of each stage of Parkinson’s over balance. Thus,
preventive measures aimed at preventing possible falls can be
adopted.
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4 Conclusion

Based on the results of the present study, Parkinson’s

disease did not lead to greater impairment with regard to

static balance in the population of elderly individuals studied.

Regardless of the absence or presence of this degenerative

disease, age older than 60 years resulted in greater instability

in the orthostatic position in comparison to younger adults.

The stages of Parkinson’s were directly proportional to the

worsening in static balance. Hypothetically, manifestations of

postural instability begin to appear with greater accentuation

in Stage III of the disease.
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