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Abstract

Introduction: The aging process generates changes in physiology and in the per-
formance of daily living activities. Objective: To compare the postural control of
active seniors and young adults with and without visual information, by means
of a force platform. Method: A cross-sectional exploratory study was carried out
with 66 subjects divided into two groups: G1, young adults with an average age of
20.33 (1.86) years; and G2, active elderly individuals with an average age of 67.42
(6.2) years. Results: The displacements observed with the use of vision were 0.84
cm (AP) and 0.63 cm (ML) in the younger group and 1.33 cm (AP) and 1.02 cm
(MP) in the group of active seniors. Without the use of visual information: 0.95
cm (AP) and 0.68 cm (ML) in the young group and 1.46 cm (AP) and 1.21 cm (ML)
in the elderly group. The average displacement exhibited significant differences
(p<0.001). Conclusion: In spite of exercising regularly, the elderly group showed
greater fluctuations with and without visual information.
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Resumo

Introducao: O envelhecimento gera mudangas fisiolgicas e no desempenho nas
atividades da vida diaria. Objetivo: Comparar o controle postural de idosos ati-
vos e jovens adultos, com e sem informagao visual, por meio de uma plataforma
de forca. Método: Realizou-se estudo exploratério transversal com 66 individuos
divididos em dois grupos: G1, jovens com uma idade média de 20,33 (1,86) anos; e
G2, idosos ativos com 67,42 (6,2) anos. Resultados: Os deslocamentos observados
com o uso da visao foram 0,84 cm (AP) e 0,63 cm (ML), no grupo de jovens; 1,33
cm (AP) e 1,02 ecm (MP), no de idosos ativos. Sem o uso de informagao visual:
0,95 cm (AP) e 0,68 cm (ML), no grupo de jovens; 1,46cm (AP) e 1,21cm (ML), no
de idosos. O deslocamento médio apresentou diferenca significativa (p<0,001).
Conclusao: Apesar da pratica de exercicio fisico regular, os idosos apresentaram
maiores variagdes posturais com e sem informacao visual.

Descritores: Equilibrio postural; Idosos; Grupos etarios.
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Introduction

With advancing age, various biological
losses occur in the most diverse systems. Among
these, three have direct influence on the mainte-
nance of the body’s balance — the proprioceptive
system, the vestibular system, the visual sys-
tem, and their affections may cause temporary
imbalance, which disappears with the compen-
sation mechanism, or may even be permanent,
depending on the gravity of the losses'.

In this context, the importance of the visu-
al system for the control of balance has been the
focus of several studies’*. This system makes
use of visual stimuli to provide information
about the environment, direction of movement,
and velocity of the body itself, and this in rela-
tion to the objects in the environment®®.

Postural sway increases with the with-
drawal of visual information and may be related
to the high reliance on visual information as to
problems in processing visual information for
postural control. Moreover, studies have dem-
onstrated that postural sway is greater in the
elderly, compared to younger adults™.

Among the changes occurring with aging,
there are those relating to the structure of the
eyes. With advancing age, less light is processed
by the retina, and there may be loss in sensibil-
ity of visual contrast too, causing problems in
contour and depth perception’. This informa-
tion is important for posture control and may
be decisive for its maintenance, as demonstrated
by a study that evaluated patients with senile
cataract before and after surgery. These data
suggest that even lower visual acuity interferes
negatively with postural balance and that vision
recovery leads to improvement in balance and
consequently in the quality of life of the con-
cerned individuals!®.

To minimize the various losses that natu-
rally occur with aging, especially those related
to the maintenance of balance, regular practice
of activities and physical exercise has been indi-
cated'?. Nevertheless, there is a lack of studies
indicating differences in postural control and in

the maintenance of balance in active people at
different ages. Typically, studies are focused on
individuals enrolled in rehabilitation programs,
and physical activity variables are not con-
trolled. Even if this concern exists in the scien-
tific community, there are no studies addressing
the issue of the interrelationships between elder-
ly and physically active young adults as well as
the influence of vision on balance performance.
Based on the foregoing, the aim of this study is
to compare the postural control of active seniors
and young adults and the displacement of the
center of pressure in anteroposterior (COPap)
and mediolateral (COPml) directions during
balance in young adults and active seniors, with
and without use of visual information.

Materials and methods

Sampling

In total, 66 individuals of both genders
were assessed using intentional rather than
probabilistic sampling. The individuals were di-
vided into two groups: young adults and elderly
individuals. Table 1 presents the groups of the
study (young adult and elderly), the number of
individuals, the average and standard deviation
of age, and the body weight and height of the
individuals.

Table 1: Study groups, number of
individuals, mean and standard deviation
of age, body weight and height of subjects
in both groups

Descriptive

variables Young Elderly
Subjects 34 32

Age (years) 20.33 (1.86) 67.42 (6.2)

Weight (N) 672.96 (129.95) 694.48 (119.78)
Height (m) 1.76 (0.08) 1.57 (0.08)

Procedures and measures
All subjects signed a Consent Form to partic-
ipate in this research, as required by the Ministry



o Health’s National Council of Health Resolution
No. 196/1996 on research with humans.

To assess the level of physical activity, the
International Physical Activity Questionnaire
(IPAQ) was used. The study included subjects
who were considered active and practiced more
than 150 minutes of physical activity per week™.
Moreover, as recommended by Benedetti et al.’s,
due to the small sample size, besides the formal
IPAQ application, individual questions were
asked in an interview in order to enable a wider
visualization of the daily physical activities of the
evaluated individuals. Regular practice of water
aerobics and walking were identified for at least
six months — often twice weekly — in all evalu-
ated individuals. Those with other practices in
addition to those determined by the study were
excluded from the assessments, as well as those
who practiced only one of the two modalities.
These standardizations occurred so that the type
of exercise being performed would not act as a
hindrance to body stability. Furthermore, we in-
cluded only individuals practicing these modali-
ties and excluded anyone with any of the follow-
ing characteristics: musculoskeletal problems;
diseases associated with vestibular problems,
such as labyrinthitis; a shortened member; use of
cane; dizziness. Those who volunteered to par-
ticipate in the study were evaluated effectively.

Body balance was evaluated and analyzed
by computer stabilography. A three-dimen-
sional force platform (OR6-5 AMTI, Advanced
Mechanical Technologies, Inc.) was used to assess
the position of the center of pressure (COP) during
static standing. The location of the COP expresses
the position resulting from the ground reaction
force, indicating the neuromuscular responses to
body sway due to changes in the center of grav-
ity position’. COP is the point of application of
the resultant vertical forces acting on the weight-
bearing surface (force platform) and refers to the
position measurement defined by two coordinates
on the surface of the platform. These are identi-
fied in relation to the orientation of the individual
standing on the platform: the anteroposterior and
mediolateral direction from the signals measured

by the force platform. The COP position is calcu-
lated at each instant of movement, and this, in this
study, was provided by:

COP,, =[(My~ h.Fx)/ F2],,,, - [(My-h.Fx)/ Fz],;,

Where:

COP, = coordinate of center of pressure in the
anteroposterior direction;

COP = coordinate of center of pressure in the
mediolateral direction;

Mx = moment around the anteroposterior axis;

My = moment around the mediolateral axis;

Fx = anterior-posterior component of ground
reaction force;

Fy = mediolateral component of ground reac-
tion force;

Fz = vertical component of ground reaction
force;

h = distance from the surface to the geometric
center of the force platform.

Throughout the data collection, partici-
pants remained shoeless, in bipedal support and
in the anatomic reference position. Each partici-
pant was asked to maintain an upright posture
as stable as possible.

Data were collected on the following con-
ditions: (1) eyes open and (2) eyes closed. In all
examined conditions, individuals remained on
the platform with feet apart at a distance equiv-
alent to the width of their hips. To do this, first-
ly, the width corresponding to each individual
was marked on the surface of the force platform
so that, in all attempts, the individual would
remain in the same position. In the eyes open
situation, each individual was asked to stare at
a point marked on the wall, two feet away at eye
level, as recommended by Gandelman-Marton
et al.®. Data from six trials were collected for
each individual, three for each condition. In
each trial, data were collected for 30 seconds, af-
ter stabilization of the COP, at a frequency of 100
Hz and an average taken for each subject under
each condition analyzed.
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During the body’s balancing, the ampli-
tude of displacement of the center of pressure
in the anteroposterior (COPap) and mediolateral
(COPml) directions were analyzed.

Height was measured with a stadiometer
set vertically on a wall and having a resolution
of 1 (one) mm, Body weight was measured by
the very force platform.

Analysis

For data analysis, descriptive statistics
were used. Data normality was verified using
the Shapiro-Wilk test. Since data showed normal
distribution, a Student’s t-test for independent
data was used to compare variables (COPap and
COPml) between the young and elderly groups,
both in eyes open and eyes closed situations.
The level of significance for all tests was 5%.
For the statistical calculations of all analyses,
Statistica®7.1 for Windows® was used.

Results

For the balance analysis in condition 1,
values for COPap and COPml in both groups are
illustrated in Table 2. All variables, comparing
the young and elderly groups, under the eyes
open condition, showed statistically significant
differences.

When condition 2 was analyzed, all vari-
ables also showed statistically significant dif-
ferences when young and elderly groups were
compared. The values of COPap and COPml
variables are illustrated in Table 3.

Table 2: Mean (X) and standard deviation

(S) values of COPap and COPml with open
eyes in the study groups

Young (34)

Variables Elderly (32)

= *
(cm) X (S) p-value
COPap 0.84 (0.19) 1.33(0.38) <0.001
COPml 0.63 (0.17) 1.02 (0.38)  <0.001

* Student’s t-test significance level

Table 3: Mean (X) and standard deviation
(S) values of COPap and COPml! during
static balance of young adults and elderly
individuals without visual information

Variables  Young (34) Elderly (32)
p-value*
(cm) X (S)
COPap 0.95(0.24) 1.46(0.48) <0.001
COPml 0.68 (0.17) 1.21(0.55)  <0.001

* Student’s t-test significance level

The results of the analysis were statisti-
cally different between both groups for all
variables, both with and without visual in-
formation (p<0.001). Thus, even though both
groups are physically active, body balance,
when compared between groups of different
age, is statistically different, with higher val-
ues for older individuals with visual informa-
tion (COPap=1.33(0.38); COPmI1=1.02(0.38)) and
without visual information (COPap=1.46(0.48);
COPmlI=1.21(0.55)).

Discussion

The main results of this article indicate
that balance in the elderly varies more when
compared to young adults, whether with eyes
open or closed. The increase in body oscillations
could be regarded as the beginning of changes
in the postural control, which corresponds to
the aging process. The findings in this study
are consistent with the proposals of authors
such as Pereira et al.” and Yeh et al.?’. The au-
thors state that static postural balance decreased
over time in healthy individuals. As reported by
Wieczorek’, with aging, there is also a decline
in the visual system, which is in accordance
with our findings, since there was an increase
in body sway of the elderly, compared to young
adults (Table 3).

Thus, aging can be relevant as an aggra-
vating factor in postural sway®**. Significant
changes occur in body balance after the age of
60 years. During this period, there is still a lin-
ear trend of increased postural sway, which can



be seen from age 40. These considerations are
in line with the findings of this study, since the
elderly presented higher values in the range of
displacement of the center of pressure on both
proposed conditions. Teixeira et al.” showed
that after the age of 20 years, there are already
differences in body balance when manipula-
tions are performed on the sensory systems,
such as vision.

However, for Takacs et al.??, differences be-
tween older people and adults during the main-
tenance of balance are not caused by structural
changes of the sensory systems that occur due
to the natural aging process, but rather could be
related to pathological changes in one or more
of these systems. The same authors also argue
that only at older ages could these differences
be associated with the sensory changes caused
by the aging process, as these are more dramatic
at older ages.

These occurrences can also be attributed
to the natural aging process, which promotes
decreased capacity of the somatosensory and
vestibular system in the detection of body move-
ments, which possibly, according to Figueiredo
et al.?, leads the elderly to an increased need to
use the visual system for controlling the body;
i.e, unlike young adults, the elderly become
more dependent on vision.

When visual information is suppressed
and/or manipulated, there are indications of
larger body oscillations. However, due to the fact
that there are differences of oscillation when all
sensory systems should be interacting with each
other and with the central nervous system, con-
cerns should be greater, and investigations aimed
at diagnosing the existing problems should be
made. In these cases, there are possibilities for
evaluating the vestibular and somatosensory
system?, since in the condition 1 case, with eyes
open, there is no sensory interference.

For Liaw et al’, elderly individuals let
themselves be influenced by the information be-
ing handled, while young people can, through
more effective sensory information processing,

minimize the effects of the manipulation, re-
sulting in a reduction in its influence.

Possible causes of instability in the elderly
are related to changes in the relationship be-
tween sensory information and motor action,
represented by the difficulty that the elderly
have integrating the most relevant informa-
tion, assigning weights to each piece of infor-
mation according to the context, and selecting
adequate answers in order to keep the body bal-
anced. Thus, it can be inferred that without the
use of vision, the elderly have greater fluctua-
tions than young people because of the lack of
interaction between the other two systems that
constitute the balance triad: the vestibular sys-
tem and the proprioceptive system. During the
interaction process of the sensory information,
the postural control system receives available
information and dynamically selects the most
relevant sensory information within a specific
context, aiming to generate more precise infor-
mation for postural control®. The deterioration
of these systems then starts to contribute to the
decline of stability of the elderly*.

Specifically, the practice of physical exer-
cises on a regular basis can be thought of as a
positive agent for the improvement of balance
values*. Thus, the programs of regular physical
exercises could be designed for the population
with body imbalance problems'. Some authors
argue that physical exercises are an alterna-
tive to alleviate the difficulty of body stability,
since many studies show that physical activity
has positive effects on postural balance??. For
Treml et al.”, physical activity promotes benefits
to the sensory and motor systems by improving
the functioning of the sensory channels (visual,
auditory, and somatosensory) that are impor-
tant to the control system. In contrast, lack of
physical activity influences the overall physi-
cal fitness and coordination of the elderly and,
as indicated by Teixeira'?, there is a tendency of
recurrence of problems related to balance dis-
orders, such as, for example, complaints of diz-
ziness, and consequently poor quality of life in
physical, emotional, and functional terms.
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However, activities undertaken by the el-
derly seem to have no significant influence on
balance, which suggests the need for further in-
vestigation of the effectiveness of exercise pro-
grams and practices related to the maintenance
and improvement of stability.

Nevertheless, and because this is not the
purpose of this study, lack of pre- and post-test
evaluation is a limitation of the analysis. Thus,
considerations of possible acute and chronic ef-
fects of walking and water aerobics activities
are limited.

Differences are also important in order to
confront the literature that relates the risk of
falls with the center of pressure data, mainly in
the mediolateral direction”. These differences,
as observed in Tables 2 and 3, can demonstrate
the tendency for risk of falls in the elderly pop-
ulation, since they present significantly higher
values. Furthermore, the prevention of falls,
especially in the elderly population, is a rele-
vant and current concern®. Lord et al.* argue
that many elderly individuals with a history
of falls have no musculoskeletal or neurologi-
cal diseases, which confirms the findings that
healthy and physically active older people have
higher body oscillations compared to young
people. This illustrates once again that these
changes become relevant, as opposed to stud-
ies by Nunes et al.?, apart from the differences
in the anteroposterior direction; they are also
present in the mediolateral direction, indicat-
ing the need for evaluation of body balance and
its relation to falls.

In this sense, the high level of body imbal-
ance in elderly becomes an important piece of
information for health professionals who car-
ry out clinical assessment in this population.
Especially those who apply tests that require
the complete blockage of vision with this popu-
lation, as, for example, in assessments of coordi-
nation, posture and gait. In addition, since this
study indicated amounts of displacement of cen-
ter position with active elderly individuals, the
findings could be used as predictive parameters
for some pathology'.

Conclusion

The analysis of oscillations in both antero-
posterior and mediolateral directions, with and
without the use of vision, indicated that the be-
havior of variables in young adults and active el-
derly individuals was similar to results from the
literature that analyzes sedentary individuals.
The practice of physical exercise was not a dif-
ferential for the presence of minor oscillations
in the elderly.

Nevertheless, the differences that were
found underscore the need for further investi-
gation of the importance of somatosensory and
vestibular systems for the balance of active indi-
viduals at different ages, as well as the relation-
ships between the decline and maintenance of
body stability.
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