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Abstract: A stroke and aging process can modify the postural control. We aimed to compare the postural control of health elderly
individuals to that of individuals with stroke sequelae. This cross-sectional transversal study was made with individuals capable of
walking without any assistance and that were considered clinically stable. The study had 18 individuals in the group with stroke
sequelae (SG) and 34 in the healthy elderly control group (CG). The participants were evaluated for the timed up and go test (TUG)
and force platform. The SG showed the worst results in relation to the time of execution of the TUG and the force platform
evaluation. The displacement of center of pressure was worse for both groups in the eyes-closed situation, especially in the
anteroposterior direction for the CG. The GS showed worse results in the static and dynamic postural control. The healthy elderly
showed more dependence on sight to maintain their static balance and there was no difference in the balance tests in relation to the
side affected by the stroke.
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INTRODUCTION

Postural control is necessary to perform daily activities and requires the integration of the information from the
vestibular, somatosensory, and visual systems to generate a motor response that maintains one’s balance in static as well
as in dynamic activities [1 - 5].

Alterations in the afferent information as well as musculoskeletal alterations are responsible for the reduction of the
postural control among the elderly [1 - 3, 6, 7 - 11]. This is exemplified by the fact that approximately 65% of the
individuals older than 60 years frequently feel some dizziness or loss of balance [12].

Aging, associated with some health problem, as well as an alteration of the normal brain function, can affect the
postural control of elderly individuals even more. One condition that affects the proper functioning of the brain is a
stroke.

Some examples of symptoms that occur in isolated or combined form are: visual alteration, dysarthria, cognitive
alteration, mental confusion, dysphasia, disorientation, negligence, memory disturbances, cephalea, deafness, weakness,
or sensory loss on one side of the body [13 - 17]. It is known that hemiparesis is the most frequent neurological deficit
after a stroke and that hemiparetic patients frequently show balance disturbances [18]. Hemiplegic or hemiparetic
individuals show more body oscillation, asymmetric distribution of body weight, and a reduction of their capacity for
stability [19]. There is also evidence that the survivors of stroke have some degree of residual motor sensory alteration
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that adversely affects their balance and quality of life [20]. The worsening of balance can also be related to the increase
in energy spent worrying about falling and the consequent fractures in those individuals [21].

It is noteworthy to highlight two questions about the maintenance of postural control: the first concerns the
importance of the visual system that has the role of providing an external reference for the orientation of the body in
relation to space, for during the aging process the visual acuity is progressively compromised [2, 3]. Reliance on vision
to maintain postural control increases with age, especially in situations in which balance is challenged [18]. In a
previous study we showed that the elderly that were considered healthy in the community showed worse results for
postural control when their sight was suppressed [22]. In another study we showed the same result, but in frail elderly
individuals [23]. It has been reported that, in the postural control of elderly individuals with stroke, there is more
reliance on the visual system to control balance in relation to individuals in the control group [24].

The second question concerns postural control in individuals with stroke sequelae being influenced by the side of
the brain that was affected. This question deserves to be investigated more deeply, for it is still a theme to be studied
[18].There is conflict due to some results showing postural control being worse in individuals with injury on the right
side of the brain and other results showing it is worse on the left side. However, there are also reports of the absence of
difference between the affected sides [18]. As increased age is the most meaningful risk factor in the occurrence of a
stroke [25, 26] and that, due to this and also to aging itself, mobility and balance are reduced and are related to falls, it is
believed to be important to know the pattern of these variables in individuals considered healthy as well as in those with
stroke sequelae, so that therapeutic activities may be better directed.

Within this context, the objective of this study was to verify and compare the pattern of functional mobility and
postural control in elderly individuals considered healthy and elderly individuals with stroke sequelae.

MATERIALS AND METHODS

The local ethics committee approved the study (no. 0883/11) and all participants signed an informed consent form.
This cross-sectional observational study was made in a rehabilitation center for outpatients in Sdo Paulo, Brazil.

The participants were recruited at the Physical Medicine and Rehabilitation Institute (IMREA) of the Hospital of
Clinics, School of Medicine of the University of Sdo Paulo and Lucy Montoro Network, through verbal invitation. The
control group (CG) was formed of individuals considered healthy who had the capacity to arrive at the place of
evaluation independently. These individuals could be of both gender, aged at least 60 years, and who had not been
engaged in any regular physical program of physical exercise/rehabilitation for three months before the evaluation. The
individuals in the stroke sequelae group (SG) also could be of either gender and also aged at least 60 years. These were
individuals who were participating in the rehabilitation program of the institute for at least three months or who had
finished the program no more than three months before the evaluation. They also should be ambulatory. Individuals
who presented paresis either on the right or on the left side were included.

This study did not allow individuals who showed severe insufficiencies such as: cardiac, coronary, respiratory,
renal, or hepatic, or intense osteoporosis, symptomatic arthropathy, unstable diabetes. Those with articular prostheses
and osteosyntheses (lower limb), with a history of previous fracture (especially in the lower limbs and vertebral
column), with severe cognitive disorders that would impede the understanding of the evaluation activities, those without
visual correction, with a history of dizziness, or with a recent history of falls also did not participate.

Evaluation

Initially, subjects were assessed with the Timed Up and Go (TUG) test, which requires a subject to stand up, walk
3 m (10 ft), turn, walk back, and sit down. The time taken to complete the test is strongly correlated with the level of
functional mobility [27].The volunteer was instructed to "go" to perform the test and the time was recorded from the
voice command until the time that the volunteer would support her back in the chair again. The test was performed once
for familiarization and a second time to measure their time.

To measure the static postural control, the subjects were evaluated with a force platform (AMTI Inc, Watertown,
MA) whereby the oscillation of the body center of pressure area could be defined, we assumed this parameter to
represent the whole body oscillation [28, 29]. After calibration, signs of oscillation of the body were recorded with the
platform in the bipedal position. During this assessment, subjects were asked to stand up in the bipedal position with
eyes open and eyes closed for 1 minute—this was repeated three times. When vision was present, the subjects were
asked to focus their sight on an object within 1 meter, at eye level. Participants were instructed to stand quietly
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throughout the duration of the test. Other environmental conditions like temperature and light were controlled and
constant throughout the tests. The rater remained beside the subjects during the tests in order to prevent falls [28, 29].

Data were captured with Eva software (Hewlett Packard®, Palo Alto, CA), at a sampling frequency of 100 Hz. The
amplitude of movement (cm) of the pressure center was assessed in the anteroposterior as well as lateromedial planes

and were analyzed with Matlab” software (version 6.5). We used a routine developed in Matlab (version 6.5
MathWorks, Upper Saddle River, NJ) to process the data [28, 29].

Statistical Analysis

The sample size calculation was determined by the study of Paillex and So [30] using a 5% significance and 80%
power, two-tailed. Data are presented as means + standard deviations. We used the Student ¢ test to check the
differences between the two populations. The proportion for categorical variables was done using the Chi-square test.
The Kruskal-Wallis Test with Dunn's Multiple Comparisons Test was performed on all the other comparisons in
relation to body sway. When that there was normal distribution of data (where the variables on the balance in the
anteroposterior direction between the left and right paretic sides were compared) an Analysis of variance (ANOVA-
Kruskal-Wallis Test) was used. The significance level was 0.05. Data analysis was done using the GraphyPad Instat
statistical package.

RESULTS

Twenty-four individuals were recruited for the group with stroke (SG), however, one of them was not able to walk
without assistance and another five individuals did not come to the evaluation, leaving 18 participants in this group.
Thirty-four individuals from the community who were considered healthy/control (CG), who were companions or
friends of patients at the Institute, came to the evaluation.

The groups were similar in average age, but the BMI of the CG was higher than the SG. The proportion of females
was higher in the control group when compared to the stroke group. This information as well as time of injury and the
side of the paresis is shown in Table 1.

Table 1. General characteristics and result of functional mobility of participants (Mean£SD).

GS GC p
N 18 34
F/M 6/12 32/2 <0.0001*
Age (years) 68.2+6.3 69.5+5.4 0.44**
BMI (kg/cm2) 25.3+2.03 27.5+3.4 0.015%*
Time of lesion (months) 33.9+24.7 -
Plegic side L/R 8/10 -

Notes: Values are presented as mean and standard deviation (SD). **unpaired ¢-test; Kg, kilogram; cm, centimeter; BMI, body mass index; F, female;
M, male; GS, stroke group; GC control group; L, left; R, right; * chi-square; ** Student ¢ test.

Our findings reveal that the individuals in the SG showed worse results in their performance of the TUG test and in
the displacement of center of pressure in the anteroposterior and mediolateral directions in the eyes open and closed
conditions when compared to the CG. When we compared the intragroup results of the displacement of center of
pressure, we observed that when visibility was suppressed, the results were worse, but only had statistical significance
in the anteroposterior direction of the CG, as shown in Table 2.

Table 2. Comparison results of parameters of postural sway.

GS GC p
TUG (s) 32.21424,56 8.95+1.71 <0.0001*
A/P displ (cm)-OE 3.44+0.99 2.81+1.02 <0.001
A/P displ (cm)-EC 4.88+5.25 3.424].33%* 0.05
ML displ (cm)-OE 2.53+1.45 1.95+1.53 <0.01
ML displ (cm)-EC 2.85+1.87 2.08+1.18 <0.001

Note: TUG, timed up and go test; s, seconds; A/P, anteroposterior; displ, displacement of center of pressure; M/L, mediolateral; cm, centimeters; OE,
open eyes; EC, eyes closed; * unpaired test t; ** p<0.001- intragroup relation OE x EC).

When comparing the results of the displacement of center of pressure in the anteroposterior and mediolateral
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directions with and without visibility, it was observed that the results were similar between the individuals that
presented paresis on their right side and those on the left side, as shown in Table 3.

Table 3. Comparison results of parameters of postural sway between paretics sides: left (L) and right (R).

GS-R GS-L p
TUG (s) 34.36+30.46 29.4549.29 NS
A/P displ (cm)-OE 3.3941.05 3.39+0.86 NS
A/P displ (cm)-EC 3.61£1.32 3.94+1,03 NS
M/L displ (cm)-OE 2.35+1.26 2.62+1.63 NS
MJL displ (cm)-EC 2.78+1.29 2.53+1.46 NS

Note: TUG, timed up and go test; s, seconds; A/P, anteroposterior; displ, displacement of center of pressure; M/L, mediolateral; cm, centimeters; OE,
open eyes; EC, eyes closed; NS, no significant.

DISCUSSION

The results of this study showed that elderly individuals with stroke sequelae showed less postural control than
elderly individuals who were considered healthy.

Some studies verified the question of postural control in healthy elderly individuals who participated in exercise
programs to improve this control, [31 - 34] and other studies verified the influence of the many programs for
rehabilitation of postural control in individuals with stroke sequelae [35 - 41]. Some studies sought to verify the aspects
of postural control in individuals with stroke sequelae [42, 43] while others compared the postural control in relation to
a control group [44]. Similarly, to the present study, Marigold and Eng [24] verified the postural control in elderly
individuals, however divided into one group with stroke sequelae and a control group.

In this study, we investigated the balance due to its importance, for it is established that the static and dynamic
balances are fundamental for the execution of daily activities of the elderly. However, the loss of balance is frequent
and in addition to increasing the energy use, it may be directly associated with falls and high risk of fractures in the
elderly, especially those elderly with stroke sequelae [21].

The static balance is very important because it is a predictor of independence and also of the risk of falling for the
elderly [33]. To evaluate it, we preferred to use the objective data provided by the force platform [21]. This evaluation
at rest of the displacement of center of pressure in the mediolateral and anteroposterior directions reflects the muscular
action to maintain the balance of the orthostatic posture. When the center of pressure shows a reduced amplitude of
movement, this reflects a good balance control, while a wide amplitude of movement reflects a poor control of postural
balance [2, 3, 34]. The results of this study showed that elderly individuals with stroke sequelae present worse static
balance when compared to healthy elderly individuals, which makes us believe that they exert greater muscular effort to
maintain the bipedal posture.

An example of that is the use of the ankle muscles (dorsiflexors and plantar flexors) for the stabilization in the
anteroposterior direction in the orthostatic position [45]. These muscles are the first to be lost in the elderly due to
muscular weakness and to peripheral sensory loss [3]. That may explain why when sight was removed during the
balance tests, this direction (anteroposterior) was the one with the worst results, even for the healthy elderly individuals,
which was surprising. We also highlight that sight is an important factor in postural control of healthy individuals and
of those with stroke sequelae, confirming that in situations where visibility is suppressed, the results for postural control
tend to be worse than when it is allowed [33, 46].

Similarly to the present study, Marigold and Eng [24] verified the postural control in the elderly with and without
stroke sequelae, but the authors found that the individuals with stroke sequelac were more dependent on their sight to
maintain postural control in relation to the speed of movement in the mediolateral direction, but not in the
anteroposterior direction, in relation to the control group. However, in our study we were able to verify that regardless
of visibility, the individuals in the SG showed worse results for the range of movement in the anteroposterior as well as
in the mediolateral direction when compared to the control group.

As for the Timed up and go test [27]that was used to verify the dynamic balance, it was completed in less time by
the healthy individuals. This happened probably due to the better musculoskeletal conditions such as the strength of the
limbs, but also due to the better afferent sensory information. This is because the functional loss of the lower limbs due
to stroke is not due simply to the paresis/lack of muscular strength, but also due to the lack of articular stability and loss
of proprioception [47].
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As for the time in performing the TUG, independent adult individuals with no balance alterations can perform the
test in 10 seconds or less; those dependent on basic transferences can perform it in 20 seconds or less, and those who
need more than 20 seconds are dependent in many daily life activities and in their mobility, indicating the need for a
suitable therapeutic intervention [27]. A meta-analysis of the reference values from the TUG test verified that
individuals aged over 60 years perform the test on an average of 9.4 seconds [48]. If we look to the average time to
perform the TUG shown by the healthy elderly, 8.95 seconds, we see that it is a little below average, since the average
time for the participants of the stroke sequelae group, which was 32.21 seconds, is compatible with the loss of daily life
activities and mobility, which would call for a more specific intervention to improve mobility.

As for the injury side, it was seen in this study that individuals with the paretic limb on the right or left sides showed
the same level of dynamic as well as static control, showing that the sequelae regarding the capacity for postural control
had no relation to which side was affected, and is in agreement with the studies of Bonan et al. [49]and De Haart ef al.
[50] therefore, they contest the concept that individuals with postural control problems are those who have cerebral
injuries on the right side [51 - 56].

As there is still no concrete evidence on the best way to reestablish balance after a stroke, [57] we believe that the
proprioceptive stimuli, as well as the improvement in the muscular performance of the dorsiflexors and plantar flexors
must be prioritized during the rehabilitation process in order to diminish the oscillation in the anteroposterior direction.
Another factor that also must be taken into consideration in relation to the rehabilitation is the improvement in the
mediolateral stability that is related to the hip musculature [3, 58]. It is believed that this musculature must also be
emphasized, for many activities that place the elderly at risk of falling also involve movements in the lateral direction
[59]. That is, to improve the balance of healthy elderly and of those with stroke sequelae, it is necessary, in addition to
articular stability and sensory stimuli, to improve the muscular action of the ankles as well as of the hips.

Each hemiparetic individual has a unique combination of postural abnormalities and the stroke can affect different
functions independently or in tandem, causing a wide-ranging loss of compensation strategies in each individual [18]. In
this sense, we believe that future studies that evaluate other sensory systems, in addition to the static and dynamic
balances such as the vestibular, in addition to the evaluation of flexibility and muscular strength in the region of the
ankles, as well as the shifting of weight and the level of spasticity, may provide more information on the aspects that
involve the postural control of elderly individuals with and without stroke. In this study, we saw the difference in the
number of females and males in both groups as a probable limiting factor, and because of that, we believe a study
comparing the influence of gender on postural control could shed new light on the subject.

Finally, a factor to be considered is the question of the evaluation in this study having been made without the help of
an occasional orthosis used voluntarily. Although the volunteers in this study were persons who walked without the
help of orthoses, it is believed that as hemiparetic individuals use such devices occasionally, a future study comparing
the balance of this type of volunteer with and without an orthosis may also provide not only a better understanding of
postural control, but also better evidence for the recommendation of orthoses for the gait.

It was concluded in this study that individuals with stroke sequelaec showed worse results for the static as much as
for the dynamic postural control in relation to the elderly of the same age considered as healthy. We can also affirm that
in both groups there was a reduction of postural control when sight was not present, especially in the anteroposterior
direction when compared to the healthy elderly group. In relation to the side of the brain in the cerebral injury, there
was also no difference in the performance for the dynamic as well as for the static balance.
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