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Abstract
Objective: The aim of this study was to determine the effects of a physical activity program 
on static balance in elderly women. Method: The sample was randomly subdivided into 
an experimental group (EG; n=28; 65.64±2.36 years; BMI= 27.52±3.13) and a control 
group (CG; n=21; 66.84±2.31 years; BMI= 27.67±2.78). The EG participated in twice-
weekly 60-minute sessions of physical activity for 12 weeks, with a perceived intensity 
level between 3 and 5 (CR10 scale). Static balance was evaluated using a baropodometric 
platform. Mean postural amplitude oscillations were measured in displacement from the 
center of pressure (COP), left lateral (LLD), right lateral (RLD), anterior (AD) posterior 
(PD) and elliptical (EA) area. Results: Repeated-measures analysis of variance showed 
a significant decrease in EG pre and post-test oscillations ( p<0.05) in the COP, AD 
(∆=0.59; p=0.021), PD (∆=-0.91; p=0.001) and EA (∆=1.56; p=0.044) displacement. When 
comparing the groups, post-test amplitude oscillations in the COP, RLD (∆%=-7.40; 
p=0.006), AD (∆%=-30.63; p=0.007), PD (∆%=-42.96; p<0.001) and EA (∆%=-34.41; 
p=0.017) of the EG were significantly lower ( p<0.05) than those of the CG. There 
were no significant LLD alterations. Conclusion: The results confirm that static balance 
improved with physical exercise in EG subjects. 
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INTRODUC TION

Ageing is a natural phenomenon involving 
biological, environmental and psychological 
factors.1 Significant changes occur in cell, tissue 
and organ activity and physiological processes 
become less efficient.2 The neuromuscular system 
declines and strength, muscle mass and joint 
mobility decreases.3-5

These factors can influence coordination and 
control of static and dynamic balance,6-8 which, 
in turn, reduces postural stability. These results 
in gait deviation, instability, nausea and frequent 
falls.9-11 These falls are often the most dangerous 
consequences of imbalance and movement 
difficulties and account for 70% of accidental 
deaths in people over 75.12

Maintaining balance for posture control requires 
the interaction of different sensory information 
systems (visual, vestibular and somatosensory), the 
active and passive properties of the musculoskeletal 
system and part of the nervous system.13-17 Postural 
control maintains the body’s center of gravity at the 
base of support. Weight is displaced quickly and 
precisely from the center in different directions. 
The individual achieves coordinated movement 
safely and quickly and can adapt to external 
instabilities.16,18,19

Deterioration in several systems can influence 
postural control. This affects gait and causes 
postural instability and falls.9,11 Stimulation of 
the neuromuscular system is essential to maintain 
balance, since the correct performance of this 
system is necessary to carry out activities of 
daily living.7,20-23 In this sense, among the other 
physical qualities necessary for healthy aging, loss 
of balance is a constant concern in aging due to the 
possibility of falls with advancing age, which can 
lead to consequences such as physical dependence, 
reduced quality of life and health of the elderly 
and higher government spending. Regular exercise 
can improve the balance of elderly individuals 
by increasing muscle strength5 and flexibility6 
and improved functional mobility and postural 

stability.16,20,22 The participation of elderly subjects 
in physical activity programs can be an effective 
strategy for improving balance and postural 
control, which can prevent falls and the decline 
of the performance of activities of daily living 
among elderly persons.

Thus, the aim of the present study was to 
analyze the effects of a physical activity program 
on static balance among elderly women.

METHOD
Sample

An experimental study was performed of a 
population of 350 elderly individuals from the 
Programa de Saúde da Família (Family Health 
Program) (PSF08) in Piçarreira I, in the city of 
Teresina, state of Piauí, Brazil, in 2009 and 2010. 
All participants were women aged 60 years or older, 
independent in activities of daily living (ADL) 
who had not participated in systematic physical 
activity for at least six months before the study. The 
women underwent medical evaluation to confirm 
their eligibility for the study and test protocols.

Exclusion criteria were: (1) elderly women with 
neurological or vestibular disorders (2) movement 
disorders related to cognitive decline and (3) those 
using balance-compromising medication.

Fifty-six women were selected and randomly 
subdivided by a simple draw into an experimental 
and a control group with 28 subjects in each. 
Seven subjects from the control group, however, 
withdrew from the study. Thus, the study was 
composed of an experimental group (EG; n=28; 
age= 65.64±2.36 years; height= 1.51±5.78 m; 
weight= 63.01±4.36 kg; BMI= 27.52±3.13) and a 
control group (CG; n=21; age= 66.84±2.31 years; 
height= 1.54±6.21 m; weight= 65.62±5.27 kg; 
BMI= 27.67±2.78). 

The subjects had educational levels of primary 
school (35%) and middle school (65%), with a 
family income of up to three minimum salaries. 
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There were no smokers in the study. Only 
three subjects had type 2 diabetes mellitus. The 
subjects had normal blood pressure and no history 
of falling in the previous year. There were no 
significant differences between groups for these 
characteristics.

All the participants signed a free and informed 
consent form as per the Declaration of Helsinki.24 
In addition, the study followed Brazilian National 
Health Council resolution 196/1996. The study 
was approved by the Human Research Ethics 
Committee of the Universidade do Estado do 
Piauí, Faculdade de Ciências Médicas (protocol 
number 89/08).

Data collection

Anthropometric evaluation

Height and body weight were determined 
using a mechanical scale with a 150 kg capacity 
and accuracy of 100 g and a Filizola (Brazil) 
stadiometer. Both evaluations were in accordance 
with the International Society for the Advancement 
of Kinanthropometry25 protocols. 

Balance assessment

Balance was assessed at the beginning and 
end of the study using an AM³ Foot Work Pro 
(Italy) electronic baropodomoter, which contains 
4096 polycarbonate-coated sensors measuring 
645x520x25 mm. Its calibration was performed 
using the Balance Clinic (USA). The platform 
has sensors connected to a computer interface 
that analyze body sway and assess the projection 
of center of gravity forces onto the support base. 
Thus, these sensors are intended to measure and 
compare displacements in different points of the 
plantar region, and small fluctuations arising from 
changes in postural tone every time the correction 
of balance occurs.9,13,16,26 This effectively means 
measuring the body’s ability to remain stable.22,27 
Testing was carried out in a quiet setting in the 

morning, at 200 Hz and temperatures between 
23 and 25oC. Participants remained seated and at 
rest for five minutes before the test. Static balance 
was measured only with eyes open.13 The subjects 
were placed barefoot onto the platform in an 
orthostatic bipodal position with their arms at 
their sides and asked to focus on a target 90 cm 
away, with their heels two centimeters apart and 
feet at 30º. The position was held for 20 seconds, 
and data was only recorded after 10 seconds in 
the position.28 Mean amplitudes were measured at 
the center of pressure (COP) and frontal plane of 
right (RLD) and left (LLD) lateral displacement, 
in the sagittal plane of anterior (AD) and posterior 
(PD) displacement and in the elliptical area (AE) 
formed by the displacement of the body’s center 
of gravity (COG) on the flat platform.  

Physical activity program  

The physical activity program was composed 
of: 1: a 10-minute warm-up period of stretching 
exercises at submaximal level for the main joints; 
2: a 20 minute walk; 3: 15 minutes of large muscle 
group exercises (2 sets of 15 repetitions: squats, 
elbow and knee flexions and extensions, horizontal 
shoulder flexions and extensions, foot flexions 
and stomach crunches); 4: 10 minutes of static 
stretching exercises at maximum movement 
amplitude; 5: a 5 minute rest period. 

Participants controlled their exercise intensity 
according to their perceived effort,29 at a moderate 
level on the CR10 scale (level 3 to 5). The duration 
of the physical activity program was 12 weeks, 
with two weekly 60-minute sessions. 

Statistical analysis

Data was processed with the SPSS 14.0 program 
for Windows and shown as mean, standard deviation 
and percentage differences (∆%). The Shapiro-
Wilk and Levene tests were used to determine 
the normality and homogeneity of variable data 
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in the sample groups. Repeated-measures analysis 
of variance (group and time factors) was used 
for intra and inter-group comparison, followed 
by the Tukey post hoc test to identify possible 
differences. The statistical significance value in 
this study was p<0.05.

RESULTS

Repeated measures ANOVA found an 
interaction between the groups and the time of the 
measurements (Wilks’ Lambda=0.527, F=4.532, 
p<0.001). The power of the experiment presented 
RLD, LLD, AD, PD and EA values of 92%, 26%, 
96%, 99% and 90%, respectively, strengthening the 
magnitude of the results achieved in the analysis 
of the balance of the sample.

Table 1 shows the results of intra and 
intergroup comparison for variables related to 
balance. The EG showed a significant decrease 
in pre and post-test COP displacement in the 
AD (∆=0.59 cm; p=0.020), PD (∆=-0.91 cm; 
p<0.001) and the EA (∆=1.56 cm2; p=0.044). 
This was not true for lateral displacement. 
The CG showed no significant intragroup 
alterations. Intergroup comparison showed that 
COP amplitude displacement in the EG were 
significantly lower ( p<0.05) in the RLD (∆%=-
7.40%; p=0.006), AD (∆%=-30.63%; p=0.007), 
PD (∆%=-42.96%; p<0.001) and EA (∆%=-
34.41%; p=0.017) when compared with the CG 
in post-test analysis. The COP oscillations in the 
LLD showed no significant alterations. These 
intergroup results are confirmed in figure 1 by 
percentage difference (∆%) comparisons.

Table 1. Results of postural oscillation in center of pressure (COP) displacement for experimental group 
(EG) and control group (CG) from the Programa de Saúde da Família (Family Health Program) (PSF08). 
Teresina, Piauí, 2009 and 2010.

Group Variables Mean ± SD (pre) Mean ± SD (post)

EG RLD (cm) 1.15±0.31 1.07±0.33#

LLD (cm) -1.12±0.43 -1.16±0.34

AD (cm) 1.93±0.76 1.34±0.66*#

PD (cm) -2.11±0.75 -1.20±0.37*#

EA (cm²) 4.53±2.42 2.97±1.37*#

CG RLD (cm) 1.32±0.43 1.44±0.36

LLD (cm) -1.28±0.41 -1.27±0.39

AD (cm) 2.04±0.80 2.11±0.76

PD (cm) -2.24±0.91 -2.17±0.90

EA (cm²) 4.73±2.50 5.01±2.36

SD= standard deviation; RLD= right lateral; LLD= left lateral; AD= anterior; PD= posterior; EA= elliptical area; *p<0.05= statistically 
significant difference of intra-group comparison; #p<0.05= statistically significant difference of intergroup comparison.
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  *p<0,05.

Figure 1. Percentage difference (∆%) of center of pressure (COP) oscillations in right lateral (RLD), left 
lateral (LLD), anterior (AD), posterior (PD) and elliptical area (EA) displacement in the experimental 
(EG) and control groups (CG) from the Programa de Saúde da Família (PSF08) (Family Health Program). 
Teresina, Piauí, 2009 and 2010.

DISCUSSION

The findings of the present study show a 
significant decrease in mean COP amplitudes for 
RLD, AD, PD and EA displacement in the EG 
when compared with the CG. This suggests that 
the physical activity program (PAP) improved 
balance in the elderly women studied when analysis 
was performed by traditional approach and that 
a decrease in stabilometric variables is related to 
improvements in postural balance.9,16,27,30

The duration of the physical activity program 
in this study caused positive balance responses in 
the EG. Mann et al.30 compared the balance of 

elderly subjects practicing hydro-gymnastics for a 
period of 1 – 5 years with middle-aged sedentary 
adults, using a baropodometric platform for 10 
seconds. Elderly females showed better results 
( p<0.05) than sedentary women in mid-lateral 
COP displacement. This corroborates in part with 
the results of the present study, which also found 
balance improvement in the EG in the sagittal 
plane (AD and PD). However, differences between 
the two studies may be due to the different age 
groups used in the control samples. 

Carvalho et al.31 compared the balance of 
elderly subjects who exercised regularly (n=28, 
age=77.1±7.2 years) with sedentary subjects (n=28, 
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age=79.4±8.1 years) and found higher values for 
the active group in Tinetti’s Performance-Oriented 
Mobility Assessment of gait and balance (POMA) 
tests (p<0.001). This corresponds with the results 
of the present study, although different balance 
evaluation techniques were used. In the POMA 
test a better result is represented by a higher value. 
However, when using a baropodometric platform, 
a lower value indicates less COP displacement and 
therefore better postural stability and balance. This 
confirms that elderly people who exercise regularly 
have better balance than those who are sedentary. 

Abreu & Caldas32 used the Berg and POMA 
tests to study the effects of a general therapeutic 
exercise program on elderly subjects. The results 
showed that the balance indicators of the group 
participating in therapeutic exercise improved when 
compared with the control group. This confirms 
the findings for the EG in the present study. The 
general exercise program caused improvements 
in the elderly subjects in the same way as the 
therapeutic exercises, although the variable 
evaluation methods were different. However, 
subjects in this age group may maintain balance 
control for longer when they exercise regularly. 

Rugelj16 evaluated the balance and performance 
of elderly subjects in 14 functional activities, using 
the 10 meter walk test.  Stabilometry found no 
significant improvement in the experimental group 
for COP displacement in the frontal and sagittal 
planes and elliptical area. However, subjects did 
show an improvement in walking. These results 
contrast with those of the present study owing to 
the different exercises used in the physical activity 
programs. Isotalo et al.13 report that various body 
movements can create stimulants and distinct 
sensory information, causing positive adaptations 
in the sensory motor system. The different PAP 
exercises may therefore have contributed to the 
positive balance results in the EG. 

Exercise intensity controlled by participant 
effort perception (CR10 level 3 - 5) stimulated 

positive balance results in the EG using a 
baropodometric platform.  However, Zak et al.23 
used the POMA test to evaluate elderly subjects 
in a multiple exercise program. The high-intensity 
program, which included progressive loads, 
functional orientations and nutritional control, 
achieved significant improvements in balance 
control. This suggests that oriented moderate-
intensity exercise may improve balance in the 
elderly when practiced regularly and systematically. 

In this study, pre-test results in the EG and 
pre and post-test results in the CG revealed higher 
COP posterior oscillations. However, post-test EG 
mean COP anterior displacement was greater than 
mid-posterior displacement. This corroborates 
the findings of Aikawa et al.,27 who evaluated 
COP postural oscillation in two different elderly 
age groups. Posterior postural oscillations were 
higher in both groups (60 to 70 years and 71 to 
80 years), a common finding in the elderly. These 
oscillations are related to changes in the support 
base or unexpected displacement such as joint 
instability,33 weak muscles22 and high BMI as 
more displacement is needed to maintain postural 
balance.34 However, these considerations are 
limited because the associations were not studied. 
Another limitation of the present study was that 
an image analysis tool, such as cinemetry, was not 
used to check for any changes in the posture of 
the study sample.

CONCLUSION

The present study found a decrease in center 
of pressure displacement in the sagittal plane and 
elliptical area that significantly improved static 
balance in the experimental group. This suggests 
that the physical activity program examined in 
this study may contribute to maintaining postural 
control in the elderly, supporting future research 
on balance in relation to other variables such 
as falls, fear of falls and self-confidence during 
ageing.
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