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Background: Exercise programs have proved to be helpful for frail older adults. This study
aimed to investigate the effects of an exercise program with a focus on postural control exercises
in frail older adults.

Method: Twenty-six older adults (76.7 £ 4.9 years) deemed clinically stable, chosen from the
Falls Unit, University Hospital Mutua Terrassa, Barcelona, Spain, participated in this single-
group study. Volunteers’ postural control was evaluated using the Timed Up and Go test (TUG)
and the Guralnik test battery, and their static and dynamic posturography were evaluated using
the Synapsys Posturography System®. These evaluations were performed before and after the
intervention program, which included an educational session and two weekly 1-hour sessions over
an 8-week period of stretching exercises, proprioception, balance, and motor coordination. Data
were analyzed using the Student’s #-test or the Wilcoxon test, with a significance level of 5%.
Results: The TUG and Guralnik tests did not show significant differences. Concerning static
posturography, there was improvement in the base of support (P = 0.006), anteroposterior
displacement with eyes open (P = 0.02) and closed (P = 0.03), and the total amplitude of the
center of pressure with eyes closed (P = 0.02). Regarding dynamic posturography, a decrease
of the oscillation speed in the anteroposterior direction (P = 0.01) was observed in individuals
with their eyes open.

Conclusion: The program used in this study was safe and was able to promote some improve-
ment in postural control, especially in the anteroposterior direction and in the base of support.
However, it is noteworthy that further improvements could be obtained from a program of
longer duration and greater frequency.
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Introduction

The aging process occurs around the world and is accompanied by changes in neu-
romuscular, somatosensory, vestibular, and visual systems associated with sedentary
lifestyles or diseases, and results in decreased postural control and falls.'? Some 30%
of the elderly fall about once a year, and in frail individuals, this number is greater, as
pointed out in a study that found 80% of seniors who attended rehabilitation services
had fallen in the last year.

In turn, falls increase the number of injuries and deaths, making this a public health
problem in the population. Falls resulting in injuries such as fractures, psychological
disorders, and increased use of health services (the leading cause of emergency-
department visits), generate costs for both the individual and for health services, and
can result in not intentional death for older adults.>
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Interventions that are effective for postural control in
elderly people are needed to improve performance in daily
living activities and to prevent further falls. Regular perfor-
mance of exercises that improve postural control and reduce
the risk of falls is the most effective way to prevent them.”#
A variety of exercises involving gait, balance, coordination,
functional tasks, strength training, stretching, 3D exercises
(including tai chi, qi gong, dance, and yoga), and multisen-
sory exercises, can enhance muscle strength, balance, and
mobility in the elderly, reducing the risk of falls.>!* However,
a large portion of these studies is performed in elderly indi-
viduals considered healthy and without risk of falls: it is
desirable for further research to obtain new insights into the
mechanisms related to different types of exercise and their
impact on stability in individuals with a risk of falls.!!

It is believed that balance improvement may be related
to fall reduction, and we hypothesized that multifactorial
interventions can be promising and effective in this matter;
thus, the aim of this study was to investigate the effects of an
exercise program that focused on postural control exercises
in frail older adults.

Methods

This single-group study was approved by the Ethics Com-
mittee of the University Hospital Mutua Terrassa, Barcelona,
Spain, and all participants signed an informed consent form
before being accepted into the study. Persons of both sexes,
aged 60 years and over, who were being treated in the Falls
Unit, University Hospital Mutua Terrassa, Barcelona, Spain,
were invited to participate. These were the older adults living
in the community; they were referred to the unit by a physi-
cian or other professional who had recognized that these
individuals were likely to fall. This likelihood was assessed
due to clinical characteristics and the presence of diseases
that could cause falls, which can be defined as events in
which an individual inadvertently comes to rest at a lower-
than-usual level."?

In the Falls Unit, a geriatrician, physiatrist, physical thera-
pist, and nurse work in a multidisciplinary team and perform
general evaluations of patients. In order to be accepted into
this unit, the patient must have a history of falls within the
last year or must be at risk of falling. To assess the risk of
falls as well as the overall health status of the volunteer, the
unit conducts a complete physical examination that empha-
sizes cardiovascular, neurological, and locomotor disorders
to establish the risk of falling." If clinical stability is noticed
(stable hemodynamic conditions such as controlled blood
pressure), the patient is referred to the intervention group to

begin the exercise program. No individuals participated in
this study who had cognitive deficits (assessed during the
medical visit to verify orientation and ability to understand
simple commands) or diseases that were not under control
and that impeded the performance of exercises. To assess
the participants’ levels of physical activity, a short form of
the International Physical Activity Questionnaire (IPAQ)'
was applied. Balance ability was also measured using the
Tinetti scale.!® Table 1 shows the characteristics of the
volunteers in relation to gender, average age, and level of
physical activity distribution, as well as diseases and clinical
conditions that were present in more than three cases among
the study volunteers. Problems such as cataracts, glaucoma,
cognitive impairment, venous insufficiency, fibromyalgia,
stable cardiovascular disease, diabetes, and mild subcortical
brain atrophy were also found, but were seen in fewer than
three cases.

In order to verify the changes in postural control after
the exercise program, the volunteers were subjected to the
following assessments:

e The timed “Up and Go” (TUG) test required the subject
to stand up, walk 3 meters (10 feet), turn, walk back, and
sit down. The time taken to complete the test is strongly
correlated to level of functional mobility.'¢

e The Guralnik test battery'” consisted of three items: static
balance, ability to rise from a chair, and walking speed.
Each item is scored on a scale of 0 to 4. Static balance

Table | General characteristics of group

Group
Number/%
N 26
F/M 25/1
Age (years) 767+ 49
BMI (Kg/cm?) 29.5+£28
Level of physical activity
Low 11/42.3%
Moderate 11/2.3%
High 4/15.3%
Diseases/clinical conditions
Instability 14/53.8%
Urinary incontinence 13/50%
Sensory deficit 14/53.8%
Polypharmacy 14/53.8%
Depression 11/42.3%
Fear of falling 10/38.4%
Hypertension 13/50%
Arthropathy 9/34.6%
Osteoporosis 11/42.3%
Falls within the last year 24/92.3%
Fractures related to falls 7/26.9%

Abbreviations: BMI, body mass index; F, female; M, male; N, number of subjects.
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is evaluated using three different, progressively more
difficult stances, starting with the side-by-side stance,
moving to the semi-tandem stance, and ending with the
tandem stance. To test the ability to rise from a chair,
participants are asked to sit with their arms folded across
their chests in a straight-backed chair placed with its back
against a wall, and then to stand up from the chair one
time. If they are successful in performing this task, they
are asked to stand up and sit down as quickly as possible
five times in a row. Timing starts at the instructor’s signal
and stops at the fifth stand. For the walking speed test,
participants are instructed to walk a distance of 8 feet

(2.5 meters) at their normal pace using any walking aid(s)

that they typically require.

e Balance evaluation used posturography with the static
and dynamic system Synapsys Posturography System®
(SPS®, SYNAPSIS, Marseille, France). In order to evalu-
ate balance, the individual stood on the platform — fixed
or unstable — with his/her feet aligned to previously deter-
mined markings, corresponding to foot size. Different
evaluations were performed barefoot and in a standing
position: 60 seconds for the evaluations with eyes open
and 20 seconds for those with eyes closed. The follow-
ing parameters were studied: base of support with eyes
open (mm?), which is equivalent to the stability limit;
the motion parameters of center of gravity in the x-axis
(mediolateral) and y-axis (anteroposterior) (mm); a
statokinesigram (SKG), which is a graph of successive
positions of center of pressure recorded by the platform;
and a longitudinal SKG (LSKGQG), for the longitudinal
displacement of the center of pressure during the tests.
In dynamic tests, the oscillation speed of the platform
(°/s) and the maximum inclination of the platform (°)
were evaluated.

The goal during the reviews of posturography is to remain
as stable (still) as possible. Clinical evaluations (TUG and
Guralnik) were made on one day, and on another day, the
posturography assessments were made. Initial assessments
were made in the week prior to the start of the program and
the final assessments in the week following the end of the
program. The exercise program was conducted in classes.

These assessments were performed before and after an
intervention program consisting of an educational session, in
which the participants were taught how to prevent falls.

In this session, all volunteers watched an educational
video explaining how the elderly should proceed to carry
out day-to-day activities, for example, how to get in and get
out of a shower box, how to get up and sit down in a bed,

how to distribute one’s weight when carrying heavy objects,
and the importance of wearing appropriate shoes (with non-
slip soles).

After this session, the exercise program began. The
program consisted of two weekly 1-hour sessions over an
8-week period. Bats and balls were used for the execution
of the exercises.

The exercise program began with warm-up exercises
(5 minutes). For this, the volunteers performed exercises
walking sideways and walking forward and backward, in
association with musical stimuli. After that, they performed
stretching exercises (20 minutes) for the hip, knee, ankle, and
trunk muscles. Next, for 25 minutes, there were exercises for
motor coordination and balance using balls and bats in move-
ments associated with recreational activities: throwing balls
at each other and hitting balls with a bat in one’s hands. Some
exercises were also done with both eyes closed, for example,
keeping one foot in front of the other. This was followed by a
slowdown and relaxation period of 5 minutes, during which
they performed breathing exercises associated with the upper
limbs. The progression of the exercises was tailored to each
volunteer, according to how easily each exercise could be
performed, for example, by increasing the time a volunteer
spent with his or her eyes closed while positioned with one
foot in front of the other.

Data analysis was performed using GraphPad In Stat
Software Inc (San Diego, CA, USA). Results were stated as
mean and standard deviation. To compare the data, before and
after the program, the paired #-test and Wilcoxon test were
used, according to the data characteristics. The significance
level was set at 5%.

Results

Fifty four people being treated in the Falls Unit were
approached, 28 of whom were not included in this study, since
they did not meet our inclusion criteria. Of the 26 participants
who started the exercise program, three were excluded: one
for missing the last evaluation, one due to knee pain (pain that
was not related to the exercise program), and one who was not
willing to perform the exercises. Comparison of pre- and post-
intervention considered only the values of the 23 individuals
who started and finished the intervention.

No statistically significant improvements in the out-
comes of the TUG or Guralnik test battery were observed.
Table 2 shows the results of the clinical trial evaluations
regarding balance. The time of the TUG test decreased
1.57 seconds; the Guralnik test battery showed a small
increase of 0.57 points, with no significant improvement.
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Table 2 Results of clinical evaluations on postural control before
and after intervention program (mean and standard deviation)

Table 4 Characteristics related to dynamic posturography (mean
and standard deviation)

Before After P-value Before After P-value
TUG (s) 1792 £9.42 16.35 +£7.55 0.19% VplatAPEO (°/s) 25107 2.1 £0.6 0.01*
Guralnik 6.76 £2.10 7221234 0.21%* VplatAPEC (°/s) 4.6+ 1.1 48+t 1.5 0.37*
Note: *Paired t-test. VplatLMEO (°/s) 24107 23+1.0 0.75%
Abbreviations: TUG, timed up and go test; s, seconds; Guralnik, Guralnik test VplatLMEC (°/s) 3.7+08 38+ 1.1 0.52%
battery. InclMeanPlatAPEO (°) 14+08 12+08 0.60*
IncIMeanPlatAPEC (°) 29+ 1.0 34129 0.53%*
. . InclMeanPlatLMEO (°) 1.6+0.8 1.4+0.8 0.38*
When analyzing the static posturography data, an | v o yee ©) 27409 23407 0.07*

improvement was noticed in the base of support and antero-
posterior displacement (y-axis) following the intervention.
There was also improvement in the SKG graph of successive
positions of the center of pressure recorded by the platform
while the participant performed the exercises with eyes
closed, as seen in Table 3.

Concerning dynamic posturography, a significant
decrease in the oscillation rate of the platform in the antero-
posterior direction was seen when subjects had their eyes
open, as shown in Table 4.

Discussion

This study aimed to investigate the effects of an exercise
program with a focus on postural control exercises in frail
older adults. Using the data collected from the clinical trial
evaluations (Guralnik test battery and TUG test), it was not
possible to confirm improvement in the volunteers’ postural
control. When the older adults were assessed using direct
parameters such as the balance platform (posturography), the
stability limit observed during the static evaluation, as well as
the decrease in displacement of the center of pressure in the
anteroposterior direction, showed significant differences after
the intervention program. Concerning dynamic equilibrium,

Table 3 Characteristics related to

posturography (mean and standard deviation)

static and dynamic

Before After P-value
Base sust EO (mm?) 9115.36 + 4143 11511.81 +5849.5 0.006*
Mean x-axis EO (mm) 2.60 +6.72 4.55+7.46 0.33*
Mean y-axis EO (mm)  —35.12 + 15.12 —-30.08 + 12.45  0.02%
SKG (super) EO (mm)  384.72 + 253.04 368.09 + 197.07 0.78*
Long SKG EO (mm) 453.29 + 152.38 524.84 +217.80 0.06*
Mean x-axis EC (mm) 2.99 + 6.46 5.42+739 0.11*
Mean y-axis EC (mm)  -32.11 + 14.64 -28.03 1048 0.03*
SKG (super) EC (mm)  742.27 + 572.84 520.31 +351.79 0.02*
Long SKG EC (mm) 828.90 + 437.86 801.75 +410.11 0.62*

Note: *Paired t-test.
Abbreviations: EO, eyes open; EC, eyes closed; mean x-axis, mediolateral movement;
mean y-axis, anteroposterior movement; Sust, sustention; SKG, statokinesigram (graph
of successive positions of center of pressure); long, LSKG-longitudinal displacement
of center of pressure.

Notes: *Paired t-test; **Wilcoxon, °/s -degree for seconds, ° -degree.
Abbreviations: EO, eyes open; EC, eyes closed; V, speed; incl, inclination; LM,
mediolateral mean; AP, anteroposterior mean; V, velocity; plat, platform.

decreased speed was observed when subjects were on the
platform in the anteroposterior direction with eyes open.

In a previous study of a population similar in age to the
individuals in this study, the TUG test was performed in about
9.2 seconds.'® The volunteers in this study took 8.7 seconds
longer (ie, 17.92 seconds) before intervention. Even after
the intervention program, the time taken to perform the test
(16.35 seconds) still represented a high risk for falls."

Unexpectedly, the TUG test performance time did not
decrease significantly after the intervention, showing that
perhaps the time of intervention, the type of stimulus, or
even the characteristics of the sample (which had many
associated diseases), may have interfered with the results
regarding functional mobility. In just ten sessions, Cardoso
and Alfieri,”® and subsequently Alfieri et al*! in 24 sessions,
were able to confirm improvement in functional mobility
and postural control using general exercises that empha-
sized proprioceptive stimulus (by using healthy elderly
individuals, however). Although programs that consisted
of an 8-week exercise program for frail older adults have
achieved improvements in the balance of their volunteers,'
the results of this study indicate that short programs for frail
elderly individuals can promote improvements in relation to
postural control, when evaluated with direct measures such
as posturography.

The lack of improvement in the Guralnik test battery
results may be correlated to the lack of improvement in the
TUG test, since part of this test battery assesses lower-limb
muscle strength and gait speed, which are items included in
the TUG test.

In this study, an assessment of the base of support, which
analyzes the stability limits of the volunteers, showed a
significant increase. This improvement, obtained from the
static posturography evaluation, which measures displace-
ment and body oscillations in relation to vertical position,'?
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is important, since the type of stability contributes directly
to the independence of the elderly person. Displacement and
body oscillations occur during the daily tasks performed by
the elderly, such as using public transportation and moving
to reach an object, among others.?

Another positive factor observed after the exercise pro-
gram was the improvement of displacement in the antero-
posterior direction with eyes open or closed. This finding is
important because the elderly are likely to have improved
plantar flexor and dorsiflexor muscle action, which are part
of the ankle’s strategy for maintaining postural control.%
This strategy is the first action the ankle takes in cases of
anterolateral balance disorder in the upright position.?**’

Interestingly, an improvement regarding the reduction
of oscillation of the center of pressure was noticed when the
volunteers were evaluated with their eyes closed, contradicting
the fact that in situations where the eyes are closed, the results
are usually worse than when the eyes are open.?3? It is believed
that this type of improvement is important in the life of older
adults, because activities such as getting out of bed at night may
become less dangerous (since postural control has improved),
even without aid from this part of the sensory system.

Regarding the evaluation of dynamic balance, a sig-
nificant decreased oscillation rate of the platform in the
anteroposterior direction with eyes open was seen, indicating
that the stimuli generated by the exercise program resulted
in improved balance in a dynamic situation, because the
greater pressure center oscillation implies a lower balance.?
However, this was the only improvement in dynamic balance
found in this study.

Concerning the execution of intervention programs for
older adults with altered mobility and balance, reviews show
that the inclusion of two or more types of exercise, such as
strength, balance, flexibility, or resistance, can reduce fall
rates.”33! Thus, the exercise program used in this study,
which included flexibility, balance, and motor coordination,
was in accordance with standard recommendations; however,
research studies that focused on strengthening and balance
training showed that these helped prevent falls in older
adults.*?** Thus, the lack of this specific muscle-strengthening
component in the present study may have contributed to the
results being less satisfactory. This is probably because people
over 70 years old who do engage in balance and resistance
training are much more likely to be healthy and functionally
capable than those who do not.>* Improvements in postural
control from programs that seek to stimulate balance may
be due to increased sensorial stimuli, as well as to better
muscular response after performing the exercises.?!

Therefore, although the program used in this study was safe
and showed some improvements in postural control, especially
in the anteroposterior direction and base of support, we believe
improvements could have been greater in other respects had
the postural control exercise program lasted longer, had more
frequent sessions, or involved muscle strengthening.

Additional studies with larger sample sizes, or studies
using different programs, are recommended to further ana-
lyze the results of physical exercise in frail older adults, and
to provide more intervention options for improving postural
control and preventing falls in this population.
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