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Abstract
Introduction: The aging process causes losses that lead to decreased balance, gait speed and functional
capacity and, therefore, there is a need of specific protocols to work preventively these variables, which
will contribute to the decrease in the frequency of falls in this population. Objective: Verify the effect of a
program of multisensory and closed kinetic chain exercises on the functional capacity and balance in elderly
women. Methods: Randomized clinical trial masked (blind). Subjects were 32 elderly women from the
Centro de Convivéncia of the Bauru Department of Social Welfare (Secretaria de Bem-Estar Social de Bauru)
distributed in two groups: control (CG = 15) and experimental (EG = 17). Interventions: The program of
multisensory and closed kinetic chain exercises was applied during an hour, once a week, for 12 weeks.
Main measures: Functional capacity was measured by Timed Up and Go (TUG) and the 10-meter walking
test (TC10) and their balance by the Berg Balance Scale (BBS). Results: Regarding the comparison between
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Resumo

the moments M1 and M2 of the EG after the intervention, there was a statistically significant increase in the
functional capability (p = 0.00006), walking speed (p = 0.0008) and balance (p = 0.0006). Conclusion: The
multisensory and closed kinetic chain-training program indicated a beneficial effect in the improvement of
the elderly women balance and functional performance.

Keywords: Exercise. Health of the Elderly. Postural Balance. Accidental Falls.

Introdugdo: O processo de envelhecimento provoca perdas que levam a diminui¢do do equilibrio, da velocidade
da marcha e capacidade funcional e, portanto, hd necessidade de protocolos especificos para trabalhar
preventivamente essas varidveis, que contribuirdo para a diminuigdo na freqtiéncia de quedas nesta populagdo.
Objetivo: verificar o efeito de um programa de exercicios multissensoriais e de cadeia cinética fechada sobre
a capacidade funcional e o equilibrio em idosas. Métodos: Tratou-se de um ensaio clinico randomizado
mascarado (cego). Participaram 32 idosas de Centro de Convivéncia da Secretaria de Bem-estar social de
Bauru, distribuidas em dois grupos: controle (GC = n15) e experimental (GE = 17) avaliadas em dois momentos:
inicial (M1 = antes da intervengdo) e final (M2 = apés intervengdo), por meio da capacidade funcional (Timed
Up and Go - TUG e velocidade de marcha - TC10) e o equilibrio pela Escala de Equilibrio de Berg (EEB). O
programa de exercicios multissensoriais e de cadeia cinética fechada foi aplicado uma vez por semana, por
uma hora, durante 10 semanas. Resultados: Em relagdo a comparagdo entre os momentos M1 e M2 do GE apos
a intervengdo, houve um aumento significativo da capacidade funcional (p = 0,00006), velocidade da marcha
(p = 0,0008) e do equilibrio (p = 0,0006). Concluséo: O programa de treinamento multissensorial e de cadeia

cinética fechada sinalizou efeito favordvel na melhora do equilibrio e do desempenho funcional de idosas.

Palavras-chave: Exercicio. Satde do Idoso. Equilibrio Postural. Acidentes por Quedas.

List of abbreviations:

BBS (Berg Balance Scale), TUG (Timed Up and Go), TC10 (the 10-meter walking test), MMSE (Mini Mental State
Examination), OKC (Opened kinetic chain exercise) CKC (Closed kinetic chain exercise)

Introduction

The increase in the elderly population is a
universal phenomenon that causes changes in the
age pyramid. Evidences from 2000 show that 5.85%
of the Brazilian population was over the age of 65,
conferring Brazil the seventh position in the list of
the most aged population in the world - and Brazil
is expected to occupy the sixth position in 2025 [1].
Associated with this demographic change, there is
an increase in morbidities, occurring morphological,
functional, biochemical and psychological changes,
which result in the reduction of organs and systems
functional reserves. These modifications, associated
with chronic diseases, use of medicines and sedentary
lifestyle increase the inability in the elderly [2, 3].

With the increase in the population life
expectancy and the high financial costs of treating

diseases that are prevalent in the old age, the
interventions targeted at the elderly must be
focused on the preventive aspects, not to healing
ones. Among these prophylactic interventions, those
related to balance maintenance and prevention of
falls through physical exercises stand out, pointed
to by some studies [4 - 6].

Balance exercises and closed kinetic chain protect
postural stability, controlling the musculoskeletal
system against gravity at rest and in motion, in
addition to increasing the co-contraction of the
muscles and eccentric contraction, reducing the
shear strength and compressive forces adding to
the joints, thereby enhancing the joint stability.
Such benefits increase the ability of older people
self-confidence, improve their functional capacities,
and consequently their mobility for performance on
tasks of daily life [7, 8].
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Several studies have investigated the effects of
muscle strengthening using opened Kkinetic chain
(OKC) and closed kinetic chain (CKC) exercise
programs [7- 10], but few studies have examined
the effects of a circuit of multisensorial exercises
associated with the closed kinetic chain about the
balance and functional performance in older adults
in the community, were still little studied [8 - 11].

Thus, the purpose of this study was to verify the
effect of a program of multi-sensorial and closed
kinetic chain exercises on the functional capability
and balance in elderly women.

Methods

It is a randomized controlled clinical trial under
blind conditions, conducted with elderly women in
the city of Bauru. All participants signed a consent
form before starting the study and the project was
approved by the Research Ethics Committee of the
Universidade Sagrado Coragdo, Bauru, SP, assent
number 382/293, and approved by the Brazilian
Clinical Trials Registry under number RBR - 9qdbh4.

The study included all women over 60 years old
that agreed to participate and understood verbal
commands. The exclusion criteria were elderly women
that had previously underwent orthopedic surgery
of the lower limbs and / or had a fracture history;
ambulation disability, presence of neurological
diseases affecting the musculoskeletal system, acute
inflammatory process of the musculoskeletal system
and neoplasia in the past five years, and those who
used medication with a broad action in the immune
system. We also excluded the women who performed
regular physical exercises twice a week or more, as
well as those who presented conditions suggestive
of cognitive changes detectable by the Mini Mental
State Examination (MMSE), according to the level of
education [12].

All elderly women underwent the evaluation of
the balance analysis in daily tasks and the evaluation
of the functional performance, in two moments:
initial (M1 = before intervention) and final (M2 =
after intervention).

After the initial evaluation, which ensured the
inclusion and exclusion criteria, the elderly were
placed, through drawing, to the experimental (EG) and
control groups (CG). The researcher responsible for
the intervention had no knowledge of the evaluations

carried out. The evaluators had no knowledge of which
group the volunteer belonged. The attendance of the
elderly women was controlled and those with more than
two absences were excluded from the data analyses.

The sample consisted of 32 elderly women from
the Centro de Convivéncia of the Department of Social
Welfare in Bauru - SP. The CG was composed of 15
and the EG was composed of 17 women.

Measures and instruments

The outcomes were balance and functional
performance. The balance was evaluated by the Berg
Balance Scale (BBS), which consists of fourteen daily
tasks scored from 0 to 4, for a total of 56 points, in
which an index equal to or below 36 is associated
with 100% risk of falls. The scale has a good inter-
rater reliability (0.96) and test-retest reliability
(TRR = 0.98), in addition to a moderate to high
correlation with other instruments of functional
evaluation of the balance [13].

The functional performance was evaluated by
using the Timed Up and Go -TUG [14, 15] and the
10-meter walking test -TC10 [16].

The TUG consists in performing the task of rising
(without support) from a 45cm-high standard arm
chair (having as reference the height from the
floor), walk 3 meters, turn, walk back to the chair
and sit down [14, 15]. The evaluators measured the
execution time of the test. The test-retest reliability
was reported as good (r = 0.93) and the inter-rater
reliability was of IRR = 0.9921. For the TC10, the
volunteers were asked to walk at their normal
walking speed through a 10-meter flat path. The
first two meters for acceleration and the final two
for the slowdown were disregarded [16]. This test is
the best predictor of falls and functional dependence
in the elderly; the normal speed is used, in other
words, comfortable, to verify functional limitations in
everyday life, such as the ability to cross a street [16].

Intervention protocol

The intervention program was carried out over a
period of twelve weeks, once a week, with duration of
an hour a day. The program consisted of four stages:
warm-up, multi-sensory and closed Kinetic chain
exercises, and slowdown.
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The warm-up stage was comprised of walks with
acceleration and deceleration, forward, backward and
to the sides. This stage lasted 10 minutes.

The multi-sensory exercises were developed in the
form of a training circuit consisting of autonomous
and complementary units, called stations [17].

The circuit was composed of thirteen stations:
“A”: Lateral steps to the right and left sides; “B”:
Unipodal support exercise (right and left); “C”: Back
sensitive walking (with the support only of heels);
“D”: Walking backwards, with total feet support, “E”:
“Hit the target”, backwards, with the balls connected
by lines in the sides; “F”: Walking on an unstable
surface (mattress); “G”: Walking with the support
of only the anterior third of the back of the feet;
“H”: Walking forward, with the legs separate, with
total feet support; “I”: Multidirectional reach (levels
of difficulty with different distances); “J”: Walking
forward, legs crossed, with total feet support; “L":
“Ball into the basket” (levels of difficulty with
different distances); “M”: Walking with narrowing
ground and in a circumferential route; “N”: Walking
straight forward and backwards. All the elderly
women completed the circuit twice in a total of
thirty minutes.

The exercises in closed kinetic chain were
performed by semi crouch, only using the body weight,
3 sets of 12 repetitions; they are justified for being
more functional, decreasing the compression force in
the patellofemoral articulation and minimizing the
risk of knee pain [14, 18].

The slowdown was performed in the last
10 minutes through relaxation and breathing
techniques.

Statistical analysis

The calculus of the sample size was based on
a previous pilot study, with 12 volunteers, and a
confidence interval 0f 95%, a 20% error, a 0.50 effect
size, and a « value of 0.05. Using the measure of
the functional performance, this calculus showed
the need of 13 volunteers in each group. Initially,
we performed the Komolmogorov-Smirnov (KS)
test to verify its Gaussian distribution. The means
and standard deviation calculations were used in
the descriptive statistics. The comparison of the
balance and functional performance measures, pre-
and post-intervention, inter and intra-groups, was
performed using the Student's t-test at a significance
level of 5%.

Results

Thirty-two elderly women were included in the
study, 15 elderly women in the CG and 17 elderly
women in the EG. Figure 1 demonstrates the flow
chart for the constitution of the groups and the
clinical and demographic characteristics of each
group are in Table 1.

Loss of following up (n = 4)

Figure 1 - Constitution of the groups.
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Table 1 - Distribution of the frequencies of individuals
according to sociodemographic characteristics.
Bauru (SP-Brazil), 2014

CG EG
69.0 71.0
Age Years* (£56) (+52)
o 0to 4 (n. %) 10 (66.6) 7 (41.2)
Education in years
51012 (n. %) 5(33.4) 10(58.8)
Married (n. %) 4(26.7) 6(35.3)
Marital status Single (n. %) 1(6.7) 1(5.9)
Separated/widow (n. %) 10 (66.7) 10 (58.9)
, 5 25.6 26.9
Body mass index  Kg/m? (+46) (= 48)

Note: *Values were expressed as the mean (= standard deviation).

In Table 2, we observe the means and standard
deviation for the Berg test in the two moments
regarding the groups studied.

Regarding the comparison between M1 and M2 in
the EG after the intervention, there was a statistical
significantincrease in the elderly balance. Comparing
the groups, there was statistically significant
difference in the EG compared to the CG.

Table 2 - Mean and standard deviation of the Berg test in
both evaluation moments (M1 and M2) regarding
the groups (CG and EG) and results of statistical
tests. Bauru (SP-Brazil), 2014

Groups Moments Test Value
M1 M2 value of p
CG 52.86 = 12.26 52.86 =2.13 0.0000 1.0000
EG 53.35 £ 1.76 55.64 = 0.49 -3.4285* 0.0006
Test value 0.6818 4.5308**
Value of p 0.500 0.000005

In Table 3, we observe the mean and standard
deviation for the TC10 test in the two evaluation
moments regarding the groups studied.

Regarding the comparison between M1 and
M2 in the EG after the intervention, there was a
statistically significant increase in the functional
performance of the elderly. Still in this table, there
was statistically significant difference in the EG
compared to the CG.

Table 3 - Mean and standard deviation of the TC10 in the
two evaluation moments (M1 and M2) regarding
the groups (CG and EG) and results of statistical
tests. Bauru (SP-Brazil), 2014

Moments
M1 M2
CG 21.61 = 1.576 21.61 = 1.575 3.4150 0.0017
EG 18.68 + 3.062 16.80 = 2.692 4.1119 0.0008
-3.326 -6.054
0.002 0.000001

Test Value
value of p

Groups

Test value
Value of p

In Table 4, we observe the mean and standard
deviation for the TUG test in the evaluation
moments regarding the groups. Regarding the
comparison between M1 and M2 in the EG after the
intervention, there was a statistically significant
increase in the functional performance. In addition,
there was statistically significant difference
between the EG and CG.

Table 4 - Mean and standard deviation of the TUG, in
seconds, in the two evaluation moments (M1 and
M2) regarding the groups (CG and EG) and results
of statistical tests. Bauru (SP-Brazil), 2014
Moments Test  Value
M1 M2 value of p
CG 12.24 £ 1.251 12.12 = 1.358 0.9454 0.3604
EG 10.28 + 1.285 8.905 = 1.348 5.3639 0.00006
-4.354 -6.705
0.0001 0.000000

Groups

Test value
Value of p

Discussion

The effect of the multisensory and closed
kinetic chain exercises on the balance and
functional performance in elderly women is a
subject of interest for many health professionals.
Answering the question investigated in this study,
the experimental group showed improvement in
balance, gait speed and functional capacity, after
the intervention.

The results showed an increase in the balance
in the EG after the intervention program with a
statistical difference, corroborating with other
studies [19 - 22], diverging from a study in Sdo Paulo,
where there were not noted significant differences
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between the average scale of Berg Balance between
groups of men subjected to resistance training and a
control subject to no-load exercises [23].

With aging, the answer of the Central Nervous
System loses its refined regulation, due to the decline
in the proprioceptive systems, visual and vestibular,
which decreases in speed, time and synchronism
the answer to the balance; therefore, it is necessary
to stimulate it. Thus, the multisensory exercises
provide feedback to it, trying through mechanisms
of neuroplasticity to cause a relearning and record
of a better answer to postural control, making the
adjustments for the stability maintenance more
effective, which can be seen in the improvement of
the balance [24 - 26].

The elderly women of this study showed a
significant increase in walking speed and functional
capacity after the intervention, similar to findings
from other studies [18, 19, 23, 27].

These results allow us to assume that multisensory
exercises combined with the closed kinetic chain
exercises are able to improve the physical function
of the elderly, letting them more independent.

A positive factor that stands out is the contribution
of these types of exercises in the improvement of body
awareness that, consequently, reflects in the body
positioning control during activities, also helping in
the postural control [7, 8].

Another point that probably contributed to
the results of this study was the closed kinetic
chain exercises. These exercises generate the co-
contraction of the agonist and antagonist muscles
to provide a greater articular stability, they increase
the proprioception; the feedback is believed to be
more efficient thanks to the body compressive forces
and to the contact of the foot with the ground, besides
the production of functional movements of the lower
limb through concentric and eccentric contractions
of the muscles involved in the joint movements of the
hip, knee and ankle, activity commonly performed in
daily activities [28 - 30].

This study did not correlate the state of
psychosocial health of the subjects analyzed, during
the experiment, with the variables investigated,
which represented a limitation. In addition, we
cannot rule out the possibility of a type Il error in
the results analyses, and a limitation regarding the
external validity of the study, because of reduced
sample size.

A positive aspect of the study was that it
excluded the elderly women who had more than
two consecutive absences; this seemed to be an
appropriate decision to ensure these principles and
evaluate with criteria the result of the intervention
effect. In addition, this paper presents a simple,
efficient proposal regarding the human resources,
economical regarding the material resources, as well
as uniform and easily replicable, from the perspective
of the continuity of the research and reproduction of
the experiment.

Conclusion

According to the results, we can conclude the
program of multisensory and closed kinetic chain
exercises generated a significant improvement in the
walking speed, functional capacity and balance in
elderly women. Therefore, this type of exercise in
the elderly should be encouraged and implemented
in order to contribute to the improvement of their
functional performance and to the decrease the risk
of falling.
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