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Abstract

Introduction: The purpose of the present study was to compare stationary
balance between a group of elderly women and young adult women using
stabilometric parameters.

Material and methods: Sixty elderly women with an average age of 67.6 +4.7
years and 60 young adult women with an average age of 25.1 £2.2 years
participated in the study. A Medicapteurs quartz/piezoelectric force platform
(Loran Engineering™) was used for data collection, with the sampling frequency
set at 50 Hz. The experimental protocol consisted of the analysis of individuals
in bipedal support, with their feet on the platform in an orthostatic position and
the upper limbs in extension alongside the body. The data collection time was
standardized as 20 s. Data were exported to the Microcal/Origin (version 6.0)
environment for processing and interpretation. The following variables were
analyzed by means of this software program: i) Center of Pressure Displacement
Velocity (P) and ii) Radial Displacement of Center of Pressure (Rd).

Results: The elderly individuals exhibited a significant decrease in p and Rd
values under both conditions (eyes open and closed) following treadmill-based
gait training. The elderly group exhibited a significant reduction in center of
pressure displacement velocity under both experimental conditions (eyes open
and closed) following the treadmill-based gait training.

Conclusions: The results of the present study indicate that a specific exercise
program, such as treadmill-based gait training, which is a dynamic activity, can
improve stationary balance in successful elderly women.
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Introduction

The increase in the elderly population brings forth the discussion on
incapacitating events in this age group, especially the occurrence of falls
[1, 2]. The risk of falls is related to ageing, which is characterized by a series
of physical alterations, including an alteration in balance in an orthostatic
or dynamic posture due to deficiencies in the postural control system [3].
Rehabilitation protocols have demonstrated to be quite effective in
minimizing the harmful effects of the physiological ageing process,
principally in improving this system in the elderly population [4, 5].

Treadmill-based gait training currently stands out among the methods
that seek improved balance and coordination. The success of this protocol
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is attributed to its practicality, safety and exper-
imental control during rehabilitation [6]. Indeed, the
fundamental resource of this rehabilitation model is
the perturbation generated by the ground to
stimulate improvement in anticipatory responses
during walking [7]. The net result of this work is
a reduction in the number of bodily oscillations in the
performance of the task of locomotion [8].

A large number of studies have shown that the
number of oscillations generated during movement
is one of the factors that predispose elderly
individuals to falls [9]. The greater incidence of falls
is known to occur in elderly women during the
performance of dynamic activities, such as walking,
and not due to the demand of control while
maintaining an orthostatic position [10].

Thus, the aim of the present study was to
investigate the influence of treadmill-based gait
training on stationary balance parameters in successful
elderly women under two distinct experimental
conditions and compare these values to those of
young adult women. The hypothesis of the study is
centered on the correlation between improved
stationary balance and the performance of dynamic
work carried out simply by walking on a treadmill.

Material and methods
Sample

The sample was made up of 120 women
divided into two groups. The first group was
composed of 60 successful, non-institutionalized
women with an average age of 67.6 +4.3 years,
who frequented the COMAS Municipal Social
Action Center and students of the Senior Citizen
Open University of the city of S3o José dos
Campos (SP, Brazil). The second group (control)
was made up of 60 young adult women with an
average age of 25.6 +2.2 years.

The inclusion criteria for voluntary participation
in the study were:

) female gender;

Il) age between 60 and 70 years (elderly group)
or between 20 and 30 years (young adults);

1) independent locomotion without a gait
assistance device.

The exclusion criteria were:

[) impossibility of responding to the
questionnaires proposed for the assessment due
to severe hearing impairment or severe com-
munication deficiency;

II) unstable angina and/or acute myocardial
infarction having occurred within one month prior
to the execution of the tests;

1) verbal or written refusal following clarification
and contact with the term of informed consent.

Instrument

A Medicapteurs quartz/piezoelectric force
platform (model Twin 99 version 2.08), 90 cm in
length and 75 cm in width, was used for data
collection. This platform has 1600 sensors for
gathering information on body oscillations in two
vectors of movement [z (medial-lateral) and x
(anterior-posterior)], with the sampling signal at
a frequency of 50 Hz (Figure 1).

Experimental procedure

All participants signed terms of informed
consent, fulfilling the requirements of the
Research Ethics Committee of the Universidade
do Vale do Paraiba, in compliance with Resolution
196/96 of the National Board of Health (Health
Ministry) under process n° L085/2005/CEP. The
participants were instructed to remain barefoot
in an orthostatic position (bipedal support) on the
platform and to seek a position that provided the

Figure 1. Figure 1a illustrates the positioning of the participant in relation to the dimensions of the stabilometric
platform. Figure 1b illustrates how participants were positioned in relation to experimental control
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greatest sensation of stability, with upper limbs
extended alongside the body and the feet parallel
to one another. The participants were asked to
focus their eyes on a target placed in front of
them at a distance of 1.2 m, following the
procedure established in the current literature
[11]. Data collection was performed under two
distinct experimental conditions: eyes open and
eyes closed. The initial collection with the
participant’s eyes open was performed for 20 s,
followed by a 1-min interval and a second col-
lection was performed with the participant’s eyes
closed for an additional 20 s [12].

After the initial data collection, only the elderly
individuals performed the gait training on
a treadmill, which was adapted from a study carried
out by Wernig et al. [13] and consisted of the
women walking at a comfortable pace for 60 min.
In order for the participants to experience different
terrain conditions, moments of upward and down-
ward slope were added. The training time was
divided into the following order:

) walking on a horizontal plane with no slope for
15 min;

1) walking at a 5% upward slope for 15 min;

1) walking at a 5% downward slope for 15 min
and

IV) walking on a horizontal plane with 0% slope
for 15 min.

The complete training period was eight weeks,
with a weekly frequency of three sessions, each
separated by one to two days. After this period, data
collection was performed on the elderly individuals
again under the same experimental conditions in
order to determine the influence of gait training on
the balance of the participants. All phases of the
experiment were performed at the Gait and Balance
Laboratory of the Research and Development
Institute of the Universidade do Vale do Paraiba.

Variable and analysis procedure

Postural oscillation of the center of pressure of
the right and left feet in the anterior-posterior (x)
and medial-lateral (z) directions under both
experimental conditions was calculated from the
values obtained in the stabilometric analysis with
the patients in orthostatic posture, using the
following mathematical equation:

-1
:i) \/ X1 =X+ 2, = 7))

=1

for the center of pressure displacement velocity (P).
This is the mean distance traveled per second
during the sampling period, in which f is the
frequency of the sample (N/T), with N as the

number of o points recorded, x; and z; are the
locations of the center of pressure at each instant
in the medial-lateral and anterior-posterior
directions, respectively, in sample index (.

Radial displacement of the center of pressure (Rd)
demonstrates the oscillation of the center of
pressure from the formula below:

N
Rd =+ 0= x)2 + (- 2)?)
(=1
where:
N N
o iy

which are the coordinates of the centroid, and
x;and z; are the displacements around this point.

The entire sequence of data analysis and
calculation of the equations was performed on the
Origin version 6.0 (Microcal) software program.

Statistical analysis

From the mean values of the data collection, the
inter-group effect (effect of the variables between
samplings) and the intra-group effect (effect of the
experimental conditions on each sample) were
investigated using two-way analysis of variance
(ANOVA). The post hoc Tukey test was used to
identify where these possible differences may be
representative in the different variables. Statistical
significance was defined as a < 0.05.

Results
Center of pressure displacement velocity

The elderly group exhibited a significant
reduction in center of pressure displacement
velocity under both experimental conditions (eyes
open and closed) following the treadmill-based gait
training. These differences were more pronounced
during the analysis of the variables with eyes
closed. There were no significant differences when
comparing the results obtained from the elderly
individuals following gait training and those
obtained by the control group (Figure 2, Table I).

Radial displacement of center of pressure

Similarly to the previous variable, the elderly
group exhibited a significant reduction in radial
displacement of the center of pressure under both
experimental conditions (eyes open and closed)

Arch Med Sci 3, September / 2009

445



Fernarda S.M. Fregni, Wagner Monteiro, Rafael V. Costa, Maricilia S. Costa, Joao Carlos F. Correa, Claudia S. Oliveira

following the treadmill-based gait training. These
differences were more pronounced during the
analysis of the variables with eyes closed. There
were no significant differences when comparing the
results obtained from the elderly individuals
following gait training and those obtained by the
control group (Figure 3, Table ).

Anterior-posterior oscillation of center
of pressure

The elderly group exhibited a reduction in
anterior-posterior oscillation of the center of

* ¥k ok
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Eyes closed

B Before HAfter O Control

COP displacement velocity [mm/s]
N
1

Eyes open

Figure 2. Results of the center of pressure dis-
placement velocity under distinct experimental
conditions (eyes open and closed) in elderly individuals
before and after treadmill-based gait training. The
values achieved by the elderly women were compared
to those achieved by young adult women, revealing
a significant improvement following gait training
under both conditions analyzed
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Figure 3. Results of radial displacement of center of
pressure under distinct experimental conditions (eyes
open and closed) in elderly individuals before and after
treadmill-based gait training. The values achieved by
the elderly women were compared to those achieved
by young adult women, revealing a significant
improvement following gait training under both
conditions analyzed

pressure under both experimental conditions (eyes
open and closed) following the treadmill-based gait
training. However, significant differences remained
between the values obtained by the elderly
individuals and the control group (Figure 4, Table I).

Medial-lateral oscillation of the center
of pressure

The elderly group exhibited a reduction in
medial-lateral oscillation of the center of pressure
under both experimental conditions (eyes open and
closed) following the treadmill-based gait training.
However, the values of the control group continued
to be lower than those achieved by the elderly
individuals, even after having performed the
treadmill-based gait training (Figure 5, Table I).

Discussion

Assessing balance and related it to falls among
the elderly is a complex task due to physiological,
psychological and social alterations in these
individuals. The reduction in functional decline
among the elderly, especially among elderly women,
is an urgent healthcare need. Thus, it is of summary
importance to identify factors that contribute to this
functional decline, one of which is postural stability,
especially during gait. The ageing process leads to
a deficiency in postural control and maintenance of
balance. Consequently, functional and structural
changes occur, leading to lower functional
performance and an increased risk of falls in this
population. Most falls occur due to deficient
anticipatory postural control. Elderly individuals do
not have adequate reaction time and end up falling
after an unexpected perturbation [14].

This demonstrates the importance of treatment
protocols that stimulate anticipatory postural
control among the elderly, with a consequent
improvement in balance and reduced risk of falls.
In the present study, we present a treadmill-base
training rehabilitation protocol that has been used
in the rehabilitation of individuals who exhibit
postural control alterations due to diverse neuro-
logical pathologies [15-17].

Following the treadmill-based gait training
exercises, there was a significant reduction in center
of pressure displacement velocity values under both
experimental conditions (eyes open and closed).
Moreover, there were no significant differences
between the results obtained in the elderly group
after training and those obtained in the control
group. Another result concerned radial dis-
placement, for which the anterior-posterior and
medial-lateral oscillation values diminished in the
elderly group following training under both
conditions analyzed (eyes open and closed). This
result suggests the treadmill-based gait training
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improved postural oscillation and functional
performance among the elderly individuals. Such
improvement leads to a lower risk of falls during
activities of daily living.

The present study corroborates the findings
described by Shimada et al., who investigated the
effects of unexpected perturbation on the
prevention of falls among healthy elderly
individuals. To stimulate postural reactions, one
group used a treadmill for training and another
group used an exercise protocol. After 6 months of
training, the group that used the treadmill
demonstrated a greater improvement in balance
and reaction time when compared to the other

Eyes open 20
(Control) 15

Eyes open 20
(Before) 15

group. The study revealed that the group that
underwent treadmill-based training had a greater
reduction in falls when compared to the group that
underwent the exercise protocol [18].

In a previous study, with no type of training,
carried out on healthy young people, healthy
elderly individuals and elderly individuals with
Parkinson’s disease, it was demonstrated that
with open eyes, even the healthy elderly exhibited
center of pressure displacement as well as
a greater displacement velocity when compared
to the healthy young people [19]. Following the
treadmill training in the present study, there was
a significant reduction in center of pressure
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Figure 4. Results of anterior-posterior oscillation analysis, revealing that treadmill-based gait training in the group
of elderly women led to lower values under both conditions (eyes open and closed), but remained significantly different
from the control group
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Figure 5. Results of medial-lateral oscillation analysis, revealing that treadmill-based gait training in the group of elderly
women led to lower values under both conditions (eyes open and closed), but remained significantly lower in the control

group, even the elderly group had performed gait training
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Table I. Results of the inter-group effect (effect of the variables between samplings) and intra-group effect (effect of the experimental
conditions on each sample), using two-way analysis of variance (ANOVA). The post hoc Tukey test was used to identify where
these possible differences may be representative in the different variables. Statistical significant was defined as o < 0.05

N Age Condition D-S R-D A-P M-L Bf.vs.Af.  Cc.vs. Af. Cc. vs. Bf.
[years] [mm/s] [mm] [mm] [mm] (o) value () value (o) value
60 25.1+4.7 Eyesopen 242 +0.03 2.30+0.07 3.63+140 0.77 £0.26  0.01¥(D-V)  0.09 (D-V)  0.001%(D-V)
60 67.6 +2.2 Eyes open 2.87 +0.17 2.87 +0.17 6.04 +1.25 147 +0.64  0.01%(R-D) 0.1 (R-D) 0.01%(R-D)
Eyes open 2.50 +0.07 2.45+0.05 4.22 119 115+0.20 0.001%%(A-P)  0.08 (A-P) 0.01%(A-P)
Eyes open 0.001*(M-L)  0.01*(M-L)  0.01(M-L)
60 25.1+4.7 Eyesclosed 2.71+0.04 3.75#0.19 6.19 +0.97 140 +0.82 0.001*(D-V) 0.2 (D-V)  0.001%(D-V)
60 67.6+2.2 Eyes closed 3.53+0.1 5.98+0.17 8.33 +2.10 186 +0.94 0.001%*(R-D) 0.11 (R-D)  0.001*X(R-D)
Eyes closed  2.80 +0.07 4.12 +1.06 6.16 £0.69 1.62 +0.60 0.001*¢(A-P) 0.095 (A-P)  0.001**(A-P)
Eyes closed 0.001*(M-L)  0.01*(M-L)  0.01*(M-L)

D-V — center of pressure displacement velocity, R-D — radial displacement of center of pressure, A-P — anterior-posterior oscillation, M-L — medial-

lateral oscillation, Cc. — control, Bf. — before, Af. — after

displacement velocity in the elderly group with
eyes closed. This is important, as previous studies
have demonstrated that elderly individuals exhibit
sensory deficiencies, such as in proprioception,
with vision being an important sensory
mechanism for such individuals to maintain
balance [20-23].

The results of the present study may be
explained by theoretical evidence and previous
studies that suggest adaptive motor control for
anticipatory adjustments is successful in the
prevention of a loss of balance and that this
control can be acquired through treadmill-based
gait training. This is because anticipatory
adjustments are predominantly made through
feed-forward control, which is an anticipatory
postural adjustment with the function of
minimizing the disequilibrium caused by a self-
generated focal movement and maintaining body
stability. This mechanism is initiated prior to
beginning the main movement, but undergoes
a delay in elderly individuals [24-27].

Different exercise modalities have been
described in the literature and the results have
not been effective in improving balance among
elderly individuals. Brown and Holloszy found no
significant improvement in balance during gait in
volunteers aged 60 to 71 years after training
involving a general physical activity program [28].
Combined exercise programs, especially those
with a multi-sensory approach, may be more
effective in improving balance when compared to
programs focused on a single modality, such as
aerobics, strength training or flexibility training.
Telian et al. report that vestibular rehabilitation
was effective in increasing stability [29]. Tanaka
et al. state that a training program designed to

stimulate both sensory as well as motor function
is effective in improving balance in the elderly [30].

During gait on a treadmill, different sensory and
motor stimuli are given with safety and in a
continuous fashion. Thus, the environment does
not interfere during training. However, we suggest
the development of studies to identify the optimum
duration, frequency and specific intensity for this
population. As with other modes of exercise, it is
expected that results would be better with a longer
duration, greater frequency and greater intensity.
There is also a need to compare the effects of
different training modes in order to determine the
most effective approach to improving balance in
elderly individuals.

We also suggest future studies to identify the
alterations in postural stability among elderly
individuals in a more complete manner, associating
the stabilometric test to electromyography and
thereby obtaining further information on the muscle
strategies used by such individuals for maintaining
balance. The sample should also be increased to
include elderly men as well in order to analyze their
postural stability and compare it to that
encountered in elderly women.

In conclusion, the results of the present study
indicate that a specific exercise program, such as
treadmill-based gait training, which is a dynamic
activity, can improve stationary balance in
successful elderly women.

Acknowledgments

Work carried out in the of the Rehabilitation
Sciences Master’s Program, Nove de Julho
University, UNINOVE and Research and
Development Institute, IP&D University of Vale do
Paraiba, UNIVAP

448

Arch Med Sci 3, September / 2009



Effect of treadmill-based gait training on the stationary balance of elderly individuals

References

1

11

1

1

14.

1

1

1

1

1

1.Ramos LR, Veras RP, Kalache A. Envelhecimento
populacional: uma realidade brasileira. Rev Saude Publica
1987; 21: 211-24.

. Perracini MR, Ramos LR. Fatores associados a quedas em
uma coorte de idosos residentes na comunidade. Rev
Saude Publica 2002; 6: 709-16.

. Shumway-Cook A, Woollacott MH. Controle Motor. Teorias

e Aplicagbes Praticas. Sao Paulo: Manole, 2003.

Kirkendall DT, Garrett WE Jr. The effects of aging and

training on skeletal muscle. Am J Sports Med 1998; 26:

598-602.

. Lord SR, Ward JA, Williams P, Strudwick M. The effect of

a 12-month exercise trial on balance, strength, and falls

in older women: a randomized controlled trial. ] Am

Geriatr Soc 1995; 43: 1198-206.

Yagura H, Hatakenaka M, Miyai I. Does therapeutic

facilitation add to locomotor outcome of body weight —

supported treadmill training in nonambulatory patients
with stroke? A randomized controlled trial. Arch Phys Med

Rehabil 2006; 87: 529-35.

. Henry WA, Van C, Theo M, Jacques D. Neural control of

locomotion: sensory control of the central pattern: Review

article (Part 2) generator and its relation to treadmill

training. Gait Posture 1998; 7: 251-63.

Manning CD, Pomeroy VM. Effectiveness of treadmill

retraining on gait of hemiparetic stroke patients:

systematic review of current evidence. Physiotherapy

2003; 89: 337-49.

. Tang PF, Woollacott MH. Inefficient postural responses to
unexpected slips during walking in older adults. ] Gerontol
A Biol Sci Med Sci 1998; 53: M471-80.

0. Lord SR, Ward JA, Williams P, Anstey KJ. Physiological

factors associated with falls in older community-dwelling

women. ] Am Geriatr Soc 1994; 42: 1110-7.

Freitas Junior PB, Barela JA. Analise da postura ereta nao

perturbada de jovens adultos e idosos. Anais do X

Congresso Brasileiro de Biomecanica 2003; 1: 36-9.

2. Rose J, Wolff DR, Jones VK, Block DA, Oehlert JH, Gamble
JG. Postural balance in children with cerebral palsy. Dev
Med Child Neurol 2002; 44: 58-63.

3. Wernig A, Miller S, Nanassy A, Cagol E. Laufband therapy

based on ‘rules of spinal locomotion’ is effective in spinal

cord injured persons. Eur J Neurosci 1995; 7: 823-9.

Tang PF, Woollacott MH. Inefficient postural responses to

unexpected slips during walking in older adults. } Gerontol

A Biol Sci Med Sci 1998; 53: M471-80.

. Kendrick C, Holt R, Mcglashan K, Jenner JR, Kirker S.
Exercising on a treadmill to improve functional mobility in
chronic stroke: case report. Physiotherapy 2001; 87: 261-5.

6. Cakit, BD, Saracoglu M, Genc H, Erdem HR, Inan L. The
effects of incremental speed-dependent treadmill training
on postural instability and fear of falling in Parkinson’s
disease. Clin Rehabil 2007; 21: 698-705.

7.Wirz M, Zemon DH, Rupp R, et al. Effectiveness of
automated locomotor training in patients with chronic
incomplete spinal cord injury: a multicenter trial. Arch Phys
Med Rehabil 2005; 86: 672-80.

8. Shimada H, Obuchi S, Furuna T, Suzuki T. New intervention
program for preventing falls among frail elderly people: The
effects of perturbed walking exercise using a bilateral
separated treadmill. Am J Phys Med Rehabil 2004; 83: 493-9.

9. Raymakers JA, Samson MM, Verhaar HJ. The assessment
of body sway and the choice of the stability parameter(s).
Gait Posture 2005; 21: 48-58.

N

w

>

wi

o

~

I

Ne)

—

v

20.

21

—

2

N

2

w

24.

2

wi

26.

2

~

2

[es)

29.

30.

Duarte M, Zatsiorsky VM. Effects of body lean and visual
information on the equilibrium maintenance during
stance. Exp Brain Res 2002; 146: 60-9.

Lee HK, Scudds RJ. Comparison of balance in older people
with and without visual impairment. Age Ageing 2003;
32: 643-9.

.Lord SR, Lloyd G, Li SK. Sensorimotor function, gait

patterns and falls in community dwelling women. Age
Aging 1996; 25: 292-9.

. Shumway-Cook A, Woollacott MH. Attentional demands

and postural control: the effect of sensory context.
J Gerontol A Biol Sci Med Sci 2000; 55: M10-6.

Pai YC, Wening JD, Runtz EF, Igbal K, Pavol MJ. Role of
feedforward control of movement stability in reducing
slip-related balance loss and falls among older adults.
J Neurophysiol 2003; 90: 755-62.

. Pavol MJ, Pai YC. Feedforward adaptations are used to

compensate for a potential loss of balance. Exp Brain Res
2002; 145: 528-38.

Tang PF, Woollacott MH, Chong RK. Control of reactive
balance adjustments in perturbed human walking: Roles
of proximal and distal postural muscle activity. Exp Brain
Res 1998; 119: 141-52.

.Obuchi S, Kojima M, Shiba Y, Shimada H, Suzuki T.

A randomized controlled trial of treadmill training with
the perturbation to improve the balance performance in
the community dwelling elderly subjects [Japanese].
Nippon Ronen Igakkai Zasshi 2004; 41: 321-7.

. Brown M, Holloszy JO. Effects of a low intensity exercise

program on selected physical performance characteristics
of 60- to 70-years olds. Aging 1991; 3: 129-9.

Telian SA, Shepard NT, Smith-Wheelock M, Kemink JL.
Habituation therapy for chronic vestibular dysfunction:
preliminary results. Otolaryngol Head Neck Surg 1990;
103: 89-95.

Tanaka T, Noriyasu S, Ino S, Ifukube T, Nakata M. Objective
method of determining the contribution of the great toe
to standing balance and preliminary observations of age-
related effects. IEEE Trans Rehabil Eng 1996; 4: 84-90.

Arch Med Sci 3, September / 2009

449



