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Correspondence should be addressed to Marcos Eduardo Scheicher; marcos.scheicher@unesp.br

Received 17 May 2019; Revised 20 October 2019; Accepted 4 January 2020

Academic Editor: Jean-Francois Grosset

Copyright © 2020 Natalia Moya Pereira et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Background. Institutionalized older adults have increased gait and balance impairment compared with community-dwelling older
adults. The use of the treadmill for the rehabilitation process has been studied in different groups, but not in the institutionalized
elderly. Objectives. The objective of this study was to assess the effects of a treadmill walking workout program on the postural
balance of institutionalized older adults.Methods. Postural balance was assessed by the Berg Balance Scale (BBS), Short Physical
Performance Battery (SPPB), gait speed, and Timed Up and Go Test (TUG) on 37 institutionalized older adults (23 in the
intervention group and 14 in the control group). Training consisted of a 20-minute treadmill walking workout carried out twice a
week for 10 weeks. Measurements were obtained before and after 10 weeks and with 1 month of follow-up for the intervention
group. For the control group, the data were obtained before and after the training period. Results. Significant improvement
occurred in all motor function parameters (BBS: p< 0.01; gait speed: p< 0.001; SPPB: p< 0.001; and TUG: p< 0.001). Con-
clusions. The present results permit us to conclude that a treadmill walking program had positive effects on the postural balance of
institutionalized older adults.

1. Introduction

The aging process causes changes in different aspects of the
human gait, with a reduction in performance and modifi-
cations in the system of postural control, affecting activities
of daily living. Postural imbalance has a negative impact on
the life of the elderly and is one of the major problems of this
population [1–3]. Changes in gait patterns are observed with
aging, with a reduction in step speed and length, increasing
the risk of falling and the functional decline, and, conse-
quently, increasing the possibility of institutionalization and
hospitalization [1, 2, 4–7].

Institutionalized older adults have fewer opportunities to
participate in daily-life activities and tasks in an independent
manner, with greater consequent deleterious effects on the

physiological losses inherent to aging and with increased gait
and balance impairment compared with community-
dwelling older adults [8–10]. Physical activities for institu-
tionalized older adults are crucial for the maintenance of
their functional independence or for the reduction of their
dependence during activities of daily living (ADLs), in
addition to increasing self-esteem [11, 12]. Exercise training
has the potential to decrease risk of falls, use of potentially
harmful drugs (e.g., antipsychotics), and the dependence on
ADLs, besides improving malnutrition and pain, mood
(particularly depression), sedentary lifestyle (bed and chair
rest), and quality of life [13, 14].

The use of a treadmill for the process of rehabilitation,
with or without partial weight support, has been studied in
different groups such as patients with Parkinson’s disease,
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patients with sequelae of stroke, and older adults after hip
fracture, and gait improvement has been observed, including
increased step cadence, increased mean speed, and a con-
sequent reduction in the risk of falls [1, 2, 15–18]. In patients
with Parkinson’s disease, treadmill training promoted
benefits for postural balance and the kinematic parameters
of gait, with an increase in gait velocity, step width and the
amplitude of hip and ankle movement, and a reduction in
double support time. In addition, treadmill training resulted
in a longer distance covered, improved transfer from the
sitting to the standing position, and increased lower limb
strength [15]. In patients with stroke sequelae, treadmill
training improved the space-time parameters and the motor
quality of the gait compared with other physiotherapy
techniques. An explanation to this effect is that treadmill
training for 30 minutes corresponds to more than 1000 gait
cycles, as compared with less than 50 cycles performed
during physiotherapy based on the Bobath concept [19, 20].
The hypothesis is that the benefits of treadmill training
described above may occur in institutionalized elderly too.

Some studies have used the treadmill as a component of
exercise programs on the institutionalized elderly [21–23].
Despite the positive results of treadmill training obtained for
certain populations in aspects such as postural balance and
gait, there are no literature data on the effects of treadmill
training alone in institutionalized elderly. Treadmill training
is believed to provide functional independence due to gains
in balance and mobility. Therefore, the objective of the
present study was to assess the effects of a treadmill walking
program on the postural balance and functional mobility of
institutionalized older adults.

2. Methods

2.1. Study Design. This was a two-arm, nonrandomized, and
nonblinded study, conducted from July 2016 to October
2017 on elderly subjects of both sexes, aged 60 years or older
residing in long-term care facilities for the elderly (LTCFs)
in the city of Maŕılia, SP, Brazil. Due to ethical issues [24],
randomization was not possible and the exercise interven-
tion was offered to all the subjects. Those who refused to
participate in the intervention exercise program were allo-
cated to the control group. The control group was advised to
maintain their regular lifestyle habits during the study.

2.2. Sample. Subjects were recruited at three long-term care
facilities for the elderly (LTCFs) in the city of Maŕılia, SP,
Brazil. In the first contact, a researcher rated the patient’s
eligibility and proposed to participate in the study if the
subject met the eligibility criteria. The procedures involved
in the evaluations and the intervention program were
explained to the subjects, who then signed written informed
consent to participate in the study, which was approved by
the Research Ethics Committee of Faculty of Philosophy and
Sciences, Maŕılia Campus, SP, Brazil (Protocol 1.803.955)
and registered with the database of the Brazilian Registry of
Clinical Trials (ReBEC) (RBR-7vznbt).

The eligibility criteria were Functional Ambulation
Categories (FAC)≥ 2 [25], absence of cognitive deficit by

Montreal Cognitive Assessment (MoCa), with values higher
than 26 [26, 27], ability to walk independently 12.4m to
participate in the gait assessment, and absence of physical
and/or functional impairment that would limit treadmill
walking. Exclusion criteria were the presence of untreated
neurological or cardiorespiratory diseases and/or limitation
of the ability to walk on the treadmill, incapacitating visual
or hearing deficits that would not permit the investigation
and the subject’s drop-out during any phase of intervention
or evaluation. Subsequently, the patient was scheduled to
perform the initial evaluation. After the initial evaluation,
the patient was assigned to the control or intervention group
based on their willingness.

Figure 1 shows the flow diagram of the study according
to inclusion and exclusion criteria, as well as drop-out
episodes during evaluation.

2.3. Initial Evaluation. Besides the cognitive and FAC
evaluation (eligibility criteria), it was applied the 10-meter
walk test (10MWT) in order to assess the usual gait speed of
the elderly subject, the speed used for familiarization with
the treadmill, and the speed used during training. The
10MWT was applied three times in order to reduce the
learning effect and to obtain better performance, respec-
tively, conducted before intervention, every 2 weeks during
intervention, immediately after intervention, and onemonth
after intervention. This test was used as a parameter variable
to evaluate individual evolution every 2 weeks and the in-
crease in speed on the treadmill, as well as for the analysis of
training during the 3 phases.

2.4. Gait Speed, Mobility, and Postural Balance Evaluation.
The gait speed was evaluated using the 10-meter walk test
(10MWT), which is safe and easily used with minimal fa-
cilities and budget. Before the test, the subjects were warned
not to run. Participants were asked to walk with their
comfortable gait speed after hearing the Go command, and
to eliminate any anomalies, the participants had to begin
walking 1.2 meters before the timing and finish 1.2 meters
after [7]. During the tests, the examiner did not encourage
the volunteers to increase the speed, and using a digital
stopwatch with a 1/100 of a second reading (Cronobio SW-
2018®, Pastbio, SP, Brazil), the walking time of all volunteerswas recorded.The test was carried out three times in order to
eliminate any variables, and the shortest durations were
used. The use of walking aids was permitted.

The mobility was evaluated by the Timed up and Go
(TUG) test. The test measures the time (in seconds) nec-
essary for a person to rise from a chair with armrests, walk 3
meters at a comfortable walking speed, turn, return to the
chair, and sit down [28]. The test was performed twice, first
for familiarization and then for time recording [28]. The
TUG test is highly recommended as a means of assessing the
risk of falling for the elderly because it identifies the deficit of
balance and gait speed. Therefore, lower scores indicate
better functional mobility, better posture, and an increased
gait speed [29].
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The Berg Balance Scale (BBS) and the Short Physical
Performance Battery (SPPB) were used to evaluate the
postural balance. BBS was translated, adapted, and validated
to Brazil [30] and consists of a battery of 14 tasks common to
the ADLs, which quantitatively evaluate the risk of falls,
through observation undertaken by the examiner. The SPPB
was designed to measure functional status and physical
performance, assessing walking speed, standing balance, and
sit-to-stand performance and was translated, adapted, and
validated to Brazilian Portuguese [31].

2.5. Training Protocol. After the initial assessment, the
preferred speed for treadmill gait was selected. First, the
participant walked on the treadmill for oneminute at a speed
50% of that found with the 10MWTuntil he fully understood

the functioning of the equipment.The preferred speed on the
treadmill was then calculated and increased until the par-
ticipant stated that he was walking faster than usual, fol-
lowed by a reduction until the participant stated that he was
walking slower than usual. This process was repeated four
times with resting intervals, the mean of the reported speeds
was calculated, and the speed of familiarization with the
treadmill and the first training periods was defined [32].

The intervention phase consisted of gait training on the
treadmill twice a week with intervals of 2 and 3 days during
the week, in sessions of up to 40 minutes over a period by 10
consecutive weeks. A treadmill (Movement® Fitness
Equipment) was used for the intervention protocol. During
the first 2 weeks, the subject walked at his/her familiarization
speed, and the mean speed (10MWT) was re-evaluated every
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Figure 1: Consort diagram with participant flow.
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2 weeks, with the possibility of readjustment of speed on the
treadmill.

Each session started with 10 minutes of warm-up
(stretching mainly of the lower limbs, ten right and left hip
rotations, and ten arm rotations forward and backward),
followed by treadmill walking for up to 20 minutes and
ended with a phase of 10 minutes of cool-down (stretching
and relaxation with the elderly in the supine position,
resting). During the training, the subject used a safety belt
connected to a steel cable fixed to the wall in order to prevent
falls, and the investigator corrected the posture during
walking with verbal instructions. A pause was granted if the
subject required it and/or the session was interrupted.

During the intervention period, data were surveyed on
the occasion of each session, such as time of treadmill
walking and pauses and distance covered. Blood pressure,
heart rate, respiratory rate, and oxygen saturation were
evaluated before, during (every 4 minutes), and after each
training session as criteria for stopping the training. Each
participant was evaluated and trained always at the same
time of the day in order to reduce changes in performance
related to circadian rhythms.

2.6. Statistical Analysis. Data normality was determined
using the Shapiro–Wilk test. The data of the intervention
group were compared by one-way repeated measures
ANCOVA adjusted for age and baseline values as covariates,
followed by the Bonferroni post hoc test. The comparison
between the intervention and control group was made by
ANCOVA adjusted for the baseline values in the respective
measurements and for the age, followed by the Bonferroni
post hoc test. A significance level ≤0.05 was accepted for all
comparisons.

3. Results

Table 1 shows the baseline data of the participants, including
sex, age, weight, height, number of medications, duration of
institutionalization, and cognition. There was no significant
difference between groups.

Table 2 shows the comparison of the tests before and
after training and with 1 month of follow-up for the in-
tervention group. The differences (calculated by a one-way
repeated measures ANCOVA, adjusted for age and baseline
values) were SPPB: F� 10.98, p< 0.0001; BBS: F� 38.89,
p< 0.001; TUG: F� 18.64, p< 0.0001; and GS: F� 47.23,
p< 0.0001.

Table 3 shows the comparison of the variables analyzed
before and immediately after training for the intervention
group and the control group. At 10 weeks, the intervention
group had greater decreases in TUG values than the control
group (− 2.26 s vs. 0.26 s (95%CI, 10.6 to 12.2 vs. 14.1 to 16.1);
p< 0.0001). In addition, the intervention group had greater
improvement in BBS (2.64 vs. 0.29 (95% CI, 50.3 to 52.7 vs.
45.2 to 48.2); p< 0.0001), SPPB (2.04 vs. − 0.68 (95% CI, 9.3
to 11.2 vs. 4.5 to 6.9); p< 0.0001), and GS (0.18 vs. 0.07m/s
(95% CI, 0.97 to 1.1 vs. 0.68 to 0.86); p< 0.0001) than the
control group.

4. Discussion

As part of the aging process, older adults experience physical
changes in the postural control systems. For various reasons,
these changes are more pronounced among institutionalized
older adults, increasing the risk of falls. The institutionalized
elderly spend most of their time sitting or lying down [33],
even if they are able to perform day-to-day tasks, acceler-
ating processes inherent to aging, such as changes in the
balance control system. The study of methods aiming at
improving the balance of this population is a challenge for
investigators in the aging area. The objective of the present
study was to assess the effects of a treadmill walking program
on the postural balance of institutionalized older adults.

The results revealed significant improvement in all
variables of the postural balance not only after training, but
also the maintenance of the improved values after one
month of follow-up after training, with a significant dif-
ference compared with the pretraining period.

The comparison between control and intervention
groups also showed a significant difference in the post-
training period. To show that the mean differences or in-
teractive effects are not occurred by chance, the scores on the
dependent variables (TUG, EEB, and gait speed) were ad-
justed for the effect of the covariates (baseline values and
age).

Several studies have indicated that a regular practice of
specific physical exercises with a high challenge to the
balance system can increase gait and postural balance skills
of the older adults, reducing the risk of falling and the
occurrence of injuries [8, 34–36]. In a systematic review and
meta-analysis, Sherrington et al. found no evidence that
exercise as a single intervention can prevent falls in long-
term care facilities for the elderly [37]. It should be noted
that our study did not evaluate the number of falls before and
after training. Therefore, it is not possible to say that
treadmill training decreased the number of falls. But, based
on the reference scores of the tests used in the assessments, it
is possible to suggest that the risk of falls has been decreased
after ten sessions of treadmill walking training, twice a week.

Gait speed is an indicator of general health status [38]
and a strong predictor of risk for developing dementia [39]
and falls [40] among older adults. Improvement in gait speed
has been associated with longer survival in older adults [41].
A significant improvement of 0.21m/s (24.4%) in gait speed
indicated that our exercise program was efficient in im-
proving balance performance. This improvement is larger
than the meaningful change in gait speed (0.04m/s) among
older adults reported in other studies [42, 43]. In a study
with frailty older adults submitted to a treadmill walking
training, Oh-Park et al. found an increase of 18.8% in gait
speed compared with pre- and posttreatment. Improvement
in SPPB, BBS, and TUG scores demonstrated that the
training increased the postural balance [44].

Some factors may explain the improved patterns of
postural balance with treadmill training. One of them is that
treadmill training has the ability to promote motor
relearning and consequently to improve locomotor capacity
during gait [45]. It has also been suggested that training with
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the repetitive movements generated by the treadmill acti-
vates locomotor patterns of functional movements, sensory
inputs, and circuits of the central nervous system [46]. In
addition, it has been hypothesized that repetitive movements
associated with cutaneous and proprioceptive impulses may
activate the generation of central movement patterns and in
the long term, potentiate the motor cortex, facilitating motor
learning [47].

The use of a treadmill (with or without partial weight
support) permits a greater number of phases to be held in a
training session, increasing the quantity of specific tasks
[48]. For example, Hesse & Werner reported that patients
who are victims of stroke performed up to 1000 steps in a 20-
minute session of treadmill training compared with 50 to
100 steps during a 20-minute session of conventional
physiotherapy [49]. In addition, the treadmill speed can be
adjusted in order to reach a sufficient training intensity
according to the capacity of each patient.

The effect of treadmill walking training alone on gait and
balance parameters in institutionalized elderly people has not

been described in the literature. This study shows that it is
possible to include treadmill training in these patients, in addition
to physiotherapeutic treatment to improve postural balance.

5. Conclusions

The present results permit us to conclude that a treadmill
walking program had a positive effect on the postural bal-
ance of institutionalized older adults.

Data Availability

All data used to support the findings of this study are in-
cluded within the article.

Additional Points

Study limitations. The study provides some limitations: first,
the nonrandomization of participants due to ethical issues;

Table 3: Comparison of the variables before and after intervention for the intervention group and the control group.

Pretraining Posttraining
Intervention group Control group p Intervention group Control group p

SPPB 8.26± 2.91 6.28± 2.61 0.04 10.30± 2.20 7.71± 2.20 <0.001
BBS 48.87± 8.49a 46.50± 7.24a 0.770 51.51± 0.57a 46.79± 0.74a <0.001
TUG (s) 14.05± 6.36a 15.45± 7.01a 0.540 11.79± 4.73a 15.71± 6.76a <0.001
GS (m/s) 0.86± 0.27a 0.78± 0.32a 0.981 1.04± 0.30a 0.85± 0.29a <0.001
SPPB: short physical performance battery; BBS: Berg balance scale; TUG: timed up and go; GS: gait speed. aOne-way ANCOVA adjusted for age and baseline
values as covariates.

Table 1: Baseline demographic data of the participants and group comparisons (mean and SD).

Variables Intervention group (n � 23) Control group (n � 14) p

Sex
Female 10 (43.5%) 7 (50%)
Male 13 (56.5%) 7 (50%)

Age (years)
Females 77.8± 6.59 82.57± 10.50 0.26
Males 74.15± 8.56 74.00± 8.06 0.96

Weight (kg) 71.63± 15.20 66.98± 13.05 0.35
Height (m) 1.62± 0.11 1.60± 0.11 0.57
Number of medications 5.65± 3.69 7.07± 4.68 0.31
Duration of institutionalization (months) 32.74± 35.18 35.57± 28.94 0.56
MoCa score 26.61± 1.09 26.71± 1.43 0.93
SD: standard deviation; MoCa: montreal cognitive assessment.

Table 2: Results of the short physical performance battery, Berg balance scale, timed up and go, and gait speed test obtained for the
intervention groupa.

Intervention group
Pretraining Posttraining 1 month of follow-up

SPPB 8.26± 2.91 10.3± 2.20∗ 10.43± 2.17∗
BBS 48.87± 8.49 52.13± 5.28∗ 51.91± 5.58∗
TUG 14.04± 6.36 11.36± 4.73∗ 11.65± 5.09∗
GS 0.86± 0.27 1.07± 0.30∗ 1.03± 0.29∗

SPPB: short physical performance battery; BBS: Berg balance scale; TUG: timed up and go; GS: gait speed; ∗p< 0.001 compared with pretraining;aone-way
repeated measures ANCOVA adjusted for age and baseline values as covariates.
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second, the different number of participants in the inter-
vention and control group; third, a brief follow-up period (1
month); and fourth, results cannot be generalized to all
nursing home residents due to eligibility criteria (good
cognitive performance of participants).
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