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Abstract—The aim of this study was analyze the effects of Square-Stepping Exercise (SSE) on depressive symptoms,
balance and functional mobility in older adults. Participants were distributed into two groups: Trained Group (TG),
who performed a 16-week intervention with SSE and Control Group (CG), who performed only evaluations. The Berg
Balance Scale and Time Up and Go Test (TUG) constituted the evaluation protocol to verify balance and functional
mobility. Geriatric Depression Scale-short form (GDS-15) was applied for measure depressive symptoms. Evaluations
were realized pre and post 16-week. Significant improvements were observed in the TG with the maintenance of GDS15 scores and on the time to perform the TUG test which reflects better functional mobility than the CG. This could
lead to conclude that the SSE is an important tool for improve balance, prevent falls and decrease depression symptoms.
Keywords: balance, mobility, depressive symptoms, aging
Resumo—“Efeitos do Square-Stepping Exercise (SSE) no equilíbrio e sintomas depressivos de idosos.” O objetivo desse
estudo foi analisar os efeitos do Square-Stepping Exercise (SSE) nos sintomas depressivos, equilíbrio e mobilidade funcional de idosos. Os participantes foram distribuídos em dois grupos: Grupo Treinamento (TG), que realizou 16 semanas
de intervenção com o SSE e Grupo Controle (CG), que penas respondeu as avaliações. A Escala de Equilíbrio de Berg e
o Time Up and Go Test (TUG) constituíram o protocolo de avaliação, e verificaram o equilíbrio e a mobilidade funcional. A Escala Geriátrica de Depressão curta (GDS-15) foi aplicada para mensurar os sintomas depressivos. Avaliações
Foram realizadas pré e após 16 semanas. Resultados significativos foram observados no TG, como a manutenção do
escore da GDS-15 e melhora do tempo para realizar o TUG, o que reflete em uma mobilidade funcional melhor que no
CG. Podemos concluir que o SSE é uma importante ferramenta para promover equilíbrio, prevenir que das e diminuir
os sintomas depressivos.
Palavras-chave: equilíbrio, mobilidade, sintomas depressivos, envelhecimento
Resumen—“Efectos del Square-Stepping Exercise (SSE) en equilibrio y síntomas depresivos en adultos mayores.” El
objetivo de este estudio fue analizar los efectos del SSE (Square-Stepping Exercise) en los síntomas depresivos, equilibrio y movilidad funcional de ancianos. Los participantes fueron divididos en dos grupos: Grupo de Entrenamiento
(TG), que celebró 16 semanas de intervención con SSE y Grupo Control (GC), que respondió evaluaciones plumas. El
rango de equilibrio de Berg Balance de el Time Up nd Go Test (TUG) constituyeron el protocolo de evaluación, y se
encontró el equilibrio y la movilidad funcional. La Escala de Depresión Geriátrica breve (GDS-15) se utilizó para medir
los síntomas depresivos. Las evaluaciones se realizaron antes y después de 16 semanas. Los resultados significativos se
observaron en TG, como el mantenimiento de la puntuación GDS-15 y la mejora de tiempo para realizar el TUG, que
se refleja en una mejor movilidad funcional en CG. Podemos concluir que la ESS es una herramienta importante para
promover el equilibrio, la prevención y disminución de los síntomas depresivos.
Palabras clave: equilibrio, movilidad, síntomas depresivos, envejecimiento
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Introduction
The aging process can cause significant changes that seem
to be associated with the reduction of functional capacity
components, such as balance, agility, coordination and muscle
strength, which could impair mobility (Nyberg, Gustafson,
Berggren, Brannstrom, & Bucht, 1996). Decrease of functional ability is directly linked to increased risk of falls in older
individuals (Pavol, Owings, Foley, & Grabiner, 2001). Physical
exercises are an effective strategy used to improve functional
fitness indexes with significant reduction of occurrence of falls
(El-Khoury, Cassou, Charles, & Dargent-Molina, 2013). However, older people remain with lower levels of physical activity
because of the perception of many environmental barriers that
creates difficulties or impairs the practice of physical exercises
(Nascimento, Gobbi, Hirayama, & Brazão, 2008; Sebastião et
al., 2013). Additionally, fear of possible accidents resulting in
injuries may be a limiting factor for older people to become
physically active (Tu, Stump, Damush, & Clark, 2004).
Lack of physical activity can lead to decreased ability to
perform daily living activities in a safe way, impairing functional independency. Losses associated with aging are frequently
connected to the development of depressive symptoms. Sai,
Gallagher, Smith, and Logsdon (2010) found differences in the
Geriatric Depression Scale scores for both males and females
fallers when they were compared with non-fallers, although
positive effects of physical exercises both for mobility and
mood depressive states in older adults are already consolidated
(Hausdorff, Peng, Goldberger, & Stoll, 2004).
Considering the implications of physical inactivity for older
people and the environmental barriers to exercising, Shigematsu
and Okura (2006) developed the Square-Stepping Exercise
(SSE). It is a feasible method that can be easily performed indoors. Movements are similar to walking, involving multiple direction movements. This type of exercises is performed on a thin
mat partitioned into 40 squares (25 cm each). The SSE seems
to be a great method for preventing risk of falls and improving
balance as it involves sensorimotor stimulation (Shigematsu et
al., 2008; Shigematsu, Okura, Sakai, & Rantanen, 2008). SSE
tasks require the integration of cognitive and motor information
during the performance of dual-task. The long-term practice
of these exercises may promote improvements on motor and
cortical centers, which affect vestibular ratio and directional
control, helping balance and mobility, especially in elderly
(Tsang & Hi-Chan, 2004). A Brazilian study found that SSE is a
physical activity that contributes positively to improve multiple
cognitive domains (Teixeira et al., 2013). However, to the best
of our knowledge, there are no papers reporting the influence
of SSE exercise on symptoms of depression in healthy older
people. A research about the benefits of physical interventions
has found that long-term physical exercises reduce depressive
symptoms (Blankevoort et al., 2010) and improve functionality
with significant positive effects on quality of life (Scott, Votova,
Scanlan, & Close, 2007). Regular physical exercises seem to
have a positive impact on older adults’ psychological wellbeing. Seniors who exercise regularly are more self-motivated,
present better perception of self-efficacy and wellness (Lee,
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Lee, Brar, Rush, & Jolley, 2014). These gains may be related
to the practice in group of people and in the establishment of
new social networks. In addition to that, physical activity and
social interactions counteract the effects of social retirement
on functional decline, expanding activities of daily-living and
well-being (Unger, Johnson, & Marks, 1997).
The aim of this study was to analyze the effects of a 16-week
intervention of a protocol of SSE on balance, functional mobility
and symptoms of depression in older adults.

Method
Ethical aspects
The study was carried out in the Laboratory of Aging and
Physical Activity, Department of Physical Education, Biosciences Institute, São Paulo State University at Rio Claro, Brazil.
This study follows the guidelines of the Declaration of Helsinki
and it was approved by the Local Ethics Committee (Protocol
#2850). All participants were informed about the procedures,
benefits and risks before giving and signing the written informed consent.

Participants
The participants were recruited through a cohort of older
adults who took part of a geriatric day-care assistance mode.
All participants who met the inclusion criteria and accepted
to participate on the 16-week SSE program were included in
the study.
The sample was composed of 32 older adults who were
living in the city of Rio Claro, SP, Brazil. The inclusion criteria
were: (a) not having any kind of cognitive impairment that
would characterize a mild cognitive impairment or dementia;
(b) to be classified as an older adult according the standard of
Brazil, i.e., 60 years of age or older; (c) not having signs of
dementia based on results in the Mini-Mental State Examination—MMSE (Folstein, Folstein, & McHugh, 1975) adjusted
according to the patient’s level of education, which was validated for Brazilian population (Brucki, Nitrini, Caramelli,
Bertolucci, & Okamoto, 2003); (d) not been on any physical
exercise program for at least six months before starting this
intervention program; (e) to have minimum of 75% attendance
in the intervention sessions.
The participants were distributed into two groups: Trained
Group (TG) (n=15) and Control Group (CG) (n=17). The
TG attended the 16-week of training on SSE. The CG kept
to their same daily routine and did not participate in any
regular or structured exercise program. This was monitored
by a Level of Physical Activity Questionnaire (Voorrips,
Ravelli, Dongelmans, Deurenberg, & Van Staveren, 1991)
applied before the intervention period. All evaluations were
conducted on the same period by the same single-blinded
trained examiner.
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Evaluation protocol

Exercise protocol

All participants were assessed at the baseline and after 16
weeks at the end of the SSE training. Outcome measures were
evaluated, under the same conditions, at two moments by the
same trained examiner, at the same time, at the same place. In
order to characterize the sample, data of age, schooling and
level of physical activity (evaluated by Baecke Questionnaire
Modified for Elderly; QBMI) were collected.
The characterization of global status of cognitive functions,
the Mini-Mental State Examination (MMSE) (Folstein et al.,
1975) was employed. This instrument includes questions distributed into seven categories that represent specific cognitive
functions: executive functions, memory, language, attention,
immediate and delayed recall, and visuoconstruction praxis.
Scores range from 0 to 30 points, and lower values could indicate some impairment on cognitive functions. Cut-off points
were based on scores proposed by Brucki et al. (2003) for
Brazilian population according to their educational level. Using
this adjustment, our sample was not detected to have cognitive
impairment (Table 1).
The Geriatric Depression Scale short form (GDS-15) is
one of the most used instruments for screening depression in
later life. This instrument has been widely used in both clinical
and research settings (Montorio & Izal, 1996) and it is a short,
15-item instrument specifically designed to assess depression
in geriatric populations. The items require a yes/no response.
Almeida and Almeida (1999a, 1999b) found good values for
specificity and sensibility (90.9 and 64.5, respectively) for clinical diagnosis according to DSM-IV with cut-off point 5/6 for
Brazilian patients. On GDS, a higher score represents greater
presence of depressive symptoms.
The 14-item Berg Balance Scale evaluates balance impairment in older adults (Podsiadlo & Richardson, 1991). It
assesses the individual’s ability to maintain balance during the
performance of 14 common tasks in daily life, such as sitting
down and standing up from a chair, and standing on one leg.
The performance of each task was evaluated on a 5-point ordinal scale, ranging from zero to four, according to either quality
of movement or time spent to accomplish the task. The zero
point represents the necessity of maximum assistance, and four
points indicate that the individual is functionally independent
to perform the task. A total score (maximum of 56 points) was
calculated by the sum of each item. Higher scores reveal better
ability to maintain good balance.
The Timed-Up-and-Go test (Podsiadlo & Richardson, 1991)
consisted of a participant to stand up from a sitting position in an
armless chair of seat height of 46.5 cm, walking a distance of 3 m
then, going around a cone, returning, and sitting back in the chair.
Each participant was instructed to perform the task as quickly as
possible, without running. At least one practice trial was offered
to the participants at the beginning of the procedure so that they
could become familiar with the task. Three trials were performed for
testing purposes, and the time to perform the task was measured in
seconds. Time was recorded from the instant the person’s buttocks
left the chair until the next contact with the chair. The mean value
of the three trials was considered for statistical analysis.

The TG group participated of a supervised training program
twice-a-week for 16 weeks. The duration for intervention was
defined as 16 weeks because previous investigations concluded
that this period of SSE practice is enough to promote significant
benefits for older people (Teixeira et al., 2013). Moreover, shorter-term interventions may increase the chance of older people
to become more physically active and decrease the chances of
drop-out on prospective interventional research.
Each session consisted of 60 minutes of SSE. The detailed
description of SSE protocol is provided by Shigematsu and
Okura (2006). Briefly, the SSE is a sequence of different steps
on a thin felt mat (100 X 250 cm) divided into 40 squares. The
exercise session consists in walking from one side of the mat to
the other according to a pattern of the protocol. The participant
can only see the sequence made by the professional supervisor
and, then, they must reproduce it. Many sequences are possible
and the level of difficulty is higher after each accomplished
sequence.
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Statistical analysis
The distributions of all variables were tested for normality
using the Shapiro–Wilk test. Descriptive statistics were calculated to demonstrate the groups’ baseline sociodemographic
characteristics, and the differences between groups were tested
using one-way ANOVA. For multiple factors analyses (moment
vs. groups), a general linear model for repeated-measures analysis of variance (two-way ANOVA) was used to determine group
differences for balance and depressive symptoms. The effect
over time (pre- and post-test intervention with SSE program)
was treated as the within-subjects factor, and the differences
between the TG and CG were treated as the between-subjects
factor.
For statistical analyses, a significance level of 5% was defined and it was applied the SPSS 10.0 (SPSS, Inc.) software.

Results
The sample of 32 elderly people was distributed into two
groups. Table 1 shows the sociodemographic and clinical characteristics of the participants. There were no differences between
the groups regarding these variables (Table 1).
Table 1. Baseline caracteristics of the control group (CG) and traning
group (TG).
CG

TG

p

Mean±SD Mean ±SD
Age (years)

79.4±8.01 73.24±9.59 .69

Schooling (years)

2.8±2.08

3.76±3.49

.79

Level of Physical Activity (QBMI)

1.11±0.67

0.9±0.64

.33

Cognitive Status (MMSE)

24.5±2.17 25.32±2.71 .69
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Figure 1. Mean and standard deviation of the scores on GDS-15 by the
control and trained groups; *Between-subject effect F1,30= 5.7; p = .03
Figure 2. Mean and standard deviation of (A) time taken to complete
the TUG and; (B) the score on Berg’s FBS by both groups (control
and trained groups); *p= .05.

No significant reduction on depressive symptons was
observed after the 16-week period of exercise for the TG.
On the other hand, significant increase on this variable was
observed for the CG. The between-subject factors for two-way
ANOVA showed these significant changes (F1,30=5.7; p= .03).
Figure 1 displays scores for the symptoms of depression preand post-test intervention with the SSE program for both
evaluated groups.
Regarding functional mobility using the TUG (time) test, the
TG exhibited significant changes (F1,30=3.8, p= .04), indicating
that these participants reduced the time to complete the TUG
task. Participants in the CG did show no significant change
in this variable. However, our program did not demonstrate
effectiveness and feasibility for improving balance, which was
indicated by the lack of significant changes on TUG scores after
a 16-week SSE practice (F1,30=2.54; p= .13). Table 2 shows the
descriptive results from both moments and groups evaluated.
Figure 2 presents the results for functional mobility (TUG) and
balance (Berg’s FBS) pre- and post-test intervention in the SSE
program for both groups.

Table 2. Results of depressive symptons balance and functional mobility
from both pre- and post-test intervention and evaluated groups.
Pre-test Post-test
%
Two-Way
mean±sd mean±sd improvement ANOVA
Depressive TG 3.58±0.96 3,53±1.73
8.6
F1,30=5.7;
Symptons CG 3.86±1.7 5.17±0.86
-29.8
p= .03*
(GDS-15
scale)
Balance
TG 42.94±9.2 47.13±8.1
9.7
F1,30=2.54;
Berg
CG 42.53±8.3 42.17±11.0
-1.6
p= .13
FBS-Test
Functional TG 19.06±5.5 16.78±6.5
8.87
F1,30=3.8;
mobility
CG 18.46±7.7 20.35±8.6
- 12.6
p= .04*
(TUG-test)
*Between-subject effect
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Figure 2. Mean and standard deviation of (A) time taken to complete
the TUG and; (B) the score on Berg’s FBS by both groups (control
and trained groups); *p= .05.

Discussion
The purpose of this study was to investigate the effects after
practice in a SSE intervention program on depressive symptoms,
mobility and functional balance in older people. The results showed
positive effects of the SSE intervention program especially when
taking into account that the CG who was not exposed to any
exercise program presented worse results. Additionally, participants who were engaged in the 16-week SSE practice did not
show a depressive mood state, whereas the control group showed
improvement on these symptoms after the period of the research
(Shumway-Cook, Baldwin, Polissar, & Gruber, 1997). Values of
the time spent to perform the TUG task by our sample were in both
assessment moments below 20 s, and this could indicate that the
participants were totally independent in tasks that involve functional
mobility (Shumway-Cook, Brauer, & Woollacott, 2000). This also
can indicate that all participants included in our TG sample were
able to safely perform their daily living activities. Shumway-Cook
et al. (1997) indicated that the attribution of poor balance accounts
for 10-25% on the incidence of falls in older people. Lower values
of walking speed are frequently associated with increases risk of
falls. Recently, Kwan, Lin, Chen, Close, and Lord (2011) found that
TUG test performance can be influenced by lower limb strength,
poor balance, increased reaction time, low vision and pain. Also,
the TUG test performance and speed of walking are variables asso457
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ciated with limitations on functional daily living activities and fear
of falling (Kwan et al., 2011; Viccaro, Perera, & Studenski, 2011).
Shigematsu and Okura (2006) found improved locomotion
speed (walking around 2 cones) using the same SSE program
of intervention, better neuromuscular function and coordination
as a protective response to falls. Another research in this field
indicated that SSE was as effective as a specific training to
strength and balance to prevent falls in older people (Shigematsu et al., 2008). The main difference of our study compared
to others using the same protocol is that in our research SSE
was not associated with any other exercise (even the warm-up,
muscular resistance training, stretching or relaxing), showing
the effects of SSE intervention individually. These effects were
emphasized for functional mobility likely due to the specificity
of the training session, which involves movements with steps in
multiple directions, integration of cognitive and motor task to
perform the correct sequence and some level of proprioceptive
development. Thus, the present study demonstrated that SSE
protocol alone can be effective on balance. It is possible to use
this protocol with a fragile population, for example, an older one.
When a randomized clinical trial compared the SSE program
with regular walking exercises (Shigematsu et al., 2008), SSE
showed better responses of a program of exercises designed
for fall prevention than regular walking for older adults. Also,
comparing SSE with a balance and strength training (Shigematsu
et al., 2008), researchers found significant decrease on risk of
fall in both modalities of training. Putting them together, these
results may indicate that specific components of functional
capacity are needed to prevent falls. Specific trainings (i.e.,
balance and strength training) seem to improve mobility and, in
this perspective, SSE may be a feasible and a simple tool to be
employed as a specific training to mobility, with positive effects
on fall prevention. Probably, this program could be efficient
for mobility because it uses multidirectional steps (forward,
backward, lateral and oblique directions) during one session.
During the 16-week intervention, higher activation of the synergist and agonist muscles responsible to the locomotion (mainly
legs) may have occurred to complete the sequences proposed by
the SSE. Moreover, this seems to reflect on the improvement of
specific components of functional mobility which, in turn may
reflect on mobility improvement.
As for depressive symptons, the participants who remained
physically inactive showed worse symptoms in the post-test. Our
study did not investigate major depression symptoms qualified
as a psychiatric condition. However, we did detect changes in
mood states that may potentially predispose these participants
to a mood disorder. Within physiological aging, there is social
aging. Thus, older individuals show less social interaction than
younger people and, although sometimes family relationships
are narrowed, peripheral relationships reduced greatly, making
the older individuals feel more depressed, which increases GDS
scores (Cesari et al., 2002; Chu, Chi, & Chiu, 2005; Ilkivi, 2005;
Mann et al., 2005).
The role of physical activity on mood disorders is consolidated
in the literature. The more physically active individuals are less
symptoms of depression. The SSE intervention seems to be an
outcome clinically relevant for older people (Blake, Mo, Malik,
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& Thomas, 2009). In our study, the need to overcome challenges
during sessions of SSE and the social network established during
the 16-week intervention could likely be responsible for the
changes observed and prevent the development of symptoms of
depression— maintenance of GDS scores for the TG and increase
of scores for the CG. The social contact during the practice can
help to reduce stress, negative feelings, and isolation, promoting
interaction and connection all participants (Goodwin, 2003; Heath
& Stuart, 2002; Ku, McKenna, & Fox, 2007). In our study, there
was a concern with additionally stimulating the mental and social
dimensions since physical interventions with moderate intensities
have already presented positive results (Colcombe & Kramer, 2003;
Kramer, Erickson, & Colcombe, 2006; Teri et al., 2003), although
alternatives depend on the degree of impairment due to aging.
Even patients with some pathological condition seem to be
benefited by systematic physical exercises as shown by Arredondo
et al. (2011). Their trial showed significant relationship between
lower symptoms of depression and higher levels of physical activity in older hypertensive adults. Lucas et al. (2011) noticed a
higher relative risk of depressive symptoms in people with lower
levels of physical activity compared to those higher levels ones.
Additionally, they showed a significant relationship between
increased incidence of depression on a 10-year follow-up and
higher television watching-time, indicating the importance of the
social network in the mood dimension. In order to confirm the
significance of social networks on functional status and mobility
maintenance, other researches (Mendes de Leon et al., 1999; Mendes de Leon, Gold, Glass, Kaplan, & George, 2001) confirmed
that social activity especially during physical activity (Glass, de
Leon, Marottoli, & Berkman, 1999) is related to less disabilities
and better perception of quality of life, with impact on mood.
SSE is a low cost type of physical exercise method that
does not require higher overload in patients and can promote
great results on functional mobility with potential reduction of
risk for falls. This could indicate that this method is a feasible
alternative for older people, mainly for those who have a fragile
health or those with some frail condition which might impair
the practice of more intense exercise.
There are several limitations that may have affected the
results of our study. First, we used a non-randomized sample,
which can narrow generalizations. On the other hand, the
longitudinal design allowed us to establish causality between
the analyzed variables. Other follow-up study is suggested to
control the maintenance of the gains after participation in a SSE
program. Regarding these limitations, as participants were outpatients in a day-care center, our findings justify the importance
of low intensity, low cost and low tech exercise as an alternative
with positive gains for older individuals. These results may help
healthcare professionals to recognize alternative options for
preventing risk of falls and for improving mobility despite the
low level of physical activity of the group of patients.
In conclusion, our findings suggest that a 16-week program
of physical exercises based only on the SSE method could be
a safety, low-cost and feasible alternative to practice physical
activity with good impact on improvement of functional mobility and maintenance of mood states, preventing depressive
symptons in older people.
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