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ARTICLE INFO ABSTRACT

Aim and Objective: To determine the effect of square stepping exercise(SSE) on lower limb
coordination in young old population.

Design: Experimental study.

Method: 40 subjects with age group: 65-74 years were randomly assigned into two groups: SSE
group (n =20), control group (n = 20). SSE group received 4 weeks of Square stepping exercise
training. Control group received 4 weeks of Frenkel’s exercise training.

Results: Comparing the post values of grades of coordination of SSE group and control group,
SSE group (p < 0.0001, t = 13.077) showed a significant improvement than control group (p =
0.0009, t =3.943).

Conclusion: Square stepping exercise is better than Frenkel’s exercise in improving lower limb
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INTRODUCTION

Aging is the accumulation of changes in an organism overtime
or later part of life. It is a multidimensional process of
physical, psychological and social change. Older people are
defined according to a range of characteristic including
chronological age, change in social role and change in
functional abilities.

Geriatric classification

e 65 years to 74 years = Young old.
e 75 years to 84 years= Older old.
e 85 years above= Oldest (Cress, 1999).

One of the most prominent hallmarks of aging is a dramatic
and often devastating decline in motor skills (Richard S.
Mann, 2012).
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It is known that older people are prone to fall related risks
which can make them totally or partly dependent on their
family and the community. Age-related loss in physiologic
capacities contributes to the decline in physical function in the
elderly population. It is well established that there is a decline
in muscle performance with advancing age. Normal aging
involves a gradual decline in cognitive function based on
neurological processes that change with age (Camila Vieira
Ligo TEIXEIRA, 2013). Alteration in the ability to execute
smooth, accurate, controlled motor responses occurs with
normal aging. With the loss of muscle mass, strength, and
endurance and the deterioration of neurologic control of our
movements and slower reflexes that occur with age the fear of
falling is warranted. A serious problem faced by older adults,
their families, and health care practitioners is the increased
prevalence of falls and fall-related fractures in adults aged 65
years or more (Ryosuke Shigematsu, 2008). Typically, a
decline in motor coordination leads to problems in walking,
including the ability to maintain a uniform gait and balance.
Falls due to a loss of balance and motor coordination are a
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major cause of serious injuries in older adults (Richard S.
Mann, 2012). Cardiovascular and muscle strength training
helps significantly to reduce the risk of falling. However,
specific agility, balance and coordination training can even
further reduce the risk of falling. Coordination is the ability to
execute smooth, accurate, controlled motor responses. Schmidt
and Lee define coordination as the “behavior of two or more
degrees of freedom in relation to each other to produce skilled
activity”. Coordination is the ability to control a number of
movement segments or body parts in a refined manner
resulting in a well- timed motor output. The ability to control
multiple movement components at any one particular time
becomes increasingly difficult with advanced age across a
variety of movements including aiming, reaching and
grasping. Coordinated movements are characterized by
appropriate speed, distance, direction, timing, and muscular
tension. Coordinated movement, which is smooth, accurate
and purposeful, is brought about by the integrated action of
many muscles, superimposed upon a basis of efficient postural
activity (M. Dena Gardiner, 2005). Dr. H. S. Frenkel aimed at
establishing voluntary control of movement by the use of any
part of the sensory mechanism which remained intact, notably
sight, sound and touch, to compensate for the loss of
kinaesthetic sensation. The process of learning this alternative
method of control is similar to that required to learn any new
exercise, the essentials being: Concentration of the attention,
Precision and Repetition. The ultimate aim is to establish
control of movement so that the patient is able and confident in
his ability to carry out these activities which are essential for
independence in everyday life (M. Dena Gardiner, 2005). The
square stepping exercise (SSE) programme was created by
Shigematsu and Okura in order to improve the balance of
practitioners, thereby decreasing the risk of falls (Camila
Vieira Ligo TEIXEIRA, 2013). The SSE program was
tolerated well by participants. SSE is a new and low-cost
method designed to improve lower-extremity functional
fitness, with strength and balance training. Therefore
potentially suitable to be carried out in the context of care for
older adults. This novel type of exercise training can be
performed on a thin felt mat (250 * 100 cm) divided into 40
small squares (25 * 25 cm) (Ryosuke Shigematsu, 2008). The
SSE training programme consisted of a series of forward,
backward, lateral and diagonal steps, and with each sequence,
the complexity of the step combinations increased. Square
stepping exercise may include toe walking or complex pattern
of walking as a progression (BerihuFisseha, 2017). The
sequences of the programme were organized according to six
different difficulty levels: Junior, Basic, Semi-Regular,
Regular, Senior and Master. Examples of the Junior, Basic,
Regular and Master patterns (Camila Vieira Ligo TEIXEIRA,
2013). Several step patterns have been created, which
participants must follow. As a form of systematic physical
activity, SSE is a training programme that requires physical
exertion and cognitive function, specifically concentrated
attention, memory and executive functions. The few existing
studies on SSE are promising and show the programme’s
effectiveness on functional fitness components, including
balance, lower limb strength, flexibility and agility, and
consequently a reduction in the risk of falls. A potential
limitation on the effects of SSE is, it has not been used alone
as a training protocol; SSE has been performed in conjunction
with stretching and muscular endurance exercises. Thus, there
is a gap in scientific knowledge about the independent effects
of SSE (Camila Vieira Ligo TEIXEIRA, 2013). Previous study
shows that SSE is a physical activity that positively influences

cognitive functions in non-demented older people. The result
of the previous study showed a significant improvement in
global cognitive status, concentrated attention and mental
flexibility. SSE can also be performed indoors so certainly
appears to be advantageous over unidirectional and outdoor
walking which is less beneficial pertaining to fall prevention
and it is also unsafe for older adults. The benefit of SSE also
extends beyond preventing fall such as improving functional
ability, fitness of lower extremities and health status among
older adults (Berihu Fisseha, 2017).

MATERIALS AND METHODS

Materials used: Square stepping exercise mat, Marker,
Stopwatch.

Methodology: 40 subjects were divided into 2 group by
random allocation. Both group were assessed with equilibrium
and non-equilibrium coordination tests. 20 subjects were given
square stepping exercise training for twice a week for four
weeks. The subject had to walk over the square stepping
exercise mat for 40 mins. The SSE group performed only the
SSE sequences without any other motor exercise. Subjects
were instructed to step on the mat according to the pattern that
the therapist had shown. Subjects had to complete each pattern
level twice correctly to move to the next pattern level. The
frenkel’s exercise had been explained and demonstrated to 20
subjects. It was been done twice a week for four weeks. In
frenkel’s exercise, the patient was explained and demonstrated
the walking pattern over the specific markings on the floor for
40 min. Frenkel’s exercises given to the subjects are:- walking
forwards over the markings on the floor, walking sideways
over the markings on the floor, tandem walking over a straight
line. The first simple exercises should be adequately
performed before progressing to more difficult patterns.

RESULTS

Data was analysed using paired ‘t’ test and unpaired ‘t’ test. In
between group (SSE group and control group comparison)
significance was calculated using unpaired ‘t’ test and within
the group (pre and post training comparisons of SSE group and
control group) significance was calculated by using ‘t’ test to
compare the grades of coordination in young old population.
There were no drop outs of the subjects from the study. The
results obtained for grades of coordination of control group
showed a significant improvement and p value obtained was p
= 0.0009 and t = 3.943. The results obtained for grades of
coordination of SSE group showed highly significant
improvement and p value obtained was p < 0.0001 and t =
13.077. However, on comparison of post assessment values of
grades of coordination of SSE group and control group, the
results obtained for grades of coordination of SSE group
showed significant improvement than control group and p
value obtained was p < 0.0001 and p = 0.0009 respectively and
t =13.077 and t = 3.943 respectively. According to the graph
there is highly significant improvement in grades of
coordination assessed by the equilibrium and non-equilibrium
coordination tests such as standing on one foot, tandem
standing, walk as fast as possible in SSE group as compared to
control group. This suggests that there is significant effect of
square stepping exercise on lower limb coordination in young
old population since there is highly statistical significant
difference in p value, p < 0.0001 on comparison of pre and
post values of SSE group.
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Table 1. Pre and post values of grades of coordination of SSE training
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Graph 1. Graphical Representation of pre and post values of grades of coordination of SSE training

Table 2. Pre and post values of grades of coordination of control group
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Graph 2. Graphical Representation of pre and post values of grades of coordination of control group
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Figure 1. Patterns of square stepping exercise

The results obtained of post values of SSE group and control
group shows highly significant p value p < 0.0001, t = 13.077
of SSE group whereas, p = 0.0009, t = 3.943 of control group.
This suggests that SSE is more effective than frenkel’s
exercise on lower limb coordination in young old population.

DISCUSSION

The purpose of this study was to find the effect of square
stepping exercise (SSE) in lower limb coordination in older
adults. The primary finding of this study was that SSE is
effective in lower limb coordination in older adults. Kannus e?
al., explained that falls are the leading cause of unintentional
injury and premature death among community dwelling older
adults (Berihu Fisseha, 2017). Falls among older adults are a
serious public health problem that can cause fatal injuries
sometime, also affects psychosocial status and more
importantly quality of life. After tripping, a quick, firm step
movement to prevent a fall that involves high flexion
velocities in the hip, knee and ankle plantar is important.
Because SSE training offered steps that consisted precisely of
quick hip, knee and ankle plantar flexions, the SSE
participants acquired adequate step ability after a 4-week
regimen (Ryosuke Shigematsu, 2008). SSEs were designed
based on the principles of proactive and reactive responses
enhancement which logically may improve reaction time

Further it is hypothesized to induce agonist and antagonist
muscle activations in lower extremities thus improving lower
extremities fitness (Berihu Fisseha, 2017). The SSE program
was tolerated well by participants. SSE is a low-tech and low-
cost form of exercise and therefore potentially suitable to be
carried out in the context of care for older people. Our findings
also suggest that SSE training is appropriate to achieve the
desired results in lower limb coordination. It was hypothesized
that this particular exercise would significantly affect this
fitness category, because SSE consists of quick, multi-directed
movements which all contribute to improving lower limb
coordination. Improved coordination can directly help prevent
falls but can also help the person roll rather than crash as the
person go down. In order to confirm the significance of the
SSE regimen, advantages and disadvantages should be
discussed. In the first week, some participants appeared to be
disinterested in SSE; however, after several sessions, all
participants started enjoying them, and attempted to follow the
complex step patterns. When we see the applicability of SSE
to our setup it is easy, cost effective and can be applied in
group. Portable, low-cost, low-tech mats, such as those used in
this study, have the additional advantage of being unaffected
by weather, space, or availability of time; SSE can be
performed at home, in community centers, or in parks.
Because no adverse events were observed, we can only
speculate on the disadvantages. One example may be that SSE
itself, particularly when lifting the heels, is associated with
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falls, due to the accompanying shift in gravity. Therefore, the
speed and complexity of SSE should be increased gradually,
depending on each participant’s ability. This approach can also
help participants to familiarize themselves with this type of
training. Older adults with good muscle power and confidence
in avoiding falls tend to fall because they walk briskly like
young people. If this is the case, SSE may be particularly
useful in helping these people to avoid falls. Significant effect
of SSE was detected over walking or no treatment to improve
balance as well to prevent fear of fall and improve perceived
health status. Berihu Fisseha et al., has emphasized on
prevention of falls and fall related injuries by improving
balance in older people (Berihu Fisseha, 2017). McClure et al.,
explained that SSE can also be performed indoors so certainly
appears to be advantageous over unidirectional and outdoor
walking which is less beneficial pertaining to fall prevention
and it is also unsafe for older adults. (Berihu Fisseha, 2017).
Shigematsu et al., explained the benefit of SSE also extends
beyond preventing fall such as improving functional ability,
fitness of lower extremities and health status among older
adults (Berihu Fisseha, 2017). Alan Davis mentioned that
Frenkel’s exercise is used to improve coordination. Frenkel
aimed at establishing voluntary control of movement by the
use of any part of the sensory mechanism which remained
intact, notably sight, sound and touch, to compensate for the
loss of kinaesthetic sensation.

The process of learning this alternative method of control is
similar to that required to learn any new exercise, the
essentials being: Concentration of the attention, Precision and
Repetition. The ultimate aim is to establish control of
movement so that the patient is able and confident in his
ability to carry out these activities which are essential for
independence in everyday life (Glady Samuel Raj). Therefore,
Frenkel’s exercise is used to improve coordination. However,
in the current study, the effects of Frenkel’s exercise were
smaller than those of SSE. The difference in effect size
between the 2 training regimens may be due to the specificity
of training, particularly the quick movements in SSE.SSE
training consists of complex patterns of walking over the
square stepping exercise mat and SSE training also follows the
principle of frenkel’s exercise: Concentration of the attention,
Precision and Repetition which is contributing to the
improvement of lower limb coordination in older population.
The study shows that the grades of equilibrium and non-
equilibrium coordination tests show significant improvement
in SSE GROUP at the end of 4 weeks. In SSE group, grade of
equilibrium and non-equilibrium coordination tests has
increased from 3.75 to 4.65. There is significant improvement
in grades of coordination assessed by equilibrium and non-
equilibrium coordination tests such as standing on one foot,
tandem standing, walk as fast as possible in SSE group as
compared to control group. Therefore, SSE is effective in
improving lower limb coordination in older adults. The
subjects’ age ranged from 65-74. In this study both male and
female subjects were included. But comparison between
female and male subjects for baseline measurements and
overall improvement has no significant in both groups. Thus
the result shows that there is no gender or age associated with
improvement.
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