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ABSTRACT 

 

Background and Objectives: Falls are frequent among elderly people. Fear of falling can become 

incapacitating and predisposes people who perceive themselves at risk of falling to inactivity, which 

itself can lead to problems of debilitation, increased handicap, and disability. Due to fear of fall, the 

elderly develops social isolation, a reduction in their confidence to accomplish normal activities of 

daily living, and mobility problems, and adopt an inactive life style, functional decline, resulting in 

institutionalization. Parameters like lower extremity strength, cadence and confidence are important 

for fall prevention. This study was designed to investigate effect of Square- Stepping Exercise (SSE) 

in improving lower extremity strength, cadence and confidence among female geriatric population. 

Methodology: 30 subjects from 1) FCC Convent & Assissi old age home, and 2) Mundakapadam 

Agathimandiram, were recruited for the study through convenient sampling. Activities- specific 

Balance Confidence (ABC) scale questionnaire was taken as an inclusion criteria and those who score 

below 80% was considered to be included in the study. After baseline measurement, 30 subjects 

satisfying the inclusion criteria were assigned into either a control group (Group A, n=15) and 

experimental group (Group B, n=15). Pre-test analysis was performed for both groups for lower 

extremity strength using hand-held dynamometer, cadence using 10 M walk test and confidence using 

ABC Scale questionnaire sheets. Experimental group received SSE in addition to conventional 

exercise whereas; control group received conventional exercise for 4 weeks. Post-test analysis was 

conducted. Statistical analysis was performed. Paired t test analysed the within group changes, 

independent t test was used to compare the changes between the group. Level of significance was kept 

at p≤0.05. 

Results: There was a significant improvement in lower extremity strength, cadence and confidence 

within group analysis. While comparing the control and experimental group, the experimental group 

showed a high significant difference (p<0.05) in lower extremity strength and confidence. Cadence 

shown no significant difference (p>0.05) between the group analysis. 

Conclusion: This study revealed that Square-stepping exercise provided a significant improvement in 

lower extremity strength and confidence with p≤0.05. Improvement in these physical parameters will 

reduce the risk of fall in young-old female geriatric population. SSE is safe to administer and 

advantageous to prevent falls. 

Keywords: Square stepping exercise; Older adults; Fall; Fear of fall; Balance confidence; Strength; 

Cadence 
                                                                                                                                         

INTRODUCTION 

 Falls are frequent among elderly 

people.1 According to Lamb et.al, 2005, a 

fall is defined as ‘An unexpected event in 

which the participant comes to rest on the 

ground, floor or lower level’.2 Falls are 
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common throughout the life span, but the 

consequences of a fall event vary depending 

on the person’s age. The incidence of falling 

increases with age. 

Falls represent the most common 

mechanism of injury, and the leading cause 

of death from injury, in people older than 

age 65 years. 

The Centers for Disease Control and 

Prevention reported that in 2004, nearly 

15,800 people aged 65 years and older died 

from injuries related to unintentional falls, 

and another 1.8 million were treated in 

emergency departments for non-fatal 

injuries from falls. Of those who fall, 10% 

have a serious injury (fracture, dislocation, 

or head injury). In 2000, medical treatment 

for falls among people older than age 65 

years cost the United States more than $19 

billion, and the number is projected to 

increase to $43.8 billion by 2020.3 

Falls in older adults are a major 

concern and are a major cause of morbidity 

and mortality. Falls are multifaceted and a 

heterogeneous problem.3 Falls present a 

substantial health problem among the 

elderly population. Fall related injuries are 

leading cause of non-fatal injuries. Its 

consequences often extending far beyond 

minor injury to significant loss of functional 

independence and even death. 

The three division of elderly are; 

Young-old group consists of the population 

between 65 and 75, in Middle-old group 

consists between 75 and 85 and Old-old 

group consists between older than 85 years 

of age.4 

The number of persons above the 

age of 60 years is fast growing, especially in 

India. India as the second most populous 

country in the world has 76.6 million people 

at or over the age of 60 constituting above 

7.7% of total population.5 

Fall rates in persons over 65 years of 

age or older are at least 33% per year in 

being found to fall more frequently than 

men (Campbell et. al., 1981; Nevitt et. al., 

1989; Shumway- Cook et. al., 2009). At 

least one third of people aged 65 years and 

above fall every year, half of them more 

than once,6 and the incidence increases with 

advancing age.7 Women are more prone to 

falling compared to men and sustain more 

fall related injuries.8 The annual rates of 

non-fatal injuries due to falls for women 

have been reported to be 48.4% higher than 

the rates for men.9 

 Falls in elderly is a major public 

health problem with substantial medical and 

economic consequences. In 15% 

individuals, complications of falls include 

fractures, bruises, soft tissue injuries and 

loss of independence. Serious injury occurs 

in 6% of the elderly population causing 

accidental death. Fallers who did not suffer 

serious injuries may experience restriction 

in ADLs. As a result, the elderly population 

develops fear of falling and adopts lifestyle 

of inactivity resulting in significant 

muscular atrophy leading to decline in lower 

extremity strength.10 

Fear of falling can become 

incapacitating and predisposes people who 

perceive themselves at risk of falling to 

inactivity,11 which itself can lead to 

problems of debilitation, increased 

handicap, and disability. The fear of falling 

can have detrimental effects on physical 

function in the elderly population.10 The 

elderly have at least 10 times higher risk of 

falling than other age groups because of 

age- related physiological changes, 

especially those pertaining to the quality of 

skeletal muscles.12 Due to fear of fall, the 

elderly develop social isolation, a reduction 

in their confidence to accomplish normal 

activities of daily living, and mobility 

problems, and adopt an inactive life style, 

functional decline, resulting in 

institutionalization. 

Low balance confidence (BC) and / 

or falls self- efficacy is a major health 

problem among older adults restricting their 

participation in daily life, which can lead to 

avoidance of activities, causing restriction 

of physical activities and participation in 

daily life. This restriction can result in 

physical frailty, falls and loss of 

independence.(13,14,15,16,17,18) 
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About 30% - 50% of falls in the 

elderly result in minor injuries, including 

bruises, abrasions, and lacerations, but an 

estimated 10% of all falls in seniors cause 

major injuries, including intracranial 

injuries (ICIs) and fractures. One percent of 

all falls in this population result in hip 

fractures, which pose a significant risk for 

post fall morbidity and mortality.(19,20) In 

addition, according to the Centers for 

Disease Control and Prevention (CDC), 

between 2006 and 2010, falls were the 

leading cause of traumatic brain injury- 

related deaths in persons aged 65 or older.21 

One major difference in the geriatric 

population is skeletal fragility22 which 

occurs as their bones become more 

susceptible to the mechanical forces or 

trauma. Consequently, elderly patients will 

sustain more severe injuries with lower 

force mechanisms than their younger 

counterparts, who have greater bone 

density. Skeletal tissue is remarkably 

susceptible to change in response to day- to- 

day changes occur in addition to the 

ongoing decline in bone mineral that begins 

in the 3rd decade and continues on through 

life.3 

It is well known that women have a 

faster rate of bone mass loss during the 

menopause, where the typical yearly 

decrease of 0.5% to 1% doubles to about 

2% per year for the 5 years peri- and 

menopausal era. The natural decline in bone 

mineral content may predispose patients to 

osteoporosis.3 

An estimated 75% of all vertebral 

and non- vertebral fractures occur in the 

aged 65 years or older, and more than 75% 

of hip fractures affect seniors aged 75 years 

or older.23 Fractures are an independent 

predictor of long- term mortality. After a hip 

fracture, an elderly person has a 27% chance 

of dying within 1 year;24 following a 

proximal femur fracture, 50% of affected 

seniors will experience a functional decline 

within 1 year.25 Other post fall fracture sites 

in older people include the proximal 

humerus, pelvis, vertebrae, distal radius, and 

vertebral bodies.26 

Fear of falling may lead to more 

sedentary lifestyle with subsequent de-

conditioning that creates an ongoing 

downward spiral leading to frailty and 

increased risk of future falls. Fear of falling 

has been associated with the use of a 

walking device, balance impairment, 

depression, trait anxiety, female gender, and 

a previous history of a fall or falls.3 

Lower extremity muscle weakness 

has been associated with decreased speed of 

gait and decreased performance on 

functional measures by many authors.3 The 

muscle strength of knee extensors decreased 

earlier in the female than in the male 

population. In women, this muscle strength 

declined significantly from the age of 70 

years, but from the age of 80 years in men. 

According to a literature review, the muscle 

strength of knee extensors was associated 

with many functional activities. The decline 

of functional activities with aging began 

earlier in women than in men.27 Ikezoe et. 

al,28 noted that the antigravity muscles, such 

as quadriceps, are the most affected by the 

inactivity. In addition, knee extensors 

weakness is the important predict factor for 

falls.29 

As the age advances, there is 

significant reduction in the cross- sectional 

area of the muscles. The reduced muscle 

mass may result into reduced physical 

activity and disuse atrophy which further 

aggravates the reduction in muscle mass as 

well as muscle strength. Decreased fitness 

of the lower extremities is a potentially 

modifiable fall risk factor. Cognitive factors 

such as fear of falling may also be an 

important contributor to reduced cadence 

taken by the elderly. 

Square- stepping exercise (SSE) is a 

low- cost indoor program, composed of 

multidirectional steps in the forward, 

backward, lateral, and oblique directions. 

SSE is a more useful exercise program than 

regular walking for older adults; thus it may 

serve as a new form of exercise to prevent 

falls. The benefit of SSE also extends 

beyond preventing fall such as improving 

functional ability, fitness of lower 
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extremities, and health status among older 

adults (Shigematsu et. al, 2008a; 

Shigematsu et. al, 2008b). 

 

 

METHODOLOGY 

Study Design: Experimental study 

Sampling Technique: Convenient 

sampling 

Sample Size: 30 subjects 

Selection of Subjects: Based on ABC scale 

scoring less than 80%. 

Study Duration: 4 weeks- 3 sessions per 

week 

Study setting: FCC Convent & Assissi old 

age home, Kottayam; and Mundakapadam    

Agathimandiram, Kottayam. 

 

Inclusion Criteria 

• Female population 

• Young old adults (65- 75 years of age) 

• Activities- specific Balance Confidence 

(ABC) scale with scoring of below 80% 

• Those who are leading a sedentary 

lifestyle. 

 

Exclusion Criteria 

• Activities- specific Balance Confidence 

(ABC) scale with scoring of above 80% 

• Visual and auditory impairment 

• Those who are not willing to participate 

in the study 

 

Outcome Measures 

• Hand- held dynamometer to measure 

lower extremity strength- Quadriceps 

strength (KERN MAP- version 1.2 

08/2012) and capacity of 40 kg (green). 

• 10 meter walk test to measure cadence. 

• ABC scale to measure confidence  

 

Materials Required 

• Square stepping mats 

• Hand held dynamometer 

• ABC scale questionnaire sheets 

• Measuring tape 

• Insulation tape  

• Chalk 

• Stopwatch 

 

Procedure 

The study was designed to determine 

the effect of Square- stepping exercise in 

improving lower extremity strength, 

cadence, and confidence among female 

geriatric population. Ethical clearance was 

obtained from the ethical committee of 

Medical Trust Hospital, Kochi. Permission 

had taken from respective authorities of the 

institutions. Two group pre test-post test 

design was used with convenient sampling.  

The study involved young- old 

female geriatric population, recruited from 

1) FCC Convent & Assissi old age home, -

Kolladu, Poovanthuruthu, Kottayam. 

2) Mundakapadam Agathimandiram,- 

Manganam, Kottayam. 

The study was an Experimental 

study. Activities- specific Balance 

Confidence (ABC) scale questionnaire 

sheets were given to the female participants 

at the study setting, and those who score 

below 80% was considered to be included in 

the study. After baseline measurement, 30 

subjects satisfying the inclusion criteria 

were assigned using convenient sampling to 

either a Control group (Group A, n=15) in 

which conventional exercises were given 

and an Experimental Group (Group B, 

n=15) in which square stepping exercise and 

conventional exercises were given. Both 

Group A and Group B received 

conventional exercises for 20-30 minutes 

with 3 sessions per week, for 4 weeks.  

 

Group B – Experimental group -   in 

addition to conventional exercises received 

square stepping exercise with each session 

comprised of 5 minutes of warm- up 

activities, 30 minutes of SSE and 5 minutes 

of cool- down activities under supervision 

with 3 sessions per week, for 4 weeks.  

Square stepping exercise (SSE) 

comprises multiple directional step patterns 

performed on a thin mat (100× 250 cm) that 

is partitioned into 40 squares (25 cm each). 

The patterns of SSE used were Elementary 

1 and 2, Intermediate 1, and Advanced 3 

categories. Four mats were used for each 
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patterns. The persons were instructed to 

walk (step) from one end of the mat to the 

other according to the step pattern provided. 

When the person reached the end of the mat, 

they were instructed to return to their start 

positions by walking normally off the mat 

and then stand for the next stepping. After 

the persons become familiar with each of 

the step patterns, they were instructed to 

perform toe walking as a progression, 

without treading on the frames of the 

squares. Each step pattern was repeated 4- 

10 times to ensure that the persons could 

complete the pattern. Each step pattern 

should be completed within 15 seconds. 

Group A -Conventional group - 

intervention includes training of subjects to 

do backward walking, sideways walking, 

forward walking, walking on high knees 

with emphasis on taking long steps and arm 

swinging.  

Pre-treatment score was taken before 

the commencement of the treatment session 

and post- treatment score was taken after the 

completion of 4 weeks of treatment session. 

 

Hand- held dynamometer 

Test procedure: Hand- held dynamometer 

used was KERN MAP (version 1.2 

08/2012) and capacity of 40 kg (green). A 

detailed explanation was given to the 

participant about the procedure. Isometric 

knee extensor strength was measured with 

the participant seated and hip and knees 

flexed at 90o. Dynamometer is placed on the 

anterior aspect of the shank, proximal to the 

ankle joint. 

 

10 Meter Walk test 

Test procedure: The 10 meter walk test 

(10MWT) was the tool used to evaluate the 

spatial, temporal, and kinematic attributes of 

gait. A detailed explanation was given to the 

participant about the procedure. To 

eliminate the acceleration and deceleration 

components, the volunteers were instructed 

to begin walking 1.2 m before the beginning 

of the course and to finish 1.2 m after the 

end of the course at usual speed. Three tests 

were carried out to minimize the learning 

effect, and the performance was used for 

data analysis. Using stopwatch, walking 

time of all volunteers and registered the 

number of steps and strides were taken 

during the course. Using these data, the 

cadence was estimated.  

 

ABC Scale Questionnaire 

Test procedure: Activities- specific 

Balance Confidence Scale (ABC=16) is a 

common tool for assessing. ABC scale was 

translated to local language. It consists of 16 

situation- specific activities including both 

indoors and outdoors task. A detailed 

explanation was given to the participant 

about the procedure. For each of the 

following activities, the participant is asked 

to indicate their level of confidence in doing 

the activity without losing their balance or 

become unsteady from choosing one of the 

percentage points on the scale from 0% to 

100%. If the participant is currently not 

doing the activity in question, try and 

imagine how confident if they had to do the 

activity or hold onto someone, rate the 

confidence as if they were using these 

supports. 

 

Statistical analysis and interpretations. 

All the statistical analysis and graph 

preparations were performed using SPSS 

and Microsoft Excel. Paired t test was used 

for intra group comparison of pre- post test 

results and unpaired t test was used to 

determine the effect between experimental 

and control group. The dependent variables 

were Quadriceps muscle strength, cadence 

and confidence and the independent 

variables were Square- stepping exercise as 

well as conventional exercise. Significance 

level was kept at p<0.05 with 95% 

confidence interval. 

 

Comparison of pre-test and post-test 

values of Quadriceps strength (Left) 

within Control Group   

The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test Quadriceps strength (left) 

scores. The Standard Deviation column 
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displays the standard deviation of the pre 

and post scores. The analysis of pre-test and 

post-test values of Quadriceps strength (left) 

revealed that there was a difference of 0.68 

between the pre test and post test values. t-

value calculated was 5.92 which is greater 

than the table value at  5%  level of 

significance (p<0.05). 
 

Table 1: Paired t test of Quadriceps Strength (Left) within control group 

Quadriceps Strength (Left) Mean Std. Deviation Mean Difference t df Significance 

Pre-test  6.48  1.11 0.68  

5.92 

 

14 

 

p<0.05 Post-test  7.16 1.35 

 

 
Figure 1: Graphical representation of mean value of 

Quadriceps Strength (Left) within control group. 

 

Comparison of pre-test and post-test 

values of Quadriceps strength (Right) 

within Control Group    

The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test Quadriceps strength (right) 

scores. The Standard Deviation column 

displays the standard deviation of the pre 

and post scores.  

The analysis of pre-test and post-test 

values of Quadriceps strength (right) 

revealed that there was a difference of 0.86 

between the pre test and post test values. t-

value calculated was 3.24  which is greater 

than the table value at 5% level of 

significance (p<0.05). 
 

Table 2: Paired t test of Quadriceps Strength (Right) within control group 

Quadriceps Strength (Right) Mean Std. Deviation Mean Difference t df Significance 

Pre-test  6.12 1.99 0.86  

3.24 

 

14 

 

P<0.05 Post-test  6.98 2.05 

          

 
Figure 2: Graphical representation of mean value of 

Quadriceps Strength (Right) within control group 

 

Comparison of pre-test and post-test 

values of Cadence within Control Group   

The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test values of cadence. The 

Standard Deviation column displays the 

standard deviation of the pre and post 

scores.  

The analysis of pre-test and post-test 

values of  cadence revealed that there was a 

difference of 4.2  between the pre test and 

post test values. t-value calculated was 5.13  

which is greater than the table value at 5% 

level of significance (p<0.05). 

 

Table 3: Paired t test of Cadence within control group 
Cadence Mean Std. Deviation Mean Difference t Df Significance 

Pre-test  94.2 14.68 4.2  

5.13 

 

14 

 

P<0.05 Post-test  98.4 13.58 
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Figure 3: Graphical representation of mean value of Cadence 

within control group 

 

Comparison of pre-test and post-test 

values of Confidence within Control 

Group 

The Mean column in the paired-samples t 

test table displays the mean pre-test and 

post-test confidence scores. The Standard 

Deviation column displays the standard 

deviation of the pre and post scores.  

The analysis of pre-test and post-test 

values of  confidence revealed that there 

was a difference of 11.84   between the pre 

test and post test values. t-value calculated 

was 8.68 which is greater than the table 

value at 5% level of significance (p<0.05). 

Table 4: Paired t test of Confidence within control group 
Confidence Mean Std. Deviation Mean Difference t df Significance 

Pre-test  58.9 7.21 11.84 8.68 14 P<0.05 

Post-test  70.74 9.58 

                    

 
Figure 4: Graphical representation of mean value of 

Confidence within control group 

 

Comparison of pre-test and post-test 

values of Quadriceps strength (Left) 

within Experimental Group   

The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test Quadriceps strength (left) 

scores. The Standard Deviation column 

displays the standard deviation of the pre 

and post scores.  

The analysis of pre-test and post-test 

values of Quadriceps strength (left) revealed 

that there was a difference of 1.97  between 

the pre test and post test values. t-value 

calculated was 3.85 which is greater than 

the table value at 5% level of significance 

(p<0.05). 

 

 
Figure 5: Graphical representation of mean value of 

Quadriceps Strength (Left) within experimental group 

 
Table 5: Paired t test of Quadriceps (Left) within experimental group 

Quadriceps Strength (Left) Mean Std. Deviation Mean Difference t df Significance 

Pre-test  6.66 2.08 1.97  

3.85 

 

14 

 

P<0.05 Post-test  8.63 2.37 
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Comparison of pre-test and post-test 

values of Quadriceps strength (Right) 

within Experimental Group   

The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test Quadriceps strength (right) 

scores. The Standard Deviation column 

displays the standard deviation of the pre 

and post scores.  

The analysis of pre-test and post-test 

values of Quadriceps strength (right) 

revealed that there was a difference of 2.73  

between the pre test and post test values. t-

value calculated was 4.99  which is greater 

than the table value at 5% level of 

significance (p<0.05). 

 
Table 6: Paired t test of Quadriceps Strength (Right) within experimental group 

Quadriceps Strength (Right) Mean Std. Deviation Mean Difference t df Significance 

Pre-test  6.39 2.40 2.73  

4.99 

 

14 

 

P<0.05 Post-test  9.13 3.04 

 

 
Figure 6: Graphical representation of mean value of 

Quadriceps Strength (Right) within experimental group 

 

Comparison of pre-test and post-test 

values of Cadence within Experimental 

Group  

  The Mean column in the paired-

samples t test table displays the mean pre-

test and post-test cadence scores. The 

Standard Deviation column displays the 

standard deviation of the pre and post 

scores.  

The analysis of pre-test and post-test 

values of  cadence revealed that there was a 

difference of 11.53  between the pre test and 

post test values. t-value calculated was 3.67 

which is greater than the table value at 5% 

level of significance (p<0.05). 

Table 7: Paired t test of Cadence within experimental group 
Cadence Mean Std. Deviation Mean Difference t df Significance 

Pre-test  91.13 8.66 11.53  
3.67 

 
14 

 
P<0.05 Post-test  102.67 7.54 

                    

 
Figure 7: Graphical representation of mean value of Cadence 

within experimental group 

 

Comparison of pre-test and post-test 

values of Confidence within Experimental 

Group  

The Mean column in the paired-samples t 

test table displays the mean pre-test and 

post-test confidence scores. The Standard 

Deviation column displays the standard 

deviation of the pre and post scores.  

The analysis of pre-test and post-test 

values of  confidence  revealed that there 

was a difference of 29.62    between the pre 

test and post test values. t-value calculated 

was 9.16 which is greater than the table 

value at 5% level of significance (p<0.05). 

Table 8: Paired t test of Confidence within experimental group 

Confidence Mean Std. Deviation Mean Difference t df Significance 

Pre-test  55.70 14.17 29.62  
9.16 

 
14 

 
P<0.05 Post-test  85.33 4.41 
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Figure 8: Graphical representation of mean value of 

Confidence within experimental group 

 

Comparison of post-test values of 

Quadriceps strength (Left) between 

Control and Experimental Group  

The Mean column in the unpaired-

samples t test table displays the mean post-

test values of Quadriceps strength (left) of 

the two groups. The Standard Deviation 

column displays the standard deviation of 

the post test scores. The analysis of post-test 

values of Quadriceps strength (left) between 

the groups revealed that there was a 

difference of 1.47 between the groups. t-

value calculated was 2.08 which is greater 

than the table value at 5% level of 

significance (p<0.05). 
 

Table 9: Unpaired t test of Quadriceps strength (Left) between control and experimental group 

Quadriceps Strength (Left) Mean Std. Deviation N Mean Difference t df Significance 

Control Group   7.16 1.35 15 1.47  

2.08 

 

28 

 

P<0.05 Experimental Group 8.63 2.37 15 
 

 

 
Figure 9: Graphical representation of mean post-test values of 

Quadriceps strength (Left) between control and experimental 

group 

 

Comparison of post-test values of 

Quadriceps strength (Right) between 

Control and Experimental Group 

The Mean column in the unpaired-

samples t test table displays the mean post-

test values of Quadriceps strength (right) of 

the two groups. The Standard Deviation 

column displays the standard deviation of 

the post test scores. The analysis of post-test 

values of Quadriceps strength (right) 

between the groups revealed that there was 

a difference of 2.14   between the groups. t-

value calculated was 2.26 which is greater 

than the table value at 5% level of 

significance (p<0.05). 
 

 
Figure 10: Graphical representation of mean post-test values 

of Quadriceps strength (Right) between control and 

experimental group 

 

Table 10: Unpaired t test of Quadriceps strength (Right) between control and experimental group 

Quadriceps Strength (Right) Mean Std. Deviation N Mean Difference t Df Significance 

Control Group 6.98 2.05 15 2.14  

2.26 

 

28 

 

P<0.05 Experimental Group 9.12 3.04 15 
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Comparison of post-test values of 

Cadence between Control and 

Experimental Group 

The Mean column in the unpaired-

samples t test table displays the mean post-

test values of cadence of the two groups. 

The Standard Deviation column displays the 

standard deviation of the post test scores. 

The analysis of post-test values of cadence 

between the groups revealed that there was 

a difference of 4.26   between the groups. t-

value calculated was 1.06 which is less than 

the table value at 5% level of significance 

(p>0.05).  
 

Table 11: Unpaired t test of Cadence between control and experimental group 

Cadence Mean Std. Deviation N Mean Difference T df Significance 

Control Group  98.4 13.58 15 4.26  

1.06 

 

28 

 

P>0.05 Experimental Group  102.66 7.54 15 

 

 
Figure 11: Graphical representation of mean post-test values 

of Cadence between control and experimental group 

Comparison of post-test values of 

Confidence between Control and 

Experimental Group 

The Mean column in the unpaired-

samples t test table displays the mean post-

test values of confidence of the two groups. 

The Standard Deviation column displays the 

standard deviation of the post test scores. 

The analysis of post-test values of 

confidence between the groups revealed that 

there was a difference of 14.58   between 

the groups. t-value calculated was 5.35 

which is greater than the table value at 5% 

level of significance (p<0.05). 

      

Table 12: Unpaired t test of Confidence between control and experimental group 

Confidence Mean Std. Deviation N Mean Difference t df Significance 

Control Group 70.74 9.58 15 14.58 5.35 

 

28 P<0.05 

Experimental Group 85.32 4.41 15 

 

 
Figure 12: Graphical representation of mean post-test values 

of Confidence between control and experimental group 

 

DISCUSSION 

Aging is a fundamental process that 

affects all of our systems and tissues. Falls 

are frequent among elderly people with 

advancement in age. Falls represent the 

most common mechanism of injury, and the 

leading cause of death from injury, in 

people older than age 65 years. Fear of fall 

results in reduced physical activity. 

Therefore, it is crucial to enhance the 

mobility of elderly and aimed at improving 

lower extremity strength, cadence and 

balance confidence. It is mandatory to 

design such an exercise program in view of 

fall prevention. Results demonstrated that, 

pre-test and post-test analysis using paired t 

test in both experimental and control group 

showed that there is improvement in lower 

extremity strength, cadence and confidence 

among both the groups but experimental 

group showed a significant improvement 

compared to control group. The study was 

designed to explore the effect of SSE in 
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improving lower extremity strength, 

cadence and confidence.  

Within group, comparison of pre and 

post test data for Quadriceps strength (left) 

among the experimental group showed   

significant difference in the paired t test 

with a mean difference of 1.97 at level of 

significance less than 0.05. Quadriceps 

strength (right) showed a significant 

difference in the paired t test with a mean 

difference of 2.73 at level of significance 

less than 0.05. Cadence showed a significant 

difference in the paired t test with a mean 

difference of 11.53 at level of significance 

less than 0.05 among the experimental 

group. Confidence showed a significant 

difference in the paired t test with a mean 

difference of 29.62 at level of significance 

less than 0.05.  

While considering the comparison 

between post-test means of Quadriceps 

strength (left & right) among experimental 

and control group, experimental group 

shown a high significant difference in the 

unpaired t test with a mean difference of 

1.47 for left Quadriceps strength and 2.14 

for right Quadriceps strength at level of 

significance less than 0.05. With 

comparison of post-test values of cadence 

between experimental group and control 

group, experimental group showed a high 

significant difference in the unpaired t test 

with a mean difference of 4.26 at level of 

significance less than 0.05, and confidence 

showed a high significant difference among 

experimental group with a mean difference 

of 14.58. 

Significant improvement in 

quadriceps muscular strength can be 

justified by the literature support of 

Ryosuke et al38. According to the study, it is 

explained that the multidirectional steps in 

the forward, backward, lateral, and oblique 

directions during SSE lead to better 

activation of the synergist and agonist leg 

muscles. Therefore, it is possible that the 

SSE regimen consequently improves many 

aspects of the functional fitness of the lower 

extremities. This improvement in the 

strength of the lower extremities enhances 

the balance of the elderly. We assume that 

the improvement in balance confidence 

observed in the present study resulted from 

the improvement seen in the lower 

extremity strength which can improve their 

functional activity. 

Ikezoe et al,28 noted that the 

antigravity muscles such as quadriceps, are 

the most affected by the inactivity. 

Therefore, the reduced level of functional 

ability may induce the knee extensor 

weakness, an important predict factor for 

falls. Osteoarthritis may be a possible 

explanation for early decline in knee 

extensors. Reduced knee extensor strength 

might lead to poor control of leg movement 

and slow stepping. When performing 

alternating stepping in SSE, the leg must 

exert extension strength to maintain 

standing balance. This might be the reason 

for the improvement in quadriceps strength 

in geriatric population.  

Analysis of the post-test mean 

values of cadence in control group and 

experimental group was 98.4 and 102.66 

with a mean difference of 4.26. The results 

shows that there is difference between the 

mean values within group A and group B, 

but there is no significant difference in 

cadence between experimental and control 

group (p>0.05). There is no considerable 

change in the cadence and maintaining the 

same number of steps. This can be 

explained and supported by the study done 

by Hiroyuki Shimada et al,36  who examined 

the relationship between the gait variables 

with a history of falls and life- space 

experience among elderly people. The study 

shown that cadence and step width did not 

change consistently with aging.  

Berihu Fisseha et al40, proposed that 

SSE was found effective in balance 

improvement and preventing fear of fall. 

According to Shigematsu et al38, SSEs were 

designed based on the principles of 

proactive and reactive responses 

enhancement which logically may improve 

reaction time during corrective stepping 

during recovering balance after tripping 

among the older subjects. Further he 
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hypothesized that agonist and antagonist 

muscle contractions in lower extremities 

during stepping thus improves lower 

extremity fitness. 

The toe walking on the SSE mat 

with their heels lifted involved small 

hopping steps and thus improved their leg 

strength. This is justified by the study done 

by Pijnappels and colleagues49 that during a 

trip, when the balance of one leg is lost, the 

other leg is immediately lifted off the floor, 

in a manner similar to hopping, in order to 

prevent a fall. 

Conventional exercises including 

forward walking, backward walking, 

sideways walking and walking on high 

knees involves unidirectional stepping 

movements whereas SSE involves varied 

movements in multiple directions 

simultaneously. Therefore, it is possible to 

reveal that the SSE consequently improves 

functional fitness of lower extremities, 

which is a modifiable risk factor. 

This study reveals that Square 

stepping exercise can be used as a means of 

rehabilitation and public health promotion. 

SSE needs only a low tech equipment with 

minimum investment. While performing 

SSE on the square stepping mat, it provides 

a visual feedback as it denotes the number 

patterns to be followed and also improves 

coordination. Enthusiasm, motivation, 

attention, concentration, competition 

between the participants, and a dedicative 

participation was clearly shown by the 

elderly subjects compared to control group. 

Supervising several older adults was easy to 

carry out as it is performed within a small 

indoor space.  

There is an urgent need to make 

aware the physiotherapists, other health care 

professionals, researchers and health care 

delivery system, to explore and implement 

SSE as an integral part of fall prevention 

programme to prevent fall among older 

adults and to promote aging. Practice 

training shall be conducted for health care 

team.  
 

 
Fig. 1: Handheld Dynamometer 

 

 
Fig. 2: Quadriceps muscle strength measured by Handheld 

Dynamometer 
 

      
                                     Fig. 3: Elementary 1                                                                        Fig. 4: Elementary 2 
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                                            Fig. 5: Intermediate 1                                                                 Fig. 6: Advanced 3 

 

    
Fig. 7a, b: SQUARE STEPPING MAT 

 

      
Fig. 8a, b: PARTICIPANTS PERFORMING SQUARE- STEPPING EXERCISE ON MAT 

 

 
Fig. 9: 10 METER WALK TEST 

Strength Of The Study 

The strengths of the study are: 

• Use of convenient sampling for 

allocation of subjects into 2 groups. 

• Number of subjects was equal in both 

groups.  

• The compliance of the intervention was 

good. There was equal exposure to all 

participants.  
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• All the subjects performed training for 4 

weeks and all of them completed 

stepping on 4 mats. 

• Use of objective outcome that cannot be 

influenced by investigators judgement to 

minimise the risk of bias. 

 

Limitations Of The Study 

1. The study was of short- term duration. 

2. The study was done with small sample 

size. 

3. The study included only female subjects 

within the age group of 65- 75 years. 

4. As the measurements were taken 

manually, this may introduce human 

error, which    could threat the reliability 

of the study. 

5. All measurements were taken by the 

researcher herself and no blinding of the 

procedures were done, hence bias can be 

expected. 

6. There was no follow up to see the long 

term effect of treatment in the present 

study. 

7. Height and weight of the subjects were 

not included with relation to lower 

extremity strength and cadence. 

8. Since toe walking was given in the SSE 

program, the plantar flexors goes for 

strengthening. According to a literature 

review, it is specified that the muscle 

strength of knee extensors was 

associated with many functional 

activities. The decline of functional 

activities with aging began earlier in 

women than in men.27 Ikezoe et. al,28 

noted that the antigravity muscles, such 

as quadriceps, are the most affected by 

the inactivity. In addition, knee 

extensors weakness is the important 

predict factor for falls.29 Because of this 

reason, quadriceps muscle strength was 

chosen as outcome in this study and 

plantar flexor strength was not checked. 

 

Future Implications 

• Future investigations can be conducted 

in different population and age groups.  

• The sample size of subjects should be 

increased for a more reliable outcome.  

• The duration of the study should be 

increased; hence it may lead to better 

and valuable results.  

• Future studies could examine the effect 

of Square stepping exercise in 

improving cardio-respiratory function, 

and also in the improvement of 

coordination.  

• Since toe walking is incorporated in the 

SSE program, there is a future scope of 

study to check the strength of the calf 

muscle.  

• Due to inactivity, the strength of the 

quadriceps muscle is reduced and disuse 

atrophy cause reduced muscle bulk. 

Therefore, muscle girth of the 

quadriceps muscle should be checked in 

future study.  

• A follow up study could ensure the long 

term effect of the treatment programme. 

 

CONCLUSION 

The results of the study showed that 

Square stepping exercise demonstrated a 

significant improvement in lower extremity 

strength and confidence as measured by 

handheld dynamometer and ABC Scale. 

From the statistical analysis, it is evident 

that there is no much considerable change in 

the cadence. 

Thus, it can be concluded that 

Square stepping exercise has a significant 

effect in improving lower extremity strength 

and confidence, and reduce risk of fall in 

young-old female geriatric population. SSE 

is safe to administer and advantageous to 

prevent falls.  
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