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Abstract 

This study aims to determine the difference in effectiveness between the square stepping exercise and the 

Otago exercise on increasing muscle strength, stride length, and dynamic balance in patients with knee 
osteoarthritis. This research is a quasi-experimental study with a pretest-posttest design with 2 paired 

groups. A total of 36 people suffering from knee osteoarthritis were divided into two groups, each 

consisting of 18 people. The first treatment group was given a square stepping exercise and the second 

treatment group was given an Otago exercise. Paired t-test was used to determine changes before and after 
giving training and an independent t-test to determine comparisons between treatment groups. Before 

being given treatment in the first week, pretest leg muscle strength using the 30-second chair stand test (30 

SCT), stride length using meterline and balance measurement using time up and go (TUG). then in the 
eighth week, a posttest was carried out after 15 treatments. There was an increase in muscle strength, 

stride length, and dynamic balance in the treatment group that was given the square stepping exercise and 

the treatment group that was given the Otago exercise (p=0.000). Furthermore, the independent t-test 
found that the square stepping exercise has a higher difference in increasing muscle strength and 

decreasing dynamic balance than the Otago exercise (p = 0.492 and p = 0.000), but with increasing stride 

length, a higher difference in step length addition is obtained. on Otago exercise than square stepping 

exercise (p=0.263). This study shows that 5 weeks of square stepping exercise is more effective in 
increasing dynamic balance compared to Otago exercise. 
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1. Introduction 

Osteoarthritis of the knee is an arthritic condition of the knee joint which is characterized by progressive 

damage to the cartilage and tissue around the joint (Cueva et al., 2022). Osteoarthritis of the knee is a 

chronic degenerative disease involving inflammation and structural changes in the joints, resulting in joint 

pain and physical functional limitations (Pereira et al. 2022). 
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Knee osteoarthritis is often experienced by the elderly with symptoms such as chronic pain, crepitus, 

edema, morning stiffness, atrophy, decreased muscle strength, decreased stride length, and disturbed 

dynamic balance in carrying out functional activities which will ultimately reduce the sufferer's physical 

capacity (Kalo et al., 2022). Difficulty in controlling posture by people with osteoarthritis can cause a 

lack of instability due to an imbalance in the body's center of gravity. Affects body coordination in 

maintaining postural control, causing balance disorders due to muscle imbalance around the joints. 

Causing disturbances in gait patterns, thereby reducing stride length which can increase the risk of falling 

in patients with knee osteoarthritis (Chen et al. 2021). 

Some exercises that are effective in reducing symptoms and functional decline in patients with knee 

osteoarthritis include aerobic, resistance, balance exercises such as square-stepping exercises and Otago 

exercises where these exercises involve the strength of the muscles of the lower limbs. This exercise 

program consists of several components which can be increased stride length followed by flexibility 

exercises and coordination exercises. To improve the dynamic postural balance, proper handling is needed 

to maintain the body centered in equilibrium when moving (Abdullah and Nur'amalia 2022). 

Square stepping exercises can improve dynamic control related to gait and locomotion. This exercise 

stimulates dynamic balance through the proprioceptive system in the joints and the visual sensory system 

in maintaining balance. These changes can improve the musculoskeletal system thereby increasing stride 

length to improve walking patterns (Murtiani and Suidah 2019). Otago exercise is one of the repetitive 

proprioception exercises that can improve proprioception and muscle strength which has an important 

role in the rehabilitation of elderly individuals (Joshi and Phansopkar 2022). So that researchers are 

interested in researching the difference in effectiveness between square stepping exercise and Otago 

exercise on increasing muscle strength, stride length, and dynamic balance in patients with knee 

osteoarthritis. 

2. Materials and Methods 

The study subjects were 36 people with knee osteoarthritis at Hati Mulia general hospital who met the 

inclusion criteria and did not include the exclusion criteria. Inclusion criteria in this study were patients 

who were willing to become respondents, aged ≥60 years, chronic knee (Symptoms > 1 month), had no 

history of post fracture of the tibial condyle or femur and deformity, tumor, edema, and knee joint 

effusion and diagnosed with knee osteoarthritis. From an expert doctor. Exclusion criteria in this study 

were patients who were uncooperative and had body mass index (BMI) in the overweight category. This 

research was approved by the Ethics Committee for Health Research, Faculty of Public Health, 

Hasanuddin University, Makassar, Indonesia with an ethical license number 

2557/UN4.14.1/TP.01.02/2023. 

Subjects were divided into 2 groups, each group consisting of 18 people. The first group was the 

intervention group by giving square stepping exercises and the second treatment group was the 

intervention group by giving Otago exercise. Each was given exercise 3 times a week for 5 weeks.  

The square stepping exercise is an exercise using a thin mat (100 cm × 250 cm) divided into 40 squares of 

25 cm each with 3 levels of walking pattern. The first level (beginner), namely, the level by walking 

straight ahead using two rows of boxes in the middle of the mat stepping up to the end of the box. The 

second level (intermediate) is the pattern of movement that starts in the two row boxes in the middle then 

walks forward plus the right and left sides then returns to the middle row until the end of the box. The 
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third level, the zig-zag walking pattern, a movement pattern that starts in the two row boxes in the middle 

to the end of the contact. 

Otago exercise is a multi-component exercise that focuses on flexibility, strength, balance, and endurance 

and can effectively improve balance, mobility, and physical performance. Each practice session involves 

knee bends backward walking, walking and turning around, sideways walking, and heel walking-no 

support. Before starting the exercise treatment for the respondents, first, in the first week, a pre-test was 

carried out to assess muscle strength, stride length, and dynamic balance. Then, in the fifth week, a post-

test was carried out after 15 treatments. Examination of muscle strength using a 30-second chair stand test 

in which participants were instructed to repeatedly stand up from a chair and sit back with their arms 

crossed over their shoulders, at the same time counting how many times the participant stood for thirty 

seconds was counted. Calculation of stride length was carried out using a meterline, in which participants 

were instructed to walk as usual with feet that had been inked and then measured step length on the same 

foot prints and measurements of balance using the time up and go test (TUGT), in which participants 

were instructed to walk 3 meters according to the line on the floor at normal speed then turn around and 

sit back, when you start walking, the time calculation begins and the time ends after the participant sits 

back on the chair. 

Statistical analysis was performed with SPSS program version 26.0 (IBM Corporation, Armonk, NY, 

USA). Numerical data are presented as mean and standard deviation, categorical data are presented as 

frequencies and percentages. The collected data will be tested for normality using the Shapiro Wilk test, 

otherwise the data is normally distributed if p > 0.05. Paired t-test was used to see the effect before and 

after administration of the square stepping exercise and Otago exercise on changes in muscle strength, 

stride length, and dynamic balance in patients with knee osteoarthritis. An independent t-test was used to 

compare differences in stepping exercise and Otago exercise on changes in muscle strength, stride length, 

and dynamic balance after a five-week exercise program between the two groups. The significance level 

was set at p < 0.05. 

3. Results and Discussion 

Respondent characteristics are shown in Table 1 with frequency distribution data including age, gender, 

and duration of suffering by giving square stepping exercise and Otago exercise to changes in muscle 

strength, stride length, and dynamic balance in the two treatment groups.

 

Tabel 1. Respondent characteristics 

Characteristics 
Square stepping exercise Otago exercise 

Total 
Amount Percent (%) Amount Percent (%) 

Age (years) 

60-63 4 22.2 3 16.7 7 

64-67 9 50.0 10 55.6 19 

68-70 5 27.8 5 27.8 10 

Total 18 100 18 100 36 

Gender 

Male 2 11.1 7 38.9 9 

Female 16 88.9 11 61.1 27 

Total 18 100 18 100 36 

Long suffered OA knee 

>3 14 11.1 12 66.7 17 

<3 4 88. 6 33.3 9 

Total 18 100 18 100 36 
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Based on age category, it was obtained in the intervention group that was given square stepping exercise 

in the most age category, namely at 64-67 years as much as 9 or 50%, while in the group given Otago 

exercise, namely at 64-67 years, as many as 10 or 56%. Based on the global prevalence of knee 

osteoarthritis, there are 22.9% of people aged 40 years and over, and in 2020, there are around 654 

million people aged 40 years and over with knee osteoarthritis (Hinman et al. 2022). According to the 

World Health Organization (WHO), by 2050, around 20% of the world's population aged over 60 years of 

15% will have symptoms of osteoarthritis, and one-third will experience severe paralysis (Cueva et al., 

2022). 

As people get older, difficulties in controlling posture by people with osteoarthritis can cause a lack of 

instability due to an imbalance in the body's center of gravity. Balance affects body coordination in 

maintaining postural control. Balance affects body coordination in maintaining postural control. Disorders 

of balance can result in an imbalance in the muscles around the joints. Disturbing gait patterns, thus 

reducing stride length due to lower leg muscle weakness which can increase the risk of falling in patients 

with knee osteoarthritis (Chen et al. 2021). Where at the age of 60, only 85% of the elderly walked in a 

normal pattern, but at the age of 85, only 18% of the elderly walked in a normal pattern (Munawwarah 

and Halimah 2020). 

In the gender category, it is known that women are the majority sample in the first treatment group at 89% 

and the second treatment group at 61%. This happens because, at the age of 62 years, women experience 

a decrease in estrogen production which can cause osteoarthritis due to a decrease in collagen matrix so 

that cartilage becomes damaged and causes pain. Muscle development in men and women experience 

differences where the size of the muscles in men is greater than in women. This is related to the level of 

the male hormone testosterone which increases after puberty. Large muscle size will increase muscle 

strength and in men, muscle strength reaches its peak at the age of 20 (Setiorini 2021).  

Although the metabolic mechanisms in women with osteoarthritis of the knee, associated with obesity, 

make adipose tissue release cytokines and adipocytokines which can disrupt cartilage homeostasis thereby 

slowing joint repair (Joshi, Singh, and Vij 2018). 

As well as the long-standing factor of suffering from knee osteoarthritis, it was found in the first treatment 

group at most < 3 years, namely 88% and in the second treatment group, the most also at < 3 years, 

namely 67%. The duration of suffering from osteoarthritis of the knee makes the postural muscles weaken 

and reduces the muscle response to become less synergistic, this will have an impact on decreasing the 

strength of the muscles around the joints. As you get older, the normal walking pattern also decreases. 

Where at the age of 60, only 85% of the elderly walked in a normal pattern, but at the age of 85, only 18% 

of the elderly walked in a normal pattern (Munawwarah and Halimah 2020).  

The existence of physical disorders causes a decrease in functional activity such as reduced ability to walk 

and an increased risk of falling in patients with osteoarthritis of the knee related to the length of time the 

patient has suffered from osteoarthritis of the knee, causing fear of moving and decreasing dynamic 

balance (Arazi et al. 2021). 

The normality test is used to determine the test used in the analysis of research data. The results of the 

data normality test can be seen in table 2. The normality test uses the Shpiro-Wilk because the sample is 

<30 respondents. Based on table 2, all groups are normally distributed because p>0.05. 

The effect of giving exercise on the value of muscle strength, stride length, and dynamic balance is 

presented in Table 3 and the comparison of the square stepping exercise with the Otago exercise is 
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presented in Table 4. Based on Table 3 there is an effect of giving exercise in the group that was given the 

square stepping exercise treatment and in the treatment group that was given the Otago exercise 

treatment, there was an increase in the values of muscle strength, stride length, and dynamic balance after 

5 weeks of training in both treatment groups with a more significant value (p=0.000). 

In this study, it can be seen that all groups that were given the stepping exercise treatment and the group 

that was given the Otago exercise treatment affected increasing muscle strength, stride length, and 

dynamic balance. Square stepping exercise is a type of exercise with stepping movements and 

memorizing patterns that causes activation of the lower extremity muscles, both agonists and antagonists, 

in turn, and increases the process of processing information when making stepping movements (Fisseha et 

al. 2017). When stepping, muscle contraction occurs, where the shortening of the muscle fibers is 

facilitated by the presence of energy or adenosine triphosphate (ATP), calcium ions and other proteins so 

that the muscles can shorten and relax when moving. Muscle contractions that are carried out 

continuously will increase muscle strength, this can occur due to neurological adaptations that cause 

changes in the form of increased neuromuscular junction performance, increased motor unit activity and 

inhibition of the reflex mechanism of the Golgi tendon organ (GTO). So that there is an increase in 

muscle strength when doing stepping movements in the application of square stepping exercise (Thachil 

and Thomas 2022). 

Improving the sensory system for giving square stepping exercises through repetition of moving forward 

steps following the exercise pattern provides information about body position related to gravity and the 

environment as well as the position of each limb with each other. There is also an increase in the 

neuromuscular and musculoskeletal systems that play a role in controlling body position and motor 

output. Meanwhile, the central nervous system plays a role in integrating, adapting, and anticipating the 

balance response. When performing the movement, the postural and lower extremity muscles contract 

rapidly to return the body's center of gravity to a balanced position. Rapid position changes are mainly 

compensated by the proprioceptor system of the vestibular system which also reacts very quickly so that it 

helps maintain body balance by controlling the postural muscles (Sherwood, 2014). 

Based on research conducted by Shigematsu, and Rantanen (2008), square stepping exercise is as 

effective as strength and balance exercise in increasing lower extremity muscle strength. This is also in 

line with research conducted by Thachil and Thomas (2022) concerning the effect of square stepping 

exercises in increasing muscle strength, functional walking, and dynamic balance in the female geriatric 

population. 

 

Table 2. Data Normality Test 

Shapiro-Wilk 

 

30 SCT Meterline TUGT 

p p p 

Square stepping exercise 

PreTest 0.153 0.439 0.196 

Post test 0.115 0.402 0.084 

Otago exercise 

PreTest 0.117 0.912 0.730 

Post Test 0.174 0.965 .0558 
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Table 3. The effect of training on the value of muscle strength, stride length and dynamic balance 

Group 

Value PL Value TUG Value 30 SCT 

Mean±SD p Mean±SD p Mean±SD p 

Square stepping exercise 

Pre test 0.56±0.07 
0.000** 

15.57±1.55 
0.000** 

08.72±1.18 
0.000** 

Post test 0.66±0.14 9.23±0.78 14.17± 2.33 

Otago exercise  

Pre test 0.56±1.33 
0.000** 

14.81±0.13 
0.000** 

08.00±1.90 
0.000** 

Post test 0.68±0.14 10.22±0.90 15.67±3.47 

 

Otago exercise is an exercise with balancing movements that will activate movements that are 

consciously received by sensory nerves in the form of proprioceptors to changes in body position in the 

joints. This input will be delivered to the brain in the cerebral cortex and then convert sensory information 

into motor information. Motor information will become motor neurons, causing action potentials in the 

muscles. The action potential causes the sarcoplasmic reticulum to release large amounts of calcium ions. 

Calcium ions will cause a force of attraction between actin and myosin filaments resulting in a process of 

muscle contraction (Tarigan 2018). 

In the application of Otago exercise in addition to increasing muscle strength there will also be an 

increase in flexibility. This happens because when a muscle contracts, it will stretch or stretch the 

antagonist's muscles. Automatically if someone does strength training it will also affect flexibility, and 

vice versa (Kocic et. al 2018). Square stepping exercise has a very positive effect on BDNF related to 

learning and memory in the elderly. The IGF pathway plays an important role in brain development, 

including angiogenesis and neurogenesis (Westwoo et al. 2019). 

Based on research conducted by Theodorakopoulos et al. (2017), stated that strengthening exercises 

increase muscle strength through the plasticity of the neuromuscular system so that the muscles can adapt 

to physical activity with a certain intensity. The research by Mahendra et al. (2022) also showed an 

increase in muscle strength in the lower limbs in older women after 8 weeks of being given an Otago 

exercise program. 

Based on Table 4 between the group that was given the square stepping exercise treatment and the group 

that was given the Otago exercise treatment with a difference in muscle strength value of 0.50 and stride 

length (PL) 0.01, the values (p = 0.492) and (p = 0.263) were obtained, which meant that there was no 

difference which was significant with the highest mean value of 5.44 in the increase in muscle strength in 

the group given the square stepping exercise treatment and stride length with the highest mean value of 

0.11 in the group given the Otago exercise treatment. Then to increase dynamic balance given the 
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treatment of the square stepping exercise and Otago exercise with a difference value of 1.75, there was a 

more significant difference (p = 0.000) with the highest mean value of 6.34 in the group given the square 

stepping exercise treatment.  

Square stepping exercise is an exercise that can improve muscle strength and dynamic balance. Where in 

this exercise there is sensory activation of changes in body position through mechanoreceptor responses 

when stepping. This begins with stimulation of the proprioceptive system from the joints to the thickly 

myelinated nervous system which then provides a sensory response that is forwarded to the 

somatosensory system and processed in the cerebral cortex to produce motor signals. Then the motor 

signal will be forwarded to the pyramidal fibers through the lateral corticospinal tract, and the spinal cord 

which then ends directly in the anterior motor neurons. After this, the anterior motor neuron will conduct 

an action potential at the axon terminal. The occurrence of an action potential causes the sarcoplasmic 

reticulum to release large amounts of calcium ions. This will cause an attractive force between the actin 

and myosin filaments which then results in a process known as muscle contraction (Sasmita, 2020). 

Square stepping exercise is an exercise with 3 levels of movement patterns, the first level (beginner), this 

movement can correct the walking pattern of patients with knee osteoarthritis, and increase proprioceptors 

in joints, joint capsules, ligaments, and muscles some movements occur and activate muscles around the 

joints, especially the quadriceps muscles which is the main driving muscle when stepping forward, the 

second level (intermediate), this movement can increase the center of gravity, line of gravity and bose of 

support, thereby reducing the risk of falling and increasing dynamic balance and the third level, 

increasing speed, controlling sudden movements -suddenly in a change of position to further increase 

self-confidence and improve dynamic balance (Sasmita, 2020). 

Based on research conducted according to Vinita et al (2016) that stepping movements and memorizing 

movement patterns will cause contraction of the lower extremity muscles increasing the musculoskeletal 

system, this exercise is also able to improve visual abilities, improve memory through visuospatial work 

walking responses (Shellington et al., 2018). 

Otago exercise includes flexibility, strengthening, balance function, and walking exercises. Multi-

directional motion from the application of Otago exercise in the treatment group increases muscle 

strength resulting in hypertrophy with increasing muscle size. The occurrence of muscle contractions 

when stepping starts from the distal direction to the proximal. At the ankle for forward movement 

(anterior sway), muscle activation will occur starting from the gastrocnemius muscles, then continuing to 

the hamstring muscles, and the paraspinal muscles. Whereas for the backward sway response, muscle 

activation begins with the tibialis anterior muscles, quadriceps.  

Table 4. Comparative analysis test of square stepping exercise with otago exercise 

 

Group 

Value PL Value TUG Value 30 SCT 

Mean±SD Deviation P Mean±SD Deviation p Mean±SD Deviation p 

Square 

Stepping 

Exercise 

0.10±0.03 

0.01 0.263 

6.34±1.49 

1.75 0.000** 

5.44±1.14 

0.50 0.492 

Otago 0.11±0.38 4.59±1.13 4.94±1.166 
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Exercise 

 

Muscles, and abdominal muscles. Stepping exercises in the application of Otago exercise can increase the 

basic support (BOS) or fulcrum so that dynamic balance control related to gait and locomotion can be 

obtained by activating all lower limbs (Kisner, et al 2017). 

Based on the clear mechanism, giving square stepping exercises to the treatment group can increase 

muscle strength by walking forward following three levels of movement using a mat and memorizing 

walking patterns. Increasingly more and more difficult patterns. Increasing the proprioceptors in joints, 

joint capsules, ligaments, and muscles against movements that occur activates the muscles around the 

joints, especially the quadriceps muscles which are the main driving muscles when stepping forward. It 

can also increase the base of support response, and center of gravity, line of gravity, thereby reducing the 

risk of falling and improving dynamic balance. Increased speed in controlling sudden movements in 

changing positions to increase confidence when wanting to move. While the Otago exercise is a flexibility 

exercise, lower leg muscle strength training with multi-directional motion on the Otago exercise increases 

the strength of the knee flexor and extensor muscles and hip abduction. Increase the base support (BOS) 

or fulcrum so that dynamic balance control is related to gait and locomotion. 

There are differences in the application of the two exercises to the two treatment groups. Where in the 

application of Otago exercise there are balance exercise exercises that involve the musculoskeletal and 

neuromuscular systems on body stability (Tarigan 2018). Meanwhile, the square stepping exercise applies 

training that requires physical and cognitive abilities, which focuses on improving memory and functional 

walking. This is what causes the difference in increasing dynamic balance in the application of the square 

stepping exercise compared to the otago exercise (Ashim 2017). 

4. Conclusions  

The two treatment groups showed more significant differences in the increase in muscle strength, stride 

length, and dynamic balance in the administration of square stepping exercise with Otago exercise. 

Meanwhile, based on the difference in the effect between square stepping exercise and Otago exercise in 

patients with knee osteoarthritis, it shows that there is no significant difference in increasing muscle 

strength and stride length, but shows a more significant increase in dynamic balance in square stepping 

exercise compared to giving Otago exercise. 

5. Thank-You Note 

The researchers would like to express their deepest gratitude to their beloved parents and thesis advisors 

at the Graduate School of Biomedical Sciences Study Program, Hasanuddin University, Makassar. Also, 

don't forget the Head of Management of Hati Mulia general hospital has given permission in the data 

collection process and research implementation so that this research can be carried out and completed 

properly. 

 

 

 

 

 

 

 



DIFFERENCES IN EFFECTIVENESS BETWEEN SQUARE STEPPING 

EXERCISE AND OTAGO EXERCISE ON INCREASING MUSCLE STRENGTH, 

STEP LENGTH, AND DYNAMIC BALANCE IN KNEE OSTEOARTHRITIS 

SUFFERERS 

13516 

Eur. Chem. Bull. 2023,12(10), 13508-13517 

References 

Abdullah, Meutiah Mutmainnah, And Riskah Nur’amalia. 2022. “Pelatihan Aktivitas Fisik Multimodal 

Sebagai Upaya Peningkatan Keseimbangan Tubuh Pada Lansia.” Jurnal Altifani Penelitian Dan 

Pengabdian Kepada Masyarakat 2(1):39–47. Doi: 10.25008/Altifani.V2i1.194. 

Arazi, Hamid, Parvin Babaei, Makan Moghimi, And Abbas Asadi. 2021. “Acute Effects Of Strength And 

Endurance Exercise On Serum Bdnf And Igf-1 Levels In Older Men.” Bmc Geriatrics 21(1):1–8. 

Doi: 10.1186/S12877-020-01937-6. 

Ashim, Ahmad. 2017. “Perbedaan Efektivitas Square-Stapping Exercise Dan Four-Stepping Exercise 

Terhadap Peningkatan Keseimbangan Lanjut Usia.” Jurnal Universitas Esa Unggul 1–8. 

Chen, Zehua, Xiangling Ye, Yi Wang, Zhen Shen, Jiatao Wu, Weijian Chen, Tao Jiang, Huai Wu, And 

Xuemeng Xu. 2021. “The Efficacy Of Backward Walking On Static Stability , Proprioception , 

Pain , And Physical Function Of Patients With Knee Osteoarthritis : A Randomized Controlled 

Trial.”  

Cueva, Joseph Humberto, Darwin Castillo, David Dur, D. Patricia, And Vasudevan Lakshminarayanan. 

2022. “Detection And Classification Of Knee Osteoarthritis.” 

Cueva, Joseph Humberto, Darwin Castillo, David Dur, D. Patricia, And Vasudevan Lakshminarayanan. 

2022. “Detection And Classification Of Knee Osteoarthritis.” 

Fisseha, Berihu, Balamurugan Janakiraman, Asmare Yitayeh, And Hariharasudhan Ravichandran. 2017. 

“Effect Of Square Stepping Exercise For Older Adults To Prevent Fall And Injury Related To Fall: 

Systematic Review And Meta-Analysis Of Current Evidences.” Journal Of Exercise Rehabilitation 

13(1):23–29. Doi: 10.12965/Jer.1734924.462. 

Hinman, Rana S., Rachel K. Nelligan, Penny K. Campbell, Alexander J. Kimp, Bridget Graham, Mark 

Merolli, Fiona Mcmanus, Karen E. Lamb, And Kim L. Bennell. 2022. “Exercise Adherence Mobile 

App For Knee Osteoarthritis: Protocol For The Mappko Randomised Controlled Trial.” Bmc 

Musculoskeletal Disorders 23(1):1–16. Doi: 10.1186/S12891-022-05816-6. 

Joshi, Medhavi V, And Pratik Phansopkar. 2022. “High-Risk Fall Rehabilitation With Modified Otago 

Exercises And Medicinal Nano Gel Phonophoresis For Symptomatic Relief In Osteoarthritis Of 

Knee.” Cureus 2(9):1–7. Doi: 10.7759/Cureus.29308. 

Joshi, Shabnam, Shailendra Kumar Singh, And Jaspreet Singh Vij. 2018. “Evaluation Of Age , Gender , 

Body Mass Index And Gait Characteristics In Knee Osteoarthritis Patients.” 8(August):151–58. 

Kalo, Kristin, Daniel Niederer, Marco Schmitt, And Lutz Vogt. 2022. “Acute Effects Of A Single Bout Of 

Exercise Therapy On Knee Acoustic Emissions In Patients With Osteoarthritis : A Double ‑  

Blinded , Randomized Controlled Crossover Trial.” Bmc Musculoskeletal Disorders 1–12. Doi: 

10.1186/S12891-022-05616-Y. 

Kisner, C., Colby, L. A., & Borstad, J. (2017). Therapeutic Exercise: Foundations and Techniques. F.A. 

Davis Company. Pennsylvania.  

Sherwood. (2014). Fisiologi Manusia Dari Sel ke Sistem Edisi 8. In EGC, Jakarta.  

Mahendra, I. D. G. A., Wardhani, I. L., Sulastri, N., & Melaniani, S. (2022). Effect of the otago exercise 

program on the lower extremity muscle strength in older women. International Journal of Health 

Sciences, 6(June), 303–313. https://doi.org/10.53730/ijhs.v6ns9.12245.  

Munawwarah, Muthiah, And Nur Halimah. 2020. “Hubungan Antara Panjang Langkah Dengan 

Keseimbangan Dinamis Pada Pasien Lanjut Usia Dengan Kondisi Knee Osteoarthritis (Oa) Grade 

https://doi.org/10.53730/ijhs.v6ns9.12245


DIFFERENCES IN EFFECTIVENESS BETWEEN SQUARE STEPPING 

EXERCISE AND OTAGO EXERCISE ON INCREASING MUSCLE STRENGTH, 

STEP LENGTH, AND DYNAMIC BALANCE IN KNEE OSTEOARTHRITIS 

SUFFERERS 

13517 

Eur. Chem. Bull. 2023,12(10), 13508-13517 

Ii.” Jurnal Ilmiah Fisioterapi E-Issn , 2528, 3235 20(1):32–39. 

Murtiani, Ninik, And Hartini Suidah. 2019. “Pengaruh Pemberian Intervensi 12 Balance Exercise 

Terhadap Keseimbangan Postural Pada Lansia.” Jurnal Keperawatan 12(1):42–52. 

Pereira, Tiago V., Peter Jüni, Pakeezah Saadat, Dan Xing, Liang Yao, Pavlos Bobos, Arnav Agarwal, 

Cesar A. Hincapié, And Bruno R. Da Costa. 2022. “Viscosupplementation For Knee Osteoarthritis: 

Systematic Review And Meta-Analysis.” The Bmj. Doi: 10.1136/Bmj-2022-069722 

Shellington, Erin M., Dawn P. Gill, Ryosuke Shigematsu, And Robert J. Petrella. 2019. “Innovative 

Exercise As An Intervention For Older Adults With Knee Osteoarthritis: A Pilot Feasibility Study.” 

Canadian Journal On Aging 38(1):111–21. Doi: 10.1017/S0714980818000454. 

Shigematsu et al. (2015). Square Stepping Exercise versus strength and balance training for fall risk 

factors. Aging Clinical and Experimental Research, March. https://doi.org/10.1007/BF03324743. 

Tarigan, L. R. (2018). Perbandingan Antara Otago Exercise Dan Senam Lansia Terhadap Kebugaran Pada 

Kelompok Lansia Di Rs Kecamatan Jakarta Pusat. Journal of Chemical Information and Modeling, 

53(9), 1689–1699.  

Thachil, Arun, And Leya Thomas. 2022. “Effect Of Square-Stepping Exercise In Improving Lower 

Extremity Strength, Cadence And Confidence Among Female Geriatric Population.” International 

Journal Of Health Sciences And Research 12(2):287–303. Doi: 10.52403/Ijhsr.20220240. 

Theodorakopoulos, C., Jones, J., Bannerman, E., & Greig, C. A. (2017). Effectiveness of nutritional and 

exercise interventions to improve body composition and muscle strength or function in sarcopenic 

obese older adults: A systematic review. Nutrition Research, 43, 3–15. 

https://doi.org/10.1016/j.nutres.2017.05.002  

Westwoo, W., Alexa Beiser, Charles Decarli, Tamara B. Harris, Tai C. Chen, Xue Mei He, Ronenn 

Roubenoff, Aleksandra Pikula, Rhoda Au, Lewis E. Braverman, Philip A. Wolf, Ramachandran S. 

Vasan, And Sudha Seshadri. 2019. “Insulin-Like Growth Factor-1 And Risk Of Alzheimer 

Dementia And Brain Atrophy.” Neurology 82(18):1613–19. Doi: 10.1212/Wnl.0000000000000382. 

 

https://doi.org/10.1016/j.nutres.2017.05.002

