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ABSTRACT: Background and Purpose: There has been limited focus on the influence of Pilates exercises on
balance in older individuals who have previously fallen. Hence, the aim of this study was to assess the effects of
participating in a Pilates exercise regimen on both static and dynamic balance in elderly individuals with a
history of falls.

Methods: The study conducted was semi-experimental in nature, utilizing a pre-test and post-test design with
both control and experimental groups. 73 old adults aged over 65 were randomly assigned to either the
experimental (37 individuals) or control group (36 individuals). The Pilates regimen consisted of a structured
routine lasting 21 minutes, comprising 11 minutes for warming up, 41 minutes for Pilates exercises, and 11
minutes for cooling down. This regimen was followed three times a week for a duration of eight weeks. Data
was collected using standard questionnaires. T tests was used to analyze data.

Results: The BMI of the participants was higher than normal (mean=29.67). The results showed a significant
distinction between the experimental and control groups in static balance (t=10.27, P<0.001) and dynamic
balance (t=12.07, P<0.001) after intervention, where Pilates group had significantly higher scores than control
group.

Conclusions: The research findings indicate a significant improvement in both static and dynamic balance
among the participants in the Pilates group. Consequently, it is imperative to incorporate these exercises into the
routine of elderly individuals with a history of falls.
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INTRODUCTION

Aging is an inevitable occurrence in human society. It is a natural process where the physiological
structures and functions of the body, including the central and peripheral nervous systems, gradually deteriorate
and undergo erosive changes, leading to a noticeable decline in cognitive and motor skills among the elderly
(Dana et al. 2021, 2023; Sadeghipor et al. 2021). The elderly are individuals aged 21 and above, with a growth
rate of 2.4% compared to the global population growth rate of 1.7%. Projections suggest that this demographic
will reach one billion two hundred and nine million by 2125, indicating a doubling of their population every 25
years (Bandura, 1997; Baniasadi, et al. 2018; Chaharbaghi, et al. 2022; Chris, et al. 2010; Conner & Davidson,
2003; Zaborova et al. 2023).

Conversely, a critical challenge faced by the elderly is the issue of balance, which is essential for carrying
out daily activities. Balance is defined physiologically as the coordination of various mechanisms, and
biomechanically as the ability to maintain the body's center of gravity within a stable range (Davidson, 2003;
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Ellis et al. 2013; Faircloth, 2017; Seyedi Asl et al. 2016, 2021). It also involves maintaining correct posture in
both dynamic and static tasks, requiring a complex interaction of environmental, visual, muscular, neural, and
motor factors affected by aging (Hosseini, et al. 2022; Khosravi, et al. 2023; Shafaei et al. 2024). Maintaining
static and dynamic balance is crucial for the physical health of the elderly, as a decline in capabilities can have
detrimental effects on daily activities. Imbalance has been identified as a major cause of falls among the elderly,
highlighting the importance of the balance and posture control system, which involves the coordination of the
vision, vestibular, and deep sensory systems (American Psychological Association, 2014; Sadeghipor et al.
2021; Vasconcelos et al. 2013).

Physical activity and exercise play a crucial role in preventing, delaying, or treating issues related to aging
(Hazrati et al. 2022; Herrick & Ainsworth, 2003; Seyyedrezaei et al. 2021). The positive impact of physical
activity on the quality of life of older individuals is well-documented. It is widely acknowledged that engaging
in physical activity can help prevent balance issues and enhance lung function in the elderly. Despite being a
cost-effective and low-risk method for maintaining and improving balance and pulmonary function, the full
extent of exercise benefits on these systems remains a topic of debate (Ghorbani et al. 2020a, 2020b). Experts
emphasize the importance of tailoring exercise programs to the specific physical and functional needs of older
adults, considering their muscle weakness, physical limitations, and fear of falling (Abdoshahi & Ghorbani
2022; Ohler et al. 2010; Ramachandra et al. 2013; Taghva et al. 2020). Pilates, a form of exercise that focuses
on balance and controlled breathing, is recognized as a unique approach to physical fitness. This method
combines strength training, flexibility, and breathing techniques to strengthen muscles and promote muscle
balance.

Numerous research studies have demonstrated that Pilates exercises offer a suitable approach for training
the mind and body, enhancing postural control through the strengthening of the neuromuscular system, and
improving sensorimotor control of trunk and central body muscles (Letvak et al. 2012; Masten, 2001; Shafaei et
al. 2024). Additionally, these exercises have been found to enhance balance in elderly individuals (Afsanepurak
et al. 2012; Sadeghipor & Aghdam, 2021a, 2021b; Taso et al. 2014). While several studies have explored the
impact of physical activity and exercise on balance in the elderly, some indicating that sports activities can lead
to improved balance and coordination, the effect of Pilates exercises on balance in elderly individuals who have
experienced falls has received less attention. Consequently, the objective of this study was to examine the
impact of participating in a Pilates exercise program on both static and dynamic balance in elderly individuals
who have a history of falls.

METHODS

The study conducted was semi-experimental in nature, utilizing a pre-test and post-test design with both
control and experimental groups. The research focused on elderly aged over 65. Despite 93 volunteers initially
expressing interest, most were deemed ineligible based on entry and exit criteria. Ultimately, 73 qualified
subjects meeting the necessary conditions were randomly assigned to either the experimental (37 individuals) or
control group (36 individuals), adhering to the minimum sample size requirement of 30 participants per group in
experimental and semi-experimental studies. Inclusion criteria encompassed factors such as age, mobility, a
history of fall, and health status, while exclusion criteria included chronic illnesses and non-compliance with the
study protocol. Following a thorough examination and approval from a medical professional, participants were
granted permission to engage in the exercise program.

In order to assess the static balance, the Flamingo balance test (Chaharbaghi, et al. 2022), also known as
the stork test, was utilized. The procedure involved the subject placing their hand on their waist (above the
crown of the head) and positioning the sole of their non-dominant foot next to the knee of their other foot. While
maintaining their balance, they were required to place their chest on the superior leg. The individual's score was
then recorded in terms of the duration (in seconds) from the moment they stood on the chest of the leg until their
balance was disrupted and their legs and hands separated.

The Timed Up and Go (TUG) test (Davidson, 2003) was used for assessing dynamic balance which
involves standing up from a seated position in a chair, walking three meters, maneuvering around a plastic cone,
and returning to a seated position, all timed in seconds. Lower scores on the TUG test indicate better balance
ability. This test is not only a measure of dynamic balance but also a reflection of overall mobility, as it
encompasses various body transitions, changes in direction, and shifts in the center of mass. Each participant
completed the test twice, with the best score (lowest value) being utilized for data analysis.

The Pilates regimen consisted of a structured routine lasting 21 minutes, comprising 11 minutes for
warming up, 41 minutes for Pilates exercises, and 11 minutes for cooling down. This regimen was followed
three times a week for a duration of eight weeks. The Pilates routine began with basic exercises and progressed
to include advanced stretching techniques, muscle endurance, balance, flexibility, and neuromuscular
coordination, targeting major muscle groups in the upper and lower body, in standing, sitting, and lying
positions, utilizing specialized equipment. To adhere to the principle of overload, the speed and repetitions of
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movements were gradually increased in each session, starting with 11 repetitions in the initial week and
culminating in 31 repetitions by the end of the eighth week.

The mean and standard deviation for the samples in each group were used to express the results. The
Kolmogorov-Smirnov estimation test was utilized for statistical analysis after confirming the normality of the
data. To examine the impact of Pilates exercises on the desired variables within each group, the t-test was
employed, while the analysis of variance test was conducted to identify variations between groups. Data analysis
was carried out using SPSS software (version 26). The results obtained were evaluated at a significance level
below 0.05.

RESULTS

Demographic data showed that mean age of the participants was 69.67 years old. In addition, the BMI of
the participants was higher than normal (mean=29.67).

Table 1. Demographic data and descriptive results across gender

Indicator Group No. mean+SD P
age (year) Male 37 69.33+5.97 0.89
ge ly female 36 69.99+3.67 :
. Male 37 1.68+0.08
height (M) female 36 1.59+0.06 0.001
. Male 37 78.97+5.91
weight (Kg) female 36 72.61%6.39 0.008
. 2 Male 37 29.49+3.39
body mass index (Kg/M?) female 36 304742 54 0.63

First of all, the results of Kolmogorov-Smirnov tests showed that all research variables had normal
distribution (all P>0.05).

Table 2. Results of normal distribution

Chi square P
1. statis balance 0.023 0.20
2. dynamic balance 0.005 0.20

Static balance

The results showed that during the initial evaluation, there was no noticeable difference in the performance
of the static balance test between the experimental and control groups (t=0.33, P>0.05). However, after the
intervention period, the post-evaluation results revealed a significant distinction between the experimental and
control groups (t=10.27, P<0.001). Specifically, the participants in the experimental group demonstrated a
significant improvement in their performance on the static balance test compared to those in the control group.
Therefore, it can be concluded that the implementation of Pilates exercises had a positive impact on the static
balance test of older adults with a history of falls. This conclusion is supported by the data presented in Table 3
and Figure 1.

Table 3. Comparison of static balance scores among groups

Pretest Posttest

Mean SD Mean SD
Pilates 2.61 1.06 4.19 1.33
Control 2.59 0.76 2.48 1.22
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Figure 1. Mean of static balance scores among groups

Dynamic Balance

The findings indicated that there was no notable disparity in the performance of the dynamic balance test
between the experimental and control groups during the initial evaluation (t=0.09, P>0.05). Nevertheless,
following the intervention period, the post-assessment outcomes demonstrated a significant differentiation
between the experimental and control groups (t=12.07, P<0.001). Specifically, the participants in the
experimental group exhibited a substantial enhancement in their dynamic balance test performance in
comparison to those in the control group. Hence, it can be inferred that the implementation of Pilates exercises
had a beneficial influence on the dynamic balance test of older adults with a history of falls. This deduction is
corroborated by the information presented in Table 4 and Figure 2.

Table 4. Comparison of dynamic balance scores among groups

Pretest Posttest

Mean SD Mean SD
Yoga 2.39 0.58 4.07 1.08
Control 2.41 0.66 2.27 1.21

Dynamic Balance
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Figure 2. Mean of dynamic balance scores among groups
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DISCUSSION

Various research studies have delved into the effects of physical activity and exercise on balance among
the elderly, with some suggesting that engaging in sports activities can enhance balance and coordination.
However, there has been limited focus on the influence of Pilates exercises on balance in older individuals who
have previously fallen. Hence, the aim of this study was to assess the effects of participating in a Pilates exercise
regimen on both static and dynamic balance in elderly individuals with a history of falls. The findings indicated
that following the intervention period, the post-assessment results demonstrated a notable enhancement in the
static and dynamic balance performance of participants in the experimental group compared to those in the
control group. Consequently, it can be inferred that the incorporation of Pilates exercises yielded positive
outcomes on the static and dynamic balance abilities of older adults who have experienced falls.

The research findings generally demonstrate the positive impact of mental imagery and Pilates practice on
the elderly (Chaharbaghi, et al. 2022; Chris, et al. 2010; Conner & Davidson, 2003). Overall, the studies
included in this research consistently show a significant enhancement in the static balance of older individuals.
Static balance refers to the body's corrective movements aimed at maintaining a stable body position. Postural
sway is typically assessed while a person is standing still, reflecting the body's efforts to sustain equilibrium. An
increase in postural sway indicates greater effort and a decline in balance. This phenomenon can be explained
by the fact that Pilates exercises promote neuromuscular stimulation, suggesting that these exercises may
enhance neuromuscular function more effectively in individuals with compromised postural control, such as the
elderly (Sadeghipor & Aghdam, 2021a, 2021b). Furthermore, from an anatomical perspective, strengthening the
muscles around the body's center of gravity (as targeted by Pilates movements) enhances the neuromuscular
system, reduces the displacement of the center of gravity beyond the support surface, minimizes fluctuations,
and consequently decreases the risk of balance loss and falls (Sadeghipor et al. 2021; Vasconcelos et al. 2013).
In conclusion, Pilates exercises are generally considered an effective approach for enhancing mind-body
awareness, controlling postural movements, and meeting high neuromuscular demands, particularly in cases
where balance is compromised due to aging, ultimately leading to improved static balance.

Joseph Pilates believed that individuals can gain control over their bodies by practicing controlology,
which involves coordinating the mind and body. Through this practice, they can develop sensory-motor control
over the deep and central muscles of the body (Chris, et al. 2010; Conner & Davidson, 2003). By incorporating
Pilates exercises into their training routine, individuals can challenge the mechanisms responsible for
maintaining static balance, thereby enhancing their balance. The improvement in balance achieved through
Pilates exercises can be attributed to the enhancement of muscle strength and psychological factors among
participants. When the muscle strength in the lower limbs decreases, it can lead to an imbalance in the
placement of the center of gravity, causing balance issues and potential falls. Conversely, by improving muscle
strength, the center of gravity can be shifted towards the ankle joint, resulting in improved balance (Ellis et al.
2013; Faircloth, 2017).

The enhancement of balance is the outcome of various factors, and these factors play a significant role in
improving balance. These factors include sensory integration, the musculoskeletal system, and the nervous
system. The combined effect of these factors influences an individual's overall balance (Ghorbani et al. 2020a,
2020b). As individuals age, these systems tend to deteriorate, and enhancing these indicators can result in
improved balance in old age. By engaging in Pilates exercises, the strength of the lower limb extensors is
increased, which in turn improves walking mechanics. This improvement leads to an increase in walking speed,
a reduction in 10-minute walking time, and an improvement in standing and walking duration. Furthermore,
Pilates exercises enhance the control of movement in the lower back. This is achieved by activating muscles
such as the transverse abdominal, internal oblique, external oblique, and multiceps. Additionally, improving the
proprioceptive system in the central muscles of the body can enhance posture and alignment of the trunk.
Strengthening these muscles also helps maintain stability in the pelvis and vertebrae, preventing anterior pelvic
tilt and increasing hip flexion range of motion within the pelvis. Ultimately, this aids in increasing stride length
in older individuals (Letvak et al. 2012; Masten, 2001).

CONCLUSION

The research findings indicate a significant improvement in both static and dynamic balance among the
participants in the Pilates group. Consequently, it is imperative to incorporate these exercises into the routine of
elderly individuals with a history of falls. A substantial portion of Pilates exercises focuses on enhancing
balance, strength, and flexibility. As a result, it is evident that the experimental groups experienced enhanced
balance and body flexibility. The decline in strength, flexibility, and muscular endurance can lead to altered
stepping patterns and increase the likelihood of falls. However, a carefully designed program can help mitigate
these risks. It is important to acknowledge that the present study had limitations, such as the limited duration
due to space and facility constraints. Future studies should address these limitations and explore the role of
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psychological factors, such as fear, anxiety, stress, depression, and self-esteem, in the physical activity and
performance of elderly individuals, as they can contribute to an increased risk of falling.
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