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Background: Technological inventions are promoting a sedentary lifestyle. With aging limited
physical activities result in postural instability, falls, and mobility reduction, for which the two
physical fitness components - balance and flexibility play indispensable roles. Among many
exercise protocols, Pilates is one of the most beneficial regimens for developing core muscle
strength, balance, flexibility, and aerobic capacity in middle-aged women. Purpose: The purpose
of'the current pilot study was to examine the influence of a nine-week home-based Pilates exercise
(HBPE) program on the balance and trunk mobility of middle-aged women. Methodology: This
pilot study adopted a quasi-experimental design with 40 non-exercising middle-aged women
(age 4060 years) who were purposively enrolled in a Pilates exercise group (PEG, n=20; mean
age= 52.05+5.93 years) and a Control group (CNG, n= 20; mean age= 51.90+5.88 years). The
PEG was exposed to three weekly sessions of 50—-60 minutes for nine weeks of Pilates exercises,
while the CNG used to perform only their daily usual activities. One-leg stand test, Timed up
and go test, and Sit-and-reach test had been administered twice before and after the intervention
of the HBPE program to evaluate their static balance, dynamic balance, and trunk flexibility
respectively. Result: Nine weeks of the HBPE program significantly influenced the static
balance (t=-4.901, p=0.001, A% = 9.82), dynamic balance (t= 2.582, p=0.018, A% = -1.02), and
trunk flexibility (t= -8.000, p=0.001, A% = 2.51) among the participants of PEG, while CNG
showed no significant changes in those dependent variables. Conclusion: The current pilot study
concludes that nine weeks of the HBPE program can significantly improve the balance and trunk
flexibility of non-exercising middle-aged women and thereby can increase postural stability and
trunk mobility.
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INTRODUCTION

The evolutionary process, along with the advancement
of medical science, resulted in an increased life span for
humans. The global population of the elderly is anticipated
to nearly triple by 2050 (Bandyopadhyay et al., 2023; Kulik
et al., 2014). This prognosis has prompted many medical,
health professionals, and fitness trainers to devote closer
attention to health, wellness, and safety of the elderly.
Age-related decline in various organs, systems, and physi-
cal abilities starts at the age of 30 and continues until death.

Furthermore, cerebral conductivity decreases, resulting in
prolonged reaction times, and loss of sensory and motor neu-
rons leading to decreased integration of sensory and motor
responses (Michalska et al., 2021). All such alterations in
physical functioning frequently result in gait instability and
reduced balance ability, limiting the social autonomy of
senior people and, in some situations, causing falls. In many
cases, joint degenerative disorders appear, affecting body
posture and perhaps resulting in postural instability (Presta
etal., 2023).

Aging is accompanied by a decline in different physical capa-
bilities (Bandyopadhyay, 2020), with common alterations in
physiological functioning (Bandyopadhyay et al., 2022).
The changes in physiological functioning include dimin-
ished kinesthesia, and proprioception, particularly a decline
in the number of cutaneous receptors in the lower extrem-
ity, decreased muscle mass and strength mostly related to
core muscles, decreased cognitive capacities, and increased
vibration sensory threshold (Dlugosz-Bos$ et al., 2021).
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Many research investigations have been conducted in an
attempt to assist older people in remaining independent and
in good health for as long as possible. The signs of aging
have become more visible since middle age. In this per-
spective, middle age may be considered as the right time to
prepare oneself to be physically fit and active so that one
can enjoy a healthy, graceful, and independent old age.
Among the determinants, balance, and flexibility are the two
key difficulties that may affect the daily lives of the elderly
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population. The primary function involved in controlling
balance is to maintain the body’s stability during static and
dynamic positions by producing proper responses to govern
body alignment (Ivanenko & Gurfinkel, 2018). Input from
sensory organs such as the eyes, vestibular systems, and
proprioceptors is responsible for such responses. But aging
results in drastic anatomical and physiological changes in
sensory organs, which may lead to balance disorders and
falls, and thus the older population becomes more dependent
(Liu et al., 2014). Women experience more falls than men
do, and as a result, they are hospitalized more frequently
(Gale et al., 2016).

Flexibility is an individual’s ability to execute movement
around the joint with the greatest possible amplitude (Bains
etal.,2016). While the anatomical structure of the joint deter-
mines the types of movements that may be executed, muscle
flexibility is indispensable for successful mobility. Further,
chronological age, gender, fitness, fatigue, and temperature
are the factors that influence flexibility. With advancing age,
the increase in rigidity of tendons and ligaments, tightening
of the cross-links, reduction in elastin content, deterioration
in cartilage and fluid within the joint, and dysfunction of
muscles all result in joint stiffness and mobility reduction
(Kostrominova & Brooks, 2013).

Many studies demonstrate that moderate physical activ-
ity improves psychomotor coordination, muscle strength,
and visual perception, which improves balance, minimizes
the risk of falling, and increases joint mobility (Bandyop-
adhyay, 2020; Sadeghi & Shojaedin, 2021; Sherrington &
Tiedemann, 2015). Despite the advantages of exercise, older
people are less likely to start and continue exercising. So,
it’s important to offer adult exercise programs that are com-
parable to other exercise programs in terms of safety, and
effectiveness. According to current WHO standards, weekly
physical activity of 150-300 minutes is recommended for
health benefits (Bull et al., 2020). To develop interest and
motivate adults to maintain exercise adherence, they need
to be provided with a variety of physical training options,
as there is no universal exercise program that fits all (Pala-
zzo et al., 2016). Further, motivating middle-aged women
to regularly participate in an exercise program should be
planned as safe, enjoyable, interesting, convenient, and at
the same time within their capacity.

Among many adult exercise protocols, Pilates, which
was developed more than 80 years ago, has become well-ac-
cepted in the last 20 years due to its benefits for develop-
ing postural balance, endurance, coordination, strength, and
flexibility (Bullo et al., 2015; Cruz-Ferreira et al., 2011). The
Pilates program includes exercises that can strengthen the
small muscles in the body and thereby develop the strength
of the core muscles attached to the lumber, abdomen, pelvic
floor, and hip. It may contribute to strengthening the lower
extremity and thus increase balance and reduce the chances
of falls (Kloubec, 2011). Additionally, Pilates has the ben-
efit of allowing exercise load to be adjusted by the body’s
center of balance because it is an individual body-based
workout. Further, it may incorporate aerobic exercises,
resistance exercises, stretching, and flexibility exercises by

using various equipment viz. a resistance band, a medicine
ball, a Swiss ball, etc. for increasing muscle strength, flex-
ibility, and balance (Bullo et al., 2015; Cruz-Ferreira et al.,
2011; Vieira et al., 2017), and is simple to carry out any-
where. Numerous research investigations (Kolomiitseva
et al., 2022; Sekendiz et al., 2007; Su et al., 2022) concern-
ing Pilates have been conducted recently due to its rising
popularity and was found as a potential workout program
for developing physical efficiency among the older popula-
tion. Fernandez-Rodriguez et al. (2021) conducted a system-
atic review of 39 studies based on the influence of Pilates
exercise on the risk of falls and physical performance com-
ponents in the elderly, and they concluded that the Pilates
program can be considered as a potential, effective, and safe
program for developing strength, flexibility, and balance.
Pilates has gained much acceptance worldwide because
of its simplicity and space effectiveness, but in India, it
is not well known by adults; instead, they practice yogic
postures to keep themselves fit. But executing any yogic
posture requires a greater range of motion around the joint,
which middle-aged and older people may face difficulties
with. In that context, Pilates is a light- to medium-intensity
workout that they can undertake with ease and comfort and
thereby feel motivated to participate in. Keeping in view
the findings of the previous studies, the research hypothesis
adopted for the current pilot study was that Pilates exercises
would bring about changes in balance and trunk flexibil-
ity in middle-aged women. In this perspective, a pilot study
was conducted on the home-based Pilates exercise (HBPE)
program to introduce this new regimen of exercise protocol
and observe its effect on balance and trunk mobility in mid-
dle-aged women.

METHODS

Study Design

The current pilot study used a quasi-experimental design. It
was conducted through pre-test, and post-test from Novem-
ber to January 2022-23. Before conducting a pre-test on
dependent variables a thorough medical check-up was done
for all participants by a registered medical practitioner. As
per their health status and feasibility to participate through-
out the nine weeks of the HBPE program based on personal
interviews, they were purposively divided into an exercise
group and a control group. During the interview, a few par-
ticipants reported that they would not be able to take part
in the exercise program due to their household chores and
family responsibilities, but they showed their interest in
remaining as control participants. The details of the study
were provided in written form, as well as verbally explained
to all the participants. The pre-test on balance (static and
dynamic) and trunk flexibility were conducted two days
prior to the commencement of the HBPE program. The
post-intervention tests on static and dynamic balance and
trunk flexibility were taken two days after the completion
of nine weeks of the HBPE program that followed the same
method and were conducted in an almost similar environ-
ment. The nine-week HBPE program was implemented in
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the exercise group, whereas the control group did not partici-
pate in such a program and was asked to maintain their usual
daily routine. The Faculty Council, Department of Physical
Education, University of Kalyani, India, approved the cur-
rent pilot study (Ref No.- PE-34/2023/65). Figure 1 depicts
the current study design.

Participants and Determination of Sample Size

Initially, the help of a questionnaire consisting of seven ques-
tions on basic information such as age, occupation, willing-
ness, and physical activity status (two questions with options
‘yes’ or ‘no’, Q1. “Are you involved in any kind of exercise
program at present?”’; Q2. “Were you involved in any kind
of exercise program in recent past?”’), and medical history
(two questions with options ‘yes’ or ‘no’, Q1. “Currently,
are you suffering from any chronic disease such as diabe-
tes, high blood pressure, cardiac problem, spinal injury?”;
Q2. “Do you have any health problem where exercise is not
recommended?”), a total number of 65 adult women were
reached in Begampur, a semi-urban place in West Bengal,
India. Based on the following inclusion criteria, forty (n=40)
of them were chosen: i) willing to participate; ii) women
between 40 and 60 years old; iii) ability to perform light to
moderate physical activity independently; iv) not having any
history of acute disease (cardiovascular ailment, hyperten-
sion, spinal cord injury, hyperglycemia); v) not engaging in

regular physical activity; and vi) being found medically fit.
They were purposively divided into two groups: the Pilates
exercise group (PEG, n=20) and the Control group (CNG,
n=20). Figure 1 presents the procedure for selecting partic-
ipants. In the present study, G*Power 3.1.9.7 software was
used for determining the sample size (Faul et al., 2009).
Based on the previous studies, a priori power analysis was
employed to calculate the sample size with an estimated
effect size of 0.65, ov = 0.05, power = 0.80 (Fleming et al.,
2020; Su et al., 2022), and the minimum sample size n= 17
for each group, df = 16, and critical t value = 1.7458. Predict-
ing a 12-15% attrition rate, 20 subjects in each group were
included (Bandyopadhyay & Das, 2022).

Tools used for Assessing Dependent Variables

In the current investigation, static and dynamic balance and
trunk flexibility were dependent variables, whereas the nine-
week HBPE program was the only independent variable.
The dependent variables were measured through reliable
and valid tests. One leg stand test (Amaro-Gahete et al.,
2017; Barranco-Ruiz & Villa-Gonzalez, 2020) was used
to measure static balance; Timed Up and Go test (Dlugo-
sz-Bo$ et al., 2021; Vieira et al., 2017) was used to exam-
ine dynamic balance; and Sit-and-reach test (Akhavan Rad
et al., 2019; Mayorga-Vega et al., 2014; Su et al., 2022) was
used to assess trunk mobility.

Assessed for eligibility
(n=65)

Enrollment

[ | e Suffering from chronic disease (n=4)

A

Excluded (n= 25)
o Not fit in particular age category (n=4)
¢ Unwilling to participate (n=6)
o Participate in exercise program (n=2)

o Use medicine for psychological issues (n=2)
o Found unfit in primary medical check-up (n=7)

Allocation

Participants
(n=40)

PEG CNG
Initial sample (n=20) (n=20)
Pre-test
Balance and Flexibility
Drop-outs
Nine weeks of Did not appear for
] HBPE program »| re-examination (n=2)
Final sample for P_Eg) Ci\Ing
analysis (n=20) (=18
Post-test
Balance and Flexibility

Figure 1. Study design
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One-leg stand test

One-leg stand test (Amaro-Gahete et al., 2017; Barran-
co-Ruiz & Villa-Gonzalez, 2020) was employed for measur-
ing the static balance in which the ability to maintain balance
while the person was standing on one leg was assessed. The
subject can choose a preferred leg to stand on and should
place the heel of the opposite leg at the knee on the sup-
porting leg, and with the thigh of the opposite leg rotated
outwards. The participant’s arms remained relaxed with eyes
open. The maximum time for maintaining the correct stand-
ing position was recorded in seconds (0—60s) by a stopwatch
(Casio, Japan) and among two trials the best result was con-
sidered as a score.

Timed up and go (TUG) test

The dynamic balance of the subjects was assessed by the
Timed up and go (TUG) test (Dtugosz-Bos et al., 2021; Vie-
ira et al., 2017), where the participants were instructed to rise
from a chair, then walk three meters, then turn 180 degrees
to return to sitting in the chair at their comfortable pace. The
minimum time taken by an individual to complete the test
in three trials was counted as score, which was recorded by
using a stopwatch (Casio, Japan).

Sit-and-reach test

The Sit-and-reach test (Akhavan Rad et al., 2019; Mayor-
ga-Vega et al., 2014; Su et al., 2022) was employed by using
the Baseline Sit and Reach Trunk Flexibility testing box
(Baseline, USA) for measuring trunk flexibility that corre-
sponds with trunk mobility. The participants were directed
to sit on the ground with the soles of their feet kept leaning
against the flexbox without bending their knees and their
hands stretched gently forward as far as possible. They were
instructed to hold the position for two seconds. Two attempts
were allowed, and the furthest position they reached with
their hands was the test score.

Exercise Intervention

The HBPE program was offered to the Pilates exercise group
for 3 days in a week of 50-60 minute sessions for nine con-
secutive weeks as per WHO 2020 guidelines (Bull et al.,
2020). These nine weeks were divided into one week of ori-
entation, followed by Part-1 (PI) for the next four weeks and
Part-IT (PII) for the last four weeks. The intervention pro-
gram consisted of three parts: (i) Warming-up of 10 minutes;
(i1) Main part of the exercise program of 30—40 minutes;
and (iii) Cooling-down of 10 minutes. The main part of the
HBPE intervention program was planned with various types
of Pilates exercises for different regions of the body, and
they were performed in different body positions (i.e., sitting,
lying, kneeling, and standing postures) by using mats. The
types of Pilates exercises and their load dynamics (repeti-
tions and sets) were determined based on exercise protocols
used in previous studies (Dtugosz-Bo$ et al., 2021; Kolomiit-
seva et al., 2022; Su et al., 2022). The number of repetitions

for a particular exercise for each participant was determined
following the Borg exertion scale (Williams, 2017), in PI
light to moderate (2-3 Borg CR10), and in PII moderate to
somewhat severe (4-6 Borg CR10) (Bandyopadhyay & Das,
2022). The sequence of exercises was followed from neck
to ankle. During the HBPE program, the participants were
asked to attend three supervisory orientation sessions in the
first week to get familiar with the new regimen of exercises,
followed by four weeks of Home-based Pilates exercise pro-
gram 3 times per week in PI, where they were instructed
to practice the same at their own house as per their conve-
nience. Again, the participants were asked to participate in
two supervisory sessions on the sixth week to get acquainted
with the exercises to be performed in the next four weeks of
the HBPE (PII) program. During orientation, each exercise
was explained properly with several times of demonstrations
along with the particular breathing pattern, i.e., exhaling
while flexion and inhaling while extension (Vieira et al.,
2017) followed by practice with the investigators, and the
detail of the Borg exertion scale was also explained, which
they followed to monitor their repetition and holding time on
the basis of their feelings and perceptions. Though the Pilates
exercises are not very common in India, it has many similar-
ities with Indian-rooted yogic postures, so three sessions of
orientation were enough to become familiar with the par-
ticular exercises. They were provided with particular charts
(Chart 1 for PI and Chart 2 for PII) mentioning the details of
the exercises to be performed. A total number of 17 exercises
were given in both PI and PII. The details of the interven-
tion protocol are presented in Table 1. To avoid monotony
and increase difficulty a few exercises were changed for par-
ticular body regions in PII. After each home-based session,
each participant used to report to the investigators regarding
their performance and execution. The PEG participants were
also instructed to communicate with the investigators during
their sessions through a video call if they feel so. The time
frame of the intervention program is depicted in Figure 2.

Statistical Analysis

The IBM SPSS 23 version was used for statistical analysis.
The normality and homogeneity of the data were checked
by the Kolmogorov-Smirnov test and Levene’s test, respec-
tively. The normality test results showed that the data were
normally distributed. Descriptive statistics (mean and stan-
dard deviation) were calculated from the pre-and post-test
data for all the variables. The baseline differences between
the groups were examined using the Independent t-test. To
find out the effects of nine weeks of the HBPE program, the
pre-test and post-test means of dependent variables for both
groups were compared using Paired sample t-test. The sig-
nificance level was set at p<0.05. The percentage of change
(A%) in dependent variables was calculated using Microsoft
Excel 2010 software.

RESULTS

For the present investigation, 40 middle-aged women were
chosen, and as per their convenience, they were divided
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Table 1. Intervention protocol

Section with Body Exercise with sequence Body Reps/Holding Ex planned
Duration Position Region Time for PI & PII
Warming-up - Walking on toe, alternative knee up - - PI & PII
(10 min) with foot flexion, arm stretching,
arm raise up, and waist bending
forward and backward
Main part Standing Neck flexion N 5 reps PI
(30-40 min) Shoulder Shrugs S,N 8-10 reps PI
Shoulder Rolls S, N 5 reps for each side PII
Arms circles S 5 reps for each side PII
Wall Push-ups S 8-10 reps PI & PII
Hip flexion and extension H, Th 5 reps for each leg PI & PII
Squats H, Th 8-10 reps PII
Sitting Spine twist- double pause W 8-10 reps PI
Spine Stretch Sp, Ab, Th 8-10 reps PI & PII
Mermaid H, W, Th 5 reps for each side PI & PII
The Saw H, W, Sp, Th 5 reps for each side PII
Half-roll back Sp, Ab 5-8 reps PI & PII
Lying Ab Preparation H, Sp, Ab, Th 20-30 sec PI
Shoulder Bridge- spine curls H, Sp, Ab, Th 10 reps PI & PII
Breaststroke preparation S, H, Sp, Ab, 20-30 sec PI
Side-lying hip abduction H, Th 5 reps for each side PI
Side kicking series: up-down H, Ab, Th 5 reps for each side PI
Side kicking series: front-back H, Ab, Th 5-8 reps PI
Corkscrew H,W 5 reps for each side PII
Roll-up Sp, Ab 5-8 reps PII
Hundred Sp, Ab 10 reps (10 counts) PII
Single leg stretching Sp, Ab, Th 5 reps for each leg PI & PII
Single leg kick Sp, Th 5-8 reps for each leg PI & PII
Double leg kick H, Ab, Th 5-8 reps PI & PII
Cooling-down - Relaxation exercises, stretching - - PI & PII
(10 min) exercises

reps=repetitions, N=neck, S=shoulder, H=hip, W=waist, Th=thigh, Sp=spine, Ab=Abdomen, Ex=exercise, Pl=part-I, PlI=part-II,

sec=seconds, min=minutes

test 3 supervised
sessions

Orientation Pl Pll
AL N -
A 1stwk | 2wk 3¢wk | 4wk | Sthwk , 6%wk | 7wk | 8"wk | 9"wk |
1 ) T T T — T T T o]
Pre- \ﬂ—} D Home-based " Home-based Post-

2 supervised &
1 Home-based
session

Figure 2. Time frame of the HBPE program

into PEG (n=20, with a mean age of 52.05+5.93 years,
and a mean BMI of 25.30+£2.03 kg/m?), and CNG (n=20,
with a mean age of 51.90+5.88 years, and a mean BMI of
25.50+1.37 kg/m?). The participants’ general characteris-
tics are depicted in Table 2. The baseline characteristics
of the groups were compared using an Independent t-test,
which is depicted in Table 3, and it reveals that the groups

did not differ significantly, so the groups were more or less
homogeneous. The participants in the PEG group had at
least 90% attendance. Throughout the intervention period,
none of the participants reported any adverse events. Two
participants from CNG did not appear in the post-test and
their pre-test data were excluded in the pre-post-test com-
parison.
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Table 2. General characteristics of participants

Group Age (years) Height (cm) Weight (kg) BMI (kg/m?)
(M+SD) (M=£SD) (M=£SD) (M=£SD)

PEG 52.05+5.93 156.1543.38 61.75+£5.01 25.30+2.03

CNG 51.90+5.88 155.10+2.86 61.45+4.02 25.50+1.37

PEG=Pilates exercise group, CNG=Control group, cm=Centimetre, kg=Kilogram, M=Mean, SD=standard deviation, kg/m*=Kilogram/Meter>

Table 3. Baseline differences, and comparison between pre-and post-test means of PEG and CNG

Variables (unit) Period PEG (n=20) CNG (n=18) Baseline differences, (df=38)
SB Pre 24.95+10.30 24.06+11.03 £ (-0.030), P=0.997
(sec) Post 27.40+9.93 24.1149.88 -

Paired t-test £ (-4.901), P=0.001* t (-0.060), P=0.953 -

A% 9.82 . -
DB Pre 8.832.35 8.88+2.37 £ (0.050), P=0.961
(sec) Post 8.7442.33 9.0242.38 -

Paired t-test £ (2.582), P=0.018* t (-1.801), P=0.089 .

A% -1.02 - -
Trunk Pre 7.97+2.40 8.07+2.34 £ (-0.108), P=0.914
Flexibility Post 8.17+2.39 8.012.37 -
(em) Paired t-test £ (-8.000), P=0.001% £ (1.890), P=0.076 ;

A% 2.51 - -

PEG=Pilates exercise group, CNG=Control group, SB=static balance, DB=dynamic balance, df=degree of freedom, A%= percentage of
change, P=level of significance, * = Significant at 0.05 level, sec=second, cm=centimetre, n=number of participants

Paired sample t-test reveals that the PEG significantly
improved their SB (pre vs. post; 24.95+10.30 sec vs.
27.4049.93 sec; t = -4.901, p=0.001), DB (pre vs. post;
8.83+2.35 sec vs. 8.74+2.33 sec, t = 2.582, p=0.018), and
trunk flexibility (pre vs. post; 7.97+2.40 cm vs 8.17£2.39 cm,
t = -8.000, p=0.001) following 9 weeks of HBPE program
whereas CNG showed no significant changes in their SB
(pre vs. post; 24.06+11.03 sec vs. 24.1149.88 sec, t =-0.060,
p=0.953), DB (pre vs post; 8.88+2.37 sec vs. 9.02+2.38 sec,
t = -1.801, p=0.089), and trunk flexibility (pre vs. post;
8.07£2.34 cm vs. 8.01£2.37 cm, t = 1.890, p=0.076) respec-
tively.

DISCUSSION

The current pilot study was conducted to examine the effects
of 9 weeks of a planned HBPE program on static and dynamic
balance and trunk mobility of non-exercising community
dweller middle-aged women. The results showed that there
was an improvement in static balance of 9.82%, dynamic
balance of -1.02%, and trunk flexibility of 2.51% among the
participants of the PEG, while the CNG showed no signif-
icant changes. Hence, the hypothesis that was adopted for
this pilot study is accepted. The findings ensured the effec-
tiveness of 9 weeks of the HBPE program in improving
balance and trunk mobility, which was comprised of 17 exer-
cises in each phase (PI and PII) and was planned for almost
all regions of the body involving all joints, keeping in view
the needs of women, particularly during this age. In accor-
dance with our findings, Ramezani et al. (2021) found that
8 weeks of a Pilates exercise program with the frequency

of 3 days per week of 60-minute sessions with 10 exercises
significantly improved the balance (static and dynamic) of
inactive, healthy elderly women. In another study, Sekendiz
et al. (2007) found significant improvement in static balance
(31%) among sedentary adult women following a 5-week of
Pilates exercise program of 3 days per week of 60-minute
sessions. Su et al. (2022) found significant improvement in
balance (+4.2%) among community dwellers middle-aged
women following 12 weeks of a Pilates program (twice
per week of 60-minute sessions). Siqueira Rodrigues et al.
(2010) reported that static balance improved (4.35%) sig-
nificantly among elderly females following 8 weeks (twice
a week of 60-minute sessions) of Pilates training. Hyun
et al. (2014) confirmed that the dynamic balance improved
(-21.71%) after 12 weeks of a Pilates mat exercise program
with three 40-minute sessions per week. On the other hand,
many investigators found no significant improvement in bal-
ance among older women following a Pilates program of
3 months with a frequency of twice a week (Dlugosz-Bo$
et al., 2021), once a week for 10 weeks (Pyskir et al., 2016),
twice a week for 8 weeks (Donath et al., 2015). Balance is
the ability to maintain equilibrium when all working forces
are canceled out by one another to produce a stable con-
dition. Static balance depends on the capacity to keep the
center of gravity within the base of support, keeping a posi-
tion devoid of postural sway while adopting a particular
posture, and dynamic balance indicates the capacity of an
individual to maintain postural stability while the body is
in motion (Su et al., 2022). The proper reception of external
sensory stimuli and the application of balancing strategies
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are essential components of maintaining balance (Dunsky,
2019). Maintaining postural balance requires a complex
interaction between the sensory and musculoskeletal sys-
tems (Ivanenko & Gurfinkel, 2018; Michalska et al., 2021),
which may be affected by the process of aging, such as the
loss of sensory and motor neurons and resulting instability
(Michalska et al., 2021). Previous studies reported that as we
grow older, the two functions of sensory inputs, i.e., visual
and vestibular, get impaired, but exercise can help older peo-
ple strengthen the functions of the same (Eikema et al., 2014;
Hsieh et al., 2014). With aging, the movements required for
accomplishing daily tasks become less efficient because of
declining balance, thus leading to restricted movements. So,
the middle-aged and elderly population needs to maintain an
optimum level of balance to remain active (Dunsky, 2019).
Pilates is a low-intensity exercise that the elderly can manage
properly with satisfaction to improve flexibility, strengthen
their muscles, and increase their aerobic capacity. Therefore,
it is believed that Pilates promotes balance, thereby reduc-
ing the risk of falling. Also, as people get older, the number
of sarcomeres in series inside muscle fibers may decrease
(Kostrominova & Brooks, 2013), which may be related to
a loss of flexibility and subsequently reduce mobility. The
major effect of these changes is a decline in functional abil-
ity, which may raise the risk of falling, make it harder to
carry out everyday tasks, and decrease one’s quality of life
(Vieira et al., 2017).

Flexibility is the optimum physiological range of motion
of a particular joint and plays an important role in perform-
ing simple to complex movements that are included in
daily activities (Sekendiz et al., 2007; Su et al., 2022). With
aging, flexibility decreases, and depending on the joint, the
reduction may range up to 50%. It is recommended by the
ACSM that optimum levels of aerobic fitness, body compo-
sition, muscular strength, and flexibility should be included
when considering health-related fitness (Garber et al., 2011).
Trunk muscle strengthening should be considered seriously
because these muscles give the person stability and mobil-
ity. They are also crucial for developing strength, muscular
endurance, and a degree of flexibility in this area, which
is necessary for completing activities in daily life (Huxel
Bliven & Anderson, 2013). Many investigations have been
conducted on the Pilates program and Niki¢ & Milenkovic,
(2022) found significant improvement in flexibility (33%)
following 16 weeks of the Pilates program with 3 days per
week of 1-hour sessions among middle-aged women. Su
et al. (2022) found significant improvement in flexibility
(+3.5%) among community dwellers middle-aged women
following 12 weeks of a Pilates program of twice per week
of 60-minute sessions. Sekendiz et al. (2007) found signifi-
cant improvement in posterior trunk flexibility among sed-
entary adult women following 5 weeks of Pilates exercise.
In another study, Kolomiitseva et al. (2022) conducted a
12-week Pilates program (3 days per week of 1-hour ses-
sions) and found significant improvement in trunk flexibility
among healthy middle-aged women.

So, our pilot study was in the right direction, and further
investigations may be conducted considering many more

dependent variables. Investigations may also be conducted
for both sexes based on this particular exercise protocol.
Furthermore, the present protocol can be adopted by health
professionals and fitness experts to provide health benefits to
the middle-aged and older population.

Limitations of the Study

Because of the participants’ inability to assemble at a partic-
ular place and time, the program had to be conducted home-
based. Though the PEG participants had been provided with
a familiarization session and a detailed chart, they were still
not under the direct supervision of the investigators, which
may lower the level of perfection of their exercise execution.
Further, in a supervised program investigators can motivate
the participants, and they also get the opportunity to learn
many more things from their peers as well as from investi-
gators regarding a healthy and active lifestyle. Moreover, for
conducting a home-based program 1-2 weeks of orientation
are essential to ensure that the participants can perform exer-
cises independently and accurately. Though the PEG partici-
pants were advised to follow their normal daily activities and
usual diet, the investigators had very little control over those.

Strength and Practical Implication

It is evident from the previous investigations that Pilates pro-
grams are effective in improving mobility and postural sta-
bility among the middle-aged and older population, but on
the other hand, it was also noticed from the literature that no
significant changes occurred in physical capacity, including
flexibility and balance, among the elderly following Pilates
programs. The reason may be the exercise protocol, and the
session frequency plays an important role. The fundamental
ideas underlying Pilates exercises focus mainly on concen-
trating, coordinating, and controlling body movements. But
we have given much more emphasis to proper body align-
ment while performing exercises. Moreover, in the current
Pilates program, exercises were designed for the whole body
and maintained a proper sequence from neck to shoulder,
then hip and waist to ankle. More exercises were given for
the hip and waist to develop the muscles involved with the
pelvic and abdomen regions such as gluteus, rectus abdomi-
nis, transverse abdominis, and external and internal oblique,
which play a primary role in lower limb movement as well
as trunk stability. In our HBPE program, only participants’
body weight was used as resistance. Particularly, the pro-
tocol used for the present investigation causes a signifi-
cant improvement in postural stability and trunk mobility.
Moreover, our program was so meticulously designed that
it can be used as a model for home-based as well as com-
munity-based programs, with little modification for medical
and rehabilitation centers. As the program was home-based,
no dropouts were reported, and all the participants attended
almost all sessions except for very urgent issues (the adher-
ence rate was 90%). In modern days, women are engaged in
various activities, and they may not be able to participate in
a program in a community setting. Moreover, middle-aged
women should pay more attention to preparing themselves
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for graceful aging. So in that context, a home-based pro-
gram was much more effective for motivating middle-aged
women to participate at their convenience.

CONCLUSIONS

The current pilot study may conclude that the HBPE pro-
gram can significantly improve the balance, both static and
dynamic, and trunk mobility of non-exercising middle-aged
women. Therefore, the Pilates program may be suggested as
an effective exercise regimen for adult fitness and wellness.
Further, it may be adopted as a community-based program,
as well as can be used in medical and rehabilitation centers
for adult and geriatric health care.
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