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Research Paper
The Effect of Eight Weeks Pilates Training on 
Functional Indicators and Postural Abnormalities 
in Older Men

Purpose: Structural-oriented changes caused by aging among older people are common due to 
mobility poverty. This study investigates the effect of eight weeks of Pilates exercise training on 
functional indicators and postural abnormalities in older men.

Methods: In this quasi-experimental study with a control group, 26 men aged between 60 and 70 
years were randomly divided into an experimental group (n=13) and a control group (n=13). The 
Pilates exercise program lasted eight weeks (three sessions per week) and each session for 55 to 
60 min. Before and after the end of the training, functional indicators and postural abnormalities 
were measured. The paired t-test and the analysis of covariance were used within and between 
changes, respectively

Results: There was a significant difference between the group of Pilates exercises compared 
to the control group in the level of flexibility, upper body strength, and dynamic strength in 
elderly men. Cardiorespiratory function (6.60%), upper limb strength (17.28%), leg dynamism 
(19.34%), and lower limb muscle endurance (11.61%) were significantly improved after the 
training intervention. There was a significant difference between the two groups in postural 
abnormalities only in the genu varum. However, the variables of forward head 2.22%, scoliosis 
1.02%, kyphosis 4.73%, and lordosis 6.04% significantly decreased after the training intervention.

Conclusion: Pilate’s training has been linked to enhanced functional indicators and a reduction 
in abnormalities. Given the numerous benefits associated with Pilates, integrating it into public 
health exercise programs can prove to be a valuable addition. By making Pilates more accessible 
to a wider population and incorporating it into these programs, we can effectively enhance 
individuals’ motivation to engage in physical activity. As a result, this will lead to an improved 
standard of living and overall quality of life for the population.
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Introduction

ging is a global phenomenon that affects 
both developed and developing countries. 
Population aging is also a serious concern 
for governments and the general public, as 
aging changes the face of society. This is 
a tangible concern because structural and 

functional degradation is seen in almost all the physi-
ological systems of the body during aging [1]. Globally, 
the number of people over 60 years of age is increasing 
at an annual rate of 3%. Forecasts show that by 2050, 
elderly people will make up 22% of the population [2]. 
Aging is associated with progressive changes in the 
structure of musculoskeletal systems, such as excessive 
bone degradation, vertebral fractures, muscle weak-
ness, and degenerative diseases that lead to chest hyper-
kyphosis [3]. Changes present in the muscular nervous 
system are noticeable in walking pattern features. The 
length of the steps is shorter and the speed of walking is 
slower [4]. Additionally, according to studies, more than 
80% of patients aged 65 years or older who are hospital-
ized are caused by fall [5, 6].

Among the risk factors for falling in old age are re-
duced movement, imbalance, reduced muscle strength, 
and walking disorders [7]. Reduced movement is one 
of the main predictive of falls in older people [8]. In 
a study, Lopez et al. [9] regarding the prevalence of 
fear of falling, out of 147 studied samples, 133 el-

derlies were afraid of falling. Other studies report the 
prevalence of fear of collapse in the elderly with pel-
vic fractures between 29% and 92% [10]. However, in 
some elderly people, the fear of falling can turn into 
a debilitating illness, as falling fear is associated with 
negative consequences, including a reduction in doing 
things in everyday life, understanding physical health, 
and a lower quality of life [9]. Therefore, the diagnosis, 
treatment, and prevention of their problems have also 
become of great importance for improving their inde-
pendence in life. The introduction of a fall prevention 
program makes the move critical for such age groups, 
especially for those living in residential nursing and 
care centers [11]. In addition, the elderly who live in 
retirement homes for long periods tend to be severely 
inactive and engage in sedentary activities most of the 
day [12]. Therefore, one of the exercise programs that 
can play an important role in the physical performance 
and mental impairment of the elderly is Pilates [2].

Pilates exercises have become a crucial means for the 
elderly population to maintain and enhance their physi-
cal and mental well-being. A thorough examination of 
the current literature reveals that conservative interven-
tions, such as physiotherapy and various exercise rou-
tines, can effectively alleviate symptoms associated with 
spinal deformities [13]. The significance of consistent 
participation in physical activity for the improvement 
of physical health has been recognized for a substantial 
period. Engaging in physical activities not only helps al-

A

Highlights 

● Pilates exercises significantly increased flexibility, cardiovascular respiratory system, upper body strength, dynamic 
strength, and muscle endurance in older men. 

● There was a decrease in postural abnormalities, such as forward head, scoliosis, kyphosis, and lordosis in older men. 

● Pilates exercises are one of the exercise programs that can play an important role in the physical performance and 
posture abnormalities of the elderly.

● Performing Pilates exercises can help improve musculoskeletal injuries, back pain, and joint problems.

Plain Language Summary 

This study investigates how Pilates training affects older men’s posture and physical fitness. After eight weeks, the men 
who did Pilates showed increased flexibility, heart and lung function, upper body strength, leg power, and leg muscle 
endurance. Additionally, their hunched posture, curved spine, and abnormal lower back curves improved significantly. 
The researchers recommend exercise programs, like Pilates, to help older adults improve their posture and overall fitness. 
However, because physical activity plays a crucial role in preventing and treating various abnormalities and indicators of 
physical fitness, experts recommend exercise counseling as a means to improve stature abnormalitis. 
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leviate psychological stress but also improves posture, 
reduces the risk of chronic diseases, manages weight, 
and promotes psychological well-being [13].

Pilates exercises combine body and mind and can be 
used to maintain muscle endurance and thereby im-
prove muscle strength, control, and flexibility [14]. In 
Pilates exercises, the six main elements focused on the 
functioning of the main muscles are used to create and 
maintain stability, focused cognitive attention to execute 
each movement, control the execution of the exercise, 
accuracy, and perform the movements in an integrated 
and interconnected manner throughout the entire func-
tion and to optimize respiratory function and enhance the 
integration of the mind and body of respiratory rhythms 
[14]. By choosing the right exercises and managing the 
diet, Pilates programs can effectively treat spinal column 
disorders [15]. Emery et al. [16] have demonstrated that 
the Pilates exercise method is an effective physical tech-
nique for reducing pain and improving the kyphosis angle 
in patients with spinal column deformities. This method 
corrects poor body posture, strengthens the muscles that 
contribute to it, and promotes body balance, thus reduc-
ing spinal column abnormalities. Furthermore, Pilates 
increases spinal column flexibility, offering relief from 
these abnormalities

The effectiveness of Pilates exercise is evident in its 
ability to improve mental well-being, enhance perfor-
mance capacity, and overall quality of life [17]. In recent 
years, there has been a growing of research investigating 
the efficacy of Pilates training [18]. Numerous studies 
consistently support the positive impact of Pilates ex-
ercises on various aspects of health, physiotherapy, and 
rehabilitation [19]. Pilates exercises effectively address 
musculoskeletal injuries, weakness, and specific con-
cerns. For instance, Kovách et al. [20] discovered that 
elderly individuals who participated in six months of 
Pilates exercises experienced significant improvements 
in upper body strength, flexibility, physical movement 
(particularly dynamic balance), and aerobic endurance. 
Another study by Meikis et al. [21] investigated how 
Pilates interventions affect the physiological and mental 
health of individuals aged 55 years and above. The re-
sults showed that practicing Pilates exercises had a mod-
erate impact on various aspects of physiological health, 
including muscle strength, balance, endurance, flexibil-
ity, walking ability, and overall physical performance.

As we age, our balance and coordination can dete-
riorate, increasing the likelihood of falls and other ac-
cidents. Pilates exercises, which emphasize controlled 
movements and body awareness, can be beneficial for 

older adults in improving their balance and coordination, 
reducing the risk of falls, and enhancing overall mobility 
[22]. These exercises specifically target the core muscles 
that are crucial for maintaining good posture, balance, 
and stability. By engaging these muscles, Pilates can 
help older adults improve their overall strength and flex-
ibility, ultimately reducing the risk of falls and injuries 
[23]. Given the growing elderly population, it is becom-
ing increasingly important to prioritize physical and 
mental well-being. Pilates exercises provide a safe, ef-
fective, and accessible option for older adults to enhance 
their strength, flexibility, balance, and overall quality of 
life [24]. Incorporating Pilates into their routine enables 
older adults to lead a more active and independent life-
style, decreasing the risk of falls, injuries, and chronic 
health conditions. In short, the prevention of the disorder 
is more important than the after-treatment. Advancement 
also depends heavily on teaching the right principles and 
maintaining the right situations [25]. One of the methods 
that has been proven to prevent and cure postural abnor-
malities is exercising, which can improve all physical 
readiness and health factors [26] and help maintain and 
correct body posture by balancing muscles [27]. There-
fore, due to the proper training and correction of postural 
abnormalities, their rate of infertility increases with age 
and can be prevented by taking proposed measures for 
any physical and mental problems in the future. Given 
that different sports exercises can have different effects 
on performance indicators and cardiovascular disorders, 
there has been little research into examining the effects 
of Pilates exercise on these indicators. This study in-
vestigates whether Pilates exercises affect performance 
indicators and postural abnormalities in older men. Ac-
cordingly, the present study compares the effects of eight 
weeks of Pilates-selected exercise on performance indi-
cators and postural abnormalities in older men.

Materials and Methods

Current applied and semi-experimental method studies 
were compared with pre- and post-examination designs 
with two groups of subjects. The statistical community 
of the study consisted of men aged over 60 years old (60 
to 70 years old). A total of 26 elderly men were randomly 
divided into two equal groups, consisting of the inter-
vention group (n=13) and the control group (n=13). The 
randomization process was conducted by a statistician 
using an electronic sequential number allocation page, 
with the help of Microsoft Excel software. Once the al-
location sequence was established, a separate researcher, 
who was unaware of the study, placed the numbers into 
opaque envelopes and sealed them. This researcher had 
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no involvement in any other aspects of the study. After-
ward, the participating volunteers chose an envelope and 
opened it to reveal their assigned group. The envelope 
and the number inside were then excluded from any fur-
ther randomization procedures.

The number of samples was determined using the 
G*Power software, version 3.1 and was determined 
based on the study of Koh and Park, 2017 [28]. Accord-
ingly, the α level of 0.5, the statistical power of 0.8, and 
the effect size of 0.3 were considered and based on the 
number of samples recommended by the software, 24 
people were estimated. Considering the likelihood of a 
decrease in the number of trends during the study, 26 
people were targeted and voluntarily participated in the 
current study. All participants signed written informed 
consent forms. The present study was conducted accord-
ing to the Helsinki Declaration on research ethics and 
involved no risk to the subjects.

In the first phase, the research was initially focused on 
the cooperation, benefits, and potential risks of partici-
pating in the study and explained to the volunteers that 
they could discontinue cooperation at any stage of the 
study if they were unwilling. The information obtained 
was kept confidential and researchers only published the 
overall and grouped results without naming or identify-
ing them. The eligible criteria were inactivity (<120 min 
of moderate to intense physical activity per week), lack 
of experience in performing Pilates exercises, or any 
fitness program based on improving the level of physi-
cal fitness, being healthy (non-use of medication or any 
medication that causes water retention), not exercising 
and not having regularly exercised during the six months 
before the exercise program and without musculoskel-
etal damage. Meanwhile, the exclusion criteria were not 
participating in two sessions of exercise, having a history 
of metabolic diseases such as cardiovascular, liver, can-
cer, stroke, or muscle diseases, nervous muscle failure to 
perform sports, specific disorders of the spinal column 
(spondylolysis or spondylolisthesis), scoliosis of the ab-
domen with an angle of more than 10 degrees, progress 
to severe knee arthritis and severe disabilities.

The subjects voluntarily participated in the study 
based on the conditions of the study and consciously 
signed the consent form. In the study phases, the prin-
ciples of the Helsinki Declaration and the opinions of 
the Ethics Committee in Research were recognized. All 
training sessions were under the supervision of a sports 
physiologist.

To evaluate the body composition of the subjects, this 
study employed a range of specialized tools. Height was 
measured using the Seca meter, a precision instrument 
manufactured in Germany, with a sensitivity of 5 mm. 
For assessing hip and pelvis circumference, we utilized 
a tape measure from Mabis, a reputable Japanese com-
pany, which also offered a precision of 5 mm. Weight 
measurements were obtained through the use of the 
Beurer digital scale, specifically the PS06-PS07 model, 
manufactured by a renowned German company, with a 
sensitivity of 100 grams.

Meanwhile, to measure the postural abnormalities of 
the chessboard was used. On this board, the middle line 
is counted with a distinctive color, a branched line. It 
uses a square with dimensions of 100×200 cm, which 
is divided in length and width into square meters of 5 
cm and in a blurred way. From the New York test and 
the plumb line, various symptoms, such as forward head, 
scoliosis, kyphosis and lordosis, matched with any of 
the three sides, back and forward disorders were iden-
tified and indicated. The genu varum was designed by 
the designer according to the gap between the leg and 
knee. The subjects without the cover comfortably and 
normally stood behind the tester (the eyes looked at 
one point in front of the other, the distance between the 
legs was about 15 cm and the hands hung alongside the 
body), waited about 3 min, and then the measurement 
was done. We define the spinous process in T4 and T12. 
The initial procedure involves placing the flexible ruler 
precisely on the spinous process of the T4 to T12 ver-
tebrae, aligning it meticulously with the contour of the 
subject’s back. Once the ruler was properly positioned, 
without modifying its curvature, we carefully traced 
the surface of the ruler that made contact with the skin, 
thereby transferring the curve onto the designated paper. 
Subsequently, we connected the two extremities of the 
traced curve to generate a line referred to as “L.” Then, 
we established the “H” line by connecting the point on 
the back exhibiting the most pronounced curvature to the 
aforementioned “L” line. Lastly, we utilized the subse-
quent formula to determine the kyphosis angle. For the 
sake of precision, it is essential to repeat this methodolo-
gy twice for each participant and account for the average 
of these three angles [29]. An angle equal to or greater 
than 40 degrees is known as dorsal hypokyphosis, based 
on the Equation 1. 
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1. Ѳ=4arc tan(2H/2)

Flexibility (sitting on a chair and reaching)

The flexibility test was measured in cm and showed 
the flexibility of the lower body. By sitting in front of the 
chair, the subject stretched the superior leg placed the 
non-predominant leg in a 90-degree bend position, and 
brought the fingers of the hands as close to the toes of the 
stretched leg as possible for the subject. 

Cardiorespiratory index (6 min of walking)

In the 6-min walking test, the person walks for 6 min 
and the greater traveled distance shows the better the 
person’s performance conditions. For this, a 10-m path 
was considered, and the subject was asked to walk this 
path in a round-trip fashion until the time of 6 min was 
over, and from the end, we measured the distance trav-
eled. 

Dynamic balance (time to get up and go)

In the dynamic balance test, the subject must sit cor-
rectly on the chair with handles. A cone is placed on the 
ground at a distance of 3 m from the chair. When the test-
takers command to move is announced, the subject must 
stand up and walk with regular steps in a straight line up 
to a distance of 3 m. After reaching the specified place, 
the subject should return to the chair and sit on it. With 
the movement command, the stopwatch is turned on and 
the test time ends when the subject sits on the chair.

Upper body strength (forearm with a 3.63 kg 
weight for 30 s)

The purpose of the upper body strength (forearm with 
a 3.63 kg weight for 30 s) test is to evaluate upper body 
strength in elderly people. The test started by sitting on a 
chair and holding a 2 kg dumbbell for women and a 3.63 
kg dumbbell for men in the dominant hand, as well as the 
number of times a person lifts and lowers the weight for 
30 s. Doing the forward movement will hit the arm and 
the person’s record will be recorded.

Dynamic power of the leg (getting up and sitting 
for 30 s)

The subject on a chair with a height of 43 cm, performs 
the movement of sitting and standing for 30 s while plac-
ing both hands in front of the body on the chest and the 
times of sitting and standing up in 30 seconds are con-
sidered as points. 

Endurance of lower limb muscles (2 min of walking)

The purpose of the endurance of lower limb muscles 
test is to measure the aerobic endurance of elderly peo-
ple. The subject walked on a designated path for 2 min, 
and the number of correct steps during this period was 
recorded as the subject’s record.

Pilates is a comprehensive exercise method that focuses 
on strengthening the core muscles, improving balance, 
and enhancing flexibility. The selection of specific exer-
cises in Pilates is based on individual goals and needs. In 
this study, the participants were elderly men who were 
unable to perform various types of sports movements. 
Therefore, Pilates exercises were chosen for this age 
group for the following reasons. 

Core muscle strengthening: Pilates exercises target the 
muscles of the abdomen, back, and hips, which helps im-
prove body balance and stability.

Improved flexibility: Pilates includes stretching exer-
cises and controlled movements that help increase joint 
range of motion and muscle flexibility.

Improved focus and body awareness: Pilates empha-
sizes awareness of body movements and mental focus 
during exercise to improve movement control and co-
ordination. The exercise program, three times a week 
for eight weeks, included Pilate’s exercise. The subjects 
performed the test exercises between 8 AM and 10 AM, 
with a minimum coverage. The exercise program con-
sisted of four sections that explained how to work and 
control the intensity of exercise (repetition, seat, rest, rat-
ing of perceived exertion, and heart rate), the warm-up 
section, the main body exercise, and cooling. The work-
out schedule for each session included 5 min of warm-up 
with stretch movements (six stretches for at least 30 s) 
and the main exercise body consisted of 14 movements, 
from the selected Pilates moves (the first week started 
with 10 moves, and the pair of weeks were added to 
the movements at the end, ending with 14 moves in the 
eighth week). The cooling program included 5 min of 
stretching movements. Four repetitions of each pilates 
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movement were performed during the first two weeks of 
the sessions, the intensity of which was adjusted by the 
participants based on their level of physical condition. 
Increased intensity of work during the training period 
(increased repetition and reduced rest). Repetitions pro-
gressed gradually over a two-week interval, resulting in 
ten repetitions in the last two weeks (seventh and eighth 
weeks). The intensity of exercise was measured by rat-
ing of perceived exertion and heart rate. The rating of 
perceived exertion was in the primary stage of training in 
the first 10 sessions and reached 12 in the eighth session 
(Table 1) [30].

Data analysis

The data were analyzed using the SPSS software, ver-
sion 20. The normality of the data was evaluated by the 
Shapiro-Wilk test and the equality of variances among 
the groups was evaluated by the Levene test. The paired 

t-test and analysis of covariance were used for within 
and between changes, respectively. The significance 
level of P<0.05 was considered as the decision rule to 
determine the significance of the differences.

Results

Table 2 presents the characteristics of the participants 
in both the experimental and control groups. The find-
ings presented in Table 3 demonstrate significant reduc-
tions in weight (P=0.01), body mass index (P=0.01), 
waist circumference (P=0.01), and hip circumference 
(P=0.01) within the experimental group after the train-
ing period. Conversely, these changes were not sig-
nificant in the control group (P>0.05). Following the 
training intervention, the experimental group exhibited 
a 2.01% decrease in body weight, a 1.94% decrease in 
body mass index, a 3.86% decrease in waist circum-

Table 1. Pilate’s training protocol

Training Variables Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8

Sessions 3 3 3 3 3 3 3 3

Frequency 4 4 6 6 8 8 10 10

Sets 3 3 3 3 3 3 3 3

Rest between sets (s) 30-60 15-30 30-60 15-30 30-60 15-30 30-60 15-30

Movements 4 4 4 4 3 3 3 3

RPE* 10 10 10 11 11 11 12 12

Intensity** (% HR max) 50-55 50-55 55-60 55-60 60-65 60-65 65-70 65-70

Total time (m) 60 60 60 60 60 60 60 60

Warm-up (m) 10 10 10 10 10 10 10 10

Cool-down (m) 5 5 5 5 5 5 5 5

RPE: Rate of perceived exertion; %HR max: Percent of maximum heart rate.
Notes: RPE is a subjective measure of how hard a subject is working during exercise. A scale of 1 to 10 is typically used, with 
1 being very easy and 10 showing maximal effort. %HR max is a way of expressing exercise intensity as a percentage of a 
subject’s maximum heart rate.

Table 2. The characteristics of the subjects

Mean±SD

Groups Variations

Body Mass Index (kg/m2)Weight (kg)Height (cm)Age (Y)

23.08±5.1761.38±14.36163.23±8.3264.46±5.63Training

24.36±3.7267.89±10.71167.23±9.1368.53±7.95Control
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Table 3. Changes in body composition of elderly men in different groups

Variables Groups

Stages Variations

Mean±SD
t P*

95% Confidence 
Interval of the

 Difference
Changes 

(%) F P**

Pre-test Post-test Lower Upper

Weight (kg)
Training 61.38±14.36 60.17±13.58 3.99 0.02† 0.54 1.86 -2.01

2.51 0.12
Control 67.89±10.71 67.73±10.52 0.307 0.76 -1 1.34 -0.23

Body mass index
(kg/m2)

Training 23.08±5.17 22.64±4.99 4.261 0.01† 0.21 0.66 -1.94
0.91 0.34

Control 24.36±3.72 24.3±3.78 0.262 0.79 -0.38 0.48 -0.24

Waist (cm)
Training 83.92±13.78 80.8±13.53 6.87 0.01† 2.12 4.1 -3.86

3.95 0.05
Control 90.3±11.55 90.61±11.52 -0.428 0.67 -1.87 1.26 0.34

Hip (cm)
Training 91.23±8.51 87.23±8.66 6.45 0.01† 2.64 5.35 -4.58

1.36 0.25
Control 92.61±9.63 91.61±10.38 1.237 0.24 -0.76 2.76 -1.09

Waist-to-hip ratio
Training 0.91±0.07 0.92±0.08 -1.04 0.31 -0.21 0 1.08

2.65 0.11
Control 0.97±0.12 0.99±0.13 -1.63 0.12 -0.03 0 2.02

SD: Standard deviation.  
†Significant level at P<0.05, *Significance value (P) within the group, **Significance value (P) between groups.

Table 4. Changes in physical fitness factors of elderly men in different groups

Variables Groups

Stages Variations

Mean±SD
t P*

95% Confidence 
Interval of the

 Difference
Changes 

(%) F P**

Pre-test Post-test Lower Upper

Flexibility (cm)
Training -6.03±0.6 0.34±0.09 -35.79 0.01† -6.75 -5.98 1873.52

780.9 0.01†

Control -6.54±0.79 -6.15±0.83 -1.8 0.09 -0.86 0.08 -6.34

Cardiovascular fitness 
(cm)

Training 237.07±89.09 253.84±88.85 -5.07 0.01† -23.97 -9.56 6.6
2.95 0.09

Control 215.61±48.07 205.76±47.52 1.11 0.28 -9.4 29.09 -4.78

Dynamic balance (s)
Training 9.8±2.65 9.03±2.31 3.58 0.01† 0.3 1.24 -8.52

2.59 0.12
Control 10.62±3.27 10.88±3.45 -1.29 0.21 -0.7 0.17 2.38

Upper limb strength 
(number in 30 s)

Training 15.84±7.35 19.15±7.13 -7.7 0.01† -4.24 -2.37 17.28
6.43 0.01†

Control 13.84±3.46 13.3±4.25 0.8 0.43 -0.91 1.98 -4.06

Dynamic leg strength
(number in 30 s)

Training 14.76±3.19 18.3±2.42 -7.05 0.01† -4.63 -2.44 19.34
14.78 0.01†

Control 14.15±3.02 14.84±2.15 -1.81 0.09 -1.52 0.14 4.64

Lower limb muscle 
endurance

(number of steps)

Training 28.69±2.09 32.46±2.75 -8.55 0.01† -4.72 -2.8 11.61
29.56 0.01†

Control 26.92±3.12 25.84±3.41 1.31 0.21 -0.70 2.86 -4.17

SD: Standard deviation.  
†Significant level at P<0.05, *Significance value (P) within the group,** Significance value (P) between groups.
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ference, along a 4.58% decrease in hip circumference. 
There was no significant difference between the experi-
mental and control groups in terms of body composition 
variables, such as body weight, body mass index, waist 
circumference, hip circumference, and waist-to-hip ra-
tio (P>0.05). The results provided in Table 4 indicate 
a significant improvement in flexibility (P=0.01), car-
diorespiratory function (P=0.01), upper limb strength 
(P=0.01), leg dynamic strength (P=0.01), and endur-
ance of lower limb muscles (P=0.01). 

However, the amount of dynamic balance decreased 
significantly (P=0.01). Cardiorespiratory function 
(6.60%), upper limb strength (17.28%), leg dynamism 
strength (19.34%), and endurance of lower limb muscles 
(11.61%) were significantly improved after the train-
ing intervention. The changes of inter-group averages 
in the records of physical fitness indicators of elderly 
men include flexibility (F=780.90, P=0.001), upper limb 
strength (F=6.43, P=0.001), leg dynamic strength (there 
was a significant difference between the experimental 
and control groups [F=14.78, P=0.001] and lower limb 
muscle endurance [F=29.56, P=0.001]).

Based on the results of Table 5, the changes in group 
averages in the forward head (P=0.01), scoliosis 
(P=0.01), kyphosis (P=0.01), lordosis (P=0.01), found 

a significant decrease; however, there was no signifi-
cant change in the amount of genu varum. Forward 
head (2.22%), scoliosis (1.02%), kyphosis (4.73%), and 
lordosis (6.04%) were significantly improved after the 
training intervention. The averages of genu varum differ 
significantly between the two experimental and control 
groups (F=6.77, P=0.001). This indicates a significant 
difference in the variable. 

Discussion

Specific Pilates exercises had a significant effect on di-
verse aspects of physical fitness in inactive elderly males. 
These exercises enhanced flexibility, cardiorespiratory 
performance, upper limb strength, lower limb dynamic 
strength, and lower limb muscle endurance. Neverthe-
less, there was a marked decline in dynamic balance. 
These findings are consistent with the investigation car-
ried out by Pouyafar et al. [31] but are in disagreement 
with the outcomes reported by Vasconcelos et al. [32]. 
Pouyafar et al. (2021) reported eight weeks of whole-
body vibration exercises in two groups of high and low 
intensity, respectively, with a frequency of 25-40 Hz and 
a range of 3 mm, and rope pulling on the physical perfor-
mance of elderly men. They concluded that the flexibil-
ity of the lower body, the strength of upper limb muscles, 
static hand strength, dynamic leg strength, muscle en-

Table 5. Changes in postural abnormalities of elderly men in different groups

Variables Groups

Stages Variations

Mean±SD
t P*

95% Confidence 
Interval of the 

Difference
Changes 

(%) F P**

Pre-test Post-test Lower Upper

Forward head
Training 32.23±1.48 31.53±1.33 2.92 0.01† 0.17 1.2 -2.22

0.2 0.65
Control 31.46±0.96 31.33±1 0.93 0.36 0.14 -0.17 -0.41

Scoliosis (mm)
Training 40.5±1.06 40.09±1.06 3.08 0.01† 0.13 0.11 -1.02

0.63 0.43
Control 40.33±0.95 40.41±0.97 -0.45 0.65 0.16 -0.44 0.19

Kyphosis (o)
Training 45.76±3.94 43.69±3.79 5.41 0.01† 0.38 1.24 -4.73

2.2 0.15
Control 46.76±4.86 46.38±5.33 0.51 0.61 0.74 -1.24 -0.81

Lordosis (o)
Training 43.15±3.07 40.69±3.61 5.89 0.01† 0.41 1.55 -6.04

3.04 0.09
Control 42.92±3.88 43±3.1 -0.16 0.87 0.45 -1.07 0.18

Genu Varum (cm)
Training 6.04±0.74 5.96±0.74 0.63 0.53 0.12 -0.18 -1.34

6.77 0.01†

Control 6.72±0.61 6.62±0.51 1.24 0.23 0.08 -0.07 -1.51

SD: Standard deviation. 
†Significant level at P<0.05,*Significance value (P) within the group, **Significance value (P) between groups.
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durance performance of lower limbs, cardiorespiratory 
performance, dynamic balance performance, and body 
fat percentage were significantly improved in the experi-
mental groups [31]. In contrast, Vasconcelos et al. (2016) 
examined the effects of an advanced resistance exercise 
program with a high-speed multivitamin on the physical 
performance of older women with obesity, reporting that 
the advanced resistance exercise program with a higher-
speed multivitamin did not have an effective effect on 
improving the physical function of older obese women 
[32]. Aerobic exercises improve endurance capacity 
by increasing oxidative enzymes, muscle glucose, and 
glycogen content increasing the pulse volume and de-
creasing heart rate, and resistance exercise also improves 
endurance through increasing time to reach fatigue [33]. 
Hence, it is probable that the enhanced strength observed 
in the trials of this study resulted in an increase in ex-
ercise capacity and improved resistance of the respira-
tory and cardiovascular systems [34]. The first factor in 
motor emotional hypersensitivity to maintain balance 
is the myotatic reflex is carried out by muscle spindles 
[35]. Pilates exercises increase the sensitivity of muscle 
spindles and by improving the neuromuscular function, 
they increase the speed of mechanical and physiological 
responses causing co-activation of α and gamma motor 
neurons and ultimately facilitating muscle contraction. 
Increasing the sensitivity of muscle spindles and im-
proving neuromuscular control after Pilates exercises 
is reported as one of the reasons for improving balance 
after these exercises [35, 36]. Based on the findings of 
this study and previous research, Pilates exercises pos-
sess the capacity to enhance the physical well-being of 
older adults. These exercises contribute to maintaining a 
delicate equilibrium between the factors that stimulate 
and impede muscle growth [37].

It is essential to acknowledge that elderly individuals 
experience their movement limitations stemming from 
physiological and physical conditions. Hence, the inclu-
sion of exercises that take into account these limitations, 
along with adherence to a tailored exercise regimen, can 
prove advantageous for this particular population. In 
summary, this kind of exercise intervention holds great 
potential in assisting with the rehabilitation and sports 
programs for the elderly [38]. The findings of the cur-
rent research indicate the effectiveness of Pilates exer-
cises in reducing forward head, scoliosis, kyphosis, and 
lordosis. However, there was no significant change ob-
served in genu varum. These results are consistent with 
a study conducted by Emery et al. [16] while contradict-
ing the findings of Ershadi et al. [39]. Emery et al. [16] 
investigated the impact of 12 weeks of Pilates exercises 
(2 sessions per week, 60 min each) on arm-trunk posi-

tion and flexibility in 19 participants. They concluded 
that the exercises significantly improved back kypho-
sis, enhanced neck strength, and upper chest flexibility, 
and could potentially aid in the prevention of neck and 
shoulder disorders. Conversely, Ershadi et al. [39] re-
ported that eight weeks of Pilates exercises resulted in 
an improved forward head angle in the experimental 
group compared to the control group, but no significant 
difference was observed in kyphosis and lordosis angles 
between the two groups. 

In the study of Cheshomi et al. [40], by examining 
the effect of six weeks of resistance training with elas-
tic along with stretching training on the upper cruci-
ate syndrome of overhead athletes, they concluded that 
the thoracic kyphosis angle, forward head angle, and 
forward shoulder angle in the intervention group de-
creased significantly. 

This muscle imbalance caused by repeated overhead 
activities leads to a forward shoulder. Kendall’s point of 
view in improving postural disorders is based on stretch-
ing the short muscles and strengthening the weakened 
muscles in the involved position. Kendall seems to think 
that the shortness of the muscles in the upper anterior 
part of the chest reduces the ability of people with ky-
phosis to have a good posture [41]. These muscles are 
generally stronger than their antagonist muscles, which 
leads to muscle imbalance and an unfavorable body 
position. On the other hand, weak or stretched muscles 
in the posterior part of the thoracic spine can help cor-
rect and maintain proper alignment. This is important to 
avoid the undesired condition [42]. Studies indicate that 
hyper-kyphosis in the elderly can be caused by aging, 
compression fractures of vertebrae, postural control dis-
orders, degenerative diseases of vertebral discs, muscle 
weakness, and erosion of vertebral ligaments [43]. An 
increase in thoracic kyphosis has many adverse conse-
quences for health, some of the most important of which 
are a decrease in physical performance, pulmonary dys-
function, increased shortness of breath, problems in per-
forming daily activities, balance disorders, falls, and a 
decrease in quality of life [44].

Functional exercises are sports activities that aim to 
replicate everyday movements, including walking up 
and down stairs, sitting and standing, and handling light 
equipment. The primary goal of these exercises is to im-
prove physical fitness through the targeted development 
of key factors such as endurance, strength, flexibility, 
and balance [45]. A corrective functional training pro-
gram has been shown to improve muscle strength and 
deep muscle receptors in older individuals [46]. How-
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ever, conflicting results in previous research may be due 
to differences in participants’ physiological conditions, 
overall health, exercise duration, type, and intensity. 
Considering the numerous benefits that Pilates exercises 
offer for older individuals, specialists, medical person-
nel, and physicians need to consider them to enhance the 
physical, cognitive, and overall quality of life for older 
adults. [26, 47]. By focusing on strengthening the core 
muscles of the body, Pilates exercises provide functional 
benefits such as improved balance, reduced risk of fall-
ing, increased muscle strength and endurance, and en-
hanced flexibility in the elderly [48, 49]. These benefits 
help maintain motor independence and improve the abil-
ity to perform daily activities. Given these advantages, 
professionals, medical staff, and physicians should 
consider incorporating Pilates exercises as an effective 
method for enhancing physical function, cognition, and 
overall quality of life in rehabilitation and geriatric care 
programs.

Conclusion

Overall, Pilates exercises were found to significantly im-
prove flexibility, cardiorespiratory function, upper limb 
strength, leg dynamics, and lower extremity muscle en-
durance in inactive elderly men. Additionally, there was 
a noticeable reduction in posterior abnormalities, such 
as forward head, scoliosis, kyphosis, and lordosis. It is 
recommended that future research focuses on the longer 
duration of Pilates exercises, given their importance in 
preventing and treating various physical fitness abnor-
malities and indicators. Furthermore, it is advisable to 
utilize reputable medical devices such as body compo-
sition analysis, radiography, or spinal cord rat devices 
to accurately measure postural abnormalities and body 
composition. 

Study limitations

One limitation of this study was the inability to use val-
id medical devices, such as body composition, radiogra-
phy, or spinal mouse devices, to provide measurements. 
Considering that this study was faced with many limi-
tations, such as varied diets, various adaptive responses 
to physical activity, the small number of subjects due to 
the withdrawal of some of them from participating in the 
present research, and individual differences, as a result, 
the side of caution should be observed more. However, 
the study had sufficient statistical power to identify dif-
ferences. It is recommended to conduct further random-
ized controlled trials to gain a better understanding of the 
effects of these interventions over a longer period and in 
different age groups.

Ethical Considerations

Compliance with ethical guidelines

Informed consent was obtained from the participants 
following the Declaration of Helsinki. This study was 
approved by the local Ethics Committee of Hakim 
Sabzevari University, Sabzevar, Iran (Code: IR.HSU.
REC.1401.011). 

Funding

This article was based on a research project that was 
carried out with the financial support of the research and 
funding of Hakim Sabzevari University, Sabzevar, Iran 
(Grant No.: 14142). 

Authors' contributions

Conceptualization and methodology: Keyvan Hejazi 
and Azizeh Toghdori; Data collection, data analysis, and 
the original draft preparation: Keyvan Hejazi; Review 
and editing: All authors. 

Conflict of interest

The authors declared no conflict of interest. 

Acknowledgments

The authors gratefully thank all participants for partici-
pating in this study.

References

[1] American College of Sports Medicine; Chodzko-Zajko WJ, 
Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, 
et al. American College of Sports Medicine position stand. 
Exercise and physical activity for older adults. Medicine 
and Science in Sports and Exercise. 2009; 41(7):1510-30. 
[DOI:10.1249/MSS.0b013e3181a0c95c] [PMID] 

[2] Sampaio T, Encarnação S, Santos O, Narciso D, Oliveira JP, 
Teixeira JE, et al. The effectiveness of pilates training in-
terventions on older adults' balance: A systematic review 
and meta-analysis of randomized controlled trials. Health-
care. 2023; 11(23):3083. [DOI:10.3390/healthcare11233083] 
[PMID] [PMCID] 

[3] Bimali I, Pudasaini S. Hyperkyphosis among the elderly 
in a community: A descriptive cross-sectional study. Jour-
nal of the Nepal Medical Association. 2022; 60(252):710-3. 
[DOI:10.31729/jnma.7351] [PMID] [PMCID] 

 Hejazi K, et al. The Effect of Eight Weeks of Pilates Exercises Training on Postural Abnormalities. PTJ. 2025; 15(1):15-26.

https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://www.hsu.ac.ir/
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://www.ncbi.nlm.nih.gov/pubmed/19516148
https://doi.org/10.3390/healthcare11233083
https://www.ncbi.nlm.nih.gov/pubmed/38063651
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10706653
https://doi.org/10.31729/jnma.7351
https://www.ncbi.nlm.nih.gov/pubmed/36705225
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9446495


25

 January 2025. Volume 15. Number 1

[4] Michalska J, Kamieniarz A, Sobota G, Stania M, Juras G, 
Słomka KJ. Age-related changes in postural control in older 
women: transitional tasks in step initiation. BMC Geriatrics. 
2021; 21(1):17. [DOI:10.1186/s12877-020-01985-y] [PMID] 
[PMCID] 

[5] Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, 
Gates S, Clemson LM, et al. Interventions for preventing 
falls in older people living in the community. The Cochrane 
Database of Systematic Reviews. 2012; 2012(9):CD007146. 
[DOI:10.1002/14651858.CD007146.pub3] [PMID] [PMCID] 

[6] Kannus P, Sievänen H, Palvanen M, Järvinen T, Parkkari J. 
Prevention of falls and consequent injuries in elderly peo-
ple. Lancet. 2005; 366(9500):1885-93. [DOI:10.1016/S0140-
6736(05)67604-0] [PMID] 

[7] Tinetti ME, Kumar C. The patient who falls: "It's always 
a trade-off". JAMA. 2010; 303(3):258-66. [DOI:10.1001/
jama.2009.2024] [PMID] [PMCID] 

[8] Bergland A, Jarnlo GB, Laake K. Predictors of falls in the 
elderly by location. Aging Clinical and Experimental Re-
search. 2003; 15(1):43-50. [DOI:10.1007/BF03324479] [PMID] 

[9] Lopes K, Costa D, Santos L, Castro D, Bastone A. Preva-
lence of fear of falling among a population of older adults 
and its correlation with mobility, dynamic balance, risk and 
history of falls. Brazilian Journal of Physical Therapy. 2009; 
13(3):223-9. [DOI:10.1590/S1413-35552009005000026] 

[10] Bandura A. The anatomy of stages of change. Ameri-
can Journal of Health Promotion. 1997; 12(1):8-10. 
[DOI:10.4278/0890-1171-12.1.8] [PMID] 

[11] de Souto Barreto P, Morley JE, Chodzko-Zajko W, H Pit-
kala K, Weening-Djiksterhuis E, Rodriguez-Mañas L, et 
al. Recommendations on physical activity and exercise for 
older adults living in long-term care facilities: A taskforce 
report. Journal of the American Medical Directors Associa-
tion. 2016; 17(5):381-92. [DOI:10.1016/j.jamda.2016.01.021] 
[PMID] 

[12] Bates-Jensen BM, Alessi CA, Cadogan M, Levy-Storms L, 
Jorge J, Yoshii J, et al. The minimum data set bedfast qual-
ity indicator: Differences among nursing homes. Nurs-
ing Research. 2004; 53(4):260-72. [DOI:10.1097/00006199-
200407000-00009] [PMID] 

[13] Li F, Omar Dev RD, Soh KG, Wang C, Yuan Y. Effects of Pi-
lates exercises on spine deformities and posture: A system-
atic review. BMc Sports Science, Medicine & Rehabilitation. 
2024; 16(1):55. [DOI:10.1186/s13102-024-00843-3] [PMID] 
[PMCID] 

[14] Penelope L. Updating the principles of the pilates method-
part 2. Journal of Bodywork and Movement Therapies. 2002; 
2(6):94-101. [DOI:10.1054/jbmt.2002.0289] 

[15] Negrini S, Fusco C, Minozzi S, Atanasio S, Zaina F, Ro-
mano M. Exercises reduce the progression rate of adolescent 
idiopathic scoliosis: Results of a comprehensive systematic 
review of the literature. Disability and Rehabilitation. 2008; 
30(10):772-85. [DOI:10.1080/09638280801889568] [PMID] 

[16] Emery K, De Serres SJ, McMillan A, Côté JN. The effects 
of a Pilates training program on arm-trunk posture and 
movement. Clinical Biomechanics. 2010; 25(2):124-30. 
[DOI:10.1016/j.clinbiomech.2009.10.003] [PMID] 

[17] García-Garro PA, Hita-Contreras F, Martínez-Amat A, 
Achalandabaso-Ochoa A, Jiménez-García JD, Cruz-Díaz D, 
et al. Effectiveness of a pilates training program on cogni-
tive and functional abilities in postmenopausal women. 
International Journal of Environmental Research and Pub-
lic Health. 2020; 17(10):3580. [DOI:10.3390/ijerph17103580] 
[PMID] [PMCID] 

[18] Moreno-Segura N, Igual-Camacho C, Ballester-Gil Y, Blas-
co-Igual MC, Blasco JM. The effects of the pilates training 
method on balance and falls of older adults: A systematic 
review and meta-analysis of randomized controlled trials. 
Journal of Aging and Physical Activity. 2018; 26(2):327-44. 
[DOI:10.1123/japa.2017-0078] [PMID] 

[19] Pucci GCMF, Neves EB, Saavedra FJF. Effect of pilates meth-
od on physical fitness related to health in the elderly: A sys-
tematic review. Revista Brasileira de Medicina do Esporte. 
2019; 25(1):76-87. [DOI:10.1590/1517-869220192501193516] 

[20] Kovách MV, Plachy JK, Bognár J, Balogh ZO, Barthalos I. 
Effects of pilates and aqua fitness training on older adults' 
physical functioning and quality of life. Biomedical Human 
Kinetics. 2013; 5(1):22-7. [DOI:10.2478/bhk-2013-0005] 

[21] Meikis L, Wicker P, Donath L. Effects of pilates training on 
physiological and psychological health parameters in healthy 
older adults and in older adults with clinical conditions over 
55 years: A meta-analytical review. Frontiers in Neurology. 
2021; 12:724218. [DOI:10.3389/fneur.2021.724218] [PMID] 
[PMCID] 

[22] Appell IPC, Pérez VR, Nascimento MdM, Coriolano HJA. 
The pilates method to improve body balance in the elderly. 
Archives of Exercise in Health and Disease. 2012; 3(3):188-93. 
[DOI:10.5628/aehd.v3.i3.126] 

[23] Kloubec JA. Pilates exercises for improvement of muscle 
endurance, flexibility, balance and posture. The Journal 
of Strength and Conditioning Research. 2010; 24(3):661-7. 
[DOI:10.1519/JSC.0b013e3181c277a6] [PMID] 

[24] de Oliveira LC, de Oliveira RG, de Almeida Pires-Oliveira 
DA. Effects of pilates on muscle strength, postural balance 
and quality of life of older adults: a randomized, controlled, 
clinical trial. Journal of Physical Therapy Science. 2015; 
27(3):871-6. [DOI:10.1589/jpts.27.871] [PMID] [PMCID] 

[25] Penha PJ, João SM, Casarotto RA, Amino CJ, Penteado 
DC. Postural assessment of girls between 7 and 10 years 
of age. Clinics. 2005; 60(1):9-16. [DOI:10.1590/S1807-
59322005000100004] [PMID] 

[26] Bullo V, Bergamin M, Gobbo S, Sieverdes J, Zaccaria M, 
Neunhaeuserer D, et al. The effects of Pilates exercise train-
ing on physical fitness and wellbeing in the elderly: A sys-
tematic review for future exercise prescription. Preventive 
Medicine. 2015; 75:1-11. [DOI:10.1016/j.ypmed.2015.03.002] 
[PMID] 

[27] Patti A, Bianco A, Paoli A, Messina G, Montalto MA, Bel-
lafiore M, et al. Effects of pilates exercise programs in people 
with chronic low back pain: A systematic review. Medicine. 
2015; 94(4):e383. [DOI:10.1097/MD.0000000000000383] 
[PMID] [PMCID] 

[28] Koh Y, Park KS. Responses of inflammatory cytokines fol-
lowing moderate intensity walking exercise in overweight 
or obese individuals. Journal of Exercise Rehabilitation. 
2017; 13(4):472-6. [DOI:10.12965/jer.1735066.533] [PMID] 
[PMCID] 

 Hejazi K, et al. The Effect of Eight Weeks of Pilates Exercises Training on Postural Abnormalities. PTJ. 2025; 15(1):15-26.

https://doi.org/10.1186/s12877-020-01985-y
https://www.ncbi.nlm.nih.gov/pubmed/33407197
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7789726
https://doi.org/10.1002/14651858.CD007146.pub3
https://www.ncbi.nlm.nih.gov/pubmed/22972103
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8095069
https://doi.org/10.1016/S0140-6736(05)67604-0
https://doi.org/10.1016/S0140-6736(05)67604-0
https://www.ncbi.nlm.nih.gov/pubmed/16310556
https://doi.org/10.1001/jama.2009.2024
https://doi.org/10.1001/jama.2009.2024
https://www.ncbi.nlm.nih.gov/pubmed/20085954
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3740370
https://doi.org/10.1007/BF03324479
https://www.ncbi.nlm.nih.gov/pubmed/12841418
https://doi.org/10.1590/S1413-35552009005000026
https://doi.org/10.4278/0890-1171-12.1.8
https://www.ncbi.nlm.nih.gov/pubmed/10170438
https://doi.org/10.1016/j.jamda.2016.01.021
https://www.ncbi.nlm.nih.gov/pubmed/27012368
https://doi.org/10.1097/00006199-200407000-00009
https://doi.org/10.1097/00006199-200407000-00009
https://www.ncbi.nlm.nih.gov/pubmed/15266165
https://doi.org/10.1186/s13102-024-00843-3
https://www.ncbi.nlm.nih.gov/pubmed/38388449
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10885405
https://doi.org/10.1054/jbmt.2002.0289
https://doi.org/10.1080/09638280801889568
https://www.ncbi.nlm.nih.gov/pubmed/18432435
https://doi.org/10.1016/j.clinbiomech.2009.10.003
https://www.ncbi.nlm.nih.gov/pubmed/19879677
https://doi.org/10.3390/ijerph17103580
https://www.ncbi.nlm.nih.gov/pubmed/32443744
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7277224
https://doi.org/10.1123/japa.2017-0078
https://www.ncbi.nlm.nih.gov/pubmed/28771109
https://doi.org/10.1590/1517-869220192501193516
https://doi.org/10.2478/bhk-2013-0005
https://doi.org/10.3389/fneur.2021.724218
https://www.ncbi.nlm.nih.gov/pubmed/34759879
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8574969
https://www.researchgate.net/profile/Marcelo-Nascimento-5/publication/303244665_The_pilates_method_to_improve_body_balance_in_the_elderly/links/5bc9ef51a6fdcc03c794bdad/The-pilates-method-to-improve-body-balance-in-the-elderly.pdf?__cf_chl_tk=lUkaGb4x55x_qGc_CGDjUNYo3HfMk6PZiz8Y2eL1S6E-1736688745-1.0.1.1-nS.HBpcZCejf.0zmjyx_I0AyVGcNFA7S8ii9zNI0Sc0
https://doi.org/10.1519/JSC.0b013e3181c277a6
https://www.ncbi.nlm.nih.gov/pubmed/20145572
https://doi.org/10.1589/jpts.27.871
https://www.ncbi.nlm.nih.gov/pubmed/25931749
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4395733
https://doi.org/10.1590/S1807-59322005000100004
https://doi.org/10.1590/S1807-59322005000100004
https://www.ncbi.nlm.nih.gov/pubmed/15838575
https://doi.org/10.1016/j.ypmed.2015.03.002
https://www.ncbi.nlm.nih.gov/pubmed/25773473
https://doi.org/10.1097/MD.0000000000000383
https://www.ncbi.nlm.nih.gov/pubmed/25634166
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4602949
https://doi.org/10.12965/jer.1735066.533
https://www.ncbi.nlm.nih.gov/pubmed/29114515
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5667627


26

 January 2025. Volume 15. Number 1

[29] Post RB, Leferink VJ. Spinal mobility: Sagittal range of mo-
tion measured with the SpinalMouse, A new non-invasive 
device. Archives of Orthopaedic and Trauma Surgery. 2004; 
124(3):187-92. [DOI:10.1007/s00402-004-0641-1] [PMID] 

[30] Aghaei F, Vahidian-Rezazadeh M, Hejazi K. [The impacts 
of six weeks of pilates exercises and lycium barbarum sup-
plement on oxidative stress indices of saliva and body com-
position of inactive elderly females (Persian)]. Journal of 
Gorgan University of Medical Sciences. 2024; 26(1):45-55. 
[DOI:10.21859/JGorganUnivMedSci.26.1.45]

[31] Pouyafar M, Askari R, Hoseini Kakhk SA, Damavandi M, 
Maleki A. [Comparing the effects of eight weeks of whole 
body vibration exercise combined with rope skipping at two 
different intensities on physical performance of older men: 
a randomized single-blind clinical trial (Persian)]. Salmand. 
2021; 16(3):376-95. [DOI:10.32598/sija.2021.16.3.2885.2] 

[32] Vasconcelos KS, Dias JM, Araújo MC, Pinheiro AC, Morei-
ra BS, Dias RC. Effects of a progressive resistance exercise 
program with high-speed component on the physical func-
tion of older women with sarcopenic obesity: A randomized 
controlled trial. Brazilian Journal of Physical Therapy. 2016; 
20(5):432-40. [DOI:10.1590/bjpt-rbf.2014.0174] [PMID] [PM-
CID] 

[33] Wang P, Yang L, Liu C, Wei X, Yang X, Zhou Y, et al. Ef-
fects of whole body vibration exercise associated with 
quadriceps resistance exercise on functioning and quality 
of life in patients with knee osteoarthritis: A randomized 
controlled trial. Clinical Rehabilitation. 2016; 30(11):1074-87. 
[DOI:10.1177/0269215515607970] [PMID] 

[34] Ghavi S, Sohrabi M, Goolmohamadi B, Karimi N, Sahaf R, 
Rahimi M. [The effect of whole body vibration exercise and 
mental practice on balance of elderly men (Persian)]. Sal-
mand. 2015; 9(4):306-14. [Link]

[35] Delecluse C, Roelants M, Verschueren S. Strength increase 
after whole-body vibration compared with resistance 
training. Medicine & Science in Sports & Exercise. 2003; 
35(6):1033-41. [DOI:10.1249/01.MSS.0000069752.96438.B0] 
[PMID] 

[36] Wei N, Pang MY, Ng SS, Ng GY. Optimal frequency/time 
combination of whole body vibration training for devel-
oping physical performance of people with sarcopenia: A 
randomized controlled trial. Clinical Rehabilitation. 2017; 
31(10):1313-21. [DOI:10.1177/0269215517698835] [PMID] 

[37] Vatankhah-khozani S, Haghshenas R, Faramarzi M. [The 
effect of 8 weeks of elastic band resistance training on se-
rum myostatin and body composition in elderly women 
(Persian)]. Journal of Sport Biosciences. 2018; 10(3):347-58 
[DOI:10.22059/jsb.2018.261987.1296]

[38] Puntumetakul R, Chalermsan R, Hlaing SS, Tapanya W, 
Saiklang P, Boucaut R. The effect of core stabilization exer-
cise on lumbar joint position sense in patients with subacute 
non-specific low back pain: A randomized controlled trial. 
Journal of Physical Therapy Science. 2018; 30(11):1390-5. 
[DOI:10.1589/jpts.30.1390] [PMID] [PMCID] 

[39] Ershadi Farsani N, Rahnama N, Sadeghi M. [The effect of 
the eight weeks Pilates exercises on sagittal spinal posture 
abnormalities in women heart patients after open heart sur-
gery (Persian)]. Journal of Shahrekord Uuniversity of Medi-
cal Sciences. 2018; 20(1):36-44. [Link]

[40] Cheshomi S, Alizadeh MH, Barati AH, Akochakian M. [The 
effect of six weeks corrective exercise on upper-crossed syn-
drome of overhead athletes (Persian)]. Journal of Applied 
Exercise Physiology. 2018; 14(27):153-66. [DOI:10.22080/
jaep.2018.1803]

[41] Hazebroek-Kampschreur A, Hofman A, van Dijk AP, 
Van Linge B. Prevalence of trunk abnormalities in eleven-
year-old schoolchildren in rotterdam, The Netherlands. 
Journal of Pediatric Orthopaedics. 1992; 12(4):480-4. 
[DOI:10.1097/01241398-199207000-00012] [PMID] 

[42] Hrysomallis C, Goodman C. A review of resistance exercise 
and posture realignment. The Journal of Strength & Condi-
tioning Research. 2001; 15(3):385-90. [DOI:10.1519/00124278-
200108000-00022] [PMID] 

[43] Ensrud KE, Black DM, Harris F, Ettinger B, Cummings SR, 
Group FITR. Correlates of kyphosis in older women. Jour-
nal of the American Geriatrics Society. 1997; 45(6):682-7. 
[DOI:10.1111/j.1532-5415.1997.tb01470.x] [PMID] 

[44] Yalfani A, Anbarian M, Nikoo R, Anbarian M. [Relation-
ship between postural control with sway-back malalign-
ment in the non-athlete males (Persian)]. Journal of Ilam 
University of Medical Sciences. 2014; 22(5):189-201. [Link]

[45] King MB, Judge JO, Whipple R, Wolfson L. Reliability and 
responsiveness of two physical performance measures ex-
amined in the context of a functional training intervention. 
Physical Therapy & Rehabilitation Journal. 2000; 80(1):8-16. 
[DOI:10.1093/ptj/80.1.8] [PMID] 

[46] Kudo K, Mitobe K, Honda K, Ishikawa K. An attempt to 
evaluate postural control with a magnetic motion capture 
system. Nihon Jibiinkoka Gakkai Kaiho. 2013; 116(10):1106-
13. [DOI:10.3950/jibiinkoka.116.1106] [PMID] 

[47] Pereira MJ, Mendes R, Mendes RS, Martins F, Gomes R, 
Gama J, et al. Benefits of pilates in the elderly population: a 
systematic review and meta-analysis. European Journal of 
Investigation in Health, Psychology and Education. 2022; 
12(3):236-68. [DOI:10.3390/ejihpe12030018] [PMID] [PM-
CID] 

[48] Bullo V, Gobbo S, Vendramin B, Duregon F, Cugusi L, Di 
Blasio A, et al. Nordic walking can be incorporated in the 
exercise prescription to increase aerobic capacity, strength, 
and quality of life for elderly: A systematic review and 
meta-analysis. Rejuvenation Research. 2018; 21(2):141-61. 
[DOI:10.1089/rej.2017.1921] [PMID] 

[49] Vieira ND, Testa D, Ruas PC, Salvini TF, Catai AM, de Melo 
RC. The effects of 12 weeks Pilates-inspired exercise training 
on functional performance in older women: A randomized 
clinical trial. Journal of Bodywork and Movement Therapies. 
2017; 21(2):251-8. [DOI:10.1016/j.jbmt.2016.06.010] [PMID] 

 Hejazi K, et al. The Effect of Eight Weeks of Pilates Exercises Training on Postural Abnormalities. PTJ. 2025; 15(1):15-26.

https://doi.org/10.1007/s00402-004-0641-1
https://www.ncbi.nlm.nih.gov/pubmed/14968367
https://centlib.goums.ac.ir/journal/article-1-4399-fa.pdf
https://doi.org/10.32598/sija.2021.16.3.2885.2
https://doi.org/10.1590/bjpt-rbf.2014.0174
https://www.ncbi.nlm.nih.gov/pubmed/27410162
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5123261
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5123261
https://doi.org/10.1177/0269215515607970
https://www.ncbi.nlm.nih.gov/pubmed/26427960
https://salmandj.uswr.ac.ir/browse.php?a_id=770&sid=1&slc_lang=en
https://doi.org/10.1249/01.MSS.0000069752.96438.B0
https://www.ncbi.nlm.nih.gov/pubmed/12783053
https://doi.org/10.1177/0269215517698835
https://www.ncbi.nlm.nih.gov/pubmed/28933611
https://jsb.ut.ac.ir/article_69505.html
https://doi.org/10.1589/jpts.30.1390
https://www.ncbi.nlm.nih.gov/pubmed/30464372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6220097
https://www.magiran.com/paper/1812532/the-effect-of-the-eight-weeks-pilates-exercises-on-sagittal-spinal-posture-abnormalities-in-women-heart-patients-after-open-heart-surgery?lang=en
https://asp.journals.umz.ac.ir/article_1803.html?lang=en
https://asp.journals.umz.ac.ir/article_1803.html?lang=en
https://doi.org/10.1097/01241398-199207000-00012
https://www.ncbi.nlm.nih.gov/pubmed/1613091
https://doi.org/10.1519/00124278-200108000-00022
https://doi.org/10.1519/00124278-200108000-00022
https://www.ncbi.nlm.nih.gov/pubmed/11710670
https://doi.org/10.1111/j.1532-5415.1997.tb01470.x
https://www.ncbi.nlm.nih.gov/pubmed/9180660
https://sjimu.medilam.ac.ir/article-1-1579-en.html
https://doi.org/10.1093/ptj/80.1.8
https://www.ncbi.nlm.nih.gov/pubmed/10623956
https://doi.org/10.3950/jibiinkoka.116.1106
https://www.ncbi.nlm.nih.gov/pubmed/24313061
https://doi.org/10.3390/ejihpe12030018
https://www.ncbi.nlm.nih.gov/pubmed/35323204
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8947639
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8947639
https://doi.org/10.1089/rej.2017.1921
https://www.ncbi.nlm.nih.gov/pubmed/28756746
https://doi.org/10.1016/j.jbmt.2016.06.010
https://www.ncbi.nlm.nih.gov/pubmed/28532866

