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programmes to overcome physical inactivity (Gardner et 
al., 2016; Kloubec, 2010).

In the modern fitness and healthcare industry, Pilates 
training exercise occupies a special place and its popular-
ity continues to grow every year (de Souza Cavina et al., 
2020; Kolomiitseva et al., 2019; Mikalački et al., 2017). 
Pilates (Contrology) is a mind-body exercise that focuses 
on strength, core stability, flexibility, muscle control, pos-
ture, and breathing (Bernardo, 2007; Di Lorenzo, 2011; 
Kloubec, 2011; Wells et al., 2012); it is a popular exercise 
approach for women (Kao et al., 2015; Kloubec, 2010; 
Mazzarino et al., 2015; Şavkin & Aslan, 2017). The desire 
to stop the ageing process and improve quality of life, cor-
rect body composition, and other reasons motivate women 
of different ages to practice Pilates exercise (Kao et al., 2015; 
Kloubec, 2010; Kolomiitseva et al., 2019; Mazzarino et al., 
2015; Şavkin & Aslan, 2017; Tejada Medina et al., 2020).

In the past two decades, most research has focused pri-
marily on the effectiveness of the Pilates method for correct-
ing posture in people with low back pain (Cruz et al., 2016; 
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Abstract
Background: Pilates training has proven to be an effective method of mental and physical conditioning in rehabilitation, and it has 
become increasingly popular within the general fitness community. Objective: This study aimed to determine the effect of Pilates 
training practice on the respiratory system, joint mobility, and muscle strength of healthy middle-aged women with sedentary 
occupation. Methods: Thirty-two healthy women (age 45.4 ± 2.3 years, range 40–49 years; body mass 73.5 ± 1.5 kg; body height 
1.70 ± 0.03 m) were recruited and randomised into experimental (n = 18) and control (n = 14) groups. The experimental group 
participated in a 12-week series of 1-hour Pilates workouts (beginner level) three times per week. Results: After intervention, the 
experimental group revealed significant positive changes in the vital capacity test (p = .05), Stange test (p = .001), and Gencha test 
(p = .001). Respiratory rate and body mass index improved slightly. All joint mobility and muscle strength variables of the partici-
pants showed significant differences compared with the baseline data (p < .05). The most significant improvements were observed 
in variables of the shoulder girdle mobility during flexion (p = .003), abdominal strength (p = .041), and body strength endurance 
(p = .003 and .034). No significant changes were observed in the control group. Conclusions: The results confirmed that a 12-week 
series of 1-hour Pilates workouts three times per week is effective in improving parameters of the respiratory system, shoulder girdle, 
abdominal strength and endurance, and hip and shoulder joint mobility in healthy middle-aged women with a sedentary occupation.
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Introduction
Physical activity is one of the real proven factors in main-
taining and strengthening people’s health (Bauman et al., 
2012). However, in recent years, people living the so-called 
‘western lifestyle’ are increasingly showing a propensity for 
a sedentary lifestyle and behaviour, which is recognised as 
a risk factor for mortality and morbidity (Gardner et al., 
2016; Katzmarzyk, 2010). Extensive sedentary behaviour 
in the workplace is a major global health threat (Zhu et al., 
2020). At the same time, a reduction in health-promoting 
behaviours due to preventive public health measures dur-
ing the corona virus disease 2019 (COVID-19) pandemic, 
such as social distancing and closure of recreation centres, 
city parks, and playgrounds has also impacted the physi-
cal activity of people and increased the amount of seden-
tary behaviour, especially among women (Nienhuis & 
Lesser, 2020). In recent years, more studies that measure 
sedentary lifestyles to quantify and study their effects on 
human health have emerged (Katzmarzyk, 2010; Zhu et al., 
2020), including affordable test and comfortable training 
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Kloubec, 2011; Levine et al., 2009; Wells et al., 2012). The 
Pilates training exercises have been proven to be effective 
in the rehabilitation of patients with musculoskeletal dis-
orders. Researchers concluded that an important advantage 
of the Pilates system is that it primarily focuses on develop-
ing functional, safe, and convenient activities rather than 
performing an exercise for the sake of exercising (Kao et 
al., 2015). Pilates exercise also improves the cardiorespira-
tory system and normalises blood pressure (Mikalački et al., 
2017; Souza et al., 2021; Tinoco-Fernández et al., 2016; 
Tomilina, 2016).

Research focusing on the effectiveness of Pilates exer-
cise method in healthy participants is limited (Wells et al., 
2012). There is moderate evidence that Pilates training can 
increase muscle strength and endurance in healthy indi-
viduals (Campos et al., 2016; Cruz-Ferreira et al., 2011; 
Kao et al., 2015; Rogers & Gibson, 2009), trunk flexibility 
(Kao et al., 2015; Rogers & Gibson, 2009), lower extrem-
ity endurance (Mazzarino et al., 2015), dynamic postural 
control, balance, joint movement around the low back-
pelvic-hip complex (Bernardo, 2007; Johnson et al., 2007; 
Kloubec, 2010), and improve the quality of life of women 
(Mazzarino et al., 2015). Modern Pilates programmes 
include approximately 25–50 simple exercises with mini-
mal impact on flexibility and muscle endurance, but with 
an emphasis on muscular exertion in the abdomen, lower 
back, hips, thighs, and buttocks (Bernardo, 2007; Kloubec, 
2010, 2011). According to Merkel and Kozik (2016), the 
main criterion for choosing exercises that provide a specific 
result should be the rule ‘state–dose–effect’. 

Similarly, systematic reviews and meta-analyses (Ber-
nardo, 2007; Campos et al., 2016; Cruz et al., 2016; Cruz-
Ferreira et al., 2011; de Souza Cavina et al., 2020; Kloubec, 
2011; Mazzarino et al., 2015; Tejada Medina et al., 2020) 
highlighted the need to carefully validate the effectiveness 
of Pilates exercise in improving flexibility, abdominal and 
lumbopelvic muscle stability, and muscle activity. First and 
foremost, this is explained by the lack of reliable research 
methodologies in each specific study. Therefore, there is 
an obvious need for new research with high methodologi-
cal quality and standardisation of evaluation instruments 
(Kloubec, 2011). Empirical quantitative data, indicating a 
positive effect of Pilates exercises on weight parameters, body 
composition, and cardiorespiratory functions of sedentary 
women of different ages and occupations are not enough to 
make objective statements (Mascarin et al., 2015; Mazza-
rino et al., 2015; Rogers & Gibson, 2009; Şavkin & Aslan, 
2017; Souza et al., 2021; Tinoco-Fernández et al., 2016). 
According to Kloubec (2011), these findings are only the 
results of pilot studies and require additional clarification 
and confirmation in a specific population. 

In view of the above, this study aimed to determine the 
effect of Pilates training practice on the respiratory function, 
joints mobility, and muscle strength of healthy middle-aged 
women with sedentary occupation. We hypothesised that 
practitioners would improve each of these variables after a 
12-week Pilates training programme (36 workouts).

Methods
Participants 
Thirty-two healthy women (age 45.4 ± 2.3 years, range 
40–49 years; body mass, 73.5 ± 1.5 kg; body height 
1.70 ± 0.03 m) were recruited to participate in a ran-
domised controlled study. Volunteers aspired to an active 
lifestyle, but had sedentary occupations. The contingent 
of participants consisted of university administrative staff 
(librarians, accountants, and department secretaries). Phys-
ical inactivity was partly a consequence of the peculiarities 
of their workplaces. In Ukraine, quarantine restrictions 
introduced between March 2020 and June 2020 due to the 
COVID-19 pandemic contributed to a decrease in the par-
ticipants’ physical activity. The participants volunteered to 
participate in testing at all stages of the study. 

Eighteen participants were assigned to the experimental 
group (Exp), and eighteen to the control group (Con). Four 
participants were excluded from the control group because 
of incomplete data; therefore, its final sample size was 
reduced (n = 14). The participants were informed about 
the purpose, content, and potential risks of participating 
in the research, after which they provided written informed 
consent to participate. The procedures followed the ethi-
cal principles of the 1964 Helsinki Declaration (and its 
later amendments) for human experiments. The study was 
approved by the Research Ethical Committee of Yaroslav 
Mudryi National Law University. 

Procedures
Dependent variables of our experiment were selected based 
on previous statements of the Pilates training results. There-
fore, the participants’ body mass and height were measured 
using Apex Digital Scales with Mechanical Height Rods 
(DETECTO, Webb City, MO, USA). Functional tests 
were chosen as markers for assessing the state of the par-
ticipants’ respiratory system: respiratory rate (RR) standing, 
vital capacity (VC), breath-hold on inhalation (Stange test), 
and exhaled breath test (Gencha test; Shyian & Papusha, 
2019). A stopwatch and Spirobank II Advanced spirometer 
(BIOMED, Kyiv, Ukraine) were used for the measurements. 
When performing the Stange test, the participant took a 
deep breath and exhaled while in a sitting position, then 
inhaled (approximately 3/4 of the depth of a full inhalation) 
and held the breath while simultaneously pinching the nose 
with the fingers. Breath-holding time was recorded using 
a stopwatch (seconds). The Gencha test was performed in 
the prone position on a bench. The participant performed 
a normal (not deep) exhalation and held the breath. The 
breath-hold duration was recorded with a stopwatch, 
which was started at the end of exhalation and stopped at 
the moment of inhalation. This test was performed at least 
5–7 min after the Stange test. The measurements were per-
formed in accordance with the recommendations of the 
American Lung Association (2020).

The participants’ physical abilities were measured using 
the standard Pilates tests (Isacowitz & Clippinger, 2019). 
Hip flexion mobility and hamstring elasticity were assessed 
using the sit-and-reach test (cm). A prone shoulder flex-
ion test (cm) was used to assess the flexion mobility of the 
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shoulder girdle (Figure 1). In the prone position, the arms 
were extended forward and upward, and the participants 
were required to raise their arms above the floor while keep-
ing the body still. A side lift (repetitions) was used to assess 
shoulder girdle stability in the frontal plane (Figure 2). 
Lying on its side with support on the forearm, thigh, and 
the outer edge of the foot (feet together), the participants 
were required to raise the pelvis off the floor while simulta-
neously raising the upper leg and arm to the ‘star’ position. 
Roll-up with bent legs and straight legs (repetitions) served 
as markers for assessing abdominal strength (Figure 3). 
From the starting position, sitting, lower your arms forward 
to the prone position, articulate with the entire spine, and 
return smoothly to the starting position. Static endurance 
of the body muscles (seconds) was determined using the leg 
pull front (Figure 4). Frontal arm strength was determined 
(repetitions) using push-ups on a single knee (Figure 5). 
Starting position: support lying, hands under the shoulder 

joints, support of the legs on one knee, and the other leg 
lying on the foot of the bent leg. Testing of the participant 
was carried out before and after a 12-week period of the 
Pilates training programme. Measurements were performed 
under the same conditions on the same day.

Pilates intervention
The experimental group took part in a 12-week series of 
1-hour Pilates workouts, three times per week. The Pilates 
workout lasted 60 minutes: 5-minute standardised dynamic 
warm-up, 50-minute Pilates exercises series, and 5-minute 
cool-down. The workouts were led by the same Pilates 
instructor. The training series consisted of 20–25 basic exer-
cises (beginner level) with modifications according to the 
Polestar Pilates method. The exercises were tailored toward 
the health conditions of the experimental group during a 
specific workout. Special attention was paid to breathing: 
adjustments were made in which phase of the exercise to 

Figure 1 Prone shoulder flexion

Figure 2 Side lift 
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inhale and in which to exhale. Towels and rubber bands 
were used to teach the students proper breathing. Typically, 
a Pilates exercise series had the following sequence: exer-
cises in the supine position, then a gradual transition to 
the prone position, on the side, sitting, and quadruped. As 
a rule, the Pilates workout ended with standing exercises.

Spike balls and foam rollers were used to increase 
joint mobility. The use of a foam roller and spike balls is 

a common myofascial therapy used to increase range of 
motion. A foam roller was also used to relieve the axial stress 
according to the tensegrity model (Myers, 2020). In the 
supine position along with the foam roller (Starfish Stretch), 
it was suggested for the participants to spend 3–5 min on 
diaphragmatic breathing. After that, the Pilates practitio-
ners moved on to the mat and performed the planned exer-
cises. The foam roller has also been used for massage and to 

Figure 4 Leg pull front

Figure 5 Push-up on single-knee

Figure 3 Roll-up with bent legs 
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incorporate an unstable surface into the workout. Accord-
ing to Polestar Pilates, we used ‘mental images’ according to 
the Franklin’s method (Franklin, 2012) to help Pilates prac-
titioners better understand the meaning of the exercises and 
their performance. Additionally, the concept of ‘Anatomical 
Trains’ by Myers (2020) was used. To increase the hip joint 
mobility, the following exercises were used: shoulder bridge 
with various modifications, hip extension and abduction in 
the prone position, hip flexion and extension lying on the 
side, and hip abduction while lying on the side. Occasion-
ally, we used spike balls and foam rollers when perform-
ing these exercises. To stimulate and increase the elasticity 
of the hamstrings, we used various leg movements while 
lying on the side and articulation of the feet in various leg 
positions. Shoulder girdle stabilisation in the frontal plane 
was achieved by varying the exercises lying on the side with 
support on the forearm. All the above exercise variations, in 
varying degrees, required participation in the work of the 
abdominal muscles. Additionally, to increase abdominal 
strength, basic exercises were used: one leg circle, cross to 
cross, one leg stretch, double leg stretch, and roll-up. Exer-
cises with the support of the body on the hands were used 
to increase strength and endurance of the shoulder girdle.

The control group was asked to maintain their daily 
and habitual levels of physical activity and to avoid other 
types of exercise throughout the experiment.

Statistics
Descriptive statistics were reported at baseline, 12 weeks, 
and as a change from the baseline. Data processing was car-
ried out using Microsoft Excel (Version 2016; Microsoft, 
Redmond, WA, USA) and SPSS Statistics for Windows 
(Version 17.0; SPSS, Chicago, IL, USA). Normal data dis-
tribution was verified using the Kolmogorov-Smirnov test.

Differences between baseline and post-intervention 
values were assessed using a paired Student’s t-test. To assess 
the statistical significance of differences, the significance 
level was set at a p-value of < .05. 

The difference between the baseline and post-interven-
tion values in percent (Δ) was calculated using the formula 
% = (post-intervention – baseline)/baseline × 100.

Results
In the baseline study, the participants’ body mass index 
(BMI) was recorded at the ‘overweight’ level. After the 
intervention, the BMI indicated a normalisation of this 
variable in the participants of the experimental group. The 
BMI indicators of the control group remained unchanged 
at all stages of the measurements. In general, at the end of 
the 12-week series of exercises, the anthropometric indica-
tors of the Pilates practitioners did not differ significantly 
from those of the control group.

Respiratory test values obtained at baseline were below 
normal (Table 1). The RR at baseline of the study slightly 
exceeded the upper threshold of the norm. Post-inter-
vention, the practitioners’ RR improved after the Pilates 
practice, with a relative increase of 13.43%. During the 
study, we noted significant changes in the variables among 
the practitioners (p < .05), with an increase of 25.5% 
(VC), 25.5% (Stange test), and 38.3% (Gencha test). Post-
intervention, the percentage of the predicted VC value in 
the experimental group was 94.54% (baseline, 75.28%). 
The indicators of the variables in the control group did not 
show any changes. Post-intervention, a comparison of the 
indicators in both groups showed significant differences in 
the VC, Gencha, and Stange tests (p < .05).

Table 1 Means, standard deviations, and t-test statistics for anthropometric and respiratory system variables

Variable Norm Baseline Post-intervention (Δ) t p

Body mass (kg) –
Exp 73.1 ± 1.42 71.3 ± 1.50 (−2.47) 0.87 .38
Con 74.0 ± 1.50 74.1 ± 1.44 (+0.01) 0.04 > .99

Height (cm) –
Exp 170.6 ± 3.40 171.1 ± 3.10 (+0.3) 0.10 .92
Con 169.7 ± 1.70 169.6 ± 1.50 (−0.1) 0.04 > .99

Body mass index (kg/m2) 18.5–24.9
Exp 25.00 ± 1.06 24.30 ± 0.91 (−4.0) 0.50 .45
Con 25.90 ± 0.78 25.60 ± 0.74 (0.0) 0.09 > .99

Respiratory rate (rep/min) 12–20
Exp 21.60 ± 1.80 18.70 ± 1.06 (−13.43) 1.38 .19
Con 21.28 ± 1.77 21.50 ± 1.69 (+1.03) 0.09 .92

Vital capacity (L) 3–4
Exp 2.62 ± 0.27 3.29 ± 0.16 (+25.57) 2.16 .05
Con 2.67 ± 0.20 2.65 ± 0.18 (−0.8) 0.03 > .99

Stange test (s) 40–50
Exp 32.22 ± 1.51 40.44 ± 2.06 (+25.51) 3.30 .001
Con 32.64 ± 1.73 32.28 ± 1.63 (−0.02) 0.15 .92

Gencha test (s) 35–40
Exp 19.88 ± 0.90 27.50 ± 1.24 (+38.32) 4.52 .001
Con 19.50 ± 1.01 19.57 ± 0.85 (+0.35) 0.05 > .99

Note. Δ%, percent change from baseline; Exp = experimental group; Con = control group; rep = repetition.
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The results of measuring the physiological variables of 
the Pilates practitioners indicated a tendency to improve 
their physical abilities (Table 2). After the Pilates interven-
tion, the indices were significantly different compared with 
the baseline data (p < .05). The most significant changes 
occurred in the indicators of shoulder girdle mobility in 
flexion, abdominal strength, and body strength endurance 
(p < .01). All variable values in the experimental group 
improved by more than 50% after the intervention. No 
significant changes were observed in the control group.

Discussion
After 35 years in women, the elasticity of the muscles and 
ligaments decreases, and the muscle corset weakens. This 
leads to muscle imbalance. The shortened, and therefore, 
inelastic muscles have a great load. It could cause injury. 
Muscle imbalance affects the entire musculoskeletal sys-
tem: posture and work of internal organs change, back pain 
appears, etc. (Myers, 2020). Age-related changes in many 
modern women are aggravated by sedentary lifestyle and 
occupation. Consequently, they often experience pain in 
the lumbosacral spine and headaches (Kolomiitseva et al., 
2019). Therefore, to improve the quality of life in middle-
aged and elderly women, participation in special training 
programmes is recommended.

Our research has shown that 12-week Pilates training, 
three times per week, is an effective method for improving 
respiratory system performance, strength, and endurance 
of the muscles of the shoulder girdle and abdominal mus-
cles, and hip and shoulder mobility in healthy and active 
middle-aged women with a sedentary occupation. Physical 
activity and exercise are among the most important and 

common components of body mass loss and management 
programmes (Vispute et al., 2011). de Souza Cavina et al. 
(2020) and Şavkin and Aslan (2017) stated that Pilates 
workouts have a positive effect on body composition in 
overweight and obese women. Rogers and Gibson (2009) 
noted significant changes in body composition in adult 
female novice practitioners after an 8-week traditional mat 
Pilates training programme. However, our Pilates practitio-
ners did not show significant changes in body mass or BMI. 
We can assume that a period of systematic training longer 
than 12 weeks could lead to more significant changes in 
body mass in women. At the same time, the moderate 
intensity of training that is characteristic of the Pilates 
beginner level may not have provided the conditions under 
which the energy deficit required to change body composi-
tion and reduce the practitioner’s body mass was created. 
We believe that both these assumptions require additional 
verification.

Our research results suggest that the Pilates sessions 
were associated with a non-significant increase in the par-
ticipants’ height. This is not typical for this age group. A 
similar result was obtained by Kloubec (2010). At the same 
time, Segal et al. (2004) reported no change in height in 
their participants with subjective reports of improved pos-
ture. Kloubec (2010) explained this result by ‘structural 
changes’ and improved posture.

Changes occurred in the parameters of the practitio-
ners’ respiratory systems. We observed significant changes 
in the VC and breath-holding tests. It should be said that 
the research known to us about the effects of Pilates prac-
tice on respiratory function is very limited. The founder 
of this method, Josef Pilates, considered breathing to be 
the basis of all exercises (Pilates & Miller, 2021). Nev-
ertheless, Souza et al. (2021), Suzuki et al. (1995), and 
Tinoco-Fernández et al. (2016) also found positive changes 
in cardiorespiratory parameters in women of different ages 
after regular Pilates exercise for up to 50 min. Niehues et al. 
(2015) explained this finding by the fact that ‘Pilates works 
through the core, made up of the abdominal muscles and 
lumbar gluteus muscles, which are responsible for the sta-
bilisation of the static and dynamic body that is associated 
with breath control’. Researchers have observed that differ-
ent Pilates exercises increase the activation and recruitment 
of abdominal muscles (Niehues et al., 2015). These muscles 
are important in respiration, during both expiration and 
inspiration, through facilitation of diaphragmatic action. 
Thus, strengthening abdominal muscles can help improve 
respiratory function, leading to improvements in lung vol-
ume and capacity (Niehues et al., 2015). Thus, we support 
this view. Additionally, the previous results confirmed by 
us, in our opinion, are very important in the context of the 
ongoing COVID-19 pandemic.

The data obtained showed significant and positive 
changes in the elasticity of the hamstring and mobility of 
the hip joints in flexion in the experimental group com-
pared with the control group. This result became possible 
due to the inclusion of such exercises in the Pilates train-
ing, as rolling on the foam roller and spike balls, flexion, 
extension, abduction of the hip, and articulation of the 

Table 2 Means, standard deviations, and t-test statistics for 
joint mobility and muscle strength 

Variable Baseline Post-intervention t p

Sit and reach (cm)
Exp 4.50 ± 1.29 8.33 ± 1.02 2.33 .034
Con 4.78 ± 0.80 4.71 ± 0.60 0.70 .49

Prone shoulder flexion (cm)
Exp 1.23 ± 0.39 3.22 ± 0.43 3.43 .003
Con  1.10 ± 0.21 1.07 ± 0.18 0.11 .92

Side lift (reps)
Exp 1.18 ± 0.40 4.83 ± 1.24 2.80 .012
Con 1.07 ± 0.26 1.00 ± 0.39 0.14 .92

Roll-up with bent legs (rep)

Exp 3.22 ± 1.30 6.39 ± 0.61 2.20 .041
Con 3.00 ± 1.03 2.91 ± 0.91 0.06 > .99

Roll-up with straight legs (rep)
Exp 1.19 ± 0.40 4.77 ± 1.00 3.30 .004
Con 1.16 ± 0.38 1.08 ± 0.28 0.17 .92

Leg pull front (s)
Exp 11.44 ± 1.09 25.27 ± 3.54 3.60 .003
Con 11.50 ± 1.65 11.28 ± 1.26 0.10 .92

Push-up on single-knee (rep)
Exp 2.11 ± 0.83 5.00 ± 0.90 2.30 .034
Con 2.00 ± 1.03 1.92 ± 0.91 0.06 > .99

Note. Exp = experimental group; Con = control group; rep = repetition.
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foot. Junker and Stöggl (2015), Kao et al. (2015), Kibar 
et al. (2016), Kloubec (2010), and Rogers and Gibson 
(2009) reported similar results when using Pilates exercises 
to increase hamstring elasticity in women of different age 
groups. Park et al. (2020) reported the beneficial effects of 
Pilates exercise on hamstring flexibility in male athletes. 
Overall, our study confirmed the effectiveness of the Pilates 
method in increasing the hamstring elasticity.

A feature of the posture of people who spend a long 
time in a sitting position in front of a computer is their 
shoulders brought forward (Zolina & Izmerov, 1983). 
As a result, shortening occurs, which means a decrease in 
the elasticity of the pectoral muscles. This does not allow 
one to raise straight arms without involving the thoracic 
spine in action. To improve the flexibility of the shoulder 
girdle inflection in the Pilates training programme, we used 
variations of the traditional swimming and leg pull front 
exercises and observed a positive effect.

The Pilates training led to a slight improvement in 
shoulder girdle stability in the frontal plane. Holding the 
side plank with the leg and arm abducted (side lift) requires 
significant effort from the shoulder muscles, trunk, and 
hips. Among the scientific publications available to us, we 
did not find studies using such exercises that allowed us 
to confirm or deny the indicators we obtained. We found 
that long-term support on the forearm caused pain in the 
neck and shoulders of women. We believe that in this case, 
we can discuss the insufficient ability of the shoulder girdle 
to maintain such a static position. We, like Isacowitz and 
Clippinger (2019), consider this a consequence of the lack 
of physical exertion on this part of the trunk and weakness 
of the abdominal muscles.

The shoulder and abdominal muscle strength and 
endurance improved from the baseline. For middle-aged 
women with sedentary occupations, these physical qualities 
are a prerequisite for a full life. Using push-up exercises with 
various modifications at a dosage of 6–8 reps per workout 
allowed us to improve the practitioners’ strength and endur-
ance of the upper body. In the leg pull front with various 
modifications, women performed between 5–20 s in one 
workout, which also contributed to the increase in strength 
and endurance of the upper body. Thus, we confirmed the 
results of the study by Campos et al. (2016) that Pilates 
exercises performed 2–3 times per week for 5–12 weeks, 
improved abdominal muscular endurance for both sexes, 
when compared with no exercise. The correct organisation 
of the shoulder girdle from the hand to the shoulder blade 
contributes to an improvement in the quality of exercise. 
Abdominal strength, endurance, and pelvic control are 
important for these exercises. Most Pilates exercises involve 
the abdominal muscles to some extent and require strength 
or endurance. The manifestation of both the strength and 
endurance of these muscles can be traced to the so-called 
‘advanced’ high level of Pilates proficiency. Exercises aimed 
at developing strength endurance can be actively used at 
this level. In our workouts, we used the principle ‘from 
simple to complex’. At the beginning of the Pilates training 
programme, we used simplified modifications of the roll-up 
exercise with bent legs, gradually moving to the full version. 

The changes in abdominal muscle strength were more likely 
than the changes in the flexibility and mobility of the shoul-
ders and legs due to the inclusion of numerous abdominal 
exercises in the Pilates training programme. Previous stud-
ies have also shown an improvement in abdominal muscle 
strength as a result of Pilates training, but used a shorter 
training series (Johnson et al., 2007; Kloubec, 2010).

A limitation of our study was the lack of objective infor-
mation about the participants’ physical activity before the 
experiment, and the control group during the experiment. 
As the participants were employees of different universi-
ties, the collection of such objective data was technically 
difficult. In future studies, it should be taken into account 
that the results of applying the Pilates programme proposed 
by us and the control tests on a different age, gender, and 
professional sample may differ due to the different reac-
tions of a body of representatives of these groups to physi-
cal activity. Pilates training early in the morning and late 
evening can and should be different due to the inclusion of 
exercises in the programme that helps waking up or relieve 
body fatigue.

Conclusions
The 12-week Pilates training practice was shown to be  
effective in improving respiratory function, shoulder girdle 
parameters, abdominal strength and endurance, and hip 
and shoulder joint mobility in healthy middle-aged women 
having a sedentary occupation.
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