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Abstract

Background: Pilates is a method of exercising which aims to increase strength and flexibility but also to positively 
influence people’s mental state. Although its effectiveness in these areas is confirmed by numerous studies, not all the 
studies are conclusive and many results are inconsistent. The purpose of this study was to evaluate abdominal muscle 
activity in people practicing Pilates and to examine the influence of Pilates exercises on core muscle activity.

Material and methods: Sixty three participants were divided into two groups. The study group (Pilates group) consi-
sted of 50 adults (48 women and 2 men: age = 47.2 ± 12.7 years) and the control group (Non-exercising group) consisted 
of 13 adults (10 women and 3 men: age = 37.1 ± 13.4 years). Both groups took part in two tests: transverse abdominis 
(TRA) muscle activity test in the prone position and the lumbar spine stability test while moving the lower limbs in the 
supine position. The equipment used in the study was the Pressure Biofeedback Stabilizer (PBS).

Results: The results showed no significant differences between the groups, both in the TRA muscle activity test and 
in the lumbar spine stability test.

Conclusions: Pilates exercises do not influence the activity of the TRA muscle or the core stability as assessed by the 
Pressure Biofeedback Stabilizer. However, in the study group the high percentage of positive results and the relatively 
low percentage of poor results obtained in the TRA muscle activity test encourage further research in this area.
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Introduction

The Pilates method, which was developed by Jo-
seph Pilates in the 20th century, belongs to the “body 
and mind” category of exercises. It consists of exer-
cises performed on equipment and on a mat [1]. Pilates 
exercises improve physical and mental condition [2]. 
They are intended to increase strength and flexibility. 
The quality and precision of movement are important 

elements of the method [1]. The original name of the 
method “Contrology”, emphasizes “control” of the 
body position and movement as the guiding principle 
of the method. Other principles of the method are: con-
centration, centering – activation of core muscles, flow 
and breath [3]. In recent years, Pilates has been gain-
ing popularity in physiotherapy. It is used as a comple-
mentary and alternative therapy for various diseases [1] 
and is recommended for people suffering from chronic 
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diseases so as to support healthy behavior and habits, 
and to promote physical activity [4].

“Core stability” is provided by the structures of the 
Lumbo Pelvic Hip Complex (LPHC). Kibler et al. [5] 
define it as the ability to control the position and move-
ment of the torso in order to generate optimal force and 
to transfer and control it throughout the kinetic chain, 
up to its most distal parts. [6]. While Motealleh et al. 
[7] describe it as the ability of the LPHC to maintain 
the position of the spine and restore its equilibrium after 
perturbations. Both deep and superficial core muscles 
(rectus abdominis /RA/, external oblique and erector 
spinae) contribute to the stabilization of the trunk [6]. 
Specific instructions may influence the level of activa-
tion of particular muscle groups in various trunk stabil-
ity exercises and positions [8]. Voluntary and automatic 
activation patterns of deep and superficial muscles are 
being investigated by researchers [9]. Any core stability 
disturbances may become a risk factor of lower and up-
per extremity injuries in athletes [10,11].

Numerous studies have analyzed and confirmed the 
effectiveness of Pilates exercises in strengthening and im-
proving the function of core muscles [12–19]. RA mus-
cle activation during selected Pilates exercises is higher 
than during traditional abdominal exercises (crunches, sit 
ups) [12]. Reduction of the size of the trunk supporting 
base in Pilates increases the activity of RA and internal 
oblique muscles [13]. Dorado et al. [14] confirmed that 
the 36-week Pilates program contributes to strengthening 
of the abdominal muscles (RA, obliques and transverse 
abdominis /TRA/ muscles) and balances muscular asym-
metries between both sides of the body. Pilates exercises 
improve TRA activation according to assessment by ul-
trasound [15]. Barbosa et al. [16] have proven that prac-
ticing Pilates increases the strength of contraction of the 
TRA, internal oblique and longissimus muscles during 
an “abdominal drawing-in maneuver” from 12–32% in 
non-exercisers to 52–62% in Pilates practitioners.

Panhan et al. [17] measured the neuro-muscular ef-
ficiency of the multifidus muscle in women practicing 
Pilates and non-exercising women. Values obtained by 
the Pilates group were significantly higher than those 
obtained by the non-exercising group. Applying Pilates 
rules and techniques for movement, even without previ-
ous Pilates experience, results in greater muscle activa-
tion during movement. Applying the Pilates breathing 
technique while performing trunk flexion leads to high-
er TRA activation in comparison to standard breath-
ing [18]. However, according to Critchley et al. [19], 
Pilates exercises increase the activity of the TRA only 
while performing exercises, not while in a standing or 
sitting position.

Pilates exercises are also considered to be effective 
in the treatment of chronic low back pain (CLBP) as 

they involve the deep muscles of the torso, are designed 
to improve central stability and make the body more 
elastic at the same time [20,21]. Pilates exercises can 
prevent [22] or reduce pain and disability, and improve 
function and the quality of life in people suffering from 
CLBP [21]. They improve neuromuscular control and 
the activation time of anterior and posterior trunk mus-
cles [22]. Potential differences in the effects of Pilates 
exercises can be related to the use of mat or equipment 
and to the choice between stability and mobility Pilates 
exercises [20].

Due to the diverse methodologies and numerous 
limitations of the available studies, further research is 
required to conclude how Pilates exercises may influ-
ence core muscle activity and core stability, both while 
exercising and during activities of daily living. There-
fore, the purpose of this study was to evaluate abdomi-
nal muscle activity in people practicing Pilates and to 
examine the influence of Pilates exercises on core mus-
cle activity.

Materials and methods

This study used a purposive sample selection con-
sidering inclusion and exclusion criteria. The inclusion 
criterion to the study group was practicing Pilates for 
at least 6 months in fitness clubs and Pilates studios in 
Warsaw and Wyszkow (Poland). Data about the type 
of Pilates classes (individual or group), frequency and 
exercise experience was collected from the study group. 
The data was not treated as additional inclusion criteria, 
nor analyzed within this study. Initially, the study group 
consisted of 63 adults practicing Pilates and the control 
group consisted of 15 adults, who did not exercise re-
gularly and did not practice sport. Fifteen people were 
excluded from the study because of meeting at least one 
of the exclusion criteria (spine surgery, spondylolisthe-
sis, cancer of the spine, injuries, pregnancy, stomach 
ache on the day of the test). Finally, 50 participants 
were included in the study group (48 women, 2 men: 
age = 47.2 ± 12.7 years; height = 165.4 ± 62.2 cm; bo-
dy mass = 65.6 ± 10.1 kg; BMI = 24 ± 3.7 kg/m2) and 
13 participants in the control group (10 women, 3 men: 
age = 37.1 ± 13.4 years; height = 172 ± 10.7 cm; body 
mass = 73.6 ± 19.9 kg; BMI = 25 ± 4.7 kg/m2).

The study was approved by the Ethics Committee of 
the University of Physical Education in Warsaw (SKE 
01-13/2019).

The equipment used in the study was Pressure Biofe-
edback Stabilizer (PBS). The device works similarly to 
a sphygmomanometer and measures the pressure chan-
ge inside the 3-chamber pressure cell. It can be used 
for exercises improving the stabilization of the lumbar, 
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pelvic and cervical spine or tests of activity of specific 
muscles or muscle groups (e.g. TRA). Both groups to-
ok part in two tests: the transverse abdominis (TRA) 
muscle activity test in the prone position and the lum-
bar spine stability test while moving the lower limbs in 
the supine position. The test procedures were created 
on the basis of the PBS user manual and studies of Ko-
chański et al. [23] and Hides et al. [24]. The additional 
equipment needed for tests was an exercise mat placed 
on a firm surface and a flat 2-cm-high head cushion.

TRA muscle activity test
The participant was lying on the mat in prone with 

arms alongside torso and forehead supported by the he-
ad cushion. The PBS airbag was then placed under the 
stomach so that one of its longer edges touched both 
anterior superior iliac spines. The participant remained 
in a relaxed position breathing naturally while the exa-
miner filled the PBS airbag until the 70 mmHg pressure 
was achieved. By saying “Without any movement of 
the spine or pelvis, please activate your lower abdomen 
and pull your navel to your spine. Keep this tension and 
breathe freely” the examiner asked the participant to 
stabilize the pelvis and the lumbar spine by activating 
the TRA muscle. The examiner recorded any pressure 
changes showed by the PBS manometer and observed 
any movements of the lumbar spine or pelvis for ten se-
conds. The procedure was repeated three times. The re-

sults were interpreted according to the criteria showed 
in the Tab. 1.

Lumbar spine stability test
The participant was lying supine with hips, knees and 

ankles flexed and feet flat on the mat. The PBS pressure 
cell was placed under the participant’s lumbar spine, with 
its edge positioned in line with posterior superior iliac 
spines and inflated to a baseline of 40 mmHg. The task 
was to flex the hip joint (90o) and stabilize the spine and 
pelvis while the limb remained in this position for ten 
seconds. The command used was as follows: “Without 
moving your spine or pelvis, please fold one knee up and 
keep it above your hip. Breathe naturally”. The proce-
dure was repeated three times for each limb. During the 
test the examiner recorded any pressure changes showed 
by the PBS manometer and observed any movements of 
the lumbar spine or pelvis. The results were interpreted 
according to the criteria showed in the Tab. 2.

Statistical analysis of the results was carried out 
using SPSS Statistics 24.0.0. The assumptions of nor-
mal distribution was tested using the Shapiro-Wilk 
test. The Mann-Whitney U test was used to analyze the 
differences between mean independent results (for qu-
antitative and rank variables). The correlation analysis 
between rank and quantitative variables was performed 
using the Spearman’s rank correlation coefficient. The 
level of significance was set at p ≤ 0.05.

Disappointing Poor Satisfactory Good

Result
● Pressure drop
● Movements of the 

spine or pelvis
● Pressure increase

● Pressure drop 0–4 
mmHg

● No movements of the 
spine or pelvis

● Pressure drop 4–10 
mmHg

● No movements of the 
spine or pelvis

Interpretation

limited ability to control 
TRA muscle tension, 
restricted stabilization of 
the spine and pelvis

abnormal activation 
of TRA muscle

basic ability to control 
TRA muscle tension

good ability to control 
TRA muscle tension

Disappointing Poor Good Very good

Result
● Pressure drop
● Lumbar spine 

extension

● Pressure increase more 
than 10 mmHg

● Pressure increase 
8–10 mmHg

● No movements of 
the spine or pelvis

● Pressure increase 
0–8 mmHg

● No movements of 
the spine or pelvis

Interpretation

limited core stability; 
raising the limb causes 
extension in the lumbar 
spine

limited core stability; 
raising the limb causes 
flexion in the lumbar 
spine

good core stability very good core 
stability

Tab. 2. Interpretation of the lumbar spine stability test results

Tab. 1. Interpretation of the TRA muscle activity test results
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Results

TRA muscle activity test
The average result obtained in the study group 

was – 4.16 mmHg, and in the control group – 4.15 
mmHg. The analysis using the Mann-Whitney U test 
(Z = –0.584; p = 0.559) showed no significant diffe-
rence between the results of the TRA muscle activity 
test obtained in the study group and the control group. 
However, a higher standard deviation value and wider 
confidence interval range can be seen for the mean in 
the control group compared to the study group (Tab. 3). 
This indicates a greater discrepancy and greater disper-
sion of the results obtained in the control group as com-
pared to the study group.

A good result in the TRA activity test was obta-
ined by 62% of people in the study group and 53.8% 
of people in the control group. A satisfactory result in 

the study and control group was recorded in 24% and 
15.4%, respectively. Whilst 14% of people from the 
study group and 30.8% of people from the control gro-
up obtained a poor result ( Fig. 1).

None of the study participants, both in the study gro-
up and in the control group, obtained a disappointing 
result. No movements of the spine or pelvis that could 
be considered significant were observed during tests.

Lumbar spine stability test
The average result obtained by participants in the 

study group in the lumbar spine stability test was 9.34 
mmHg while in the control group the average result 
in this test was 11.15 mmHg. The analysis carried out 
using the Mann-Whitney U test (Z = – 1.464; p = 0.143) 
showed no significant difference between the lum-
bar spine stability test results obtained by both groups 
(Tab. 4).

Fig. 1. The percentage of results obtained in the TRA muscle activity test – study group/control group

Study group Control group Mann-Whitney U test
Mean SD Mean SD Z

TRA muscle activity test –4.16 6.21 –4.15 9.47 –0.584

Tab. 3. The mean values, standard deviation and the Mann-Whitney U test values: TRA muscle activity test [mmHg] 
– study group/control group

Study group Control group Mann-Whitney U test
Mean SD Mean SD Z

Lumbar spine stability test 9.34 10.88 11.15 7.26 –1.464

Tab. 4. The mean values, standard deviation and the Mann-Whitney U test values: lumbar spine stability test 
[mmHg] – study group/control group
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In the lumbar spine stability test, half of the people 
in the study group had a very good result and 16% of 
the people had a good result. A poor result was recorded 
in 28% of people in this group, and unsatisfactory in 
6%. The very good and good results in the control gro-
up were observed in 30.8% of participants. The result 
classified as poor was obtained by 38% of participants 
from the control group. No disappointing results were 
recorded in this group (Fig. 2).

Discussion

The analysis of the results obtained in the TRA mu-
scle test and the lumbar spine stability test showed no 
significant differences between the study and the con-
trol groups. Therefore, it could be interpreted that Pila-
tes exercises do not affect the activity of core muscles 
and do not improve core stability. However, the results 
of the TRA muscle activity test in the study group were 
less differentiated than in the control group. The 95% 
confidence interval for the mean in the control group 
was wider than in the study group. Of course, the dif-
ferent numbers of participants in each group should be 
considered as a limitation of the study which may also 
indirectly impact the range of the confidence intervals.

Another element which should be taken into con-
sideration is the percentage of specific categories of 
results obtained in both groups. In the TRA muscle 
activity test, the results in the study group were clas-
sified as good (62%) and satisfactory (24%). In the 
control group the percentage of good results was also 

high (53.8%), however, almost one-third of the results 
was poor (30.8%). This means there were over twice 
as many poor results as in the study group. In the lum-
bar spine stability test half of the participants achieved 
a very good result and 16% a good result. Slightly over 
a third of this group received either poor (28%) or unsa-
tisfactory (6%) results. In the control group, the results 
are almost equally divided between very good (30.8%), 
good (30.8%) and poor (38.5%).

It can be said that both groups did better in the TRA 
muscle activity test than in the lumbar spine stability 
test.

The results of studies on the impact of Pilates ex-
ercises on abdominal and core muscles are not con-
clusive. Dorado et al. [17] proved that it is possible 
to strengthen the RA and TRA muscles by practicing 
Pilates exercises. In another study, the thickness of ab-
dominal muscles (TRA, internal and external oblique, 
RA) as well as the cross-sectional area of the multifi-
dus muscle, were assessed using ultrasound in people 
practicing Pilates. The initial results were compared to 
the results obtained after a year of exercising. A direct 
moderate strength correlation was found between the 
results for TRA muscle. The thickness of the internal 
oblique muscle and the cross-sectional area of the mul-
tifidus muscle increased significantly. However, this 
was observed only in people who also practiced another 
type of physical activity in parallel to Pilates [25].

According to Mok et al. [26], assessment of core 
muscle activity during exercises may indicate an im-
provement of central stability in general. Numerous 
studies have shown activation of core muscles during 

Fig. 2. The percentage of results obtained in the lumbar spine stability test – study group/control group
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Pilates exercises. However, it has not been clearly 
proven that it leads to better core activation in other ac-
tivities. Although Critchley et al. [14] confirmed an in-
crease in TRA muscle activity during Pilates exercises, 
they did not observe an increase in the activity of this 
muscle while standing and sitting. On the other hand, 
one should not expect training to increase core muscle 
activity in such a basic activity as maintaining a sitting 
or standing position. Perhaps it would be more advis-
able to assess muscle in a more challenging situation , 
e.g. when changing body position or making dynamic 
limb movements.

De Oliveira Menacho et al. [27] analyzed the level of 
activation of the multifidus muscle in a person perform-
ing two Pilates exercises (swan dive and breast stroke), 
using a large ball or the Reformer. They found that the 
muscles activation was higher during exercises on the 
Reformer and in the concentric phase, compared to the 
eccentric phase. Moreover, they suggested that the level 
of activation obtained is not sufficient to strengthen the 
muscles in healthy active people.

The limitations of the current study were the small 
sample size, purposive sample selection considering 
inclusion/exclusion criteria and nonequivalent posttest-
only design. The sample size was determined by avail-
ability of adults practicing Pilates. The study design 
was selected due to exploratory capacity, which may 
allow the generation of hypotheses for future testing. 
Thus, any statistical generalizations must be made with 
caution, due to the bias of selection and the limited sta-
tistical power of the study. Despite the limitations of the 
methodology, based on experience and the logic of the 
study, we believe that the results obtained in our study 
can be useful for clinicians working with patients who 
are similar to the participants in our study.

Conclusions

Pilates exercises do not influence the activity of the 
TRA muscle, or the core stability assessed using the 
PBS. There is no significant difference between the re-
sults obtained by the group practicing Pilates and the 
results obtained by the control group. However, the 
high percentage of positive results and the relatively 
low percentage of poor results obtained in the TRA 
muscle activity test in the study group encourages fur-
ther research in this area.
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