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Abstract Objectives The aim of the study was to investigate the effectiveness of clinical Pilates
exercises in patients with idiopathic scoliosis.
Materials and Methods The study included patients aged 15 to 30 years with
adolescent idiopathic scoliosis. Patients were randomly separated into the following
two groups: the clinical Pilates exercise group (n¼16) and the control group (n¼18).
The clinical Pilates exercise group received 16 sessions of exercise. Angle of trunk
rotation (scoliometer), sagittal plane alignment of the spine (inclinometer), posture
(PostureScreen Mobile program), quality of life (Scoliosis Research Society-23), pain
(Numerical Pain scale), and cosmetic deformity perceptions (spinal appearance
questionnaire) were assessed twice.
Statistical Analysis Data obtained in the study were analyzed statistically using IBM,
SPSS v. 22 software. The Shapiro–Wilks test was used to assess the conformity of data
to normal distribution. In the group comparisons of angle of rotation, kyphosis and
lordosis angle, and anterior shift values obtained at baseline and in the 8th week, the
independent sample t-test were applied to variables with normal distribution, and the
Mann–Whitney U test to variables not showing normal distribution.
Results The change in the pain score from baseline to 8 weeks was determined to be
significantly superior in the Pilates group (p< 0.001). A statistically significant differ-
ence was determined between the groups in respect of the amount of change in the
side shift and tilt measurements in the posture evaluation, with superior improvement
seen in the Pilates exercise group(p<0.005).
Conclusions The results of this study showed that Pilates exercises did not have a
significant effect on deformity, quality of life, and perception of deformity in scoliosis,
but significantly reduced back and low back pain and contributed to improvements in
posture.
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Introduction

Currently, the indications for idiopathic scoliosis treatment
largely depend on the magnitude of the curvature angle
evaluatedwith the Cobbmethod on an anterior–posterior X-
ray, and the treatment consists of exercise, braces, and
surgical management.1

Exercise treatment for scoliosis management can be
grouped as physiotherapeutic scoliosis-specific exercises
(PSSE) and general therapeutic exercises. Theword “specific”
within the phrase PSSE is used to describe exercises that are
designed for the treatment of patients with scoliosis.1,2

General exercise approaches used in the treatment of scolio-
sis include strengthening, stretching,mobilization,machine-
assisted exercises, posture and postural correction exercises,
and low-impact exercises such as Pilates, yoga, or Tai Chi to
improve trunk flexibility and strength.1,3–6

“The Pilates Method” is an exercise system developed by
Pilates in 1921. Its philosophy integrates the mind with the
musculoskeletal system. In addition to the practice of Pilates
by healthy individuals, “Clinical Pilates Exercises” are used by
physiotherapists for rehabilitation purposes in different
disease groups. Clinical Pilates Exercises, which are used in
neuromuscular re-education and functional activity training
in physiotherapy, are widely used for the stimulation of
blood circulation, improvement of flexibility, muscle endur-
ance and strength, postural adaptation, and body
awareness.7–12

Some researchers and clinicians have suggested that
Pilates exercises would be a successful exercise method in
scoliosis treatment.8,13–15 To the best of our knowledge,
there is only one randomized controlled study in the English
language that has investigated the effectiveness of Pilates in
scoliosis rehabilitation.13 However, in that study, the mean
Cobb angles of the cases were<10 degrees.13 This angle of
curvature is not even suitable for the definition/ diagnosis of
scoliosis.16

The aim of this study was to investigate the effects of
clinical Pilates exercises used in the clinics and recom-
mended to patients with idiopathic scoliosis on the angle
of trunk rotation, sagittal plane alignment of the spine,
posture, quality of life, pain, and cosmetic deformity
perceptions.

Materials and Methods

Design
A randomized controlled trial was designed to investigate
the effects of clinical Pilates exercises in patients with
adolescent idiopathic scoliosis. Patients were asked to select
a number in a sealed envelope that included random num-
bers generated via the

“Research Randomizer” program17 for the randomization
process by the second author, and the patients were sepa-
rated into the following two groups: the clinical Pilates
exercise group and the control group. Patients in the control
group were informed that after the study ended, they could
be included in the same treatment program if they sowished.

Participants
The study included patients aged 15 to 30 years with
adolescent idiopathic scoliosis who presented at the Ortho-
pedics and Traumatology Clinic and the Physical Medicine
and Rehabilitation Clinic, Fatih Sultan Mehmet Training and
Research Hospital, between July and December 2019. Ap-
proval for the study was granted by the Ethics Committee of
Marmara University Medical Faculty. Written and verbal
informed consent was obtained from all participants, or
the parents of those aged < 18 years.

Patients were excluded from the study if they had non-
idiopathic scoliosis, neurological, muscular or rheumatic
diseases, a history of lower extremity or spinal surgery, a
history of cancer, if they had any congenital deformity,
mental problems, or contraindications to exercise, were
receiving another treatment for scoliosis during the study
period, or were pregnant.

Procedures
All assessments were applied twice, first before the treat-
ment program and then at 8 weeks when the treatment
program was completed.

A Bunnell scoliometer was used to measure the angle of
trunk rotation (ATR) and maximum values were recorded.18

Posture was evaluated with the PostureScreen Mobile
program (PSM) (PostureCo, Inc., Trinity, FL, USA).19 This is
a new, easy, fast, and inexpensive application that has strong
rater reliability and preliminary evidence of construct valid-
ity, and which allows posture assessment in different envi-
ronments. Anterior and lateral images of the patients were
taken using an iPhone camera. The shift and tilt values of the
head, shoulders, ribs, and hips were evaluated on the anteri-
or images and the shift and tilt values of the head, shoulders,
hips, and knees on the lateral images. The total shift and tilt
values obtained from both images were recorded.19,20

In the measurement of thoracic kyphosis and lumbar
lordosis, a gravity-dependent inclinometer (Baseline Bubble
Inclinometer) was used, the reliability of which has been
demonstrated in a previous study.21 For thoracic kyphosis,
the feet of the inclinometer were placed in the “T1–T2” and
“T12–L1” vertebral processes determined by palpation, and
measurements were made in the position where the patient
felt most comfortable. The kyphosis angle was obtained as
the total of these values. To measure lumbar spine lordosis,
the inclinometer was placed in “T12–L1” and “S1–S2” verte-
bral processes andmeasurements were made in the position
where the patient was comfortable. The lordosis angle was
obtained as the total of these values.21

The Scoliosis Research Society-23 (SRS-23) questionnaire
was used to evaluate the quality of life. This scale is a disease-
specific quality of life scale consisting of 23 items in five
subgroups of pain, self-image, function, mental health, and
treatment satisfaction. Each item is scored between 0 (worst)
and 5 (best).22

The spinal appearance questionnaire (SAQ) is a valid
measure of self-image, and was used to assess the partic-
ipants’ perception of various aspects of spinal deformity.23

The SAQ consists of 11 visual items and 22 questions about
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the patient’s expectations. The 11 visual items consist of
drawings showing the severity of various spinal deformity
components. Each question is scored as minimum “1” and
maximum “5,” with a higher score indicating a poor percep-
tion of the deformity. The SAQ can be completed by patients
or their parents.23 In this study, the patients’ perception of
themselves was assessed.

Back pain was assessed with an 11-point numerical pain
scale (NPRS) (0 as “no pain” and 10 as “worst pain possible.”
Patients were asked to mark the maximum pain level felt in
the last week on the scale.24

Exercise Program
The patients were randomly separated into groups as the
Pilates exercise and control groups. The clinical Pilates
exercise program was administered to the patients in group

sessions by a certified and experienced physiotherapist. An
individual session was applied to all participants and the
basic principles of clinical Pilates were taught, then patients
received group exercises that consisted of a maximum of 10
patients under the supervision of the physiotherapist. The
patients received 16 sessions in the exercise program, 2
sessions a week for 8 weeks. Each 60-minute group exercise
session consisted of 10minutes of warm-up, 10minutes of
cool-down exercises, and 40minutes of bilateral clinical
pilates exercises aimed at strengthening the global muscles
(►Table 1). A total of 15 to 20 exercises were taught during
the 8-week period. Patients were asked to perform the
exercises once a day at home on the days they did not
attend the clinic. No exercise was recommended to patients
in the control group and they were asked to continue their
normal lives.

Table 1 Exercise program

Exercise phase

(One-on-one session) Teaching the 5 key elements
• Respiration
•Pelvis-lumbar region
•Shoulder
•Rib cage
•Head and neck

Warm-up exercises Cool-down exercises

•Roll down
•Upper limb PNF patterns
•Cleopatra
•The saw
•Spine stretch
•Toy soldier
•Ankle stabilization
•Squat

•Shell stretch
•Cat stretch
•Mermaid (with resistance band)
•Stretches (quadriceps,

piriformis, hamstrings, iliopsoas)
•Swinging

Main exercise orogram

First 4 weeks Last 4 weeks

Supine position •Hundreds 1 and 2 (2 sets, max. 5 repeats)
•One leg stretch 1 and 2
•Double leg stretch 1
•Shoulder bridge 1
•Hip twist 1 and 2
•Abdominal preparation
•Scissors (3 sets/5 repeats)

•Hundreds 3 (2 sets, max. 5 repeats)
•One leg stretch 2 and 3
•Double leg stretch 2 and 3
•Shoulder bridge (with resistance band)
•Hip twist 2 and 3
•Abdominal preparation
•Scissors (3 sets/5 repeats)
•Scissors with neck support (with band)

Side lying position •Clam 1
•Side kick 1
•Arm openings 1
•Side bend 1
•Lift lower

•Clam 2
•Side kick 2
•Arm openings 1
•Side bend 1
•Lift lower
•Side kick press (with resistance band)

Prone position •Swan dive 1
•Swimming 1
•One leg kick 1

•Swan dive (with resistance band)
•Swimming 1

Sitting position •Roll up (Resistance band was added)
•Diamond press with arm opening
•Roll up with biceps
•Roll up with rowing
•Spine twist
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Statistical Analysis
Data obtained in the study were analyzed statistically using
IBM, SPSS v. 22 software. The Shapiro–Wilk test was used to
assess the conformity of data to normal distribution. Fisher’s
exact test was used to analyze the gender distribution in the
groups and the Pearson chi-square testwas used to analyze the
curve type distribution. In the group comparisons of angle of

rotation, kyphosis, and lordosis angle, and anterior shift values
obtained at baseline and in the 8th week, the independent
sample t-test were applied to variables with normal distribu-
tion, and the Mann–Whitney U test to variables not showing
normal distribution. The Mann–Whitney U test was also
applied to compare the differences between the groups in
respect of the changes obtained after the treatment. The
correlation between pain and other parameters was analyzed
with Spearman’s correlation analysis. A value of p<0.05 was
considered tobestatistically significant for the two-tailed tests.

Results

The study included 34 patients with idiopathic scoliosis
(►Fig. 1), with 16 in the clinical Pilates exercise group and
18 in the control group. No patient wore a brace or received
any other treatment.

The groups had similar demographic and clinical charac-
teristics at baseline (►Table 2). There was a significant
difference between the two groups in the comparison of
mean pain scores at 8 weeks (►Table 2). The change in the
pain score from baseline to 8 weeks was determined to be
statistically significantly greater in the Pilates exercise group
compared with the control group (p<0.001) (►Table 2).

A statistically significant difference was determined be-
tween the groups in respect of the amount of change in the

Fig. 1 Flow diagram of patients.

Table 2 Measurement results at baseline and 8th week

Parameter Time Clinical Pilates group (n¼16)
Mean� SD median
(min–max)

Control group
(n¼ 18)
Mean� SD median
(min–max)

p-Value

Age (y) Baseline 17.6� 2.5
(15–24)

20�4.2
(15–29)

0.075a

Gender n (%) Female Baseline 15 (93.8%) 14 (77.8%) 0.189b

Male 1 (6.2%) 4 (22.2%)

Curve type n (%) Thoracal Baseline 5 (31.2%) 4 (22.2%) 0.607c

Thoracolumbar 8 (50%) 8 (44.4%)

Lumbar 3 (18%) 6 (33.3%)

Cobb angle (degrees) Baseline 23.1� 8.5
20 (10–40)

19.4� 10
15 (10–35)

0.164a

Angle of trunk rotation (degrees) Baseline 8.2� 3.6
(2–15)

6.6� 2.7
6.5 (3–11)

0.147d

8th week 9� 3.3
(2–15)

6.8� 3.3
7 (2–15)

0.075d

Sagittal plane assessment Thoracic kyphosis
angle (degrees)

Baseline 19.8� 6.1
(10–29)

21.5� 5.3
(14–35)

0.408d

8th week 24� 6.8
(11–35)

22.2� 5.3
(10–35)

0.849d

Lumber lordosis an-
gle (degrees)

Baseline 37.8� 12.1
(19–63)

35.7� 11
(17–63)

0.602d

8th week 34.8� 11.2
(13–52)

35.5� 10
(25–60)

0.866d

Posture assessment Anterior shift Baseline 17.4� 7.8
17.8 (1.9–28.6)

13.5� 7.1
13.9 (3.5–28.5)

0.147a
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side shift and side tilt measurements in the posture evalua-
tion after the treatment program, with greater improvement
seen in the Pilates exercise group (p<0.005, ►Table 3) The
Pilates exercise and control group were similar in terms of
the differences obtained in the other clinical measurements.

A total of 93.8% of the patients in the exercise group and
94.4% of the patients in the control group reported back and
low back pain, respectively. No correlation was found be-
tween the severityof pain and Cobb angle, ATR, kyphosis, and
lordosis angles.

Discussion

The results of this study showed that clinical Pilates exercises
applied as group exercise for 8 weeks reduced pain in
patientswith adolescent idiopathic scoliosis and contributed
to improving posture.

The foundation principles of Pilates include breath, con-
centration, center, control, precision, and flow. Static and

dynamic body alignments are important and should improve
in Pilates. Many Pilates exercises are designed to strengthen
the powerhouse, or core, can be described as the area from
the bottom of the rib cage to a line across the hip joints in the
front and to the buttocks in the back. The most vital muscle
groups are the abdominals, spinal extensors, iliopsoas, and
quadratus lumborum.25

In studies where more than one treatment program has
been applied to patients, it is difficult to determine which
treatment program resulted in the changes obtained. The
advantage of the current study is that the control group
received no treatment and the intervention group only
received Pilates exercises. To the best of our knowledge,
there is only one randomized controlled study in the
literature that has investigated the effectiveness of clinical
Pilates exercises, which are frequently recommended for
scoliosis patients in clinical practice. However, in that
research, the mean Cobb angle of the exercise group was
7.6 degrees and the mean Cobb angle of the control group

Table 2 (Continued)

Parameter Time Clinical Pilates group (n¼16)
Mean� SD median
(min–max)

Control group
(n¼ 18)
Mean� SD median
(min–max)

p-Value

8th week 15.4� 6.1
14.9 (6.6–28)

18.6� 8.5
16.2 (3.5–33.9)

0.229a

Anterior tilt Baseline 6.1� 4.3
6.5 (0–18)

5.6� 3.3
5.5 (0–14)

0.164a

8th week 5.1� 2.7
5.1 (0–9.6)

6.2� 2.7
6.1 (0–10)

0.251a

Side shift Baseline 56.1� 16.5
53.1 (38–106)

62.1� 19.4
62.5 (25.4–89)

0.135a

8th week 53.6� 16.1
49 (35.4–95.1)

64�19.5
68 (27.2–89)

0.059a

Side tilt Baseline 23.2� 6.4
23.5 (15.2–39)

25.8� 11.4
24 (11.6–51.3)

0.798a

8th week 21.4� 6.9
20.5 (13.5–37.4)

25.8� 11
23.2 (11.9–50)

0.281a

Pain score Baseline 4.6� 2.3
4.5 (0–8)

4.1� 2.4
4 (0–9)

0.463a

8th week 1.6� 1.5
1 (0–5)

3.8� 2.3
4 (0–8)

0.004a

SRS-23 total score Baseline 3.8� 0.3
3.8 (3.1–4.4)

3.8� 0.4
3.8 (2.8–4.8)

0.836a

8th week 4,1�0,4
4.2 (3.3–4.7)

3.9� 0,4
4 (2.9–4.9)

0.195a

SAQ Baseline 58.6� 24.7
64 (16–97)

73.2� 19.7
73 (34–97)

0.138a

8th week 56.5� 24.3
56 (8–94)

71.7� 18.2
74 (38–96)

0.055a

Abbreviations: SD, standard deviation; SAQ, spinal appearance questionnaire; SRS-23, Scoliosis Research Society-23.
a:Mann–Whitney U test.
b: Fisher’s exact test.
c: Chi-square test.
d: Independent sample t-test.
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was 7.1 degrees.13 Therefore, the present study may be
considered the first randomized controlled study on this
topic. To the best of our knowledge, it is the first study to
examine the effect of Pilates exercises on the sagittal plane.
The exercises were supervised by a single experienced
physiotherapist.

The limitations of the study were the lack of long-term
evaluation of the effectiveness of the Pilates exercise pro-
gram, and that the Cobb angle, which is still considered as the
gold standard for assessing the severity of scoliosis, was not
used as an outcome measurement. However, ATR is an
indicator of the deformity and has been previously shown
to be highly correlated with the Cobb angle.26,27 Therefore, if
there is no improvement in ATR, no change in the Cobb angle
can be expected. ATR or other assessment methods can be
used to reduce radiation exposure in patients at low risk of
progression, such as the current study population. In future
studies, the long-term effectiveness of clinical pilates exer-
cises in different age groups with scoliosis should be
investigated.

From a scan of English literature on the effectiveness of
Pilates exercises in scoliosis, only one randomized controlled
trial could be identified that included a Pilates and a control
group,13 two studies comparing Schroth and Pilates exer-
cises,14,15 one study that included a group of patients receiv-
ing Schroth and Pilates exercises at the same time,28 and two
case reports.2,29

In the two studies comparing Schroth and Pilates exer-
cises, themean age of the caseswas stated as 18 and 15 years
for both groups.14,15 In both studies, a 12-week exercise
program was applied and it was reported that Schroth
exercises were superior to Pilates exercises in reducing the
Cobb angle and improving psychological status.14,15 Patients
between the ages of 15 and 30 years were included in the
current study. Exercise therapies alone are not sufficient to
manage scoliosis in younger age groups with incomplete
bone maturation and high risk of progression.1,30 These

children should also receive brace treatment, for which there
is a high level of evidence.1

Rrecaj-Malaj et al reported that Schroth and Pilates exer-
cises applied together to cases with mild and moderate
idiopathic scoliosis were effective in reducing the Cobb angle
and ATR, improving flexibility, and QOL at the end of a 24-
week treatment program (2 weeks in the clinic, 10 weeks at
home, 2 weeks in the clinic, 10 weeks at home, respective-
ly).28 However, the mean age of the cases was 13.4 years and
some were wearing a brace. There was also reported to be a
significant improvement in cases (mean Cobb angle pre-
sented as 14 degrees in baseline assessment)who did not use
a brace. However, therewas no detailed analysis according to
the progression risk of the cases wearing and not wearing
braces.28

There is no evidence to demonstrate a direct correlation
between the severity of deformity and back pain.1 A study of
over 2,000 scoliosis patients with pain revealed no correla-
tion between pain intensity and curve magnitude.1 Muscle
weakness, imbalance in strength between muscles, stiffness
or a sedentary lifestyle may cause back pain.1 A meta-
analysis reported that Pilates exercises performed 2 to 3
times a week, for 5 to 12 weeks, improves abdominal
muscular endurance, when compared with no exercise.10

In the current study, Pilates exercises were applied to the
patients twice a week for a total of 8 weeks. The improve-
ment in pain and side shift and tilt posture scores in patients
after clinical Pilates exercises may be related to the improve-
ment in muscle strength, endurance, and flexibility. Howev-
er, these variables were not evaluated separately in this
study. Rrecaj-Malaj et al did not evaluate pain after the
Schroth and Pilates exercises, but a significant improvement
was reported in pain scores, which were included as sub-
groups in the quality of life scale.28 Kim and Hwang Bo
reported that there was no change in weight distribution in
the Pilates exercise group, but there was a significant change
in the Schroth exercise group.14

Table 3 Mean change values in two groups

Parameter Clinical Pilates group (n¼20)
Mean� SD

Control group
(n¼20)
Mean� SD

p-Valuea

Angle of trunk rotation �0.7� 3.4 0.2�2.9 0.484

Sagittal plane assessment Thoracic kyphosis angle 2.8�6.3 1.8�5.7 0.506

Lumber lordosis angle �3.0� 8.6 �0.2� 6.8 0.220

Posture assessment Anterior shift �1.9� 11.7 5.0�10 0.088

Anterior tilt �1.0� 4.5 0.6�4.1 0.347

Side shift �2.5� 4.8 1.9�5.9 0.012

Side tilt �1.8� 2.1- 0�1.5 0.005

Pain score �3.0� 1.8 �0.3� 1.7 < 0.001

SRS-23 total score 0.3�0.2 0.1�0.2 0.117

SAQ �2.1� 15.1 �1.5� 15.4 0.621

Abbreviations: SD, standard deviation; SAQ, spinal appearance questionnaire; SRS-23, Scoliosis Research Society-23.
aMann–Whitney U test.
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In the current study,when the sagittal plane changeswere
examined, it was determined that the kyphosis angle im-
proved to within the physiological limits after the exercise
program, but this change was not significant.

There was no change in quality of life and perception of
spinal deformity scores after the exercise program. In a
previous study, an improvement in the quality of life was
achieved after the Schroth and Pilates exercise program in
individuals using and not using a brace.1

Conclusion

The results of this study showed that Pilates exercises did not
have a significant effect on deformity, quality of life, and
perception of deformity in scoliosis, but significantly re-
duced back and low back pain and contributed to improve-
ments in the posture.

It should not be forgotten that Pilates exercises are
symmetrical and two-dimensional exercises, while scoliosis
is a three-dimensional deformity. These exercises do not
specifically focus on correcting the deformity. After detailed
evaluation of individuals with scoliosis by physiotherapists
who are experts in this field, an exercise program should be
performed according to the results of this evaluation. Scolio-
sis-specific exercises should be preferred primarily to reduce
the deformity, and if necessary, general exercisemethods can
be added to this program.
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