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ABSTRACT

Objectives: In this study, we aimed to clarify the impact of a Pilates-based therapeutic exercise on disability, pain, mood, and sleep quality
in patients with pregnancy-related lumbopelvic pain (LPP),
Patients and methods: In the single-blinded randomized controlled study conducted between January 2018 and June 2018, 34 pregnant
women (mean age: 29.7±6.2 years; range, 18 to 40 years) in the second trimester (week 14-24) with LPP were randomly assigned to a
control group and a Pilates group. All patients underwent usual prenatal care. In addition, the selected Pilates exercise was carried out
twice a week for 60-min per session for 12 weeks in the Pilates group. The control group was not prescribed an exercise regimen; however,
they were not discouraged from exercising. The primary outcome was disability; secondary outcomes were LPP, mood, and sleep quality.
Disability [Roland-Morris Disability Questionnaire (RMDQ)], LPP [Visual Analog Scale (VAS)], mood [Hospital Anxiety and Depression
Scale, Anxiety (HADS-A) and Depression (HADS-D) subscales], and sleep quality [Pittsburgh Sleep Quality Index (PSQI)] were measured
before and after 12 weeks. Adverse effects and adherence were recorded to determine exercise safety and compliance. The intention-to-treat
analysis was applied.
Results: The between-group effect sizes were moderate for the RMDQ and VAS scales (d=0.4 and d=0.7, respectively) and small for the
HADS-A and HADS-D scales (both d=0.2). The intention-to-treat analysis demonstrated that there was a statistically significant difference
in disability, pain, and mood in favor of the Pilates group (p<0.05). There was no significant difference between the two groups in terms
of the PSQI (p>0.05).
Conclusion: Adding Pilates to usual prenatal care should be considered a promising treatment option for pregnancy-related LPP.
Keywords: Exercise, low back pain, lumbopelvic pain, pelvic pain, pilates, pregnancy.

Low back pain (LBP) is a common musculoskeletal
problem affecting approximately two-thirds of
pregnant women, with a frequency up to 76%, and it
is a major cause of disability during the second and
third trimesters of pregnancy.[1,2] Pain can become
highly severe, leading to difficulties in activities of
daily living, higher rates of functional disability,
increased sick leave, and poor maternal health in
conjunction with depression, anxiety, and sleep

disturbances.[3,4] Moreover, insufficient recovery may
result in postpartum depression, chronic back pain,
and long-term impairment.[5,6]
Lumbopelvic pain (LPP) may develop from the 12th
rib to the gluteal fold or around the pubic symphysis.
As there is no commonly accepted terminology, Wu et
al.[7] recommended using LPP due to its encompassing
definition for both LBP and pelvic girdle pain, which
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are related conditions. Despite its high prevalence, the
most effective treatment for this common disease is
still under debate. A variety of treatment modalities
have been proposed for overcoming disability and
pain in pregnancy, such as electrotherapy, taping,
patient education, exercise, manual therapy, and
medication.[8,9]
Currently, Pilates is commonly used in women’s
health, including for breast cancer rehabilitation,
postmenopausal osteoporosis, sexual dysfunctions,
and pelvic f loor rehabilitation.[10,11] It is based on
a core-strengthening exercise that activates the
muscles around the lumbar spine and pelvis;[12]
therefore, the most widely researched reason for
adopting this exercise method is LPP. Exercise
prescription is effective in reducing pain and
functional disability and in preventing and treating
musculoskeletal dysfunctions in pregnancy, but
evidence of the efficacy and safety of a Pilates
program as a treatment option for pregnancy-related
LPP is lacking.[13] Moreover, recent systematic reviews
reported that given the popularity of Pilates among
women, evidence must be strengthened by rigorous
methodologic approaches, such as intention-to-treat
analysis, exact exercise prescription (according to
the Consensus on Exercise Reporting Template),
and different types of Pilates intervention.[14-17] We
hypothesized that Pilates has positive biomechanical
effects, contributing to both muscle strength and
neuromotor control in pregnant women, particularly
in the lumbopelvic area. Thus, the primary purpose
of the present controlled trial was to determine the
effect of a Pilates-based therapeutic exercise on
disability in patients with pregnancy-related LPP.
Second, we evaluated pain, depression, anxiety,
and sleep quality to answer the hypothesis that
contextual benefits reduce disability.

PATIENTS AND METHODS
The single-blinded randomized controlled study
was conducted at the University of Health Sciences,
Kocaeli Derince Training and Research Hospital,
Department of Physical Medicine and Rehabilitation
between January 2018 and June 2018. Seventy-four
potentially eligible patients who were willing and
able to attend a 12-week exercise program were
contacted via advertisements posted in the outpatient
clinic. Initially, all participants provided a detailed
history and underwent a physical examination of
the cardiovascular, neurological, and musculoskeletal
system. To be eligible to participate, patients had to (i)

be aged between 18 and 40 years, (ii) be 14-24 weeks
pregnant, (iii) have a singleton pregnancy, (iv) have
LPP that began after pregnancy week 12, (v) have a
VAS score ≥2, (vi) not be in any exercise program
in the three months prior to the intervention, and
(vii) have no knowledge of Pilates exercise. Patients
were excluded if they (i) had any other condition that
causes LPP (e.g., disc herniation, prior lumbar surgery,
and ankylosing spondylitis), (ii) had an unstable
medical condition that interrupts the exercise program
(e.g., neurologic disorder, rheumatoid arthritis, and
severe vascular disease), (iii) had pregnancy-related
risks/previous pregnancy-related complications that
preclude exercise, and (iv) had a musculoskeletal
disorder requiring modification of the exercise
program (e.g., previous nerve injuries/operation on the
lower extremities). Consequently, 34 pregnant women
(mean age: 29.7±6.2 years; range, 18 to 40 years) were
found eligible and diagnosed with pregnancy-related
LPP. These patients were randomized into one of two
groups (control, Pilates; n=17 each; Figure 1).
All the clinical outcomes were assessed at
baseline and after the treatment program by an
assessor blinded to the group allocation of the
subjects. The primary outcome was disability, while
the secondary outcomes were the LPP intensity,
mood, and sleep quality. Disability was assessed
via the Roland-Morris Disability Questionnaire
(RMDQ), one of the most comprehensively validated
outcome measures for LBP.[18,19] It consists of 24
items representing “physical functions likely to be
affected by lower back pain.” Each item scores 0 or 1
(yes or no), and the score ranges from 0 to 24, with
higher scores ref lective of higher related disability.
The patients’ pain was measured with the Visual
Analog Scale (VAS). Participants were asked to
score their perception of pain on a 10-cm scale. The
scale ranged from 0 (no pain) to 10 (the most pain).
Mood was assessed via the Hospital Anxiety and
Depression Scale (HADS), a 14-item questionnaire
used to determine anxiety and depression levels.[20,21]
Each item of the anxiety subscale (HADS-A) and
the depression subscale (HADS-D) was scored with
values ranging from 0 to 3. The lowest possible
score for depression and anxiety was 0, indicating
no distress, and the highest possible score was 21,
indicating maximum distress. We anticipated that
the effects of exercise on mood would be observable
after the Pilates exercise program. Overall sleep
quality was measured using the Pittsburgh Sleep
Quality Index (PSQI).[22,23] The seven components
of the PSQI provide a measure of global sleep
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Assessed for eligibility

Excluded (n=64)
• Not meeting inclusion criteria (n=38)
• Refused to participate (n=26)

Randomized (n=34)

Allocation
Received Pilates program
(n=17)

Received usual prenatal care
(n=17)
Follow-up

Data collected
(Lost to further follow-up)
Discontinued study (n=1)

Data collected
(Lost to further follow-up)
Discontinued study (n=2)
Analysis

Intention to treat analysis
(n=17)

Intention to treat analysis
(n=17)

Figure 1. The flow of participants through the trial.

quality, including sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of
sleeping medication, and daytime dysfunction, with
a possible range of 0 to 21 points. A higher global
PSQI score indicates worse sleep quality. A score of
5 or higher provided a sensitive and specific measure
of poor sleep quality.[22]
Intervention
All subjects received usual prenatal care and
education about preventing LBP, the benefits of
regular exercise, and using hot compresses when
LBP exacerbates. The Pilates group also received a
supervised exercise program. According to current
guidelines, we did not ask the controls not to
exercise, although they were not given any exercise
prescription. The Pilates exercise program was
carried out twice a week for 60-min per session
for 12 weeks by an experienced Pilates instructor.
The exercise program was performed based on
traditional Pilates principles, including centering,
control, precision, concentration, breath, and f low.[24]
To ensure pregnancy safety, the Pilates program
was achieved at a low-moderate intensity following
the current American Congress of Obstetricians
and Gynecologists exercise prescription.[25] They

trained in two groups using a Pilates ball as exercise
equipment. Participants were instructed to practice
synchronized breathing with each movement. The
movements that required 0-degree extension of the
knee (e.g., saw, corkscrew, and single leg stretch)
were modified and performed with the knee slightly
f lexed (Figure 2). It was ensured that the patients
avoided being in the supine position for a long time
and were well hydrated. At the end of each exercise
session, stretching exercises were performed.
Progression was achieved by adding complex Pilates
exercises, and the challenge over time to decrease
rest intervals. The Pilates instructor also corrected
the body alignment of each patient based on Pilates
principles.
Adherence and adverse effects
Adherence (percentage of prescribed sessions
accomplished) was recorded to monitor exercise
compliance. Adverse effects associated with the
exercise program were also recorded to determine
exercise safety. The patients who performed at least
80% of the prescribed sessions were identified as
having completed the Pilates program. Adherence
data were essential to count missed exercise periods
to get a precise estimate of exercise sessions for
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Figure 2. 1. Hundred; 2. Seated pelvic tilt; 3. Spine stretch forward; 4. One leg circle; 5. Cat-cow; 6. Mermaid stretch; 7. Saw; 8.
Shoulder bridge; 9. Corkscrew; 10. Single leg stretch; 11. Side kick series-circle; 12. Side kick series-front; 13. Side kick series-back;
14. Side kick series-lift; 15. Side kick series-inner thigh; 16. Rolling like a ball.

generalizing the findings about exercise effects; thus,
it is a powerful modulator of health care system
effectiveness.[26] Adverse events were defined as an
increase in pain within one day after an exercise
session. If the accident of aggravation occurred,
interruption of or withdrawal from the Pilates exercise
was decided based on the type of injury.

Statistical analysis
The sample size was calculated using the G*Power
version 3.1.9.7 software (Heinrich- Heine-Universität
Düsseldorf, Düsseldorf, Germany). The effect size was
considered as 0.89 for between-group comparisons
with respect to the postintervention disability levels

Pilates for pregnancy-related low back pain

v

evaluated by RMDQ.[9] Calculation of the sample
size indicated that 34 patients were required
(1:1 randomization, 17 per group) to allow 80% power
to detect significance at the 5% level. Subjects were
randomly allocated to either control or exercise group
using the random number generation function in
a commercially available software (Microsoft Excel;
Microsoft Corp., Redmond, WA, USA).
Data were analyzed using IBM SPSS version 21.0
(IBM Corp., Armonk, NY, USA). In the presentation
of the data, the mean ± standard (SD) deviation
or median and interquartile range were used for
quantitative variables. In the analysis of quantitative
variables, normality and homogeneity tests were
performed. The Kolmogorov-Smirnov test was
used for normality, and Levene’s test was used
for homogeneity. In between-group comparisons,
the t-test was used for measurements that fit a
normal distribution. The Mann-Whitney U test
was used to measure the differences between the
groups for the qualitative variables. For normally
distributed variables, the paired t-test was used,
while the Wilcoxon test was used for nonnormally
distributed variables to measure repeated variables
within groups. The Pearson chi-square test was used
for qualitative variables. For two-by-two structures,
Fisher exact test was used. The intention-to-treat
analysis was applied, and the data of every randomized
subject were analyzed during each follow-up period,

regardless of whether they were lost to follow-up
or withdrew from the study. The missing follow-up
measurements were imputed with baseline values. A
p-value <0.05 was considered statistically significant.

RESULTS
The mean ages of the patients were 28.8±5.5 and
30.7±7.0 years in the control group and Pilates group,
respectively. Their baseline demographic data and
clinical characteristics are shown in Table 1. There was
no significant difference between the two groups in
terms of demographic data, including age, body mass
index, and parity. The participants in the two groups
also had similar baseline characteristics.
One patient had a minor muscle injury that healed
spontaneously without any treatment in the Pilates
group during the intervention period. The level
of adherence to the exercise program was 88%, as
collected via participants’ daily exercise diaries. Two
patients in the control group and one patient in the
Pilates group were lost during the study (Figure 1).
A within-group analysis revealed that the RMDQ
score was significantly reduced after intervention
[mean difference (MD) 5.9 points; 95% confidence
interval (CI): 4.1 to 7.6] in the Pilates group.
Concerning the secondary outcome variables, there
was also a significant effect of Pilates on the VAS

TABLE 1
Baseline demographic and clinical characteristics
Control group
n

%

Pilates group

Mean±SD

Min-Max

Age (year)

28.8±5.6

20-40

n

%

Mean±SD

Min-Max

30.8±7.0

18-40

0.378

Height (cm)

162.0±4.5

155-170

159.8±5.6

151-171

0.210

Weight (kg)

69.2±13.1

56-100

64.5±13.1

48-90

0.303

Body mass index (kg/m2)

26.4±5.0

21.83-40.79

25.3±4.9

16.42-33.87

0.520

Gestastion (weeks)

17.2±1.8

14-23

19.1±3.5

14-23

0.062

Parity
0
1
≥2

4
5
8

23.5
29.4
47.1

9
4
4

52.9
23.5
23.5

Region
a
b
c

13
3
1

76.5
17.6
5.9

12
3
2

70.6
17.6
11.8

Pre-exercise
Yes
No

2
15

11.8
88.2

3
14

17.6
82.4

SD: Standard deviation; a: Low back pain; b: Pelvic girdle pain; c: Both.

0.186

0.830

0.500
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TABLE 2
Comparison of variables at baseline and at 12 weeks
Control group
Mean±SD

Pilates group
Median

Q1-Q3

95% CI

pa,b

2.0-6.0c

5.0

3.0-5.0

2.0-8.0c

0.394b

0.035

4.0-8.0

2.0

1.0-2.0

0.0-4.0

b

<0.001

0.724

Median

Q1-Q3

95% CI

Preintervention

4.0

3.0-5.0

Postintervention

5.0

5.0-7.0

Mean±SD

d

Visual Analog Scale
c

c

RMDQ
Preintervention

10.4±5.6

7.48-13.22

8.6±4.9

6.14-11.16

0.350

0.027

Postintervention

10.9±5.8

7.94-13.95

2.7±3.0

1.18-4.24

<0.001

0.456

Preintervention

7.1±2.8

5.61-8.51

7.6±2.6

6.23-8.95

0.576

0.010

Postintervention

6.9±2.4

5.70-8.18

6.6±2.4

5.37-7.81

0.670

0.006

Preintervention

5.9±2.2

5.88-10.00

5.5±2.5

5.78-9.05

0.660

0.006

Postintervention

5.3±2.2

5.68-9.61

2.9±2.3

2.29 –5.36

<0.001

0.248

PSQI

HADS-D

HADS-A
Preintervention

7.9±4.0

4.76-7.00

7.4±3.2

4.27-6.79

0.673

0.006

Postintervention

7.6±3.8

4.16-6.43

3.8±3.0

1.77-4.11

<0.001

0.227

SD: Standard deviation; RMDQ: Roland-Morris Disability Questionnaire; PSQI: Pittsburgh Sleep Quality Index; HADS-D: Hospital Anxiety and Depression Scale-Depression;
HADS-A: Hospital Anxiety and Depression Scale-Anxiety; d: Effect size (Cohen’s d); d<0.2 small, d=0.5 medium, d>0.8 large; a: T-test is used for analyzing the difference of means
between groups; b: Mann-Whitney U Test was applied; c: Represents min-max.

Figure 3. Changes in mean values for outcome measures over time for both groups.
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(MD 3.0 points; 95% CI: 1.9 to 3.9), HADS-A (MD
3.6 points; 95% CI: 2.2 to 4.9), and HADS-D (MD
2.6 points; 95% CI: 1.5 to 3.6). In the control group,
statistically significant differences were not found in
all these outcomes (p>0.05).
The between-group effect sizes were moderate
for the RMDQ and VAS scales (d=0.4 and d=0.7,
respectively), small for the HADS-A and HADS-D
scales (both d=0.2) after 12 weeks of treatment sessions
(Table 2). There were statistically significant differences
in terms of RMDQ, VAS, HADS-A, and HADS-D
(p<0.05) in the between-group analysis. There was no
significant difference between the two groups in terms
of PSQI (p>0.05, Figure 3).

DISCUSSION
This is the first prospective randomized trial
examining the effect of a 12-week Pilates exercise
on disability in pregnancy-related LPP. Our results
demonstrated that a Pilates-based therapeutic exercise
program improves symptom severity in patients with
pregnancy-related LPP.
To date, there are inconsistent results regarding
the etiology of LPP during pregnancy. It has been
accepted according to biomechanical theory that the
expanding uterus and weight gain lead the body’s
center of gravity to move, increasing pressure on
the lower back.[27] Another theory of pregnancyrelated LPP is that the inf luence of pregnancy
hormones, such as relaxin, on supporting ligaments
causes increased laxity, impaired pelvis stability,
and inefficient neuromotor control.[28] Similarly, in
individuals with LBP, the local musculature exhibits
disturbed motor control patterns and decreased
activation of the deep abdominals in functional and
loaded postures.[29,30] Recent research reported that
in contrast to static conditions, lateral trunk lean is
the primary factor women use in pregnancy to keep
the center of gravity closer to the base of support,
and more attention should be given to the design
of exercise programs targeting core strength and
pelvic stability.[31] It has been shown that Pilates as
a motor control exercise improves spinal stability by
activating the core stabilizing muscles.[32] According
to a meta-analysis of 16 randomized controlled trials,
when compared with general exercise, motor control
exercise was superior in treating disability in patients
with chronic LPP.[33] It is also believed that Pilates
exercises have a greater effect, improving self-efficacy
and mood due to its principles, including centering,
breath, and concentration (greater awareness). We
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are of the opinion that one of these mechanisms may
have a beneficial influence on pregnancy-related LPP,
resulting in overcoming the decreased activation
of muscles, inefficient neuromotor control, and
disordered mood. We did not observe any significant
changes in sleep quality, which may be attributed
to the fact that sleep might be worsened with the
progression of the gestation week, regardless of the
exercise program.
Our results are consistent with a previous study
based on Pilates exercises for the treatment of
pregnancy-related LPP. Oktaviani,[34] evaluated
pain in pregnant women in the third trimester
(gestational age >28 weeks) after Pilates exercise.
They used a once-weekly Pilates exercise program
for eight weeks without detailing the program, and
a significant improvement in VAS was observed.
Fontana Carvalho et al.[35] compared the effects of
lumbar stabilization and stretching exercises for the
treatment of gestational LPP. After the interventions,
20 women in total completed the study, and there
was a significant reduction in pain and balance for
both interventions, but no change in the disability
score. Two possible interpretations of the contrast
in disability from our results might be the exercise
type and exercise duration. They used six weeks of
stretching and lumbar stabilization exercises, such
as phasic perineum, tonic perineum, tonic mobility,
and pelvic swing. We believe both modalities
consist of mobility and balance exercises that are
relatively less challenging; therefore, they may be
less sufficient than strengthening-type exercises.
Further, it has been shown that women who reported
higher depression/anxiety symptoms appeared to
experience higher levels of functional disability in
relation to their LPP.[36] In our setting (12 weeks of
a strengthening-based Pilates exercise program),
we achieved a significant improvement in mood,
which might play a role in encouraging women and
decreasing comorbidity. Consequently, compared
with other exercises, Pilates as a motor control
exercise may therefore be proposed as important in
the rehabilitation of pregnancy.
Recommendations for exercise prescription
during pregnancy suggest exercise on most or all
days of the week at a moderate intensity for 20-30 min
per day.[25] After the second trimester, the prescribed
exercise program may be interrupted due to the high
prevalence of pregnancy-related LPP. Participation
in a regular fitness program may not alter the
proportion of women reporting pelvic girdle pain
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or LPP during pregnancy.[37] Adding Pilates to usual
prenatal care should be considered in the treatment of
pregnant women who tend to decrease their physical
activity level due to pain as it is well tolerated by
pregnant women suffering from LPP.
The present study has some limitations. At the
beginning of the study, the sample included pregnant
women who were not in the third trimester. Since the
exercise program was planned for 12 weeks, pregnant
women whose pain started in the second trimester
were included. After 12 weeks, in the third trimester,
though it was anticipated that their disability and
pain would possibly worsen compared to the second
trimester, they had less disability and pain, leading
to better mood. Thus, it is also demonstrated that the
beneficial effects of Pilates-based therapeutic exercise
may last into the third trimester of pregnancy as
well if the exercise program is started without delay.
Another limitation of the study is that the patients
with obstetric or medical comorbidities were not
assigned to an exercise program. Future studies should
investigate which subgroups of those patients respond
to Pilates-based exercise without any adverse effects.
In conclusion, despite a fraction of randomized
controlled studies in the LBP rehabilitation area,
we carefully chose patients with pregnancy-related
LPP and rigorously described the method to allow
replication in clinical practice. Ultimately, Pilatesbased therapeutic exercise is a promising treatment
option for pregnancy-related LPP.
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