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A B S T R A C T

Objectives: To identify and evaluate the characteristics and methodological quality of the studies that have
proposed Pilates as a rehabilitation strategy for women with breast cancer and to determine its benefits on health
outcomes in this population.
Methods: A systematic review and meta-analysis were conducted. Medline/PubMed, Pedro, SPORTDiscuss,
Scopus and Web of Science were systematically searched up to January 2017. The methodological quality was
evaluated by means of the Jadad Scale and the Quality Assessment Tool for Before–After Studies with No Control
Group. Risk of bias was assessed by means of the Cochrane Collaboration’s tool.
Results: Five randomized controlled trials and two un-controlled studies were selected. Four of the randomized
controlled trials were pooled in the meta-analysis for effects of Pilates on shoulder range of motion, quality of
life, pain, and self-reported upper extremity function. According to the findings reported in the studies analysed
in the review, Pilates had a positive and significant effect on the aforementioned variables, as well as on
functional status, mood, fitness and upper extremity circumference. The meta-analysis carried out showed that
the effects that Pilates had on shoulder range of motion and quality of life, was not significantly greater than
those resulting from other exercise programs.
Conclusions: Pilates relieves the impact of breast cancer-related symptoms. These effects are not significantly
greater than those derived from the performance of other therapies, with the exception of pain and self-reported
upper extremity function.
Systematic review registration number: PROSPERO CRD42018076852.

1. Introduction

Breast cancer (BC), the most prevalent cancer in women, is now
considered as a form of chronic illness with longer survivorship years.1

However, improved survival rate of BC also comes with numerous side
effects from cancer and from its treatment. Indeed, it has been esti-
mated that more than 15 million of women live with disabilities caused
by this malignancy.2 Scientific evidence has suggested that high-risk
lifestyle behaviors exacerbate the health of BC survivors and increase
their mortality rate; therefore, the promotion of a healthy lifestyle
among this population is an important rehabilitation strategy.3 In this
regard, the performance of physical exercise has been proposed as an
important form of adjuvant treatment in BC care.4,5 Indeed, the results
of multiple meta-analysis and of systematic reviews have demonstrated
that in women with BC, exercise attenuates the treatment-related
morbidity and optimizes the quality of survival through improvements
in their physical and psychosocial state.6

Nevertheless, exercise adherence is still a challenge for this popu-
lation7 and further research into alternative exercise modes is re-
quired.8 With regard to the foregoing, it has been observed that catering
to exercise preferences, as well as having positive beliefs regarding the
effects of the exercise therapy proposed are essential to encourage
cancer survivors to engage in physical training programs.9,10 In this
context, the promotion of Pilates, a mind-body exercise approach that
can be considered a complementary and alternative medicine
therapy,11 emerges as an interesting strategy for people with BC for
several reasons. Firstly, because it is considered an attractive main-
stream form of exercise for women.12 Secondly, because its perfor-
mance combines light-moderate intensity physical exercise with
mindfulness, thus having the potential to improve both physical and
psychological sequelae of BC treatment.13 Finally, because in compar-
ison with conventional therapeutic exercise training, Pilates offers the
potential to reduce the biomechanical dysfunction that can occur as a
result of cancer therapy, through improvements in body and kinesthetic
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awareness.14 However, before Pilates could be established as a standard
BC care treatment, the existing scientific evidence supporting its safety
and efficacy should be critically reviewed, as has recently been the case
for other alternative exercise therapies.15,16

To the author’s knowledge, only one review article regarding the
effects of Pilates on women with BC has been published so far.17 This
work included only randomized controlled trials (RCT) on the bases
that they are considered as the gold standard for evaluation. However,
the inclusion of non-RCTs when performing systematic reviews of
therapeutic interventions should be considered for a number of reasons.
First of all, when the number of RCT’s found regarding the effects of
non-pharmacological therapies is small, it is difficult to draw firm
conclusions. Therefore, the inclusion of non-RCTs might be useful to get
a better overview of what is known so far and to inform about future
research.18 Secondly, when reviewing the feasibility of novel therapies,
non-RCTs can provide useful data to evaluate safety and to inform
about the existence of adverse effects or response rates.19 Finally, non-
RCTs can include important and detailed information regarding the
characteristics of the intervention that has been carried out (i.e.,
number and duration of sessions, Pilates modality performed, types of
exercise proposed or rejected, adverse effects). Thus, they can be useful
for health professionals, who are in need of basic guidelines that allow
them to prescribe exercise efficiently, which is the final purpose of this
persistent work. Under these circumstances, this study aims to sys-
tematically review the characteristics and methodological quality of the
studies that have proposed Pilates as a rehabilitation strategy for
women with BC, as well as to determine its benefits on health outcomes
in this population.

2. Methods

This systematic review was conducted following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.20 The selected search strategy and methods of analysis were
registered at the PROSPERO database (ref: CRD42018076852).

2.1. Search strategy

Five electronic databases (Medline/PubMed, Pedro, SPORTDiscuss,
Scopus and Web of Science) were searched from the inception of each
database to January 2017. The following search terms, Boolean op-
erators, and combinations were used: “Cancer” OR “Neoplasm” OR
“Lymphoedema” AND “Pilates” OR “Core stability” or “Motor control”.

2.2. Eligibility criteria

Studies that provided information regarding the effects of Pilates
interventions on women with early to later stage (Stage O–III) BC or
who had undergone BC surgery with or without adjuvant cancer
therapy, were considered eligible. Studies were excluded if a) the study
included cancers other than BC, unless separate data were available for
the BC subgroup; b) the study used qualitative methodology; c) the full-
text of the study was not available in English and d) the study was a
review, a case report, a letter to the editor or an abstract from a con-
gress.

2.3. Study selection

Two researchers screened the titles and abstracts of the identified
studies for eligibility and removed all the duplicated references.
Additionally, all of the full-texts of the studies that met the inclusion
criteria were manually screened for any additional possibly relevant
investigations. After independently reviewing the selected studies for
inclusion, these were compared by both researchers to reach an
agreement. Once the agreement had been reached, a full-text copy of
every potentially relevant study was obtained. If it was unclear whether

the study met the selection criteria, advice was sought from a third
researcher and a consensus of opinion made.

2.4. Data extraction

Information on participants’ characteristics, Pilates program, ad-
verse events, drop-outs and outcomes were extracted from the original
reports by one researcher and checked by a second researcher. Missing
data were obtained from the study authors, whenever possible.

2.5. Quality appraisal

The methodological quality of the selected studies was assessed by
one researcher. In case of doubt, advice was sought from a second re-
searcher. The selected studies were heterogeneous in terms of study
design. Therefore, two different quality appraisal tools were used. The
methodological quality of the randomized controlled trials (RCT) was
evaluated and summarized using the Jadad Scale21 which is based on
three criteria: description of randomization, blinding, and dropouts or
withdrawals (the score ranges from 0 to 5). Risk of bias for these studies
was assessed by means of the Cochrane Collaboration’s tool.22 For
rating the methodological quality of the uncontrolled studies, the
Quality Assessment Tool for Before–After Studies with No Control
Group23 was used. This tool assesses the risk of bias with 12 questions.
These comprise the risk for different types of bias, such as selection
bias, reporting bias or observer bias. Quality assessment criteria were
further assessed using the Oxford Centre for Evidence-Based Medicine
(CEBM) Levels of Evidence24 for all the included studies. The CEBM,
grades the methodological rigor of investigations from level 1 or grade
A (systematic review of RCTs, 1a; individual RCT with narrow con-
fidence interval, 1b) to level 5 or grade D (expert opinion).

2.6. Data analyses

A meta-analysis restricted to RCTs was intended to be carried out,
provided that the same outcomes had been assessed in at least two
studies in a comparable way, and pre and post data were presented for
the control and Pilates groups 25,26

For this purpose, the standardized mean differences (SMD) and their
95% CI were calculated to assess the change in the Pilates group
compared to the control group, for each selected variable. The SMD is
the mean divided by the standard deviation (SD), and its calculations
incorporated Pilates and control groups post-intervention sample sizes,
pre- and post-intervention means, and standard deviations for each of
the selected outcome measures.22. To obtain the pooled effects, a fixed-
effect model and a random-effects model according to DerSimonian &
Laird27 were performed, selecting therefore, the most adequate model
for each analysis according to the heterogeneity level (random-effects
model if I2> 30%). Forest plots displaying SMD and 95% CIs were used
to compare the effects between intervention and control groups. SMDs
were significant when their 95% CIs excluded zero, while pooled SMD
values of less than± 0.2, or ranging from±0.2 to± 0.8, or greater
than±0.8 indicated the existence of small, medium or large effects
respectively. All statistical analyses were performed using Stata 13.

3. Results

3.1. Designs and samples

Out of the 485 references initially obtained, a total of seven studies
(five randomized controlled trials28–32 and two un-controlled stu-
dies33,34) were finally selected (Fig. 1). Four RCTs were pooled in the
meta-analysis given that they included comparable pre and post in-
formation for both the control and Pilates groups regarding the effects
of Pilates on shoulder range of motion, quality of life (QOL), pain, and
upper extremity function (UEF).28,30–32
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3.2. Critical appraisal

The results of the quality assessment of the randomized controlled
trials using the Jadad scale are shown in Table 1. The highest score
recorded was 3 out of 5, and was reached by three studies.28,31,32 The
highest evidence level was found in the study by Gajbhiye & Desh-
pande30 (Table 1).

Table 2 shows the risk of bias assessed by the Cochrane tool. A high
performance and detection risk of bias were detected in all the studies,
since in none of them was it specified the existence of blinding, neither
of the assessors nor of the participants. As for the attrition bias, one
study presented a high risk due to an imbalance between the

withdrawals of both groups, with a much higher attrition rate in the
group described as the control group.28 In two studies, the risk was
rated as unclear, as the existence of withdrawals or missing data was
not reported.29,30 In the other studies, the attrition bias risk was con-
sidered low.

All the studies showed a low reporting bias risk, with the exception
of the study by Zengin Alpozgen et al.,31 in which the final values of one
of the analyzed outcome variables (grip strength) were not unveiled,
being showed only the p values. Selection bias risk was low for all the
analyzed studies.

The assessment of the methodological quality of the uncontrolled
studies is shown in Table 1.

Fig. 1. Flow diagram based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.

A. Pinto-Carral et al. Complementary Therapies in Medicine 41 (2018) 130–140

132



3.3. Interventions

All the interventions were specifically based on the performance of
Mat Pilates, with the exception of two studies, in which Pilates ma-
chines were used.29,33 Pilates sessions were carried out in a supervised
manner in specialized centers, except in the study by Stan et al.,34 in
which women were offered the possibility of performing Pilates ex-
ercises at home using a DVD. Pilates interventions lasted from 3 to 12
weeks. Training sessions ranged from 40 to 60min and were performed
three times a week, except for the study by Martin et al.,29 in which
daily sessions were carried out. All Pilates-based interventions were
focused on core muscle strengthening, spine flexibility and shoulder
girdle range of motion. Generally, the interventions started with a
learning phase in which the basic elements of Pilates (i.e. breathing,
core stabilization, exercise positions) were shown. The difficulty of the
Pilates exercises was gradually increased based on the participants’
condition as the programs progressed.

In a total of 4 studies, the performance of Pilates was compared
against other exercise interventions such as resistance training,29 mo-
bility exercises (kinesiotherapy)30 or a combined training program in-
cluding strength, mobility and flexibility exercises.31

In four studies, the participants in the Pilates exercise group were
asked to perform home exercises as part of the intervention. In the
study by Keays et al.33 they were given a Pilates exercise program to
perform at home once a week, while the participants in the study by
Gajbhiye & Deshpande30 were asked to perform Pilates exercises at
home, but the authors did not provide further information in this re-
gard. In the study by Sener et al.,32 the participants carried out a daily
home exercise program that included manual lymphatic drainage
training and shoulder flexibility workouts. Similarly, Eyigor et al.,28

gave the participants a lymph drainage booklet which included
breathing, flexibility and range of motion exercises, that had to be
performed on a daily bases. Further, all the participants in this study
were encouraged to walk 20–30minutes per day. No side effects were
reported in any study, except in the one of Stan et al.34 in which a
participant experienced a decrease in shoulder mobility after treatment.

3.4. Outcomes

Table 3 shows the main findings of the studies finally analyzed.

3.4.1. Shoulder range of motion (ROM)
Four studies31–34 assessed by means of goniometry the degrees of

flexion, abduction, external rotation and internal rotation of the
shoulder affected. Zengin Alpozgen et al.31 and Sener et al.32 found
significant improvements in all the movements analyzed after the Pi-
lates intervention. Stan et al.34 observed significant differences in ab-
duction and internal rotation ROM; whereas Keays et al.33 reported
significant improvements in flexion and external rotation ROM after
Pilates intervention. The pooled results of the interventions included in
the meta-analysis (n= 2)31,32 (Fig. 2), showed a medium but not sta-
tistically significant effect for abduction ROM (SMD=0.37,
95%CI−0.03–0.78), external rotation ROM (SMD=0.29,
95%CI−0.30–0.84) and flexion ROM (SMD=0.27,
95%CI−0.30–0.84). The heterogeneity was high (I2 > 30.0%) in
external rotation ROM and flexion ROM, and low in abduction ROM
(I2= 0.0%).

3.4.2. Quality of life
In the four studies that included QOL as a variable of their ana-

lysis,28,30,32,34 a positive and significant impact was observed as a result
of the practice of Pilates. The meta-analysis performed for this variable
(Fig. 3) showed that the included studies (n=3)28,30,32 had a high
statistical heterogeneity (P= 0.069; I2= 62.6%), indicating that the
random-effects model should be considered. The pooled SMD showed a
greater but not statistically significant effect in the participants in-
cluded in the Pilates groups 0.49 (95%CI -0.08–1.06).

3.4.3. Pain
The three studies whose sample consists of women with involve-

ment of the upper limb31–33 included pain as a variable of the study,
finding all of them statistically significant improvements resulting from
the practice of Pilates. Pooled analysis of the included studies

Table 1
Quality assessment of the randomized controlled trials and uncontrolled studies.

Randomized controlled studies: Jadad scale Randomization (0–2) Blinding
(0–2)

An account of all
patients
(0–1)

Total score
(0–5)

Oxford level of
evidence

Eyigor et al.28 2 0 1 3 2b
Martin et al.29 2 0 0 2 2b
Gajbhiye & Deshpande 30 2 0 0 2 1b
Zengin Alpozgen et al.31 2 0 1 3 2b
Şener et al.32 2 0 1 3 2b

Uncontrolled studies: Quality Assessment Tool for Pre-
Post Studies With No Control Group†

1 2 3 4 5 6 7 8 9 10 11 12 Total score Oxford level of
evidence

Keays et al.33 1 1 ‡ 1 0 1 1 0 1 0 1 § 7 4
Stan et al.34 1 1 ‡ 1 0 1 1 0 1 1 0 § 7 4

† National Heart, Lung and Blood Institute’s Quality Assessment Tool for Before-After (Pre-Post) Studies With No Control Group; ‡ cannot determine; § not reported.

Table 2
Risk of bias assessed by the Cochrane Risk of Bias Tool.

Randomized controlled
studies

Selection bias Performance bias (Blinding of
participants and personnel)

Detection bias (Blinding
of outcome assessment)

Attrition bias
(Incomplete outcome
data)

Reporting bias
(Selective reporting)

Random sequence
generation

Allocation
concealment

Eyigor et al.28 Low risk Low risk High risk High risk High risk Low risk
Martin et al.29 Low risk Low risk High risk High risk Unclear risk Low risk
Gajbhiye &

Deshpande30
Low risk Low risk High risk High risk Unclear risk Low risk

Zengin Alpozgen et al.31 Low risk Low risk High risk High risk Low risk High risk
Şener et al.32 Low risk Low risk High risk High risk Low risk Low risk
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(n= 2)31,32 showed that Pilates was statistically more effective than the
interventions proposed for the control groups in reducing pain among
women with BC, showing a medium effect (SMD=−0.48,
95%CI−0.88 to −0.07), with very low statistical heterogeneity
(P= 0.974; I2= 0.0%) (Fig. 4).

3.4.4. Upper extremity function
The effect of Pilates on the patients’ self-reported UEF was evaluated

in four studies using different tests (Wingate, Constant-Murley,
DASH).30–33 The pooled results of the interventions included in the
meta-analysis (n= 3) 30–32 showed that Pilates was statistically more
effective than the interventions proposed for the control groups in
improving the functional status of the affected UE among women with
BC, showing large effect (SMD=0.94, 95%CI 0.20–1.69) (Fig. 5), with
a high and significant heterogeneity (P=0.002; I2= 79.2%).

3.4.5. Mood
In three of the four studies that assessed the influence of Pilates on

mood, statistically significant changes were observed in this re-
spect.28,32–34 In two studies,28,32 the effects of Pilates on depression or
anxiety, were significantly higher than those resulting from the thera-
pies followed by other participants.

3.4.6. Physical fitness
Four studies analyzed the effects of the practice of Pilates on phy-

sical fitness. Eyigor et al.28 observed a significant effect on the cardi-
orespiratory fitness of the participants who practiced Pilates. This im-
provement was significantly greater compared to the effects of the
therapy proposed for the group described as the control group. Martin
et al.29 observed a significant improvement in muscular endurance, also
compared to the control group. The practice of Pilates resulted in sig-
nificant improvements in the hand-grip strength31,32 and shoulder
strength,31 but without significant differences between groups. Re-
garding flexibility, no significant changes of any kind were observed.

3.4.7. Upper extremity circumference
The two studies that compared the upper limb volume before and

after the treatments with Pilates,32,34 found significant intragroup im-
provements in this respect. In the case of Sener et al.32 the differences
with the control group were significant, except for the axillary level.

Other variables: The practice of Pilates did not result in significant
intra- or intergroup changes in terms of fatigue,28 body image and neck
flexibility.34

4. Discussion

In this research, the scientific evidence regarding the effectiveness
of Pilates as a physical rehabilitation strategy for women with BC was
examined and critically reviewed. In this regard, it is worth mentioning
that in the analyzed studies the intervention and the outcomes assess-
ments could not be blinded, and the sample size was generally small.
Consequently, none of the investigations reached a Jadad score greater
than three points, meaning that their methodological quality was not
high.35 In spite of this, from the analysis of the studies finally included
in this review, we can extract findings of some importance.

For instance, it has been observed that adherence to exercise in
women with BC is challenged by the self-perceived potential side ef-
fects, as well as by the positive beliefs related to the exercise modality
selected.10 In this regard, it should be noted that in most studies there
were no withdrawals nor side effects resulting from the practice of Pi-
lates. In addition, the levels of adherence to the proposed programs
were generally high (mean adherence of 92.3%). These results indicate
that Pilates is a feasible exercise modality that can be performed by
patients with BC.

A second noteworthy aspect of this review is that it provides a de-
tailed description of the interventions developed. In this context, it hasTa
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been pointed out that many health-professionals show a lack of
awareness regarding how to prescribe physical exercise regimens aimed
at addressing individual needs at various points across the phases of

cancer survivorship, as well as how to discuss exercise with people with
cancer and provide a referral.36 In relation to this, and judging by the
characteristics of the interventions proposed in the analyzed studies, it

Fig. 2. Forest plots for the meta-analysis of the effect of Pilates compared with Control group on the abduction, flexion and external rotation range of motion.

Fig. 3. Forest plot for the meta-analysis of the effect of Pilates compared with Control group on the quality of life. Abbreviations: Abd ROM, abduction range of
motion; Flx ROM, flexion range of motion; ExR ROM, external rotation range of motion.
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seems that women with BC could be advised to perform 45-minute
sessions of mat Pilates three times per week. The training program
should be supervised by a physiotherapist and could be combined with
the practice of other rehabilitation strategies (i.e. lymphatic drainage
exercises, walking). These recommendations can be of help for in-
troducing BC women to Pilates, although the heterogeneity of the re-
vised studies prevents further elaboration regarding the design of future
Pilates investigations focused on this population.

According to the findings reported in the studies analysed in the
review, Pilates had a positive and significant effect on several physical
(range of motion, fitness, functional status and lymphedema) and
emotional (quality of life, mood, pain) parameters for women with BC.
In this regard, it should be noted that the results of the meta-analysis
indicated that its effects on shoulder range of motion and quality of life,
was not significantly greater than those resulting from other exercise
programs. Similarly, it is important to highlight the fact that the prac-
tice of Pilates had no significant effects on perceived fatigue, one of the
main symptoms of this population and on which other modalities of
physical exercise have demonstrated to have a positive impact. One
possible explanation for this could be the short duration of the training
program, since it has been suggested that exercise interventions, per-
formed for more than 28 weeks, have a significantly greater effect on
cancer-related fatigue than low-volume exercise programs.37

In women with BC, functional limitation of the shoulder and upper
body pain have been regarded as two of the main symptoms that should

be addressed by physical rehabilitation, in order to restore their quality
of life (QOL).38 In this regard, the findings of the present review are
conflicting. For instance, the meta-analysis carried out on the changes
observed in shoulder ROM and QOL, showed an absence of significant
differences between the impact caused by Pilates and the one resulting
from the other proposed therapies. These results suggest that the pre-
scription of Pilates in women with BC may make sense for its feasibility,
but its benefits are not expected to be much greater than those resulting
from other exercise programs. However, the practice of Pilates was
found to have significant changes in the perceived pain in women with
involvement of the upper limb. This is a relevant observation, since
there is no firm conclusion regarding the efficacy of exercise therapy in
reducing pain related to BC treatment.39 Similarly, Pilates was more
effective than other therapies in improving self-reported UEF, which is
also an interesting finding, since it has been outlined the need for in-
formation regarding the appropriate timing and content of exercise
programs aimed at reducing upper-limb impairments after BC treat-
ment.40

4.1. Limitations

In spite of its originality, there are a number of limitations that
should be considered. Firstly, the number of studies found and their
quality was low, which indicates that further research is needed in
order to consolidate the scientific evidence regarding the efficacy of

Fig. 4. Forest plot for the meta-analysis of the effect of Pilates compared with Control group on the pain.

Fig. 5. Forest plot for the meta-analysis of the effect of Pilates compared with Control group on the upper extremity function.
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Pilates in this population. Secondly, the evidence of the effect that
Pilates has on the health status of women with BC was derived from a
review of heterogeneous interventions. Indeed, although supervised
Mat Pilates was the type of intervention most frequently carried out,
two studies included the use of Pilates machines. Therefore, the ex-
ercises proposed in the reviewed studies differed in the way in which
they were performed. Moreover, it should be noted that in several
studies, the participants also carried out lymphatic drainage exercises
and some of them practiced Pilates at home or added walking to their
training schedule. In these cases, it was difficult to isolate the impact
that Pilates had on the participants’ health. Thirdly, considering the
small number of studies included in the meta-analyses developed and
their high heterogeneity, the results of said studies should be construed
with caution, since these facts limit in some way the conclusions re-
garding the effectiveness of Pilates when compared with other thera-
pies. In any case, it should be noted that other review papers on novel
physical therapies in women with BC have considered it useful to
perform meta-analyses based on the results of two studies, provided
that the characteristics of the studies found allow said analyses.16 Fi-
nallly, it should be acknowledged that only articles in the English
language were included in this review, implying that an RCT about the
effects of Pilates on BC women published in an Arabic dialect had to be
excluded,41 a fact that limits the findings shown herein.

5. Conclusion

Pilates can be safely prescribed to women with BC. Its practice can
relieve the impact of cancer-related symptoms and improve their QOL.
In comparison with other exercise interventions, Pilates seems to be
especially effective for improving upper-limb pain and functionality.
However, its effects on shoulder range of motion and quality of life do
not appear to be greater than those resulting from other exercise pro-
grams.
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