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Abstract: Low back pain is prevalent in the community and associated with deficits in core muscle
strength and activation. Pilates is argued to improve movement and reduce pain, yet there is a
limited understanding of the specific effects of Pilates training on core muscle strength or activity. A
systematic search of databases (CINAHL, Embase, Ovid MEDLINE) used Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) methods to evaluate randomised controlled
trials (RCTs) on the effects of Pilates to improve core muscle activation. Methodological quality was
assessed using the Physiotherapy Evidence Database scale (PEDro). The certainty of findings was
determined using the Grading of Recommendations Assessment, Development and Evaluation tool.
Of the initial yield of 563 articles, eight RCTs met the inclusion criteria. A diverse range of Pilates
interventions and outcome measures were utilised to assess effects on core muscle activation and
strength. The main finding was that Pilates is not inferior to equivalently dosed exercises, and can be
superior to non-equivalent or no exercise, for improving core muscle strength as indicated by muscle
thickness. There was emerging evidence that Pilates positively impacts core muscle strength and can
be an effective intervention for people living with chronic low back pain.

Keywords: low back pain; Pilates; exercise; core muscle activation; core muscle strength; pain;
disability

1. Introduction

Pilates is gaining popularity worldwide as a therapeutic intervention to improve
movement and to reduce pain [1-3]. Pilates has evolved from a training method within
the dance community [4-6] to a therapeutic intervention for the management of low
back pain [7,8] and other conditions in the general community [9,10]. Around 80% of
people experience low back pain at least once during their lifetime [11,12], with prevalence
increasing with age [13,14] and occurring more frequently in women [13,15,16]. People
with low back pain are known to demonstrate inhibition and altered recruitment of local
core muscles that ordinarily contract prior to trunk muscles, such as erector spinae and
rectus abdominis, to maintain proximal trunk stability [17-20]. Local core muscles include
transversus abdominis, lumbar multifidus and internal obliques, and form a muscle system
with the pelvic floor and diaphragm to stabilise the trunk prior to limb movement [17,21].

Pilates is arguably an effective intervention to reduce low back pain [7,22,23]. There is
emerging evidence in some people that Pilates training is associated with changes in muscle
strength, muscle recruitment or muscle activation [24-27]. There are also promising results
from several recent systematic reviews on Pilates for low back pain, with low- to moderate-
quality evidence supporting short-term improvements in pain [7,28,29], kinesiophobia [30],
and disability [28,29]. Nevertheless, there remains a limited understanding of mechanisms
of effect or quantifiable effects of Pilates in transforming core muscle strength in people
with chronic low back pain. It is important to understand whether Pilates can elicit these
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specific changes to establish its efficacy as a rehabilitation intervention for people with this
persistent, debilitating condition.

As a popular exercise modality, it is imperative to understand the best available
evidence on the validity of Pilates for low back pain, to guide decision making for clinicians
who treat people with this debilitating condition. The main aim of this systematic review
was to synthesize and evaluate research conducted as randomised controlled trials (RCTs)
to answer the question: Is Pilates exercise effective for improving core muscle strength/core
muscle activation in people living with chronic low back pain? A secondary aim was to
examine the effects of Pilates on pain, disability, and quality of life in people with chronic
low back pain.

2. Materials and Methods

The methodology of this systematic review is grounded by the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRISMA) framework [31] and
AMSTAR-2 recommendations [32]. The review was prospectively registered with PROS-
PERO (CRD42022363368). The PICO format was utilised to develop the search strategy with
terms and limits relating to the population of interest and intervention. MeSH headings
informed keywords for low back pain, muscles, and Pilates or exercise movement interven-
tions. A university librarian worked with the research team to create and implement the
search strategy which included CINAHL, EMBASE, and Ovid MEDLINE from inception
until 19 December 2022, with the Ovid MEDLINE example provided in Supplementary
Table S1. Grey literature was searched through Google Scholar, and hand searching of
reference lists of included articles and relevant systematic reviews was undertaken.

The Covidence online platform [33] was accessed to import identified articles and
remove duplicates. Titles and abstracts were independently screened by two reviewers,
with full texts retrieved to determine eligibility. Whilst all forms of primary and secondary
literature were searched, only RCTs were included to reduce potential confounding by
selection bias from non-randomised research [34]. Methodological quality was evaluated
using the PEDro scale [35], with scores calculated by two authors trained in scale applica-
tion. The PEDro scale contains 11 items that assess eligibility criteria, random allocation,
concealed allocation, similarity at baseline, blinding of participants, therapists, and as-
sessors, greater than 85% retention, intention-to-treat analysis, between-group statistical
comparisons and point measures, and measures of variability. Each item can potentially
contribute one point to the overall score out of 10. The PEDro has been shown to be a valid
measure of methodological quality of clinical trials [36]. All trials were included in the
review irrespective of quality score due to the limited amount of research addressing this
topic. The scoring for each included trial was tabulated for ease of comparison [37].

Studies were included if participants were adults aged 18 years and over who had
low back pain of more than three months’ duration, with no exclusion criteria related to
underlying aetiology. Interventions were limited to those with a defined exercise protocol
based on the Pilates method, with or without apparatus use. Comparator groups could
be any intervention or no intervention. The primary outcomes of interest were prioritised
as core muscle thickness as measured by real-time ultrasound imaging or core muscle
activation as measured by surface electromyography, pressure biofeedback units, or func-
tional movement tests. Real-time ultrasound performed by trained personnel currently
produces the most reliable measure of core muscle thickness at rest and during activity [38].
Methods to measure core muscle activation have sensitivity and accuracy issues associated
with isolated use of surface electromyography [39], or pressure biofeedback [40]. Whilst
functional movement tests are able to distinguish between those with and without low
back pain, there is limited specificity with regards to local core muscle and global trunk
muscle contributions [41]. Core muscles were defined to be transversus abdominis, lumbar
multifidus, and internal oblique muscles, and distinguished from global trunk muscles [17].
Secondary outcomes of interest were pain, disability, and quality of life measures. Attempts
were made to contact the original authors for clarification if published information was



Healthcare 2023, 11, 1404

30f17

insufficient to establish eligibility. Two reviewers independently extracted information
about sample and intervention characteristics, outcome results at all collected time points,
and participant-reported pain, disability, and quality of life. A third reviewer was used if
conflicts could not be resolved. Information was cross-checked to confirm accuracy.

To address the primary aim, data were sought on changes in core muscle thickness
(i.e., cross-sectional area at rest and during activity) [42] or changes in core muscle activation
(i.e., time to muscle activation onset, duration of muscle contraction, change in activation
pressures) [43,44]. Secondary outcome data were sought from reliable and validated
patient-reported outcome measurements (PROMS) in low back pain populations across
pain, disability, or quality of life (i.e., Oswestry disability index [45,46], visual analogue
scale [47], Short Form-36 [48]).

Data pertaining to baseline and post-intervention assessments, within-group changes,
and between-group differences in core muscles and PROMS were tabulated then sum-
marised narratively. To interpret variables likely to contribute to heterogeneity, the data
were categorised by comparator type (equivalent exercise intervention, non-equivalent
exercise intervention, or non-exercise intervention). We defined an equivalent exercise
intervention to be bodyweight-resisted strength-focused exercise [49], performed with
similar clinical supervision and dosage. Given the broad inclusion criteria, this approach
was necessary as we captured diverse study designs; varied type, intensity, duration, and
supervision of interventions; low back pain of varying aetiology; and different assessment
time points. Where experiment design contained more than two groups, we followed
synthesis recommendations [50] and pooled equivalent exercise groups (e.g., mat Pilates
and apparatus Pilates) or disregarded outcome measures from groups not relevant to our
review question such as those where exercises were replicated within intervention groups,
or the third group was a non-exercise comparison.

In addition to insufficient data for statistical pooling, heterogeneity of populations,
research design, interventions, and outcomes meant that a meta-analysis was not feasible. A
summary of findings was created using GRADE [51], with an evidence table created using
GRADEpro [52]. This approach allows for assessment of the overall quality of a body of
evidence, which is downgraded or upgraded depending on preset criteria and results in a
rating of very low-, low-, moderate-, or high-quality evidence. This method of summarising
findings was used where an outcome measurement was utilised by more than one trial. As
we only included RCTs, evidence quality started with a high rating. It was then downgraded
if most of the trials scored < 6 on the PEDro scale, indicating less than high methodological
quality; where there was risk of imprecision due to small sample sizes (<400); where there
was potential for indirectness when studies did not compare equivalent interventions; or risk
of inconsistency due to heterogeneity across populationsor interventions.

3. Results
3.1. Search Results

Following removal of duplicates, 563 articles were identified. Of these, 514 were
excluded after title and abstract examination. The full-text review excluded a further
41 articles. Two trials [53,54] initially appeared to meet the inclusion criteria; however,
closer examination by a third reviewer identified that group allocation was not random
and they were subsequently excluded. From this yield of studies, it was not necessary to
contact the authors for further detail. Full-text exclusion criteria rationale is provided in
Supplementary Table S2, and the literature selection process is outlined in Figure 1.

3.2. Methodological Quality

The overall quality of trials was “fair”, with a mean PEDro score of 5.9 out of 10 [55].
The trials ranged from three [56] to eight [57]. All reported eligibility criteria, between-
group differences, and point estimates, with six trials reporting less than a 15% dropout
rate [57-62], and five reporting use of blinded assessors [57,59,60,62,63]. See Table 1 for
critical appraisal scoring.
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\4

Reports excluded
(n=0)




Healthcare 2023, 11, 1404 50f17

Table 1. Critical appraisal scores using the PEDro scale [64].

. Point
Eligibility Random Concealed F;r(.)ups Participant  Therapist Assessor <15% Intention- Between- Estimate
Study o . . Similar at - N ST to-Treat Group Total
Specified Allocation  Allocation . Blinding Blinding Blinding Dropouts h ] and
Baseline Analysis Difference c
Variability
Ashtiani [58] Y 1 0 1 0 0 0 1 0 1 1 5
Batibay [59] Y 1 0 1 0 0 1 1 0 1 1 6
Bhadauria [56] Y 1 0 0 0 0 0 0 0 1 1 3
Brooks [57] Y 1 0 1 1 0 1 1 1 1 1 8
Cruz-Diaz [60] Y 1 1 1 0 0 1 1 0 1 1 7
Mendes Tozim [61] Y 1 0 1 0 0 0 1 0 1 1 5
Nabavi [62] Y 1 1 0 0 0 1 1 0 1 1 6
Sonmezer [63] Y 1 1 1 1 0 1 0 0 1 1 7

PEDro items to be scored where 1 = yes and 0 = no or not reported.
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3.3. Study Characteristics

Of the eight included articles [56-63], all were RCTs published between 2012 and
2022. Studies were conducted in several countries including Iran [58,62], Turkey [59,63],
India [56], Spain [60], Australia [57], and Brazil [61].

3.4. Participant Characteristics

The number of participants in any single trial ranged from 30 to 98, with ages rang-
ing from 18 to 75 years. There was a total of 437 participants included in the review
(222 allocated to an intervention based on a Pilates method, 142 allocated to an alternative
exercise, and 73 allocated to no exercise). Of the six trials reporting on participant gender,
three [59,61,63] recruited female participants only, and three [56,57,60] recruited a mix of
gender. Participant body mass index was reported in six studies [56,58,59,61-63], with
values in three of these [58,59,61] reporting average participant body mass index to exceed
25.0 kg/m?, defined as overweight [65]. Chronic low back pain was defined as symptom
duration of more than three months in six studies [56-60,62], and six months duration in a
single trial [61]. Further exclusion criteria were detailed as any pathological or traumatic
cause of symptoms in three studies [58,60,62]. Trial characteristics are outlined in Table 2
and details of eligibility criteria in Supplementary Table S3.

3.5. Interventions

Intervention settings were limited to outpatient clinics in four trials [56,58,59,62]. The
setting was not described in the remainder. Six trials reported interventions being delivered
by physiotherapists [56,59,62], or physiotherapists with additional Pilates training [60,61,63]
supervising interventions. When reported, interventions were delivered in groups of up to
12 participants with one practitioner supervising [56,57,59-61], or individually [63]. Pilates
or Pilates-type stabilisation exercises were consistently described, with several outlining
exercise progressions [61-63]. Exercise sessions ranged from 50 to 70 min, and frequency
from one to five sessions per week over three to 12 weeks. Additional therapies were
outlined in four trials in the form of transcutaneous epithelial nerve stimulation [58,62],
interferential therapy [56], hot packs [56], and therapeutic ultrasound [58].

Four studies compared Pilates training to groups performing equivalent exercise
including dynamic lumbar stabilisation [56], and variations of routine resistance, stretching,
cardiovascular and balance exercises [58,61,62]. Three investigations were multi-arm RCTs.
One compared a mat-based Pilates group and an apparatus-based Pilates group to a non-
exercise control group [60]. Another compared mat Pilates exercises to lumbar stabilisation
exercises and a dynamic exercise intervention group [56]. The third comparison was
mat Pilates, general exercise, and education alone [61]. One trial compared mat and
apparatus Pilates exercises to indoor stationary cycling [57]. Pregnancy and low back
pain was examined once, with comparison of Pilates to usual antenatal care without
exercise supervision [63]. None of the included studies examined outcomes after the
post-intervention assessment.

3.6. Muscle Thickness and Muscle Activation

Table 3 summarises the outcomes within the primary domains of muscle thickness
and muscle activation. Muscle thickness changes assessed with real-time ultrasound were
evaluated in three trials, one with an equivalent exercise comparator [62] that reported sig-
nificant within-group changes in the Pilates group. An investigation with a non-equivalent
comparator found a positive significant between-group change in the Pilates group in
the transverse abdominis, lumbar multifidus, and internal oblique muscles [59]. Both
within-group and between-group positive changes were reported in a trial of two Pilates
interventions compared to a non-exercise group, with pooled results for muscle thickness
changes favouring the Pilates groups [60].
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Table 2. Study characteristics. Data are presented as mean (SD) unless otherwise specified.
Author
Country Age (Range)/Body Intervention; Dosage; Setting; q Assessment Method/ Outcome
A Mass Index o Relevant Outcome Domains Assessment
Sample Size Practitioner Muscles Assessed . .
Gender Time Points
(Dropouts)

Pilates vs. equivalent exercise intervention

MP: modified exercises;
3 times/week for 6 weeks (session

Ashtiani (2020) [58] 18-50 length NR); University clinic Muscle activation
Iran MP: 34.5 (6.4)/25.1 (3.9) (practitioner NR) Pain Pressure biofeedback/ NR
30 GE: 35.5(5.9)/26.5 (4.3) GE: cycling, stretching, and Disabilit NR
0) F: 30 strengthening; 3 times/week for y
6 weeks (session length NR);
University clinic (practitioner NR)
MP: 10 exercises; 60 min, 10 sessions
over 3 weeks; Outpatient clinic,
group of 12; Physiotherapist
20-60 LS *: 16 exercises 10 s x 10 reps;

Bhadauria (2017) [56] MP: 35.3 (12.9)/26.0 (6.2)

60 min, 10 sessions over 3 weeks; Muscle activation

ir;dla 1S:32.7 (11.7)/21.8 (2.9) Outpatient clinic, group of 12; Pain ;rﬁssure biofeedback/ Baseline, 3 weeks
®) DS: 36.7 (10.7)/24.7 (4.6) Physiotherapist Disability
fM:24,fF:12 DS: 14 exercises activating LES and
RA 10 s x 10 reps; 60 min,
10 sessions over 3 weeks; Outpatient
clinic, group of 12; Physiotherapist
MP: 3-10 exercise variations
increasing in number; fortnightly,
2 sets; 60 min, 2 times/week for
8 weeks; setting NR, group of 5;
. 60-75 Physiotherapist Pilates instructor
l];/izlzlﬁes Tozim (2021) [61] MP: 66.7 (3.6)/31.1 (8.0) GE: walking, resistance training, Muscle activation sEMG and lumbar
46 GE: 68.5(4.9)/26.2 (3.5) stretching and balance exercises, Pain dynamometer/ Baseline, 8 weeks
5) EG: 68.0 (4.7)/29.1 (5.3) fortnightly variations; 60 min, LM, IL
F: 46 2 times/week for 8 weeks; setting

NR, group of 5; Physiotherapist
EG *: 4 workshops; 30 min,
fortnightly for 8 weeks; setting NR,
group of 15; Physiotherapist
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Table 2. Cont.

LG Age (Range)/Bod Outcome
Country 8 8 y Intervention; Dosage; Setting; q Assessment Method/
4 Mass Index s Relevant Outcome Domains Assessment
Sample Size Practitioner Muscles Assessed " "
Gender Time Points
(Dropouts)
SE: 16 exercises 10 reps x 10s;
3 times/week for 4 weeks (session
Nabavi (2018) [62] 18-55 length NR); University clinic, group

Iran
41

©)

SE: 40.8(8.2)/24.9 (4.4)
GE: 34.1 (10.8)/26.4 (3.2)
NR

size NR; Physiotherapist

GE: 16 routine exercises

10 reps x 10's; 3 times/week for
4 weeks (session length NR);
University clinic, group size NR;
Physiotherapist

Muscle thickness
Pain

Real-time ultrasound /
TrA, LM

Baseline, 4 weeks

Pilates vs. non-equivalent exercise intervention

Batibay (2021) [59]
Turkey
60

@)

18-60

MP: 49.3 (10.4)/25.0 (2.6)
GE: 48.4 (9.3)/26.3 (2.7)
F: 60

MP: basic/intermediate exercises

3 x 10 reps; 60 min 3 times/week for
8 weeks; Outpatient clinic, group of
8; Physiotherapist

GE: general stretching and
strengthening exercises 3 x 10 reps;
60 min; 3 times/week for 8 weeks;
Home, individual; nil supervision

Muscle thickness
Muscle activation
Pain

Disability
Quality of life

Real-time ultrasound/
Right LM, TrA IO, EO, RA

Baseline, 8 weeks

Brooks (2012) [57]
Australia

64

12)

18-50

AP/MP: 36.2 (8.2)/NR
GE: 36.3 (6.3)/NR

M: 24, F: 40

AP /MP: combination of mat and
reformer Pilates exercises; 50-60 min,
3 times/week for 8 weeks; setting
NR, group of 10; supervisor with

>5 years’ experience

GE: indoor stationary cycling training;
50-60 min, 3 times/week over

8 weeks; setting NR, group of 10;
supervisor with >5 years’ experience

Muscle activation
Pain
Disability

sEMG/TrA, 10, LES, RA

Baseline, 8 weeks
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Table 2. Cont.

Author

Country Age (Range)/Body Intervention; Dosage; Setting; q Assessment Method/ Outcome

. Mass Index ", Relevant Outcome Domains Assessment

Sample Size Practitioner Muscles Assessed " "
Gender Time Points

(Dropouts)

Pilates vs. non-exercise intervention

MP t: 21 exercises; 50 min
2 times/week for 12 weeks; setting

. 18-50 NR, group of 4; Physiotherapist
gnalizr;DlaZ (2017) [60] MP: 36.9 (12.5)/NR Pilates instructor Muscle thickness Baseline. 6 weeks
15)2 AP: 355 (12.0)/NR AP t: 14 reformer exercises; 50 min Pain Real-time ultrasound /TrA 1 weeké !
@) Con: 36.3 (10.7)/NR 2 times/week for 12 weeks; setting Disability
FM:35, 1 F: 63 NR, group of 4; Physiotherapist
Pilates instructor
CG: no intervention
MP: 18 exercises, 2-3 sets of
Sonmezer (2021) [63] 20-35 261§Orf£isnp£?i;§esssjii(e)ll;t?(f}gtxlx\};éeks' Muscle activation
Turkey MP: 29.0 (2.8)/23.8 (3.2) . S ) ’ Pain Pressure biofeedback/ .
) setting NR, individual; . Baseline, 8 weeks
50 Con: 28.0 (2.1)/23.3 (2.6) Physiotherapist Pilates instructor Disability TrA
(10) F:50 o4 P Quality of life

CG: no exercise prescription. Usual
prenatal care.

AP: apparatus pilates group; CG: control group; DS: dynamic strengthening group; EG: educational group; EO: external oblique; F: female; GE: general exercise group; IL: iliocostalis
lumborum; IO: internal oblique; LES: lumbar erector spinae; LM: lumbar multifidus; LS: lumbar strengthening group; M: male; MP: mat pilates group; MVIC: maximal voluntary
isometric contraction; NR: not reported; RA: rectus abdominis; rep: repetitions; s: seconds; SE: stabilisation exercises; SEMG, surface electromyography; TENS: transcutaneous electrical
nerve stimulator; TrA: transversus abdominis; * = exercises replicated in other intervention/comparator groups; * = three-arm trial with similar intervention groups combined for

analysis; 1 = participant gender reported after dropouts.
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Table 3. Summary of outcomes.

Primary Outcomes

Secondary Outcomes

Muscle Thickness Muscle Activation Pain Disability Quality of Life
Study (Real-time Ultrasound) (Visual Analogue Scale) (Questionnaires) (Questionnaires)
within between within between within Gr between within Gr between within Gr between
Group Groups Group Groups oup Groups oup Groups oup Groups
Pilates vs. exercise intervention
Biofeedback
Bent knee fall out,
Ashtiani (2020) [58] tBelsir 1Trl§r-Sorenson No difference 1+ J+ gerwestry Oswestry ND
Knee lift
abdominal test T+
Bhadauria + (2017) [56] Ei‘ifeedb“k TBL"fe’“’dbaCk 1+ " giwemy Oswestry |+
Electromyography  Electromyography
Mendes-Tozim t (2021) [61] RMU 1*+ RMU 1%+ Not reported Not reported
LMU T+ LMU no difference
LLM, RLM, LLM, RLM,
Nabavi (2018) [62] LTrA, RTrA LTrA, RTrA + I+
T T+
Pilates vs. non-equivalent exercise intervention
. LM, TrA, 10 LM, TrA, IO Sit-up test Sit-up test BDI, QUB BDI, QUB SF-36 SF-36
Batibay (2020) [59] o T ol P T+ P 1+ 1+ I+ Q I+ Q el ek
Electromyography
*
Brocks 012 7 LEAIOVS T plemmyogorty o Oty Qe
difference
Pilates vs. non exercise intervention
Cruz-Diaz t (2017) [60] g’j ?ﬁf 15+ 1+ RMDQ, TSK |*+  RMDQ, TSK |*+
Sonmezer (2021) [63] ?iifeedback ?iifeedback 1 1+ giwestry giwestry NHP +— NHP |+
Key: 1 = increase with intervention, | = decrease with intervention; + = positive change; — = negative change; * = results are statistically significant (p < 0.05); t = multi-arm trial with an

intervention group not relevant to review; } = multi-arm trial with two pilates groups combined for data synthesis. Muscles: IO, internal oblique; LIO, left internal oblique; LLM, left
lumbar multifidus; LM, lumbar multifidus; LTrA, left transverse abdominis; RLM, right lumbar multifidus; RIO, right internal oblique; RTrA, right transverse abdominis; TrA, transverse
abdominal. Outcomes: (Disability) BDI, Beck Depression Inventory; QUB, Quebec low back pain and disability scale; RMDQ, Roland Morris Disability Questionnaire; TSK, Tampa Scale
of Kinesiophobia. (Quality of life) NHP, Nottingham Health Profile; SF-36, Short form-36.
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Across the trials, muscle activation was examined using pressure biofeedback units
three times [56,58,63], and surface electromyography [57,61] or functional movement tests
twice [58,59]. The three studies with a Pilates intervention and an equivalent exercise
comparator [56,58,61] reported positive within-group differences in muscle activation in the
Pilates groups. One reported a significant between-group difference in the activation of the
right lumbar multifidus muscle, as measured by surface electromyography, favouring the
Pilates intervention [61]. Between-group analysis in two studies did not find a difference in
any muscle activation with equivalent interventions [56,58]. The Batibay et al. investigation
noted reported a positive yet non-significant change favouring the Pilates intervention [59].
The trial by Brooks et al. [57] did not find between-group differences. The other trial with a
non-exercise comparator [63] reported significant between-group differences favouring the
Pilates interventions.

3.7. Pain, Disability, and Quality of Life

Table 3 summarises the outcome measurement data assessing pain, disability, and
quality of life. All trials investigated changes in pain following a Pilates intervention using
visual analogue scales. Aside from a single investigation only reporting baseline values [61],
all reported positive significant within-group pain reduction scores with Pilates. One with
an equivalent exercise comparator [58] noted superior pain reduction in the Pilates inter-
vention. Another reported a small non-significant difference between groups [56]. For trials
with non-equivalent or non-exercise comparators, three reported significant within-group
and between-group changes in pain reduction favouring Pilates interventions [57,59,63].
One found a positive but non-significant change [60]. Post-intervention pain outcome data
for Pilates and comparator groups have been illustrated in a forest plot (see Figure 2). The
minimal clinically important difference in use of a visual analogue scale in subacute and
chronic low back pain has been reported as 20 mm, or a change of two points [66]. As
seen in Figure 2, three studies [57,60,63] with non-equivalent comparator groups reported
improvements of at least two points, indicating meaningful improvements in pain.

Pilates Comparator Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% Cl IV, Fixed, 95% CI
psntiani 2020 21934 19 371 734 19 -TO0[9.08, 599 ) i
Batibay 2020 30158 28 4B 18 25 -1.60[250,-0.70] —
[Bhaduria201? 133 088 12 2135 12 -D.ET[—1.B1,D.2T]] —T
Brooks 2012 1.0 202 32 37 202 3% -200[284,-1.01] —
Cruz-Diaz 2017 19 139 68 496 1.3 30 -3.06[-3.63,-2.49] —+
Mabavi 2018 33 242 20 348 227 21 -018[1.62 1.26] —
BonmezerZUN 172 108 20 384 1758 20 -2.12[—3.02,-1.22]] —

-4 -2 0 2 4
Favours [Pilates] Favours [comparator]

Figure 2. Forest plot for pain outcome (visual analogue scale). Red boxes indicate studies with
comparator exercise intervention equivalent to Pilates intervention.

The range of PROMS used to assess disability are outlined In Table 4, with the Oswestry
disability index applied in four trials [56-58,63]. All reported significant within-group re-
ductions in disability following Pilates training. In two trials with an equivalent comparator,
a positive but non-significant change favouring Pilates was reported once [56], and no
difference between groups in the other [58]. The remainder noted between-group disability
measures to significantly favour Pilates interventions [57,59,60,63]. Post-intervention data
as measured by the Oswestry disability index are illustrated in a forest plot (see Figure 3).
Published minimal clinically important difference scores for this PROM in low back pain
populations are between 9.5 [67] and 12.8 points [68], with only one of the studies included
in this review reporting this magnitude of improvement [56].
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Table 4. GRADE summary of findings.

Certainty Assessment No. of Participants Impact
Outcome No. of Studies Quality Inconsistency Indirectness Imprecision Cons(i)dt:re:tions Pilates Control Significance Reported Certainty
Muscle significant impact
activation fair * serious T serious f very serious § none 32 32 & . P SOOO Very low
(PBU) reported in one study
Muscle significant impact
activation good ** serious 11 low concern very serious § none 46 45 & - P SOO0O0 Very low
(SEMG) reported in one study
Muscle significant impact
: . . . .
tl(\llac]lfgg';s good serious tt+ serious } very serious § none 118 81 reported in two studies B©OO0O0 Very low
Pain - . . . significant impact
(VAS) fair serious Tttt serious very serious § none 211 173 reported in four studies @000 Very low
Disability - . . . significant impact
(ODI) fair serious 1+ serious f very serious § none 61 60 reported in two studies SOOO Very low

* average PEDro score across studies 4-6; ** average PEDro score across studies 6-8; t between-study variance in outcomes may be explained by not all studies having equivalent

interventions between control and experimental groups; tt only one study reported a between-groups analysis, unable to assess variance in outcomes; t11 between-study variance

in outcomes may be explained by not all studies having equivalent interventions between control and experimental groups and one study not having similar groups at baseline;

tttt between-study variance may be explained by baseline scores not equivalent for two studies and three studies not having equivalent interventions between control and intervention

groups; t1t between-study variance in outcomes may be explained by not all studies having equivalent interventions between control and experimental groups and one study not

having similar groups at baseline; f indirectness of concern since some studies did not compare equivalent interventions, so the research question was different; § Low participant

number, <400 participants; @ score of certainty according to GRADE guidelines; O does not meet GRADE guidelines for score.
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Pilates Comparator Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
Ashtiani 2020 131 868 15 1567 733 14 -2.60[-8.35,3.1SH — T
Bhaduria 2017 842 514 12 2342 101 12 -15.00[-21.87,-813 —t
Brooks 2012 15 1082 32 20 1082 32 -5.00[10.30,0.30) —t
Sonmezer 2021 a4 47 20 12 1039 20 -6.60[11.60,-1.60] —t

20 0 0 102
Favours [Filates] Favours [comparator]

Figure 3. Forest plot for disability outcome (Oswestry low back pain disability questionnaire). Red
box indicates studies with comparator exercise intervention equivalent to Pilates intervention.

Quality of life was assessed in two trials with non-equivalent or non-exercise com-
parators. One [59] used the Short Form-36 tool and reported a significant between-group
change favouring the Pilates group. The other [63] used the Nottingham Health Profile and
did not find any differences between groups.

3.8. Certainty of Findings

The certainty of findings for all outcome measures used by more than one study was
rated very low (Table 4), reflecting the quality and low participant numbers of included
studies. Inconsistency, indirectness, and imprecision can be partly attributed to the limited
number of RCTs and variance in assessment in this emerging area of research. However,
the data tables and syntheses suggest a degree of certainty that Pilates interventions are
not inferior to other exercise or non-exercise interventions in people with low back pain.

4. Discussion

The results of this systematic review provide emerging evidence that Pilates can assist
some people living with low back pain to increase the strength of their core muscles around
the trunk, pelvis, and abdomen. Pilates was not inferior to equivalently dosed exercises,
other dosages of exercise, or other physical activities for improving core muscle strength,
shown by muscle thickness measured using real-time ultrasound assessment [59,60,62].
Core muscle activation was assessed by a myriad of methods, and where Pilates was
compared to an equivalent exercise intervention, surface electromyography results found
that Pilates was not inferior [61].

For people with chronic low back pain, Pilates was not inferior to equivalent exercise
interventions to reduce pain as assessed by visual analogue scales. Nevertheless, it did
appear to be more effective at reducing pain than not exercising in some individuals. The
systematic review did not allow inferences to be drawn about quality of life, because few
reviewed studies measured this variable.

Our findings agree with the conclusions drawn in the systematic review of muscle
activation in people with chronic low back pain following Pilates by Romao et al. [24]. How-
ever, the three studies of the Romao review were limited to electromyography assessment,
subsequently quantifying muscle activation, not core muscle thickness. The systematic
review of the effect of Pilates on pain and disability in chronic nonspecific low back pain
by Wong et al. [69] did not identify strong evidence of any preferential exercise type for
patients with chronic nonspecific low back pain. In contrast, a meta-analysis on different
modes of exercise for chronic nonspecific low back pain [70] reported low-quality evidence
that supervised Pilates, alongside other “active therapies” where exercise was guided and
progressed and was effective for reducing pain and subjective physical function. This find-
ing concurs with the network meta-analysis by Hayden et al. [71], who reported clinically
significant benefits of Pilates compared to other exercises for pain intensity and functional
limitations. Like our review, the certainty of findings was limited by within-study risk of
bias and heterogeneity.

The findings of our review lend some support to the notion that Pilates can improve
health and well-being in people with chronic low back pain. An inherent component



Healthcare 2023, 11, 1404

14 of 17

References

of this exercise approach is facilitating the coordinated contraction, or motor control, of
the deep muscles, predominantly multifidus, transverse abdominis, the pelvic floor, and
diaphragm, that are responsible for spinal stability and reduced joint compression [72]. It
is proposed that in people with chronic low back pain, there are motor control impairments
with delayed onset of the deep muscles, and subsequent overactivity of superficial muscles
compensating for the lack of stability [73]. Pilates exercises aim to address the motor
control of the deep muscles and reduce the activity of the superficial muscles, in addition
to improving body awareness and posture [28]. Results of this systematic review provide
support to this biological rationale, with evidence of strength improvements in the deep
muscles observed in several studies. The reported reductions in subjective pain and
disability suggest a positive impact of Pilates on well-being in some individuals with this
chronic condition.

There were some limitations to this systematic review. Most notably, only eight RCTs
were included in the final yield, all of which were reported in English. This limits the
generalizability of the findings to different populations, cultures, and geographical regions.
The certainty of the review findings was rated as very low, reflecting the generally low
quality and small participant numbers for the included studies. Inconsistency, indirectness,
and imprecision can be partly attributed to the limited number of RCTs identified. There
was a consistent lack of long-term follow-up, similar to other studies of Pilates and chronic
low back pain [7,28,29,69]. In this review, we did not consider exclusion criteria related
to aetiology, and it is possible that different results in response to Pilates could be found
for different medical conditions. Finally, we did not compare Pilates interventions with
pharmacological treatments for chronic low back pain, and this would be a valuable topic
for future clinical trials.

5. Conclusions

There is emerging evidence that Pilates is not inferior to equivalently dosed exercises
for improving core muscle strength in people living with chronic low back pain. The
RCTs reviewed suggest that Pilates can be more beneficial than not exercising in some
individuals, by improving core muscle strength or by reducing pain. With movement and
exercise routinely recommended for this condition, Pilates appears to be a valid option for
clinicians to consider.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390 /healthcare11101404 /s1, Table S1: OVID Medline search strategy;
Table S2: Reasons for exclusion at full-text review; Table S3: Study eligibility criteria.

Author Contributions: Conceptualization, ].F. and M.E.M.; methodology, M.E.M.; formal analysis,
J.E, C.T. and M.E.M,; investigation, ].F. and C.T.; data curation, C.T.; writing—original draft prepa-
ration, C.T. and J.F,; writing—review and editing, J.F.,, C.T. and M.E.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data supporting reported results can be found within this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Alves, M.C,; de Souza Neto, RJ.; Barbosa, R.I.; Marcolino, A.M.; Kuriki, H.U. Effects of a Pilates protocol in individuals with
non-specific low back pain compared with healthy individuals: Clinical and electromyographic analysis. Clin. Biomech. 2020, 72,

172-178. [CrossRef]

2. Schimidt, A.C.; Herzinger, P.D.O.; Matias, D.P,; Welling, L.C. Influence of Pilates Method on Nonspecific Lumbar Pain. Braz.
Neurosurg. 2020, 39, 300-305. [CrossRef]



Healthcare 2023, 11, 1404 150f 17

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Gholamalishahi, S.; Backhaus, I.; Cilindro, C.; Masala, D.; La Torre, G. Pilates-based exercise in the reduction of the low back pain:
An overview of reviews. Eur. Rev. Med. Pharmacol. Sci. 2022, 26, 4557-4563. [PubMed]

Latey, P. The Pilates method: History and philosophy. J. Bodyw. Mov. Ther. 2001, 5, 275-282. [CrossRef]

Owsley, A. An introduction to clinical Pilates. Athl. Ther. Today 2005, 10, 19-68. [CrossRef]

Wells, C.; Kolt, G.S.; Bialocerkowski, A. Defining Pilates exercise: A systematic review. Complement. Ther. Med. 2012, 20, 253-262.
[CrossRef]

Cordeiro, A.L.L.; Oliveira, A.P.S.; Cerqueira, N.S.; Santos, FA.E.; Oliveira, A.M.S. Pilates method on pain in patients with low
back pain: Systematic review. BrJP 2022, 5, 265-271.

Yu, Z.; Yin, Y.; Wang, ].; Zhang, X.; Cai, H.; Peng, F. Efficacy of Pilates on Pain, Functional Disorders and Quality of Life in Patients
with Chronic Low Back Pain: A Systematic Review and Meta-Analysis. Int. |. Environ. Res. Public Health 2023, 20, 2850. [CrossRef]
Pereira, M.].; Mendes, R.; Mendes, R.S.; Martins, F.; Gomes, R.; Gama, J.; Dias, G.; Castro, M. A. Benefits of Pilates in the Elderly
Population: A Systematic Review and Meta-Analysis. Eur. |. Investig. Health Psychol. Educ. 2022, 12, 236-268. [CrossRef]
Cronin, E.; Broderick, P; Clarke, H.; Monaghan, K. What are the effects of pilates in the post stroke population? A systematic
literature review & meta-analysis of randomised controlled trials. J. Bodyw. Mov. Ther. 2023, 33, 223-232.

Beyera, G.K.,; O'Brien, J.; Campbell, S. Health-care utilisation for low back pain: A systematic review and meta-analysis of
population-based observational studies. Rheumatol. Int. 2019, 39, 1663-1679. [CrossRef] [PubMed]

Mattiuzzi, C.; Lippi, G.; Bovo, C. Current epidemiology of low back pain. J. Hosp. Manag. Health Policy 2020, 4, 15. [CrossRef]
Wu, A.; March, L.; Zheng, X.; Huang, J.; Wang, X.; Zhao, J.; Blyth, EM.; Smith, E.; Buchbinder, R.; Hoy, D. Global low back pain
prevalence and years lived with disability from 1990 to 2017: Estimates from the Global Burden of Disease Study 2017. Ann.
Transl. Med. 2020, 8, 299. [CrossRef] [PubMed]

Wang, L.; Ye, H.; Li, Z,; Lu, C.; Ye, J.; Liao, M.; Chen, X. Epidemiological trends of low back pain at the global, regional, and
national levels. Eur. Spine J. 2022, 31, 953-962. [CrossRef]

Bento, T.P.E; dos Santos Genebra, C.V.; Maciel, N.M.; Cornelio, G.P,; Simeao, S.F.A.P.; de Vitta, A. Low back pain and some
associated factors: Is there any difference between genders? Braz. J. Phys. Ther. 2020, 24, 79-87. [CrossRef] [PubMed]

Meucci, R.D.; Fassa, A.G.; Faria, N.M.X. Prevalence of chronic low back pain: Systematic review. Rev. Satide Piiblica 2015, 49, 1-10.
[CrossRef] [PubMed]

Hodges, P.W. Core stability exercise in chronic low back pain. Orthop. Clin. N. Am. 2003, 34, 245-254. [CrossRef]

Hides, J.A.; Richardson, C.A.; Jull, G.A. Multifidus muscle recovery is not automatic after resolution of acute, first-episode low
back pain. Spine (Phila Pa 1976) 1996, 21, 2763-2769. [CrossRef]

Hodges, PW.; Richardson, C.A. Inefficient muscular stabilization of the lumbar spine associated with low back pain: A motor
control evaluation of transversus abdominis. Spine (Phila Pa 1976) 1996, 21, 2640-2650. [CrossRef]

Newcomer, K.L.; Jacobson, T.D.; Gabriel, D.A.; Larson, D.R.; Brey, R.H.; An, K.-N. Muscle activation patterns in subjects with and
without low back pain. Arch. Phys. Med. Rehabil. 2002, 83, 816-821. [CrossRef]

Akuthota, V,; Ferreiro, A.; Moore, T.; Fredericson, M. Core Stability Exercise Principles. Curr. Sport. Med. Rep. 2008, 7, 39-44.
[CrossRef] [PubMed]

Mazloum, V.; Sahebozamani, M.; Barati, A.; Nakhaee, N.; Rabiei, P. The effects of selective Pilates versus extension-based exercises
on rehabilitation of low back pain. J. Bodyw. Mov. Ther. 2018, 22, 999-1003. [CrossRef]

He, B,; Jiang, P.; Zhang, X. Meta-Analysis of the Efficacy of Pilates Exercises in the Treatment of Non-specific Low Back Pain. Soc.
Med. Health Manag. 2022, 3, 36-48.

Romao, C.I.G.; Mercé, C.I.A.; Cordeiro, J.E.C.; de Brito, A.M.V.V.; Branco, M.A.C. The Effect of Pilates Exercises on Muscle
Electrical Activation in Adults with Chronic Low Back Pain: A Systematic Review. Coluna/Columna 2022, 21. [CrossRef]
Barbosa, A.W.C.; Guedes, C.A.; Bonifacio, D.N.; Silva, A.D.F.; Martins, FL.M.; Barbosa, M.C.S.A. The Pilates breathing technique
increases the electromyographic amplitude level of the deep abdominal muscles in untrained people. J. Bodyw. Mov. Ther. 2015,
19, 57-61. [CrossRef]

MacHado, PM.; Alves, M.C.; Hendler, K.G.; Benetti, V.B.; Souza, R.J.D.; Barbosa, R.I.; Kuriki, H.U. Effectiveness of the Pilates
method for individuals with nonspecific low back pain: Clinical and electromyographic aspects. Mot. Rev. De Educ. Fis. 2018, 23.
[CrossRef]

Panhan, A.C.; Gongalves, M.; Eltz, G.D.; Villalba, M.M.; Cardozo, A.C.; Bérzin, F. Co-contraction of the core muscles during
Pilates exercise on the Wunda Chair. J. Back Musculoskelet. Rehabil. 2020, 33, 719-725. [CrossRef]

Yamato, T.P.; Maher, C.G.; Saragiotto, B.T.; Hancock, M.].; Ostelo, R.W.; Cabral, C.M.; Costa, L.O. Pilates for low back pain.
Cochrane Database Syst. Rev. 2015, CD12004. [CrossRef] [PubMed]

Miyamoto, G.C.; Costa, L.O.P,; Cabral, C.M.N. Efficacy of the Pilates method for pain and disability in patients with chronic
nonspecific low back pain: A systematic review with meta-analysis. Braz. J. Phys. Ther. 2013, 17, 517-532. [CrossRef] [PubMed]
Domingues de Freitas, C.; Costa, D.A.; Junior, N.C.; Civile, V.T. Effects of the pilates method on kinesiophobia associated with
chronic non-specific low back pain: Systematic review and meta-analysis. J. Bodyw. Mov. Ther. 2020, 24, 300-306. [CrossRef]
[PubMed]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Br. Med. . 2021, 372,
n71. [CrossRef]



Healthcare 2023, 11, 1404 16 of 17

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al.
AMSTAR 2: A critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare
interventions, or both. Bm;j 2017, 358, j4008. [CrossRef] [PubMed]

Covidence Systematic Review Software. 2022. Available online: www.covidence.org (accessed on 19 December 2022).
Valentine, ]J.C.; Thompson, S.G. Issues relating to confounding and meta-analysis when including non-randomized studies in
systematic reviews on the effects of interventions. Res. Synth. Methods 2013, 4, 26-35. [CrossRef] [PubMed]

Mabher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro scale for rating quality of
randomized controlled trials. Phys. Ther. 2003, 83, 713-721. [CrossRef] [PubMed]

De Morton, N.A. The PEDro scale is a valid measure of the methodological quality of clinical trials: A demographic study. Aust.
J. Physiother. 2009, 55, 129-133. [CrossRef]

Coleman, K; Norris, S.; Weston, A.; Grimmer-Somers, K.; Hillier, S.; Merlin, T.; Tooher, R. NHMRC Additional Levels of Evidence
and Grades for Recommendations for Developers of Guidelines; NHMRC: Canberra, Australia, 2005.

Hebert, ].J.; Koppenhaver, S.L.; Parent, E.C.; Fritz, ] M. A Systematic Review of the Reliability of Rehabilitative Ultrasound
Imaging for the Quantitative Assessment of the Abdominal and Lumbar Trunk Muscles. Spine 2009, 34, E848-E856. [CrossRef]
Yoo, S.; Lee, N.G; Park, C.; You, J.S.H. Concurrent Validity and Test-retest Reliability of the Core Stability Test Using Ultrasound
Imaging and Electromyography Measurements. Phys. Ther. Korea 2021, 28, 186-193. [CrossRef]

Grooms, D.R,; Grindstaff, T.L.; Croy, T.; Hart, ].M.; Saliba, S.A. Clinimetric Analysis of Pressure Biofeedback and Transversus
Abdominis Function in Individuals With Stabilization Classification Low Back Pain. J. Orthop. Sport. Phys. Ther. 2013, 43, 184-193.
[CrossRef] [PubMed]

Alkhathami, K.; Alshehre, Y.; Wang-Price, S.; Brizzolara, K. Reliability and Validity of the Functional Movement Screen™ with a
Modified Scoring System for Young Adults with Low Back Pain. Int. ]. Sports Phys. Ther. 2021, 16, 620-627. [CrossRef]

Hodges, PW.; Pengel, L.; Herbert, R.; Gandevia, S. Measurement of muscle contraction with ultrasound imaging. Muscle Nerve
2003, 27, 682—-692. [CrossRef]

Lima, P.O.d.P; de Oliveira, R.R.; Costa, L.O.P,; Laurentino, G.E.C. Measurement properties of the pressure biofeedback unit in the
evaluation of transversus abdominis muscle activity: A systematic review. Physiotherapy 2011, 97, 100-106. [CrossRef] [PubMed]
Marshall, P.; Murphy, B. The validity and reliability of surface EMG to assess the neuromuscular response of the abdominal
muscles to rapid limb movement. J. Electromyogr. Kinesiol. 2003, 13, 477-489. [CrossRef] [PubMed]

Dawson, A.P; Steele, E.J.; Hodges, PW.; Stewart, S. Utility of the Oswestry Disability Index for studies of back pain related
disability in nurses: Evaluation of psychometric and measurement properties. Int. J. Nurs. Stud. 2010, 47, 604-607. [CrossRef]
Johnsen, L.G.; Hellum, C.; Nygaard, P.; Storheim, K,; Brox, J.I.; Rossvoll, I; Leivseth, G.; Grotle, M. Comparison of the SF6D, the
EQ5D, and the oswestry disability index in patients with chronic low back pain and degenerative disc disease. BMC Musculoskelet.
Disord. 2013, 14, 148. [CrossRef] [PubMed]

Boonstra, A.M.; Preuper, H.R.S.; Reneman, M.F,; Posthumus, J.B.; Stewart, R.E. Reliability and validity of the visual analogue
scale for disability in patients with chronic musculoskeletal pain. Int. J. Rehabil. Res. 2008, 31, 165-169. [CrossRef]

Lurie, J. A review of generic health status measures in patients with low back pain. Spine (Phila Pa 1976) 2000, 25, 3125-3129.
[CrossRef]

Gibbs, M.T.; Morrison, N.M.; Raftry, S.; Jones, M.D.; Marshall, PW. Does a powerlifting inspired exercise programme better
compliment pain education compared to bodyweight exercise for people with chronic low back pain? A multicentre, single-blind,
randomised controlled trial. Clin. Rehabil. 2022, 36, 1199-1213. [CrossRef]

McKenzie, J.E.; Brennan, S.E. Chapter 12: Synthesizing and presenting findings using other methods. In Cochrane Handbook
for Systematic Reviews of Interventions Version 6.3; Higgins, J.P.T., Thomas, J., Chandler, J.,, Cumpston, M., Li, T., Page, M.].,
Welch, V.A., Eds.; Cochrane: London, United Kingdom, 2023.

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S,;
Eldridge, S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. Bij 2019, 366, 14898. [CrossRef]
GRADEpro. GRADEpro GDT: GRADEpro Guideline Development Tool [Software]. 2023. Available online: gradepro.org
(accessed on 19 December 2022).

Silveira, A.P.d.B.; Nagel, L.Z.; Pereira, D.D.; Morita, AK; Spinoso, D.H.; Navega, M.T.; Marques, N.R. Immediate effect of a
Pilates method exercise session on the co-contraction pattern of the trunk stabilizing muscles in individuals with and without
nonspecific chronic low back pain. Fisioterapia e Pesquisa 2018, 25, 173-181. [CrossRef]

Sharma, S.; Sarin, A. To Compare the Effect of Mat Pilates Core Muscle Strengthening Exercises with and without EMG
Biofeedback on Pain, Strength and Disability with Chronic Low Back Pain. Indian |. Physiother. Occup. Ther.-Int. ]. 2017, 11, 98-104.
[CrossRef]

Cashin, A.G.; McAuley, ].H. Clinimetrics: Physiotherapy Evidence Database (PEDro) Scale. J. Physiother. 2020, 66, 59. [CrossRef]
[PubMed]

Bhadauria, E.A.; Gurudut, P. Comparative effectiveness of lumbar stabilization, dynamic strengthening, and Pilates on chronic
low back pain: Randomized clinical trial. J. Exerc. Rehabil. 2017, 13, 477-485. [CrossRef] [PubMed]

Brooks, C.; Kennedy, S.; Marshall, PW. Specific trunk and general exercise elicit similar changes in anticipatory postural
adjustments in patients with chronic low back pain: A randomized controlled trial. Spine (Phila Pa 1976) 2012, 37, E1543-E1550.
[CrossRef]



Healthcare 2023, 11, 1404 17 of 17

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Ashtiani, A.; Askari, A. Effects of Modified Pilates Exercises on Pain, Disability, and Lumbopelvic Motor Control in Patients With
Chronic Low Back Pain. Phys. Treat. Specif. Phys. Ther. ]. 2020, 10, 195-204. [CrossRef]

Batibay, S.; Kiileii, D.G.; Kaleoglu; Mesci, N. Effect of Pilates mat exercise and home exercise programs on pain, functional level,
and core muscle thickness in women with chronic low back pain. J. Orthop. Sci. 2021, 26, 979-985. [CrossRef]

Cruz-Diaz, D.; Bergamin, M.; Gobbo, S.; Martinez-Amat, A.; Hita-Contreras, F. Comparative effects of 12 weeks of equipment
based and mat Pilates in patients with Chronic Low Back Pain on pain, function and transversus abdominis activation. A
randomized controlled trial. Complement. Ther. Med. 2017, 33, 72-77. [CrossRef] [PubMed]

Mendes Tozim, B.; Nava, G.; Marques, A.; Navega, M. Efficacy of the Pilates versus general exercises versus educational
workshops on neuromuscular parameters: A randomized controlled trial. J. Bodyw. Mov. Ther. 2021, 26, 420-427. [CrossRef]
Nabavi, N.; Bandpei, M.A.M.; Mosallanezhad, Z.; Rahgozar, M.; Jaberzadeh, S. The Effect of 2 Different Exercise Programs on
Pain Intensity and Muscle Dimensions in Patients With Chronic Low Back Pain: A Randomized Controlled Trial. ]. Manip. Physiol.
Ther. 2018, 41, 102-110. [CrossRef]

Sonmezer, E.; Ozkoslii, M.A.; Yosmaoglu, H.B. The effects of clinical pilates exercises on functional disability, pain, quality of life
and lumbopelvic stabilization in pregnant women with low back pain: A randomized controlled study. J. Back Musculoskelet.
Rehabil. 2021, 34, 69-76. [CrossRef]

The Physiotherapy Evidence Database (PEDro). 2010. Available online: www.pedro.org.au (accessed on 19 December 2022).
WHO. Physical Status: The Use of and Interpretation of Anthropometry; Report of a WHO Expert Committee; World Health
Organization: Geneva, Switzerland, 1995.

Ostelo, RW.J.G.; de Vet, H.C.W. Clinically important outcomes in low back pain. Best Pract. Res. Clin. Rheumatol. 2005, 19,
593-607. [CrossRef]

Monticone, M.; Baiardi, P.; Vanti, C.; Ferrari, S.; Pillastrini, P.; Mugnai, R.; Foti, C. Responsiveness of the Oswestry Disability
Index and the Roland Morris Disability Questionnaire in Italian subjects with sub-acute and chronic low back pain. Eur. Spine J.
2012, 21, 122-129. [CrossRef]

Copay, A.G.; Glassman, S.D.; Subach, B.R.; Berven, S.; Schuler, T.C.; Carreon, L.Y. Minimum clinically important difference in
lumbar spine surgery patients: A choice of methods using the Oswestry Disability Index, Medical Outcomes Study questionnaire
Short Form 36, and Pain Scales. Spine J. 2008, 8, 968-974. [CrossRef] [PubMed]

Wong, C.M.; Rugg, B.; Geere, ].-A. The effects of Pilates exercise in comparison to other forms of exercise on pain and disability in
individuals with chronic non-specific low back pain: A systematic review with meta-analysis. Musculoskelet. Care 2023, 21, 78-96.
[CrossRef] [PubMed]

Owen, PJ.; Miller, C.T.; Mundell, N.L.; Verswijveren, S.J.; Tagliaferri, S.D.; Brisby, H.; Belavy, D.L. Which specific modes of exercise
training are most effective for treating low back pain? Network meta-analysis. Br. ]. Sport. Med. 2020, 54, 1279-1287. [CrossRef]
Hayden, J.A,; Ellis, J.; Ogilvie, R.; Stewart, S.A.; Bagg, M.K.; Stanojevic, S.; Yamato, T.P.; Saragiotto, B.T. Some types of exercise
are more effective than others in people with chronic low back pain: A network meta-analysis. |. Physiother. 2021, 67, 252-262.
[CrossRef] [PubMed]

Gladwell, V.; Head, S.; Haggar, M.; Beneke, R. Does a program of Pilates improve chronic non-specific low back pain? J. Sport
Rehabil. 2006, 15, 338-350. [CrossRef]

Rackwitz, B.; de Bie, R.; Limm, H.; von Garnier, K.; Ewert, T.; Stucki, G. Segmental stabilizing exercises and low back pain. What
is the evidence? A systematic review of randomized controlled trials. Clin. Rehabil. 2006, 20, 553-567. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



	Introduction 
	Materials and Methods 
	Results 
	Search Results 
	Methodological Quality 
	Study Characteristics 
	Participant Characteristics 
	Interventions 
	Muscle Thickness and Muscle Activation 
	Pain, Disability, and Quality of Life 
	Certainty of Findings 

	Discussion 
	Conclusions 
	References



