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Abstract

Background: In chronic LBP (CLBP), guideline-endorsed treatment is to stay active, return to normal activity, and to
exercise. Several reviews on various exercise types used in CLBP have been published. We aimed to identify systematic
reviews of common exercise types used in CLBP, to appraise their quality, and to summarize and compare their effect
on pain and disability.

Methods: We searched the databases OVID MEDLINE, EMBASE, COCHRANE LIBRARY, and WEB OF SCIENCE (Core
collection) for systematic reviews and meta-analyses on adults between 18 and 70 years of age suffering from chronic
or recurrent LBP for a period of at least 12 weeks, which investigated the effects of exercises on pain and disability. All
searches were conducted without language restriction. The search was performed up until 2022-01-26. The included
reviews were grouped into nine exercise types: aerobic training, aquatic exercises, motor control exercises (MCE),
resistance training, Pilates, sling exercises, traditional Chinese exercises (TCE), walking, and yoga. The study quality was
assessed with AMSTAR-2. For each exercise type, a narrative analysis was performed, and the level of evidence for the
effects of exercise was assessed through GRADE.

Results: Our database search resulted in 3,475 systematic reviews. Out of the 253 full texts that were screened, we
included 45 systematic reviews and meta-analyses. The quality of the included reviews ranged from high to critically
low. Due to large heterogeneity, no meta-analyses were performed. We found low-to-moderate evidence of mainly
short-term and small beneficial effects on pain and disability for MCE, Pilates, resistance training, TCE, and yoga com-
pared to no or minimal intervention.

Conclusions: Our findings show that the effect of various exercise types used in CLBP on pain and disability varies
with no major difference between exercise types. Many of the included systematic reviews were of low-to-moderate
quality and based on randomized controlled trials with high risk of bias. The conflicting results seen, undermine the
certainty of the results leading to very-low-to-moderate quality of evidence for our results. Future systematic reviews
should be of higher quality to minimize waste of resources.

Trial registration: PROSPERO: Reg no 190409 Regjistration date 01TAUG 2020.
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Introduction

Low back pain (LBP) continues to be the number one
disorder, with most years lived with disability, meaning
huge personal suffering and high socioeconomic costs
[1-3]. For many, the pain follows a trajectory, recurring
several times during their lifespan [4]. In chronic LBP
(CLBP), guideline-endorsed treatment is to stay active,
return to normal activity, and to exercise [5]. The effect
of exercise therapy is reportedly moderately effective
in reducing pain and disability [6-8] and is moreover
cost-effective [9].

Exercise therapy is defined as “a regimen or plan of
physical activities designed and prescribed for specific
therapeutic goals, with the purpose to restore normal
musculoskeletal function or to reduce pain caused by
diseases or injuries” [10]. People with CLBP seeking pri-
mary care are often prescribed training or exercises by,
for example, physiotherapists [11, 12]. Different exercise
types are used in the treatment of CLBP such as strength
and aerobic training on land or in water [13-15], as well
as specific exercises such as motor control exercises
(MCE) [16], sling exercises [17], Pilates [18], yoga [19],
and traditional Chinese exercises (TCE) [20], such as
Tai Chi and Qi Gong [20]. It is, however, not clear why a
specific exercise is chosen for the individual patient suf-
fering from CLBP. A recent review, summarized and sug-
gested rationales on which various exercise types used in
LBP are based; neuromuscular and psychosocial mecha-
nisms were proposed most often, whereas neurophysi-
ological, cardiometabolic, and tissue healing mechanisms
were proposed less often [21]. The prescription of spe-
cific exercises might, in addition, be based on the thera-
pists’ knowledge and the preconceived conviction of the
effectiveness of certain exercises [22]. To date, there is no
solid evidence that one exercise type is more effective in
improving pain and disability in CLBP than another [23].

Since 2005, several systematic reviews (SR) and meta-
analyses (MA) on the effectiveness of various exercise
types used in LBP have been published and presented
with various levels of risk of bias [7, 8, 16, 18-21, 23-27].
These systematic reviews report overall low effect sizes
comparing exercises to various nonpharmacological
interventions. A recent and updated Cochrane review on
the effect of exercises in CLBP included > 200 original tri-
als and the results seemingly did not change the evidence
on the effectiveness of exercises in CLBP [8]. In addition,
two recent reviews, a comprehensive review [28] and
an individual participant data (IPD) meta-analysis [29]
presenting data from 27 randomized controlled trials

on the effect of exercises in CLBP, concluded that exer-
cise therapy is minimally effective for nonspecific CLBP
outcomes. Nonetheless, exercising in CLBP is recom-
mended, and guideline endorsed treatment [5, 30].

Identifying and appraising published SRs and MAs on
a specific topic enables a description of study quality and
can give a comprehensive overview of the results, which
allows a comparison and discussion of the strength of the
conclusions [31]. Recently, a systematic review of sys-
tematic reviews of exercise therapies used in acute LBP
concluded that there is very low-to-moderate evidence
that exercise therapy of any type results in any important
differences in pain or disability in people with acute LBP
[32]. Whether different exercise types used in CLBP vary
in effect has, to the best of our knowledge, not been sum-
marized and appraised in a systematic review of system-
atic reviews. We therefore aimed to identify published
SRs and MAs of common exercise types used in CLBP,
to appraise their quality, and to summarize and compare
their effect on pain and disability.

Material and methods

Design

We conducted this systematic review of systematic
reviews (SRs) according to a protocol registered in
PROSPERO (190,409) using the methods proposed by
the Cochrane Collaboration’s recommendations for con-
ducting an overview of systematic reviews [33], and the
PRISMA checklist (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) is presented in
Additional file 1 [34].

Eligibility criteria

We included systematic reviews (SRs) and meta-analyses
(MAs), in which a majority (>75%) of the included origi-
nal studies were randomized controlled trials (RCTs).
The inclusion was based on PICO (patients, intervention,
comparator, outcome) (Additional file 4). We did not
exclude any SRs or MAs on language, treatment dura-
tion, frequency or intensity, comparator intervention,
follow-up time, or year of publication. All systematic
reviews (with or without meta-analyses) will be referred
to here as systematic reviews (SRs).

Patients

We included SRs based mainly on (>75%) a working
population aged 18 to 70 years, who suffered from non-
specific CLBP or were defined as having recurring LBP.
Chronic LBP was defined as having LBP for a period of
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at least 12 weeks or more than 3 months, while recurring
LBP was defined as having a pain period that was pre-
ceded by a pain-free period.

Intervention

We included SRs in which the effect of any exercise ther-
apy or training was studied as the main (single) inter-
vention. Exercise was defined as “a regimen or plan of
physical activities designed and prescribed for specific
therapeutic goals, with the purpose to restore normal
musculoskeletal function or to reduce pain caused by dis-
eases or injuries” [10].

Comparator
No limitations were set for comparator interventions.

Outcome

We included SRs that investigated pain and disability as
primary outcomes in short-, intermediate- and long-term
follow-up. We did not specify short-, intermediate, or
long-term follow-up.

Search

Together with a medical librarian, we (authors WG
and ERB) developed a comprehensive search strategy
based on earlier published search strategies in Cochrane
Reviews regarding exercise therapy and chronic low
back pain in the following databases: OVID MEDLINE,
EMBASE, COCHRANE LIBRARY (the Cochrane Data-
base of Systematic Reviews) and WEB OF SCIENCE
(Core collection). We combined search terms and MESH
terms in a search strategy developed for OVID MED-
LINE and adapted this strategy for the other databases.
Only SRs were considered in the database searches.
Search strategies are presented in Additional file 2.
The search was performed up until 2022-01-26. After
removing all duplicates, the papers were imported into
RAYYAN QCRI [35]. All papers were alphabetically
divided into five teams with two reviewers each. The
reviewer pairs screened titles and abstracts retrieved
from the searches, independent from each other, and
assessed these for eligibility against the predetermined
inclusion criteria (PICOS). At this stage of the process,
regular reviewer meetings were held to reach consen-
sus. All titles and abstracts meeting the inclusion crite-
ria were retrieved in full text. In each pair, both reviewers
independently checked the full-text articles to assess eli-
gibility for the final inclusion in this review. Reasons for
exclusion were noted in this stage, and if more than one
reason for exclusion was available, the publication was
excluded in PICO-order, that is, a publication with wrong
intervention, wrong publication type, and wrong popula-
tion was classified only as excluded based on population.
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We scrutinized the reference lists of the included SRs for
additional potentially relevant publications.

Overlap

Overlap was defined when the same trial was included
in more than one of the included SRs [36]. We calculated
the total overlap (original studies in our included SRs) for
each type of exercise type independent of the outcome,
following the formula proposed by Pieper et al. [36]. We
present the overlap with the percentage of corrected cov-
ered area (CCA). Interpretation of CCA: 0-5% =slight
overlap, 6—10% = moderate overlap, 11-15% = high over-
lap, and > 15% = very high overlap.

Assessment of methodological quality of included reviews
The updated valid and reliable tool, AMSTAR-2 (A
MeaSurement Tool to Assess systematic Reviews), is rec-
ommended to assess the methodological quality of SRs
[37]. The study quality was categorized into four levels
based on all 16 AMSTAR-2 items: critically low (1-4),
low (5-8), moderate (9-12), and high (13-16), depend-
ing on the number of fulfilled criteria. Before the actual
assessment started, a pilot test was carried out on one
specific paper in which each reviewer learned how to
use AMSTAR-2. The two reviewers from each of the five
pairs performed their assessments independently and
compared them with each other. Disagreements in the
assessments were handled in a consensus dialogue after
comparing discrepancies between assessors and dis-
cussed in the total group, guided by WG and ERB.

Data extraction and synthesis

One reviewer per pair extracted data from the included
SRs, and the other reviewer from the same pair checked
the extraction for accuracy. We extracted the data into a
data extraction form adapted from a Cochrane form [33].
We extracted data primarily from the included SRs. If the
data presented in the included systematic review were
in doubt, the original included RCTs were checked for
accuracy. The results of each included SR were separated
on the outcomes pain and disability and on the follow-
up in the short, intermediate, and long term. We did not
perform a meta-analysis since clinical homogeneity was
not present due to the large variation in exercise dosages,
combinations of interventions, differences between the
studies in control groups as well as outcome measures
and follow-up times.

Assessment of certainty of evidence

We used the GRADE approach [38] to evaluate the cer-
tainty of the level of evidence for each exercise type and
each separate outcome. In this systematic review of sys-
tematic reviews, we used the conclusions by the authors
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of the included SRs as the main source, but we also
checked if the results were statistically significant com-
pared to a control intervention. When possible, we also
used the established minimal important difference (MID)
as a specified threshold in our evaluation of the level of
evidence.

In short, the first step of GRADE is to choose a start-
ing point for the level of evidence. Since our included SRs
mainly comprised RCTs, we decided to start at the high-
est level. Thereafter, we lowered the level of evidence by
appraising the potential limitations due to study limita-
tions (high risk of bias/ AMSTAR points), inconsistency
(in results), imprecision (large confidence intervals, het-
erogeneity), indirectness (poor measurement quality),
and publication bias. The level was increased if large
effects or a “dose-response” were seen based on the
reports of the SRs. In this way, we express our findings
together with the confidence in the results using four
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levels of evidence: “high” (++ + +), “moderate” (++ +),
“low” (++), or “very low (+) [38].

Results

Search results

The search results are summarized in Fig. 1. The literature
search returned a total of 3,475 systematic reviews. Fol-
lowing removal based on duplicates, a review of the titles
and abstracts (n=2, 139) was performed, and 253 full
texts were screened. After checking against our inclusion
and exclusion criteria (Additional file 4), we included 45
SRs in the final review. In the 45 SRs, a total of 499 ran-
domized controlled trials (RCTs) (overlap not accounted
for) were included. While one publication did not present
the number of patients included [39], all in all, 38 893
participants were included (overlap not accounted for).
All of our included SRs were in English except for one
that was in Spanish [40] and one in German [39]. A list

Records identified through database Additional records identified
searching through screening of reference
S (n=3475) lists (n=0)
=
o
S ! !
=
=
g Records after duplicates removed
o (n=2139)
)
v
w0 Records screened Articles excluded not relevant to
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c (n=1886)
[}
7}
—
(S}
(%]
S A 4
Full-text articles assessed for
eligibility Full-text articles excluded with
(n=253) reasons (n=208)
E Double publication (n=4)
2 Wrong publication type (n=52)
= Unavailable full text (n=1)
Wrong population (n=64)
Wrong intervention (n=67)
Wrong outcome (n=19)
A No data avaliable (n=1)
Studies included in
= qualitative synthesis
0] (n=45)
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S
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£
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Fig. 1 PRISMA chart for eligible study selection process
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of excluded SRs and reasons for exclusion is included in
Additional file 3.

Study characteristics

Our included SRs were published from 2001 to 2021.
The majority (69%; 31 out of 45) were MAs, and
most of the included patients were defined as having
CLBP > 12 weeks or >3 months (Tables 2, 3, 4, 5, 6, 7, 8,
9 and 10). Some of the included SRs [16, 43—-50] included
participants suffering from CLBP and, in addition, partic-
ipants suffering from recurrent LBP. Recurrent LBP was
defined as having LBP preceded by a pain-free period.

The included 45 publications were grouped based on
exercise types: a) aerobic training [15], b) aquatic exer-
cises [14], ¢) motor control exercises (MCE) [16, 40, 48,
49, 51-58], d) Pilates [18, 43, 47, 50, 59—-63], e) resistance
training [13, 39, 64], ) sling exercises [17, 65, 66], g) tradi-
tional Chinese exercises (TCE) [20, 67], h) walking [45, 68,
69], and i) yoga [19, 46, 70-78]. A short description of the
exercise types is presented in Table 1.

Although several of the included SRs did not report all
details, we summarized the population as being patients
with CLPB, with pain lasting between 3 and 6 months,
and in one study, even up to 8.6 years [14]. Moreover,
most of the publications reported that the majority of the
included participants were female, with a mean age span
ranging from 38 to 50 years. There was a large variation
in the dosage of the exercise interventions. Treatment
duration ranged from 6 to 36 weeks [52], with a fre-
quency from 1 to 5 times per week [55]. Concerning the
comparator interventions, our included SRs compared
the investigated exercise interventions with comparators
such as other exercises, manual therapy, and usual care.
Usual care was mostly defined as regular physiotherapy

Table 1 Description of the exercise types
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or visits by a general practitioner. Moreover, compari-
sons were made with minimal interventions such as pam-
phlets [78], educational booklets [56], placebo treatment
[48], or waiting list controls [15, 19, 71]. Descriptions of
the intervention and comparator treatments used in the
included SRs are presented in Tables 2, 3,4, 5, 6,7, 8, 9,
and 10.

All of our included SRs reported on the outcomes
pain and disability. They used several patient-reported
outcome measures to measure pain and disability. Most
reported data for pain were on the Numeric Pain Rating
Scale (NPRS) or Visual Analogue Scale (VAS) and for dis-
ability on the Oswestry Disability Index (ODI), Roland
Morris Disability Questionnaire (RMDQ), or Patient
Specific Functional Scale (PSES). For MAs, data were
often presented with MD or SMD, with 95% CI or stand-
ard deviation (SD).

The included publications presented diverse time
frames for follow-up. The majority of the included SRs
presented posttreatment data, and most presented
follow-up data in the short term (up until 12 weeks),
intermediate-term (12-52 weeks), and long term
(> 12 months).

Methodological quality of included reviews

Based on the AMSTAR-2 ratings, we found 13 SRs
with high quality [15, 16, 18-20, 47, 56, 58, 65, 69-71,
77], 16 with moderate quality [14, 17, 43, 45, 46, 48,
52-54, 59, 60, 62, 67, 68, 78], 14 with low quality [39,
40, 49-51, 57, 61, 63, 64, 66, 73-76], and two with criti-
cally low quality [13, 72]. The AMSTAR-2 ratings for all
included publications are presented in Table 11. Most
of the included publications answer “no” or “nearly
yes” on the items “having established a protocol before

Exercise type Description

Aerobic training
Aquatic exercises
Motor Control Exercises

Aerobic exercises aim to improve the efficiency and capacity of the cardiorespiratory system [41]
Aquatic exercises are any exercises performed in water, such as running, active range of motion, or strengthening [14]
Motor control exercises (MCE) aim to restore the neuromuscular control of the muscles stabilizing the spine and are

graded from low load exercises into activation during functional exercises and activities [42]

Pilates
breathing [43]

Resistance training
Sling exercises
Traditional Chinese exercises

Pilates exercises follow the traditional Pilates principles, such as centering, concentration, control, precision, flow, and

Resistance training includes exercises to improve the strength, power, endurance, and size of skeletal muscles [41]
Sling exercises use slings and elastic bands to offset body weight and progress the exercises without pain [44]
Tai Chi and Qigong, two common types of traditional Chinese mind-body techniques, also referred to as traditional

Chinese exercises (TCE), include low-to-moderate intensity exercises coordinated with slow body movement and focus

on a physical-mental connection [20]
Walking

Walking interventions use outdoor walking (with or without supervision), treadmill walking, and/or Nordic walking as

therapeutic programs in patients with chronic LBP [45]

Yoga

Yoga exercises follow the traditional yoga principles with a physical component [46]
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Table 6 Description of the included systematic reviews; number of original studies included, population, intervention and control.

Resistance exercises

Authors (year) Number of RCT’s included Population Intervention Control
in systematic review (SR)/ Number of subjects, Descriptive Descriptive
meta-analyses (MA) definition of LBP, pain
duration, % women, age
Kristensen etal. (2012) [13] SR: 12 Number of subjects: 549 Resistance training, not NR
MA: 0 Definition: NR further specified
Duration: NR Training period:
% Women: NR At least 4 wks, not further
Age: mean 47 yrs (SD 7.3) specified
Scharrer etal. (2012) [64]  SR:2 Number of subjects: 63 Fully or not fully comply No treatment or cognitive
MA: 0 Definition: Pain in the area  with ACSM guidelines for behavior intervention
of the back from the lower  endurance and resistance Training period: 10-12 wks.
ribs to gluteal folds, with training Not further specified
or without radiation to the  Training period: 3 times/
legs. Not to be caused by wk; 30-50 min/session,
neurological reason 70% 1RM 15-18 reps
Duration: > 12 wks
% Women: NR
Age: NR
Weinhardt et al. (2001) [39] SR:7 Number of subjects: N.R. NR Passive treatments, no treat-
MA: 0 Definition: NR Training period: NR ment, flexibility exercises,
Duration: NR fitness training

% Women: NR
Age:mean 47 yrs (SD 7.3)

Training period: N.R.

Abbreviations: ACSM The American College of Sports Medicine, LBP Low Back Pain, min Minutes, NR Not reported, reps Repetitions, RM Repetition Maximum, SD

Standard deviation, VAS Visual Analogue Scale, wks Weeks, yrs Years

» o«

the review”, “including a list of excluded studies’, and
“lacked reporting on funding of the included studies”.

For some exercise types that were investigated in
more than one systematic review, there was a high
or very high overlap (e.g. walking: CCA 38%) of the
included original studies, except for resistance training
(CCA 4%).

Summary results for exercises in chronic low back pain

The narrative analyses of the included SRs showed large
effects when comparing the exercise interventions with
minimal or no intervention. For most exercise types,
there were no differences when different exercise types
were compared with each other. Mostly small or nonsig-
nificant effects on pain and disability were found in favor
of the various exercise types compared with other control
interventions, such as usual care. We found very low-to-
moderate quality evidence that any exercise type is effec-
tive for reducing pain and disability compared to no or
minimal intervention but that no exercise type seems to
be more effective than another (Tables 12, 13, 14, 15, 16,
17,18, 19 and 20).

Table 21 shows that there is very low-to-moderate
quality evidence (measured with GRADE) that various
exercise types investigated are as effective for reducing
pain and disability compared to no or minimal interven-
tions in chronic LBP.

Aerobic exercise

Our search resulted in one MA on the effects of aerobic
exercise, which covered a literature search up to March
2016 and included six publications with 333 subjects [15].
The review was rated as having high quality (Table 11).
Aerobic exercise was compared with resistance training,
or combined aerobic and resistance training versus exer-
cise advice, to maintain normal activity, or waiting list
not getting any intervention (Table 2).

The results showed that aerobic exercise reduced pain,
although neither aerobic nor resistance training proved
to be superior to the other (Table 12). No significant
differences were reported for disability. The GRADE
analysis showed moderate-quality evidence that aerobic
exercise is as effective for the reduction of pain and dis-
ability compared to resistance training (Table 21). We
downgraded due to possible publication bias since only
one review was identified.

Aquatic exercise
Our literature search identified only one MA with mod-
erate quality (Table 11) published in 2018 on the effec-
tiveness of aquatic exercises compared to land-based or
no exercises [14]. The MA included eight RCTs with a
total of 311 participants (Table 3).

The MA found a statistically significant reduction
in pain and disability in patients treated with aquatic
therapy compared to patients treated with land-based
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Table 8 Description of the included systematic reviews; number of original studies included, population, intervention and control.

Traditional Chinese Exercise (TCE)

Number of RCT's
included

in systematic review
(SR) /meta-analyses

Authors (year)

Population

Number of subjects,
definition of LBP, pain
duration, % women, age

Intervention
Descriptive

Control
Descriptive

(MA)
Qin et al. (2019) [67] SR: 10 Number of subjects: 959 Tai Chi alone or Tai Chi com- Unaltered lifestyle, physi-
MA: 10 Definition: NR bined with other treatments,  otherapy, massage or health
Duration: >3 mo such as health education, education
% Women: NR massage, and routine physi- Training period: NR
Age: Mean 46 yrs, SD 9.4 otherapy
(range 33-61) Training period: mean 11
wks (range 2-28, 40 to 60 min
Zhang et al. (2019) [20] SR: 11 Number of subjects: 886 Tai Chi or Qigong (Wuginxi, Classified into either active
MA: 11 Definition: NR Baduanjin, Liuzijue) treatment

Duration: >3 mo
% Women: NR

Age: Mean 50 yrs, SD 13.5

(range 35-74)

Training period: mean 11
wks (range 2-24), 1-7 times/
wk., 20 to 90 min

(strength exercise, back walk-
ing, or other physiotherapy)

or passive control (waitlist, no
treatment)

Training period: In 5 studies
NR, in 1 study 1 x 20 min/day in
2 wks, in 6 studies 1-4 times/wk,
30-60 min

Abbreviations: LBP Low Back Pain, NR Not reported, mo Months, min Minutes, yrs Years, wks Weeks

therapy (Table 13). No information about the time
point of outcome reporting was provided (Table 3). The
GRADE analysis showed that there is low-quality evi-
dence that aerobic exercise is superior to land-based
exercise in the reduction of pain and disability (Table 21).
The evidence was downgraded due to study limitations
and possible publication bias since only one systematic
review (MA) was identified.

Motor control exercises

We included 12 SRs [16, 40, 48, 49, 51-58] investigat-
ing motor control exercises (MCE). All but one of our
included SRs [40] conducted a meta-analysis. The pub-
lication year ranged from 2006 to 2021, and the last
updated search was August 2020 [58]. The SRs inves-
tigating MCE included between four and 34 low-to-
high-quality RCTs and included between 209 and 2514
participants (Table 11). In total, 195 RCTs were included
but, there was a high overlap of the included original
studies (CCA 13%) since only 78 original trials were
included. Only three of the included SRs were rated with
an overall high quality [16, 56, 58].

The included publications reported outcomes of pain
and disability in the short, intermediate, and long term
(Table 14). Control interventions were general exercises
(GE), spinal manual therapy (MT), multimodal treatment
(MMT), or information/minimal intervention/usual care
(Table 4). The narrative synthesis on pain showed a non-
significant effect for MCE over general/other exercises
mainly in the short and intermediate term [16, 48, 49, 51,

52, 56-58]. Compared to manual therapy, none of the ten
publications presented any results on differences to MCE
for pain [16, 48, 49, 51-56, 58]. Five SRs reported sig-
nificant results showing that MCE was more effective in
the short [58], intermediate, and long term than minimal
intervention for pain [16, 48, 51, 54].

The narrative synthesis on disability in the included
SRs showed a nonsignificant effect for MCE over gen-
eral exercises [16, 48, 51, 52, 54, 56—58], while Niederer
& Mueller (2020) presented results of no difference at any
time points [55]. MCE showed small effects compared
to manual therapy in two reviews [48, 54]. Compared to
minimal intervention, MCE showed significant differ-
ences in the short- [16, 48, 51, 58], intermediate- [16, 48,
51, 54], and long-term [16, 48] on the outcome disabil-
ity. The GRADE analyses showed that there is a moderate
level of evidence on the effect of MCE on pain compared
to minimal intervention and a low level of evidence that
there is such an effect on disability (Table 21). Downgrad-
ing was based on the inconsistency of the results and, for
disability, on imprecision due to significant heterogeneity.

Pilates

The literature search resulted in nine systematic reviews
[18, 43, 47, 50, 59-63], of which five had performed
an MA on the effect of Pilates [18, 47, 50, 60, 62]. Our
included publications included between four and 14
original trials published between 2011 [60, 63] and
2018 [59] with an updated search in April 2016 [59] and
included between 134 [50] and 708 participants [59]. In



Page 18 of 49

(2022) 23:801

Grooten et al. BMC Musculoskeletal Disorders

SO SHM ‘SIeIA SIA ‘UOIIRIASP piepuUElS (S ‘Pariodal 10N YN ‘Uled Yoeg MOT g7 ‘SYIUO OW ‘SOINUIIN UIW SUOIIDIAJIQQY

UOIIUSAIR1UI O} Jejiwis :porsad bujuresp
UO[1DNJISUl SUO Buisj|em DIpION ‘BUIAl|
aAloe ‘Adesayy aanendiuew ‘Adesayio
-1SAyd |ensn ‘aJ1Ape/UOI1EDNPS ‘SISI1D19X]

UN :pouad bujuresp
(uoneonpa ‘Adesay [eisAyd ‘9s1019x9)
uonuaAILUI [edIB0j0dRUIRYd-UOU AUY

YN ‘pouad bujures)

Adesayy

|EUOIIUSAUOD pue AdeIay) 951019%
[EDIPRW pUE ‘s351219%a buluayibuans
'S9SSR[D 951219%3 Pasiaiadns ‘(as1219%
pue ‘Adeiay) [enuew ‘ad1Ape) 21ed [ensn
:uoiuaAIIUL [eD1b0j0DRWIRYd-UOU AUy

sapuanbaly pue suopeinp

SNOLIBA ‘SYm @ 01 9 :pousad Burures]
351219%2 01 UONIPPE Ul pue auole ‘bul
-3{[eM DIPION PUE '[|ILIpeaI] ‘PUBSAQ

$3|DUaNbay pue suoneINp sno

-lleA ‘oW 7| 01 M 9 ;porad Buluier)
3512493 0} UOIIPPE Ul pue

2UO[e ‘BUI{|eM ||IWPEIY PUB PUBLDAQ

swelboud papeib Ajje

-npiAipul 01 dn Aep 19Yy1o AIaAs ulw O
ol 'sym 7| 01 & ;porsad Builures)
Bupjjem |[ILpeasl pue puepaAQ

SIA gy 01 87 WO} bk uraw by

YN UBWOM %

ow ¢ <:uoneing

dN suoiuyaqg

62¢ :s193[qns Jo JdquInN

siAg| <:aby

N :UBWOM %

YN € Ul ‘S91pNis G Ul o€ <:uoleanqg
dN :uoniuysqg

£9g :s129[qns jo JaquinN

(ueaw) siA 9g 01 74, obuel :aby
YN UBWOM %

ouw ¢ <:uoneing

dN :uoniuysg

698 :5123[qns jo JdquInN

SV
G S

SV VW
6 :4S

0V
L°S

[S¥](610T) e 3@ nuep

[69] (8L0T) "|e 39 [nyesoAutodiynis

(89] (91L07T) |2 39 pioymeT]

aandudsaqg
|o13u0>

anndudsaqg
UOIIUdAIBIU|

abe ‘uawom 9, ‘uoneinp ujed 4g1
J0 uoniuyap ‘s3aalqns jo ;aquinN
uone|ndod

(VW) sosKjeue
-e19W/ (YS) MaIADI d1ewd)SAS
ul papnput s, Oy J0 I3quinN

(1eak) stoyny

BuIj|eAA J01IUOD pUR UOIIUBAISIUL ‘Uoeindod ‘PapN|dUl SSIPNIS [BUIBLIO JO JSGUINU SMBIASI JIFRWSISAS Papn|dul au Jo uondudsag 6 ajqeL



Page 19 of 49

(2022) 23:801

Grooten et al. BMC Musculoskeletal Disorders

4N :pouad burues)

2.1eD [eDIPaW Pa1daIP-J9s ‘dnoib |01
-UOD [PUOIIEDNPS ‘B/U ‘24BD [BNSN dgT1D
2IN1D3| pue 3sID19Xa BHOA-UOU pue
wesboid [elIuspISal H00q 21ed-J|9s pue
Bulyo1a.1s Ayoam eHOA Apaam-adimy

YN :2by

S9lPWIRy

papnpul Ajuo Apnis usym pariodal
AJUO UOINQUISIP ISPUSD) :UBWIOM %

‘(4N) 2482 [ensn pue 1sipiem ‘Adessyy YN :uoneing
351219%3 |eUOnUSAUOD ‘Adeiay [edisAyd SYM (£°9) S8 UBIN 491
pue 3s1219xa bulzl|Igels /N ‘|01auod :pouad Buiurer]  yum pasoubelp s133(gns :uoimuyaq 0 VN
Isiptep ‘Buiyiens/Adessyy [edishyd UN £/T\ s123[qns Jo JaquinN 71:¥S [2/1(9102) "2 32 Bueyd
UO0IS$3S/UIW 08—0€E SIK
‘(]L101 UI SUOISSaS 0G—C 1) M/SUOISSIS 61 PUB $ U99M13q abe ueaw by
UOISSaS/UIW 0951 G—C 'SIM G |- :pordd Bulures) 059 :UBWONN %
(P10} Ul SUOISSSS GH—7 ) YM/SUOISSDS (weiboud YN uoneing
€-1 'Sim G~ ;poriad buiures eBOA SAISUSIUINML) | AT pUe YN :uoniuyaq 9:YIW
11| Buniep 91n1oa) ‘Anande [edishyd  eBoAluIA YebuaA| 9jA1sgns pue eyley gre :5193[gns Jo 1laquinN 9:HS [1/] (ZL0T) "2 33 Buissng
S3IPNIS /7 JO INO 9 Ul SISDIDXD
SWOY + UOISS3S/UlU 07 L —0€) M
/sdWl) /—| BuUlIND0 SUOISSS YIM
'SYM 17 01 SKep / woi) pabues uon
-einp uonuaIau| ;pouad Bulures)
wnnouInd eboA
S3IPNIS £ UI'S3SIDIRX2  3Y3 03Ul Buiueys papn|oul Apnis auo
2WOY 4+ SUOISS3S/UlW 07 L-0E pue ym Sealaym ‘adIApe 3}A1s3yl| papiaoid YN € Ul pue ‘sik ¢/ sem abe
/SOWIN /=1 “SYM Z1—| Woly pabues  Aj|pUOIIPPE SAIPNIS OM[ “UOIIBIPaW  UBSaW 3yl ApNiIs | Ul ‘saIpnis €2 Ul SIA
UOIUSAISIUI DAY :pouiad Bululed]  papnpul S3IpNIS 6 PUB ‘SAIPNIS /1 JO  9pG— |7 Usamiaq abe ueay :aby
UONUSAJIIUI  1ied e Sem UOIIeXE|D] ‘'S35SE[D JIaY3 Ul YN GZ Ul‘8LL)
aAIssed e pue 9A[1DB UP Y10 pasn pue  eweAeueid paielodiodu] OS[e S3IpNIS  USWOM AJUO S3IPNIS 7 U| :USWOA %
S3IPNIS WIB-931U1 2JaM S3IPNIS dAI4 AIUaM| “winNoLIND e60A 3y3 o3l ‘OW € UeY3 s3] Joj uted yam
SIIPNIS  SPUBSE PIPN|DUI SAIPNIS ||V 9141 BOOA  papn|pul aam syuaiied ay3 saipnis ¢
| L ut AwyiAyina pue buobib se yans oy1oads Aue 31e3s JoU PIp SaIPNIS U “uoieInp Y3 Jo 1odal Jou pip sal
351219%3 A1pyUsWID|dWOD ‘j00Yds yoeq SU1 JO OM] "Pa1e)S SEM 3A1S 0U ING  -PN3S G ING ‘oW € 1Sed| 1B JO uofeinp
10 Adesayi [ea1sAyd ‘sasiniaxa buIyd1aas  ‘9sIN0d [BNLIA B SB UOIUSAIIUI eHOA e UM ‘uled 3oeq mo| dyidadsuou
pue BulusyIbUI1S ‘UOIIBUIqUIOD Ul IO PRaIayo Apnis auQ ydeoidde paielb 10 uled yoeq Mo| yum sjuaired
2UO|e 3512193 JIgoIae Jo Bujuayibuans -31ul ue Jo ydeoidde dpnadesayy papn|aul S3IPN1s 07 Ul :uoijeing
'S3SID19X3 UOI1eZI|IGR1S) UOIIUSAISIUI B Se Pa1IdSap sem 3}A1s eBOA ay3 ulaned uolelpes pue ‘Alsuaiul
|0JIUOD SAIDB UR ‘S9IPNIS 9| Ul (35I| ‘SaIpn1s 9 u| ‘Apnis | Ul eBoA (uljepuny  ‘uoneinp ‘asned uled Jo ssajplebal 3|9
JIeM ‘|ENSN S JUSWIRaI} 'SDIAPR U  ‘S9IPNIS / Ul BDOA BYIBH ‘S3lpnis Z Ul -161j9 a1am ujed 3oeq moT :uoiuyag (TN
-1lJM) UOIIUSAIIUI [013UOD dAIssed v eDOAIUIA ‘s3IPN1S / Ul BBOA JeDUSA| 70 7 :s19[qns jo JaquinN /THS [0/1(0Z07) *|e 32 akayuy
abe ‘uawiom 9, ‘uoneinp ured g (VIN) sasAjeue

anndudsaQg
|josuo)

anndudsaqg
UOIUIAIRIU|

JO uonuyap ‘s1d3fqns jo JaquinN
uonejndod

-e)awy/ (YS) Malnai d13ewalshs
U papnppul s, [ Y J0 Jaquiny

(1eak) saoyny

eHOA |0J3UOD pue UOUSAISIUI ‘Uolieindod ‘papn|pul S3IPNIS [eUIBLIO JO JSGWINU SMIIAI D11BUIRISAS papn|dul ay3 Jo uondudssd oL ojqeL



Page 20 of 49

(2022) 23:801

Grooten et al. BMC Musculoskeletal Disorders

YN :poriad buuiel)

(z=u) ©&N)

2Jed [ensn pue (7 =U) |0J1U0D 1SIj1Iem

‘(1 =U) 9SI12J9%a (€ = U) UOIILDNPS UM
sasAjeue ay3 ul papnjdul sdnoib jonuod

YN € Ul ‘welb

-oid ym | Apnis | u| :pouad Bulures)
Aujigixey pue uted ‘Ajige

-sIp uo Adeiayy [ed1sAyd »0oq 218395
'91eD [EDIPW PIBPUE]S ‘18D [eNS()

YN :porsad burures)

(sal

-pnis om1 ‘payidadsuou) a1ed [edIpaul
PIBPUE]S JO ‘(SIIPNIS OM]) 3SIDISX-J|9S
JUSMISPUN ‘(SIIPNIS OMI) SDIAPE UDNILIM
19412 UaAIB 919m sdnolb |0nuod ay|

YN :porsad burures)

3s3Y3Jo 9 Ul

sdnoub usamiaq a|geledwod alam 1eyy
SUOIUSAIDIUI-0D payiodal SaIpNIs ||y
'S3IPNIS € |[e Ul SuonuaAIIUl eBOA Y3
YIM paydiew A10exa a1am uofeinp
pue A>usnbaly ‘Yibus| welboid pue
‘sweboid as1019xa 01 eBOA pasedwiod
S3IpPN1S 331y "uonesnpa Adesay |ed
-1SAYd UO SUOISSIS Ul 09 OM] pue
21D %DBQ UO J21I3|SMAU APRam
paAdda1 ApNis 1a4io | Ul syuaped pue
ue(d 131p pue 3|A1s3)1| pa|ieIap e 01
2I24pe 01 pPasiApe a1am syualied ayy
Apnis | U] dg7 1o} sa1631e13s 21e-J|9s
U0 3004 [eUOIEINPS UB Yim sjuaiied
papiroid 353y Jo G ‘uopeonpa o) eHoA
paJedwod SaIPNIS USASS “(YN) 2Jed
|ensn 03 e60A pasedwiod salpnis om|

A | 1oy Ajtep y g Apnis

SUQ (UIW 06—5/ UOIRIND) YM/SSWILL
-1 'SIM $Z-9MQ :poriad Buluel)
(1ebuak| 'eboAlulp 'BDOA BYIRH) BBOA

%M | 10} weiboid aAIsuslul
ue Apnis | Ul pue /M B 91Mm1 JO 9DUO
SIM 7| S3IPNIS € U] ;porad Bulureap

YN saIpnis
€ Ul ‘Adelay eBoA JebuaA| Apnis | u|

SYIM 77— | spouad Bulures]
eHOA 10 BOOA JeBUSA|

SHM 77 J9AO

M/SUIL Z O14M | JSAO SUOUSAIDIUI
Kjtep woj buibuel ‘patien Alsuaiul
pue yibus| weiboid :porad bulures)
(Aydosojiyd ‘sndoy [pausul ‘uoliexe|al
‘seweAeueid ‘seuese) OO {(21n109)
‘9o11oe.d |edisAyd ‘bunueyd ‘uon
-elpawl) eHOA {(Uonexejas ‘sainisod
Julyreaig) eBOAIUIA ((UONRIPaW ‘UOIL
-exe|al ‘Oulyiealq ‘seuese ‘sainisod
‘Buiyd1aiis) eBoA eyieH ((sainisod
‘uonexe|al) uted 3oeq 1oy eBHOA JeBUIA|
pazije1nads ‘(eweAeueld ‘Bunueyd
‘1akeud ‘seuese) eHOA 'eHOA J1ebuUA|

sIA 61 pue

4 U99M19q abuel abe ueaw by
9|BWSJ 9%£'99 UBWOA

YN uoneing

dN :uoniuyaq

¢/ :s123[gns Jo JIaquinN

YN Ul 'sa1pnis  ul /-8 2By

YN ‘USWOM

ow ¢ <uoneing

ow ¢ < ujed yoeq

JaMO] SB PauYap I 497D :uouyaqg
| 1/ :s323[gns jo 1aquinN

NINEEL)Y

YN ‘UWOM%

SVA

¢ <uled ‘ow ¢ < abeIaAR :UORING
|1 :5393[gnNs Jo JIaquinN

SIk 61

01 $ woly buibues abe ueaw 26y
3lewa) alam Apnis ydes uj syuaped
JO 9E8 PUB G US9MIDg :USWOM %
YN :uoneing

dN suoniuyasqg

/96 :5323[qns jo JaquinN

8 :YIN
8:S

0:YIN
7S

0:VYIN
9:s

8:YIN
6:dS

[S/]1(€107) '|e 3® uewzjoH

[v/1(€102) IH

[€£1(S10T) "|2 33 MOID

[9v] (£L0T) "|e 30 Joweld

anndudsag
Josauo)

annduodsaq
UOIUAAIRU|

abe ‘uswiom 95, ‘uoneanp ured 4g
JO uonuyap ‘s1d3fqns jo JaquinN
uone|ndod

(VIN) sosAjeue
-e)aWy/ (YS) Malnai dipewaysAs
ul papnppui’s,| 5y Jo JaquInN

(1eak) saoyiny

(PanUNUOD) oL d|qel



Page 21 of 49

(2022) 23:801

Grooten et al. BMC Musculoskeletal Disorders

SYII SHM ‘SIBIA SIA ‘UOIIRIADP plepuelS @S ‘Pariodal 10N YN ‘SYIUOW ow ‘saInuI ulw ‘uled yoeg moT 497 ‘Adesay] ebop 01 yoeoiddy paresbaiu] [AY7 ‘Uled ddeg MO dIUOIYD dg7D :SUOIDINIQQY

SIM tz—| ;porad Bujuier)

weJboid 13)ydwed

'951219%a BUIY212115 HO0q 218d-J95 15|
-1leM ‘UOIIBINPR + SJUSWSAOW [ed1sAyd
Allep ‘uted %2eQ UO Jo1I9|SMBU ‘951219X3
y1bualis pue d|qoIae ‘JUSUIILI] OU
BuipnpDUl ‘SaIPNIS Palen|eAs 9y) SsoIde
Kj1e216 palieA SUOIIPUOD [0JIUO0D)

YN :pouad Burures)

S3SIDI9XD puUR

|0J3UOD 35I1219X3-UOU O} Y10g S3IPNIS
€ Ul pue ‘sas12Jaxe Jo Adesay [edishyd
[BUOINPEI} O} SAIPNIS g Ul ‘(UolIedNpa
‘aJed |ensn “H°3) |0J1U0D 3SID49X3-UoU
01 pasedulod sem eOOA S3IPNIS €|

dnoib

UOJIUAJIUI Se swies :poriad Bulurel]
SISIDJOXD 0} G ‘UOIIEDNPS 0} | 00q
2182-J|95 B 01 7 ‘(YN) 24BD [eNnsn 10 1s||
Buiem e 01 e60A pasedwod saIpnis 9

YN :poudd Bulures)

SDIAPE Ua11LIM pue aJed

[BNSN JO JUSW1L3J1 OU ‘D4eD [eNSn pue
dnoJb [013U0D |eUORINPS H00Q 248D
-J|9s 10 218D 3s219%3 dINadelayy [euol
-U9AUOD ‘s3s1019%3 [eDIsAyd ‘aled |ensn

(S3IPNIS 7| JO INO 6 Ul SISIDI9X
W0y + suolssas Jad uiw 0oz L 03 09)
M Jad SaWI U9ASS 01 U0 BUIINDD0
SUOISSIS YHM ‘SHM 77 O} | P3lse| uon
-eINp UoNUSAIRIU| ;porad Bulurel)

dN

(sa1pnis g1

JO INO | UI 3512193 SWOY + SUOISSSS
19d UlW 06—GE) HM/SUOISSIS /| UM
‘SYM 77 01 SAep / uloi) pabues uon
-eINp UoiUSAISIU| ;porad Bulurel)
SIIpNIs 7 Ul pay

-1>ads 10U eBOA pue ‘s eboA eyleH ‘e
ul eBOAIUIA ‘S31pN1s 9 Ul eOOA JeBUA|

Aep Jad sainsod

eboA Jo sinoy omy Ajerewixoidde
pa21oeid dnoib eboA ay1 pue ‘buiss
[BIIUSPISI B Ul INO P3LIIED SeM APNIS
SUQ "UIW 06 01 GI Bulise| ssejd yoes
yum Hm Jad sassepd eboA aaiyi o1
2UO SeM UOIUAIRIUI BBOA 31 ‘Apnis
3U0 INQ ||e 104 :poliad Buurel)
ebok

4O Swioy BROAIUIA IO ‘ByiIeH ‘TebuaA|

A | 10j Ajiep y 8 Apnis

3UQ "UIW 06-G/UOIRINP) YM/SaUI}
-1 'SIM $Z-sMg :porsad Bulures)
Apnis | ul pue

| Ul BBOAIUIA ‘| Ul SD13DepIp pue uol
-elpaul ‘sewieAeueld ‘seuese eBOA ‘¢
Ul eBOA 19BbUA| ‘Apnas | Ul eOOA eyleH

SIA G9 01 0 abuey by

YN ‘USWOM %

2I0UI IO OW ¢ uoneing

ow ¢ uey Jobuoy| 1o burindal

10 Bbunse| uied 3oeq mo| :uoniuyaqg
5S¢ :5193[qns jo JaquinN

sIK G9-g| sem abues 3y saIpnis

C urApmis | ul'sik9z/-0'e/ 'saIpnis
1 UI'SIK9'€€-9'¢cG abe urawl :aby
YN T Ul'SaIpmIs gL Ul |80 :USWOM %
2J0W Jo oW € :uoneing

ured

¥2eq Moj dy1ads-UoN uoinuyaqg
€16 | :5193[qns jJo JaquinN

payodal

10U sem syuedidiled Jo abe ay1 Apnis
2UO Ul pue ‘sIA 1€ 29 01 paniodal sem
obe ueaw ay3 ApN1s aUO Ul ‘p|o SIA g
pue £} U9aM13q 29 03 patiodal sem
suuedidiued Jo obe ueaw ayJ @by
e|puU| 3PISINO PI1ONPUOD

SAIPNIS SY3 Ul 9€8 01 9 W0l pabuel
puUe ‘e[pu| Ul INO P3LLIeD SAIPNIS

9Yl Ul %ES PUB %St \USWOM %
2J0W Jo oW € uoneing

SpI%4

|e21N|6 33 PUP Gl JIMO| Y] U3aM13G
e3Je 94} Ul 1JojulodsIp Jo uted se
pauyap ‘uled ¥oeq MOT :uouyaq
0801 :s123[qns jo JaquinN

ano0qe pue g :aby

YN ‘USWOM %

2i0W Jo oW ¢ uoneing
4N :uonjuyaq

£Ov :s393[gns jo JaquinN

Ol=£VWN
LS

8L:YIN
8L S

CLYIN
LS

0:VYIN
LS

(821 (6107) "o 3® noz

[£/](0zZ0T) "[e 3@ nyz

[61]1(£102) "|e 3@ puejpIm

[9/] (L10T) 35U13 3 1Zpesod

anndudsag
jonuod

aandudsaqg
UOIUSAIRIU|

abe ‘uswiom 9, ‘uoneanp ured 4g
JO uoniuyap ‘s3aafqns Jo JoquinN
uone|ndod

(VIN) sosAjeue
-e)aW/ (YS) Malnai dipewayshs
ul papnppul s, 1 3y o JIsquinN

(1eak) saoyiny

(panunuod) oL djqeL



Grooten et al. BMC Musculoskeletal Disorders (2022) 23:801 Page 22 of 49
Table 11 Summary of methodological quality assessment of included systematic reviews using AMSTAR-2

Authors 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Sum Quality
Aladro-Gonzalvo et al. 2013 [47] Y PY Y Y Y Y Y Y Y N Y Y Y Y Y Y 14  High
Anheyer et al. (2021) [70] Y Y Y Y Y Y PY Y Y Y Y Y Y PY Y Y 14 High
Bussing, et al. 2012 [71] N PY Y Y Y Y Y Y PY N Y Y Y Y Y Y 12 High
Byrnes, et al. 2018 [59] Y PY Y Y Y Y PY Y Y Y N N N N N N 8 Mod
Bystrom, et al. 2013 [48] Y PY Y PY Y N PY Y Y N Y N Y Y N Y 9 Mod
Chang, et al. 2016 [72] Y PY Y N N N N PY N N N N N N N N 2 Crit. Low
Cramer, et al. 2013 [46] Y PY Y Y Y Y N Y Y N Y Y N Y Y Y 12 Mod
Crow, et al. 2015 [73] Y PY Y Y N N Y Y Y N N N N N N N 6 Low
Drummond, et al. [17] Y PY N Y Y Y N Y N N Y Y Y Y Y N 10 Mod
Elbayomy, et al. 2018 [51] Y PY Y Y N N PY PY Y N N N N N N N 4 Low
Ferreira, et al. 2006 [49] Y PY Y Y Y Y N N Y N Y N N N N N 7 Low
Gomes-Neto, et al. 2017 [52] Y PY Y Y Y Y N Y Y N Y Y Y Y N N 11 Mod
Henao & Bedoya, 2016 [40] Y PY Y PY Y Y Y PY Y N N N N N N N 6 Low
Hill, 2013 [74] N PY Y PY N N Y PY Y N Y Y Y Y N N 7 Low
Holtzman & Begs, 2013 [75] Y PY Y Y N N Y PY Y N N N Y N N N 6 Low
Kristensen & Franklyn-Miller, 2011 [13] N N N PY N N N N N N N N N N N Y 1 Crit. Low
Lawford, et al. 2016 [68] Y Y Y Y Y N PY Y N N N Y Y N Y 10 Mod
Lee, et al. 2014 [66] Y PY Y PY Y Y N PY PY N N N Y Y N N 6 Low
Lim, et al. 2011 [60] Y PY Y Y Y Y N PY Y N Y N Y Y Y Y 11 Mod
Lin, etal. 2016 [61] Y N Y PY Y Y N PY PY N N N Y Y N N 6 Low
Luomajoki, et al. 2018 [53] Y PY N Y Y Y N Y Y N Y Y Y Y Y Y 12 Mod
Macedo, et al. 2009 [54] Y PY Y Y Y Y N Y PY N Y Y Y N N Y 10 Mod
Miyamoto, et al. 2013 [62] Y PY Y PY Y N PY PY PY N Y Y Y Y Y N 8 Mod
Niederer & Mueller, 2020 [55] Y PY N PY Y Y N PY Y N Y Y Y Y Y Y 10 Mod
Pereira, et al. 2012 [50] Y Y Y Y N N N PY Y N N Y Y N N N 7 Low
Posadzki & Ernst, et al. 2011 [76] Y PY N Y Y Y N PY PY N N N Y Y N Y 7 Low
Posadzki, Lizis, et al. 2011 [63] Y N N Y Y Y Y Y Y N N N N N N N 7 Low
Qin, et al. 2019 [67] Y N PY Y Y N PY PY N Y Y Y Y Y Y 10 Mod
Saragiotto, et al. 2016 [16] Y PY N Y Y Y Y Y Y Y Y Y Y Y Y Y 14 High
Scharrer, et al. 2012 [64] Y PY N PY Y Y N PY PY N N N N N N N 3 Low
Shi, et al. 2018 [14] Y Y N PY Y Y N PY Y N Y N N Y N Y 8 Mod
Sitthipornvorakul, et al. 2018 [69] Y PY Y PY Y Y Y Y Y Y Y Y Y Y Y Y 14  High
Smith, et al. 2014 [56] Y Y N Y Y Y Y Y Y N Y Y Y Y N Y 13 High
Wang, et al. 2012 [57] Y PY N PY Y Y N PY Y N Y N N N N Y 6 Low
Vanti, et al. 2019 [45] Y PY Y Y Y Y N Y Y N Y N N N Y Y 10 Mod
Weinhardt, et al. 2001 [39] Y PY N N N Y N N PY N N N Y N N N 3 Low
Wells, et al. 2014 [43] Y N Y PY Y Y Y Y N Y N N N Y N Y 9 Mod
Wewege, et al. 2018 [15] Y PY N PY Y Y Y Y Y N Y Y Y Y Y Y 12 High
Wieland, et al. 2017 [19] Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 16 High
Yamato, et al. 2015 [18] Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y 16 High
Yue, et al. (2014) [65] Y PY Y Y Y Y N PY Y Y Y Y Y Y Y Y 13 High
Zhang, et al. 2019 [20] Y PY N PY Y Y Y Y Y Y Y Y Y Y N Y 12 High
Zhang, et al. 2021 [58] Y N Y Y Y Y PY Y Y N Y Y Y Y Y Y 13 High
Zhu, et al. 2020 [77] Y Y Y Y Y Y PY Y Y N Y Y Y Y Y Y 14 High
Zou, et al. 2019 [78] Y N Y Y Y Y N Y Y N Y N Y Y Y Y 12 Mod

The rating of overall confidence (OC) was categorized, depending on total number of fulfilled criteria where Y=1p and PY=1/2p: critically low (1-4), low (5-8), moderate (9-12),

and high (13-16)

Abbreviations: Y Yes, criterion fulfilled, N No, criterion not fulfilled, PY Partial Yes, criterion partially fulfilled, Crit. Low Critically low, Mod Moderate

AMSTAR-2 Criteria: 1. Did the research questions and inclusion criteria for the review include the components of PICO? 2. Did the report of the review contain an explicit statement
that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol? 3. Did the review authors
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Page 23 of 49

explain their selection of the study designs for inclusion in the review? 4. Did the review authors use a comprehensive literature search strategy? 5. Did the review authors perform
study selection in duplicate? 6. Did the review authors perform data extraction in duplicate? 7. Did the review authors provide a list of excluded studies and justify the exclusions?
8. Did the review authors describe the included studies in adequate detail? 9. Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual
studies that were included in the review? 10. Did the review authors report on the sources of funding for the studies included in the review? 11. If meta-analysis was performed, did
the review authors use appropriate methods for statistical combination of results? 12. If meta-analysis was performed, did the review authors assess the potential impact of RoB

in individual studies on the results of the meta-analysis or other evidence synthesis? 13. Did the review authors account for RoB in primary studies when interpreting/discussing
the results of the review? 14. Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review? 15. If they
performed quantitative synthesis did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the
review? 16. Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review

total, 79 RCTs were included, but there was a very high
overlap (CCA 32%), since only 25 original trials were
included. The study quality for the included SRs inves-
tigating Pilates ranged from low [63] to high [18] qual-
ity (Table 11). The intervention dosage varied greatly
between publications, and due to poor reporting, it was
impossible to summarize a typical exercise duration,
frequency, or intensity. The control interventions varied
greatly and contained treatments such as other exercise
types, McKenzie, massage, back school programs, or
information/minimal intervention/usual care (Table 5).

The narrative synthesis on the outcome pain showed
significant effects for Pilates over no or minimal inter-
vention in eight of the SRs [18, 43, 47, 59-63]. In all of
the included SRs, there were no differences compared to
other types of exercises, except for one that found supe-
riority for Pilates exercises compared to physical activity
[43]. Similar results were found in the narrative synthesis
on disability. Six of the included SRs reported nonsignifi-
cant effects for Pilates over minimal intervention [18, 43,
59, 61-63]. Most of the included publications pointed out
that Pilates exercises were as effective as other types of
exercises, mainly with short-term effects (Table 15). The
GRADE analyses showed a moderate level of evidence
on the short-term effects of Pilates compared to minimal
intervention and no effect compared with other types of
exercise concerning pain (Table 21). For disability, the
level of evidence was low for this comparison. For both
pain and disability, the evidence was downgraded due
to the low and moderate quality of most of the included
publications. Moreover, an additional downgrading for
disability was added since the results were conflicting
concerning the conclusion on the effectiveness of Pilates
over minimal interventions.

Resistance training

We included three SRs on the effect of resistance train-
ing [13, 39, 64]. None of these conducted a meta-analysis.
The publication year ranged from 2001 to 2012, and the
last updated search was performed in April 2010. In one
of the SRs, only two RCTs were included [64], while the
other two SRs included 12 and seven RCTs, respectively,
with a small overlap (CCA 3%) [13, 39]. AMSTAR-2
scores indicated critically low-quality and low-quality

reviews (Table 11). The interventions in the SRs included
resistance training, back muscle training, and medical
training therapy. Resistance training was compared with
passive treatments, fitness training, no treatment pla-
cebo, or cognitive interventions (Table 6).

All included SRs reported decreased pain scores com-
pared to passive or no intervention [39, 64], but the effect
was unclear or what period was used for follow-up. One
SR found no difference compared to a cognitive-behavio-
ral intervention, and the effect disappeared at the long-
term follow-up [64], while another reported no difference
in pain scores when compared to fitness training [39]
(Table 16). Resistance training was found to be effective
for the reduction of disability in all included SRs com-
pared to passive or no intervention in one review [39],
but it was unclear what comparison groups were used
in the other two [13, 64] (Table 6). The GRADE analy-
ses showed that there is a very low level of evidence that
resistance training has positive effects on pain and disa-
bility but not compared to fitness training and cognitive-
behavioral intervention (Table 21). The level of evidence
was downgraded due to low study quality, inconsistency,
imprecision, and an increased risk of publication bias.

Sling exercises

We found three SRs on the effect of sling exercises [17, 65,
66], including two meta-analyses [17, 65]. In total, 25 RCTs
were included whereof 21 were original trials, resulting in
an overlap between the three publications (CCA 9.5%)..
The last updated search was conducted in April 2021 [17].
The AMSTAR-2 ratings showed moderate [17, 66] and
high study quality [65] (Table 11). The interventions were
primarily sling-exercise-based; however, the sling exercises
were also combined with, for example, passive modali-
ties and with other kinds of exercises, such as back school,
contemporary treatment, and drugs. The control groups
received other forms of exercise, passive modalities, manip-
ulation, contemporary treatment, and drugs (Table 7).

The narrative analyses of the included SRs showed that
sling exercises are no more effective in reducing pain or
improving disability compared with other types of exer-
cise (Table 17). Sling exercise combined with modalities
had a better effect on pain than modalities alone; for dis-
ability, there was no difference between the groups [17].
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Table 18 Results of different exercise types compared to control interventions for pain and disability. Traditional Chinese Exersises

(TCE)
Author (year) Outcome measures Results pain Results disability Original review authors
conclusions

Qin etal. (2019) [67] Pain: Tai Chi alone or com- Tai Chi alone or com- A cautious conclusion that Tai Chi

AMSTAR-2 VAS, NRS bined > Control (8 trials) bined > Control (3 trials) alone or as additional therapy with

Moderate Disability: WMD =-1.27 (95%CI -1.50;-1.04) ODI pooled on subitem level routine therapy may decrease pain
ODI, RMDQ, Subgroup analyses: (score 0-5) intensity and improve function
JOA, SF-36 PF Tai Chi combined with routine Pain intensity disability for patients with LBP
Follow-up: therapy (physiotherapy, WMD =-1.70 (95%Cl -2.63;-0.76)  Tai Chi might be recommended

Post-intervention
Long-term: NR tion) > Control (=routine

therapy)

WMD =-1.07 (95%Cl -1.27; -0.86)

massage, and health educa-

Personal care
WMD =-1.93 (95%Cl -2.86; -1.00)

for LBP patients, individually or
integration with other conven-

Lifting tional treatments.
WMD =-1.69 (95%Cl -2.22;-1.15)
Walking

WMD =-2.05 (95%Cl -3.05; -1.06)
Standing

WMD=-1.70, (95%Cl -2.51;-0.89)
Sleeping

WMD =-2.98 (95%Cl -3.73;-2.22)
Social life

WMD =-2.06 (95%Cl -2.77;-1.35)
Traveling

WMD =-2.20 (95%Cl -3.21;-1.19)
Remaining items with no signifi-
cant improvement:

Sitting

WMD =-1.79 (95%Cl -3.79; 0.21)
Sex life

WMD =-1.44 (95%Cl -3.12; 0.23)
RMDQ (1 trial)

WMD =-2.19 (95%Cl -2.56; -1.82)
JOA (2 trials)

WMD=7.22 (95%Cl 5.59; 8.86)
SF-36 (1 trial)
WMD =3.30 (95%Cl 1.92; 4.68)

Zhang et al. (2019)  Pain: TCE (Tai Chi, Qigong) > Control TCE (Tai Chi, Qigong) >Control TCE may have a positive effect
AMSTAR-2 High VAS (10 trials) ODI (5 trials.) modulating pain intensity, RMDQ,
Disability: Hedges'g=-0.64 (95%Cl-0.90;  Hedges'g=-0.96 (95%Cl-1.42;  and ODI for people with LBP.
ODI, RMDQ -0.37) -0.50)
Follow-up: RMBQ (4 trials)
Post-intervention Hedges'g=-0.41 (95%CI -0.79;
Long-term: NR -0.03)

Abbreviations: JOA Japanese Orthopedic Association, ODI Oswestry Disability Index (0-100), NR Not reported, NRS Numeric rating scale (0-10), RMDQ Roland Morris
Disability Questionnaire (0-100), SF-36 Short Form 36 Health Survey, TCE Traditional Chinese Exercises, VAS Visual Analogue Scale (0-100), WMD Weighted mean

differences

In comparison to passive modalities or the combination
of physical agents and drug therapy, sling exercises were
more effective in decreasing pain and improving dis-
ability. Sling exercise vs thermomagnetic therapy [65],
vs no treatment, or vs MCE [17] showed differences
between the groups in favour of sling exercise. In addi-
tion, sling exercises were found to be not more effective
than traditional Chinese medical therapies [65]. Sling
exercises in addition to acupuncture therapy were as
effective as acupuncture therapy alone for reduction of
pain and improvement of disability [65]. The GRADE
analyses showed that there is a low-to-moderate level of
evidence for short-term and long-term effects on pain
and disability for sling exercises over passive therapies

(Table 21). We downgraded due to study limitations and
imprecision.

Traditional Chinese Exercises (Tai chi/Qigong)

Two MAs were identified that evaluated the efficacy of
Tai Chi and Qigong [20, 67]. Included were 10 and 11
RCTs published between 2008 and 2019, respectively,
and the total sample size ranged between 886 and 959
participants. With 18 orginal studies, there was a high
overlap of the original studies investigating traditional
Chinese exercises (CCA 13%). The risk of bias indi-
cated moderate-to-high quality (Table 11). Both MAs
compared the effect of either Tai Chi or various types
of Qigong (Wugqinxi, Baduanjin, Liuzijue) to either no
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treatment, active treatment (strength exercise, backward
walking, or other physiotherapy), or usual care, with or
without the experimental component (Table 8).

The narrative synthesis on pain showed small to mod-
erate effects for TCE over no treatment, active treatment,
or usual care only. Subgroup analyses revealed a larger
effect when Tai Chi was compared to no treatment than
to active control interventions or to routine care (with-
out an added Tai Chi component) (Table 18). Only short-
term effects seem to have been evaluated, but the exact
follow-up time was not reported. The synthesis on dis-
ability showed a variability in effect, from small to large
effect for TCE over no treatment, active treatment, or
usual care only. In both MAs, the effects differed depend-
ing on the outcome measure used [20, 67]. The GRADE
analyses showed a moderate level of evidence concern-
ing pain and a low level of evidence for disability on the
short-term effects of TCE compared to no intervention
(passive control), various active treatments, or usual
care in CLBP patients concerning pain (Table 21). The
evidence was downgraded for imprecision due to het-
erogeneity (pain, disability) and due to large confidence
intervals of the effects (disability).

Walking

We identified three SRs [45, 68, 69] of the effectiveness of
walking interventions, two of which performed a meta-
analysis [45, 69]. The included publications included in
total 20 RCTs with 329 to 869 participants with a very
high overlap of the original studies (CAA 37.5%) since
only 12 original studies were included. The SRs were
published between 2016 and 2019, with the last updated
search up in October 2017 [69]. Two of the SRs were
of moderate quality [45, 68], and one was a high-qual-
ity study [69]. Two of the included SRs [45, 68] did not
report excluded studies or the source of funding and did
not investigate the impact of study quality on summary
estimates (Table 11). All compared the effectiveness of
walking interventions (overland and/or treadmill and/
or Nordic walking) with other types of exercise, physical
therapy, and education, while two compared walking and
exercise to exercise alone [45, 69] (Table 9).

Both the MAs [45, 69] for either pain or disability and
the SR [68] for disability found no significant differ-
ences between walking and the comparison groups that
received other interventions (Table 19). The addition of
walking to the comparison groups did not induce a sig-
nificant improvement. The GRADE analysis showed that
there is a low quality of evidence that walking as an exer-
cise intervention is as effective as other nonpharmacolog-
ical interventions for pain and disability improvement in
chronic LBP patients and that adding walking to exercise
does not increase effectiveness (Table 21). The evidence
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was downgraded due to study limitations and for impre-
cision due to large confidence intervals of the effect and a
large overlap of the reviews.

Yoga

Seven out of the nine publications conducted an MA
[19, 46, 70, 71, 75, 77, 78]. The SRs and MAs included
in total 85 RCTs, but with a high overlap (CCA 13.6%)
since only 23 original trials were included. The publica-
tion year ranged from 2011 [76] to 2021 [70], and the last
updated search was in 2018 [78]. The study quality of the
included publications ranged from 3 [72] to 16 points
[19] on AMSTAR-2 (Table 11). Four of the publications
were rated as having high quality [19, 70, 71, 77], and
only one presented a list of the excluded studies [19]. The
yoga interventions were highly heterogeneous, not only
in terms of which kind of yoga was used but also in the
length, frequency, and intensity of the sessions. Some
interventions were combined with other physical ther-
apy modalities, with book readings or usual treatments.
There were no clear manuals or protocols that described
the yoga interventions. The control interventions were
treatment such as physical therapy, waitlist control, sta-
bilizing exercise and physical therapy, conventional exer-
cise therapy, usual care, educational control group, and
self-directed medical care (Table 10).

The narrative synthesis on both pain intensity and dis-
ability in the included SRs showed a short-term effect for
yoga, especially compared to no or minimal interven-
tion, but also compared to general exercises. Three MAs
showed medium and medium-to-large effects, indicat-
ing that the effects of yoga may be of clinical importance
[46, 71, 75]. However, the long-term effects did not seem
to demonstrate better effects than usual care (Table 20).
There is a low level of evidence for a short-term effect in
pain and disability for yoga over general exercises; how-
ever, the long-term effects did not seem to demonstrate
better effects than usual care or compared to usual care
or compared to other types of exercises (Table 21). We
downgraded due to large heterogeneity between the pub-
lications and inconsistent results. Although the risk of
bias was high in most of the reviews, two reviews had
a low risk of bias (16 points); hence, we decided not to
downgrade due to study limitations.

Discussion

We aimed to summarize and synthesize systematic
reviews (SRs) investigating the effects of common exer-
cise types prescribed and used in CLBP on pain and
disability. We found low-to-moderate quality evidence
that participating in any of the exercise types that we
included in this systematic review of systematic reviews
is effective for reducing pain and disability compared
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to no or minimal intervention but that no exercise type
seems to be more effective than another (very low-to-
moderate evidence). Our findings are mainly in keeping
with several previously published SRs on the effects of
exercises in CLBP, summarizing the existing evidence
that no exercise type seems to have a better effect over
another [7, 23, 25, 26, 28].

A recent and newly updated Cochrane review sum-
marized 249 original studies on various exercises in
non-specific CLBP and concluded that “exercise prob-
ably reduces pain compared to no treatment, usual
care or placebo in people with long-lasting (chronic)
low back pain” [8]. The preceding Cochrane review
(2005) on exercises and CLBP, also by Hayden et al,
included 61 original studies and concluded that exer-
cise therapy seems to be slightly effective at decreas-
ing pain and improving disability in adults with CLBP
[7]. Even if the most recent Cochrane review included
four times more studies than the preceding one, the
evidence does not seem to have changed over the last
15 years [8]. The finding from our systematic review
of systematic reviews was therefore not surprising, as
we included SRs published up until 2021, including
the original studies from previously published SRs and
MAs. In addition, we included results on less studied
exercise types, such as aquatic training, walking, TCE,
and sling exercises, which shows consistency in that no
exercise type seems to be more beneficial than another.
We chose to include TCE and analyze these exercises
separately while other reviews compiled them into
wider categories [25]. Recently, other designs than SRs
and MAs to summarize and appraise the evidence of
interventions have been proposed and published. Two
studies used network analyses [25, 27]. Owen et al.
suggested that there is low-quality evidence that some
exercise types, Pilates, MCE, resistance training, and
aerobic exercises, are the most effective exercises [25].
The authors compared various types of common exer-
cises in CLBP with no or minimal interventions, and
their results are partly in line with ours even if we con-
clude that no exercise type seems to be more effective
than the other. Hayden et al. (2021) also conducted a
network analysis somewhat aligning with the results
of Owen et al. [25, 27]. Hayden et al. (2021) concluded
that Pilates, McKenzie therapy, and functional restora-
tion interventions are more effective than other types
of exercises for reducing pain and disability in CLBP
[27]. These two systematic reviews using network anal-
yses add to the current knowledge that indeed some
exercise types seem to be more effective compared with
others [25, 27].

Our systematic review of systematic reviews includ-
ing 45 SRs shows that some exercise types used in CLBP
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are seemingly more studied than others. There has obvi-
ously been a research focus on MCE, Pilates, and yoga
interventions based on the number of systematic reviews
we found in our database searches (MCE n=12; Pilates
n=9; yoga n=11) compared to the other exercise types.
The SRs included different numbers of original studies
and showed varying quality. In addition, a high over-
lap was detected meaning that the original studies were
included in several of the SRs. This raises the question of
how many systematic reviews are needed and whethter
SRs should be of higher quality to be published. Twelve
SRs showed mainly consistent results that MCE are as
effective as manual therapy regarding pain and disabil-
ity, and showed no relevant findings that MCE are more
effective than general exercises. Based on these findings
we suggest that no further original studies will change the
current evidence albeit, Saragiotti et al. (2016) proposed
that there might be subgroups of CLBP that could benefit
from MCE [16]. For Pilates interventions, we found low-
to-moderate evidence that Pilates is no better than other
exercises but better than minimal interventions; only
small effect sizes were found. Pilates and MCE might
be considered comparable as exercise type but differ in
that MCE seems to be more often supervised, individual-
ized, and performed as a graded program, starting with
low load and specific exercises. Hayden et al. [79] con-
cluded that exercise therapy that consists of individually
designed programs and is delivered with supervision may
improve pain and disability in non-specific CLBP. More-
over, adherence to exercise programs has been shown
to be highly correlated with positive outcomes [79, 80].
We did not, however, summarize adherence to exercises
or whether a program was performed individually or in
a group. This might, however, be of value for future sys-
tematic reviews and might show a difference in effects.

For some exercise types, such as resistance training,
we found and included a few and mainly older SRs [13,
39, 64]. This in addition, mirror a trend on what exercise
interventions are popular in CLBP and thus affects the
number of publications. However, there seems to be a
new interest in studying loaded exercise in LBP [81, 82],
which might be a reaction to two decades of study inter-
est in low load exercises such as MCE.

Strengths and limitations

A strength of our study is that, to our knowledge, this is
the first systematic review of systematic reviews includ-
ing SRs and MAs on the effect of various exercise types
used in CLBP, in addition to including exercise types that
previously have not been summarized in this way. We did
not limit our search but included systematic reviews in
all languages and without any restrictions on publish-
ing year or comparators. Furthermore, we followed and
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complied with the PRISMA guidelines, graded the qual-
ity of the included publications using the recommended
instrument AMSTAR-2 [37], and summarized the graded
evidence of the different exercise types.

A bias that needs to be discussed is that two-thirds of
the included systematic reviews were of moderate to high
quality, while 12 were assessed as having a critically low
or low quality. The evidence for the included systematic
reviews was mostly downgraded due to study limitations,
and further high-quality systematic reviews are therefore
warranted also recommended by the authors from the
most recent Cochrane review on exercises in CLBP [8].
The included publications with low quality might have
contributed to the certainty of evidence. Thus, our results
might have been different if we had included only those
with high or moderate quality. Our study aim, however,
was to include all studies with no restrictions.

Another limitation is that our findings are based on
systematic reviews with a high or very high overlap of
included original studies. Overlap can be a problem if
one original study is included in several SRs and thus
drives the results in one direction. This could have been
the case in our findings of the systematic reviews of the
yoga and Pilates interventions, where one high-quality
original study with beneficial results was included in all
of the included SRs and thus might have affected the
overall results [83, 84]. To cope with problems such as
overlap, it might thus be more relevant to include all
original studies in one large systematic review instead
of summarizing the results in a systematic review of
systematic reviews as in ours. However, the aim of a
systematic review of systematic reviews such as ours
is also to identify and appraise all published reviews in
one area of interest and to describe their quality, sum-
marize and compare their conclusions and discuss
the strength of these conclusions [31]. We find that
this aspect is important, especially since many clinical
guidelines base their recommendations on published
systematic reviews. On the other hand, a systematic
review of systematic reviews also mirrors the methodo-
logical flaws of the included publications, which might
be discussed as a limitation and a challenge in summa-
rizing the findings. In addition, the results of a system-
atic review of systematic reviews, such as ours, are also
based on a variety of definitions and patient-reported
outcome measures, which might be difficult to merge
into one overall conclusion. Thus, the results from our
study must be understood from the perspective that
the included publications used various measurement
points and various comparator treatments, ranging
from other types of exercises to minimal interventions
and usual care, all with different definitions. Hence, one
should take this into consideration when interpreting
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our findings. Then again, our study shows that some
exercise types are studied more often than other exer-
cise types, and questioning if some SRs with a (too) low
quality should be published at all as this could mean a
waste of research and unnecessary publications [85].

Our study is a collaboration of 10 researchers, which
brings both advantages and disadvantages. We worked in
pairs to include the systematic reviews, to draw the data
from the SRs to the tables, and to assess the risk of bias
of these. A third arbitrary party was always used when
no consensus could be reached. This procedure was nec-
essary to manage the enormous number of systematic
reviews included. Moreover, we changed the reviewing
pairs during the process so that four researchers were
involved in the reviewing and extracting of data for each
exercise type.

There are other limitations that need to be discussed,
such as inclusion bias, since we might have missed includ-
ing some important systematic reviews in our database
search. However, the database searches were conducted
using relevant search strategies in several databases by
a librarian from the Karolinska Institutet. Moreover, the
reference lists of the included reviews were studied for
additional reviews to include. A publication bias might be
that we did not perform any further search of the grey lit-
erature on, for example, web pages. Another issue could
be that the nine exercise types included in our systematic
review of systematic reviews emerged from our database
searches, and there could thus be other types of exercises
important in CLBP that we did not include. We, how-
ever, still consider that we found the most relevant litera-
ture in our searches. As the results from our systematic
review of systematic reviews are consistent with a recent
Cochrane review on exercises in CLBP [8], we consider
that additional reviews would probably not have changed
our main findings to a large extent.

Clinical and future perspectives

Exercises are suggested as first-line treatment by most
clinical guidelines in CLBP [5, 30] and are commonly
used and prescribed by health care professionals, but
with no clear recommendation for one type of exercise
over another [5, 86—88]. The current broad recommen-
dation on exercises by health care professionals probably
reflects uncertainty about the mechanism(s) through
which exercises yield positive effects on pain and dis-
ability presented in CLBP [21]. It could also be that those
prescribing exercise programs have different prefer-
ences for specific exercise types based on education and
interest or nonawareness of clinical guidelines [89]. In
addition, to decide on what exercise type should be cho-
sen for an individual patient suffering from CLBP, the
patient should always be included in the decision-making
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process [90]. The results from our systematic reviews of
systematic reviews might add to the current knowledge
of the effect of various exercises presenting similar effec-
tiveness of various exercise types.Yet, the results from the
present systematic review of systematic reviews must be
interpreted with caution given the variation in quality
and conclusions between the SRs.

In our systematic review of systematic reviews, the out-
comes studied were pain and disability. Future studies
should incorporate other outcomes that reflect additional
effects of exercise, such as fear avoidance, quality of life,
and pain catastrophizing, as these are seemingly impor-
tant factors in the transition from acute to chronic LBP.
Moreover, the choice of outcome should also be more
specifically related to the goals of the exercises.

For some exercise types, such as aquatic and sling exer-
cises, more high-quality research is warranted, but for
others, such as MCE, there is a need for specifically ana-
lyzing different subgroups. Perhaps the use of other anal-
yses, such as Bayesian network meta-analysis, Markov
chain methods, and/or meta-regression analysis, could
make it possible to adjust for the large heterogeneity of
covariates in these studies and could be a suggestion for
future research. Overall, we are concerned that the evi-
dence on exercises in CLBP has not changed over the last
decades and that the quality of the included systematic
reviews varies. There is a need for larger RCTs with a low
risk of biased, and summarized in high quality systematic
reviews adding to the overall evidence on the effect of
exercises in CLBP.

Conclusion

Our findings show that the effect of various exercise
types used in CLBP on pain and disability varies with
no major difference between exercise types. Many of the
included systematic reviews were of low-to-moderate
quality and based on randomized controlled trials with
high risk of bias. The conflicting results seen, undermine
the certainty of the results leading to very-low-to-moder-
ate quality of evidence for our results. Future systematic
reviews should be of higher quality to minimize waste of
resources.
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