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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 Registration date 01AUG 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. 

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 

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 

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], c) motor control exercises (MCE) [16, 40, 48, 
49, 51–58], d) Pilates [18, 43, 47, 50, 59–63], e) resistance 
training [13, 39, 64], f ) 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 

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 (PSFS). 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 

Table 1  Description of the exercise types

Exercise type Description

Aerobic training Aerobic exercises aim to improve the efficiency and capacity of the cardiorespiratory system [41]

Aquatic exercises Aquatic exercises are any exercises performed in water, such as running, active range of motion, or strengthening [14]

Motor Control Exercises 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 Pilates exercises follow the traditional Pilates principles, such as centering, concentration, control, precision, flow, and 
breathing [43]

Resistance training Resistance training includes exercises to improve the strength, power, endurance, and size of skeletal muscles [41]

Sling exercises Sling exercises use slings and elastic bands to offset body weight and progress the exercises without pain [44]

Traditional Chinese exercises 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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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 

Table 6  Description of the included systematic reviews; number of original studies included, population, intervention and control. 
Resistance exercises

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

Authors (year) Number of RCT’s included 
in systematic review (SR) /
meta-analyses (MA)

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

Intervention
Descriptive

Control
Descriptive

Kristensen et al. (2012) [13] SR: 12
MA: 0

Number of subjects: 549
Definition: NR
Duration: NR
% Women: NR
Age: mean 47 yrs (SD 7.3)

Resistance training, not 
further specified
Training period:
At least 4 wks, not further 
specified

NR

Scharrer et al. (2012) [64] SR: 2
MA: 0

Number of subjects: 63
Definition: Pain in the area 
of the back from the lower 
ribs to gluteal folds, with 
or without radiation to the 
legs. Not to be caused by 
neurological reason
Duration: ≥ 12 wks
% Women: NR
Age: NR

Fully or not fully comply 
with ACSM guidelines for 
endurance and resistance 
training
Training period: 3 times/
wk; 30–50 min/session, 
70% 1RM 15–18 reps

No treatment or cognitive 
behavior intervention
Training period: 10–12 wks. 
Not further specified

Weinhardt et al. (2001) [39] SR: 7
MA: 0

Number of subjects: N.R.
Definition: NR
Duration: NR
% Women: NR
Age:mean 47 yrs (SD 7.3)

NR
Training period: NR

Passive treatments, no treat‑
ment, flexibility exercises, 
fitness training
Training period: N.R.
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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 

Table 8  Description of the included systematic reviews; number of original studies included, population, intervention and control. 
Traditional Chinese Exercise (TCE)

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

Authors (year) Number of RCT’s 
included
in systematic review 
(SR) /meta-analyses 
(MA)

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

Intervention
Descriptive

Control
Descriptive

Qin et al. (2019) [67] SR: 10
MA: 10

Number of subjects: 959
Definition: NR
Duration: ≥ 3 mo
% Women: NR
Age: Mean 46 yrs, SD 9.4 
(range 33–61)

Tai Chi alone or Tai Chi com‑
bined with other treatments, 
such as health education, 
massage, and routine physi‑
otherapy
Training period: mean 11 
wks (range 2–28, 40 to 60 min

Unaltered lifestyle, physi‑
otherapy, massage or health 
education
Training period: NR

Zhang et al. (2019) [20] SR: 11
MA: 11

Number of subjects: 886
Definition: NR
Duration: ≥ 3 mo
% Women: NR
Age: Mean 50 yrs, SD 13.5 
(range 35–74)

Tai Chi or Qigong (Wuqinxi, 
Baduanjin, Liuzijue)
Training period: mean 11 
wks (range 2–24), 1–7 times/
wk., 20 to 90 min

Classified into either active 
treatment
(strength exercise, back walk‑
ing, or other physiotherapy) 
or passive control (waitlist, no 
treatment)
Training period: In 5 studies 
NR, in 1 study 1 × 20 min/day in 
2 wks, in 6 studies 1–4 times/wk, 
30–60 min



Page 18 of 49Grooten et al. BMC Musculoskeletal Disorders          (2022) 23:801 

Ta
bl

e 
9 

D
es

cr
ip

tio
n 

of
 th

e 
in

cl
ud

ed
 s

ys
te

m
at

ic
 re

vi
ew

s; 
nu

m
be

r o
f o

rig
in

al
 s

tu
di

es
 in

cl
ud

ed
, p

op
ul

at
io

n,
 in

te
rv

en
tio

n 
an

d 
co

nt
ro

l. W
al

ki
ng

Ab
br

ev
ia

tio
ns

: m
in

 M
in

ut
es

, m
o 

M
on

th
s, 

LB
P 

Lo
w

 B
ac

k 
Pa

in
, N

R 
N

ot
 re

po
rt

ed
, S

D
 S

ta
nd

ar
d 

de
vi

at
io

n,
 y

rs
 Y

ea
rs

, w
ks

 W
ee

ks

A
ut

ho
rs

 (y
ea

r)
N

um
be

r o
f R

CT
’s 

in
cl

ud
ed

 in
 

sy
st

em
at

ic
 re

vi
ew

 (S
R)

 /m
et

a-
an

al
ys

es
 (M

A
)

Po
pu

la
tio

n
N

um
be

r o
f s

ub
je

ct
s,

 d
efi

ni
tio

n 
of

 
LB

P,
 p

ai
n 

du
ra

tio
n,

 %
 w

om
en

, a
ge

In
te

rv
en

tio
n

D
es

cr
ip

tiv
e

Co
nt

ro
l

D
es

cr
ip

tiv
e

La
w

fo
rd

 e
t a

l. 
(2

01
6)

 [6
8]

SR
: 7

M
A

: 0
N

um
be

r o
f s

ub
je

ct
s:

 8
69

D
efi

ni
tio

n:
 N

R
D

ur
at

io
n:

 >
 3

 m
o

%
 W

om
an

: N
R

A
ge

: r
an

ge
 4

2 
to

 5
6 

yr
s 

(m
ea

n)

O
ve

rla
nd

 a
nd

 tr
ea

dm
ill

 w
al

ki
ng

Tr
ai

ni
ng

 p
er

io
d:

 4
 to

 1
2 

w
ks

, f
ro

m
 

40
 m

in
 e

ve
ry

 o
th

er
 d

ay
 u

p 
to

 in
di

vi
du

‑
al

ly
 g

ra
de

d 
pr

og
ra

m
s

A
ny

 n
on

-p
ha

rm
ac

ol
og

ic
al

 in
te

rv
en

tio
n:

 
us

ua
l c

ar
e 

(a
dv

ic
e,

 m
an

ua
l t

he
ra

py
, a

nd
 

ex
er

ci
se

), 
su

pe
rv

is
ed

 e
xe

rc
is

e 
cl

as
se

s, 
st

re
ng

th
en

in
g 

ex
er

ci
se

s, 
an

d 
m

ed
ic

al
 

ex
er

ci
se

 th
er

ap
y 

an
d 

co
nv

en
tio

na
l 

th
er

ap
y

Tr
ai

ni
ng

 p
er

io
d:

 N
R

Si
tt

hi
po

rn
vo

ra
ku

l e
t a

l. 
(2

01
8)

 [6
9]

SR
: 9

M
A

: 4
–5

N
um

be
r o

f s
ub

je
ct

s:
 8

63
D

efi
ni

tio
n:

 N
R

D
ur

at
io

n:
 >

 3
m

o 
in

 5
 s

tu
di

es
, i

n 
3 

N
R

%
 W

om
an

: N
R

A
ge

: ≥
 1

8 
yr

s

O
ve

rla
nd

 a
nd

 tr
ea

dm
ill

 w
al

ki
ng

, a
lo

ne
 

an
d 

in
 a

dd
iti

on
 to

 e
xe

rc
is

e
Tr

ai
ni

ng
 p

er
io

d:
 6

 w
ks

 to
 1

2 
m

o,
 v

ar
i‑

ou
s 

du
ra

tio
ns

 a
nd

 fr
eq

ue
nc

ie
s

A
ny

 n
on

-p
ha

rm
ac

ol
og

ic
al

 in
te

rv
en

tio
n 

(e
xe

rc
is

e,
 p

hy
si

ca
l t

he
ra

py
, e

du
ca

tio
n)

Tr
ai

ni
ng

 p
er

io
d:

 N
R

Va
nt

i e
t a

l. 
(2

01
9)

 [4
5]

SR
: 5

M
A

: 5
N

um
be

r o
f s

ub
je

ct
s:

 3
29

D
efi

ni
tio

n:
 N

R
D

ur
at

io
n:

 >
 3

 m
o

%
 W

om
an

: N
R

A
ge

: m
ea

n 
ag

e 
fro

m
 2

8 
to

 4
8 

yr
s

O
ve

rla
nd

, t
re

ad
m

ill
, a

nd
 N

or
di

c 
w

al
k‑

in
g,

 a
lo

ne
 a

nd
 in

 a
dd

iti
on

 to
 e

xe
rc

is
e

Tr
ai

ni
ng

 p
er

io
d:

 6
 to

 8
 w

ks
, v

ar
io

us
 

du
ra

tio
ns

 a
nd

 fr
eq

ue
nc

ie
s

Ex
er

ci
se

s, 
ed

uc
at

io
n/

ad
vi

ce
, u

su
al

 p
hy

si
‑

ot
he

ra
py

, m
an

ip
ul

at
iv

e 
th

er
ap

y,
 a

ct
iv

e 
liv

in
g,

 N
or

di
c 

w
al

ki
ng

 o
ne

 in
st

ru
ct

io
n

Tr
ai

ni
ng

 p
er

io
d:

 S
im

ila
r t

o 
in

te
rv

en
tio

n



Page 19 of 49Grooten et al. BMC Musculoskeletal Disorders          (2022) 23:801 	

Ta
bl

e 
10

 D
es

cr
ip

tio
n 

of
 th

e 
in

cl
ud

ed
 s

ys
te

m
at

ic
 re

vi
ew

s; 
nu

m
be

r o
f o

rig
in

al
 s

tu
di

es
 in

cl
ud

ed
, p

op
ul

at
io

n,
 in

te
rv

en
tio

n 
an

d 
co

nt
ro

l. Y
og

a

A
ut

ho
rs

 (y
ea

r)
N

um
be

r o
f R

CT
’s 

in
cl

ud
ed

 in
 

sy
st

em
at

ic
 re

vi
ew

 (S
R)

 /m
et

a-
an

al
ys

es
 (M

A
)

Po
pu

la
tio

n
N

um
be

r o
f s

ub
je

ct
s,

 d
efi

ni
tio

n 
of

 
LB

P,
 p

ai
n 

du
ra

tio
n,

 %
 w

om
en

, a
ge

In
te

rv
en

tio
n

D
es

cr
ip

tiv
e

Co
nt

ro
l

D
es

cr
ip

tiv
e

A
nh

ey
e 

et
 a

l. 
(2

02
0)

[7
0]

SR
: 2

7
M

A
: 2

7
N

um
be

r o
f s

ub
je

ct
s:

 2
 7

02
D

efi
ni

tio
n:

 L
ow

 b
ac

k 
pa

in
 w

er
e 

el
ig

i‑
bl

e 
re

ga
rd

le
ss

 o
f p

ai
n 

ca
us

e,
 d

ur
at

io
n,

 
in

te
ns

ity
, a

nd
 ra

di
at

io
n 

pa
tt

er
n

D
ur

at
io

n:
 In

 2
0 

st
ud

ie
s 

in
cl

ud
ed

 
pa

tie
nt

s 
w

ith
 lo

w
 b

ac
k 

pa
in

 o
r 

no
ns

pe
ci

fic
 lo

w
 b

ac
k 

pa
in

, w
ith

 a
 

du
ra

tio
n 

of
 a

t l
ea

st
 3

 m
o,

 b
ut

 5
 s

tu
d‑

ie
s 

di
d 

no
t r

ep
or

t o
f t

he
 d

ur
at

io
n.

 In
 

2 
st

ud
ie

s 
th

e 
pa

tie
nt

s 
w

er
e 

in
cl

ud
ed

 
w

ith
 p

ai
n 

fo
r l

es
s 

th
an

 3
 m

o.
%

 W
om

en
: I

n 
2 

st
ud

ie
s 

on
ly

 w
om

en
 

(1
18

), 
in

 2
5 

N
R

A
ge

: M
ea

n 
ag

e 
be

tw
ee

n 
32

.1
—

54
.6

 
yr

s 
in

 2
3 

st
ud

ie
s, 

in
 1

 s
tu

dy
 th

e 
m

ea
n 

ag
e 

w
as

 7
3 

yr
s, 

an
d 

in
 3

 N
R.

Iy
en

ga
r y

og
a 

in
 7

 s
tu

di
es

, V
in

iy
og

a 
in

 2
 s

tu
di

es
, H

at
ha

 y
og

a 
in

 7
 s

tu
di

es
, 

Ku
nd

al
in

i y
og

a 
in

 1
 s

tu
dy

. I
n 

6 
st

ud
ie

s, 
th

e 
yo

ga
 s

ty
le

 w
as

 d
es

cr
ib

ed
 a

s 
a 

th
er

ap
eu

tic
 a

pp
ro

ac
h 

or
 a

n 
in

te
‑

gr
at

ed
 a

pp
ro

ac
h.

 O
ne

 s
tu

dy
 o

ffe
re

d 
yo

ga
 in

te
rv

en
tio

n 
as

 a
 v

irt
ua

l c
ou

rs
e,

 
bu

t n
o 

st
yl

e 
w

as
 s

ta
te

d.
 T

w
o 

of
 th

e 
st

ud
ie

s 
di

d 
no

t s
ta

te
 a

ny
 s

pe
ci

fic
 

yo
ga

 s
ty

le
. A

ll 
st

ud
ie

s 
in

cl
ud

ed
 a

sa
na

s 
in

to
 th

e 
yo

ga
 c

ur
ric

ul
um

. T
w

en
ty

 
st

ud
ie

s 
al

so
 in

co
rp

or
at

ed
 p

ra
na

ya
m

a 
in

 th
ei

r c
la

ss
es

, r
el

ax
at

io
n 

w
as

 a
 p

ar
t 

of
 1

7 
st

ud
ie

s, 
an

d 
9 

st
ud

ie
s 

in
cl

ud
ed

 
m

ed
ita

tio
n.

 T
w

o 
st

ud
ie

s 
ad

di
tio

na
lly

 
pr

ov
id

ed
 li

fe
st

yl
e 

ad
vi

ce
, w

he
re

as
 

on
e 

st
ud

y 
in

cl
ud

ed
 c

ha
nt

in
g 

in
to

 th
e 

yo
ga

 c
ur

ric
ul

um
Tr

ai
ni

ng
 p

er
io

d:
 In

te
rv

en
tio

n 
du

ra
‑

tio
n 

ra
ng

ed
 fr

om
 7

 d
ay

s 
to

 2
4 

w
ks

, 
w

ith
 s

es
si

on
s 

oc
cu

rr
in

g 
1–

7 
tim

es
/

w
k 

(3
0–

12
0 

m
in

/s
es

si
on

 +
 h

om
e 

ex
er

ci
se

s 
in

 1
6 

ou
t o

f 2
7 

st
ud

ie
s

A
 p

as
si

ve
 c

on
tr

ol
 in

te
rv

en
tio

n 
(w

rit
‑

te
n 

ad
vi

ce
, t

re
at

m
en

t a
s 

us
ua

l, 
w

ai
t 

lis
t)

 in
 1

6 
st

ud
ie

s, 
an

 a
ct

iv
e 

co
nt

ro
l 

in
te

rv
en

tio
n 

(s
ta

bi
liz

at
io

n 
ex

er
ci

se
s, 

st
re

ng
th

en
in

g 
or

 a
er

ob
ic

 e
xe

rc
is

e 
al

on
e 

or
 in

 c
om

bi
na

tio
n,

 s
tr

en
gt

he
ni

ng
 a

nd
 

st
re

tc
hi

ng
 e

xe
rc

is
es

, p
hy

si
ca

l t
he

ra
py

 o
r 

ba
ck

 s
ch

oo
l, 

co
m

pl
em

en
ta

ry
 e

xe
rc

is
e 

su
ch

 a
s 

qi
go

ng
 a

nd
 e

ur
hy

th
m

y 
in

 1
1 

st
ud

ie
s

Fi
ve

 s
tu

di
es

 w
er

e 
th

re
e-

ar
m

 s
tu

di
es

 
an

d 
us

ed
 b

ot
h 

an
 a

ct
iv

e 
an

d 
a 

pa
ss

iv
e 

in
te

rv
en

tio
n

Tr
ai

ni
ng

 p
er

io
d:

 A
ct

iv
e 

in
te

rv
en

tio
n 

ra
ng

ed
 fr

om
 1

–1
2 

w
ks

,, 
1–

7 
tim

es
/

w
k 

an
d 

30
–1

20
 m

in
/s

es
si

on
s +

 h
om

e 
ex

er
ci

se
s 

in
 7

 s
tu

di
es

Bü
ss

in
g 

et
 a

l. 
(2

01
2)

 [7
1]

SR
: 6

M
A

: 6
N

um
be

r o
f s

ub
je

ct
s:

 3
48

D
efi

ni
tio

n:
 N

R
D

ur
at

io
n 

N
R

%
 W

om
en

: 6
2%

A
ge

: m
ea

n 
ag

e 
be

tw
ee

n 
44

 a
nd

 4
9 

yr
s

H
at

ha
 a

nd
 s

ub
st

yl
e 

Iy
en

ga
r, 

Vi
ni

yo
ga

 
an

d 
LA

YT
 (1

w
k-

in
te

ns
iv

e 
Yo

ga
 

pr
og

ra
m

)
Tr

ai
ni

ng
 p

er
io

d:
 4

–1
5 

w
ks

, 2
–5

 
se

ss
io

ns
/w

k.
 (1

2–
50

 s
es

si
on

s 
in

 to
ta

l),
 

30
–8

0 
m

in
/s

es
si

on

Ph
ys

ic
al

 a
ct

iv
ity

, l
ec

tu
re

, W
ai

tin
g 

lis
t

Tr
ai

ni
ng

 p
er

io
d:

 4
–1

5 
w

ks
, 1

–3
 

se
ss

io
ns

/w
k 

(1
2–

45
 s

es
si

on
s 

in
 to

ta
l),

 
45

–6
0 

m
in

/s
es

si
on

Ch
an

g 
et

 a
l. 

(2
01

6)
 [7

2]
SR

: 1
4 

M
A

: 0
N

um
be

r o
f s

ub
je

ct
s:

 1
27

7
D

efi
ni

tio
n:

 s
ub

je
ct

s 
di

ag
no

se
d 

w
ith

 
LB

P
D

ur
at

io
n:

 N
R

%
 W

om
en

: G
en

de
r d

is
tr

ib
ut

io
n 

on
ly

 
re

po
rt

ed
 w

he
n 

st
ud

y 
on

ly
 in

cl
ud

ed
 

fe
m

al
es

A
ge

: N
R

N
R

Tr
ai

ni
ng

 p
er

io
d:

M
ea

n 
8.

5 
(6

.7
) w

ks

Ph
ys

ic
al

 th
er

ap
y/

st
re

tc
hi

ng
, W

ai
tli

st
 

co
nt

ro
l, 

N
/A

, S
ta

bi
liz

in
g 

ex
er

ci
se

 a
nd

 
ph

ys
ic

al
 th

er
ap

y,
 c

on
ve

nt
io

na
l e

xe
rc

is
e 

th
er

ap
y,

 w
ai

tli
st

 a
nd

 u
su

al
 c

ar
e 

(N
R)

, 
tw

ic
e-

w
ee

kl
y 

yo
ga

, w
ee

kl
y 

st
re

tc
hi

ng
 

an
d 

se
lf-

ca
re

 b
oo

k,
 re

si
de

nt
ia

l p
ro

gr
am

 
an

d 
no

n-
yo

ga
 e

xe
rc

is
e 

an
d 

le
ct

ur
e 

C
LB

P, 
us

ua
l c

ar
e,

 n
/a

, e
du

ca
tio

na
l c

on
‑

tr
ol

 g
ro

up
, s

el
f-

di
re

ct
ed

 m
ed

ic
al

 c
ar

e
Tr

ai
ni

ng
 p

er
io

d:
 N

R



Page 20 of 49Grooten et al. BMC Musculoskeletal Disorders          (2022) 23:801 

Ta
bl

e 
10

 (
co

nt
in

ue
d)

A
ut

ho
rs

 (y
ea

r)
N

um
be

r o
f R

CT
’s 

in
cl

ud
ed

 in
 

sy
st

em
at

ic
 re

vi
ew

 (S
R)

 /m
et

a-
an

al
ys

es
 (M

A
)

Po
pu

la
tio

n
N

um
be

r o
f s

ub
je

ct
s,

 d
efi

ni
tio

n 
of

 
LB

P,
 p

ai
n 

du
ra

tio
n,

 %
 w

om
en

, a
ge

In
te

rv
en

tio
n

D
es

cr
ip

tiv
e

Co
nt

ro
l

D
es

cr
ip

tiv
e

Cr
am

er
 e

t a
l. 

(2
01

3)
 [4

6]
SR

: 9
M

A
: 8

N
um

be
r o

f s
ub

je
ct

s:
 9

67
D

efi
ni

tio
n:

 N
R

D
ur

at
io

n:
 N

R
%

 W
om

en
: B

et
w

ee
n 

45
 a

nd
 8

3%
 o

f 
pa

tie
nt

s 
in

 e
ac

h 
st

ud
y 

w
er

e 
fe

m
al

e
A

ge
: m

ea
n 

ag
e 

ra
ng

in
g 

fro
m

 4
4 

to
 

49
 y

rs

Iy
en

ga
r y

og
a;

 Y
og

a 
(a

sa
na

s, 
pr

ay
er

, 
ch

an
tin

g,
 p

ra
na

ya
m

a)
; S

pe
ci

al
iz

ed
 

Iy
en

ga
r Y

og
a 

fo
r b

ac
k 

pa
in

 (r
el

ax
at

io
n,

 
po

st
ur

es
); 

H
at

ha
 y

og
a 

(s
tr

et
ch

in
g,

 
po

st
ur

es
, a

sa
na

s, 
br

ea
th

in
g,

 re
la

xa
‑

tio
n,

 m
ed

ita
tio

n)
; V

in
iy

og
a 

(B
re

at
hi

nk
 

po
st

ur
es

, r
el

ax
at

io
n)

; Y
og

a 
(m

ed
ita

‑
tio

n,
 c

ha
nt

in
g,

 p
hy

si
ca

l p
ra

ct
ic

e,
 

le
ct

ur
e)

; Y
og

a 
(a

sa
na

s, 
pr

an
ay

am
as

, 
re

la
xa

tio
n,

 m
en

ta
l f

oc
us

, p
hi

lo
so

ph
y)

Tr
ai

ni
ng

 p
er

io
d:

 P
ro

gr
am

 le
ng

th
 a

nd
 

in
te

ns
ity

 v
ar

ie
d,

 ra
ng

in
g 

fro
m

 d
ai

ly
 

in
te

rv
en

tio
ns

 o
ve

r 1
 w

k 
to

 2
 ti

m
es

/w
 

ov
er

 2
4 

w
ks

Tw
o 

st
ud

ie
s 

co
m

pa
re

d 
yo

ga
 to

 u
su

al
 

ca
re

 (N
R)

. S
ev

en
 s

tu
di

es
 c

om
pa

re
d 

yo
ga

 to
 e

du
ca

tio
n;

 5
 o

f t
he

se
 p

ro
vi

de
d 

pa
tie

nt
s 

w
ith

 a
n 

ed
uc

at
io

na
l b

oo
k 

on
 

se
lf-

ca
re

 s
tr

at
eg

ie
s 

fo
r L

BP
. I

n 
1 

st
ud

y 
th

e 
pa

tie
nt

s 
w

er
e 

ad
vi

se
d 

to
 a

dh
er

e 
to

 a
 d

et
ai

le
d 

lif
es

ty
le

 a
nd

 d
ie

t p
la

n 
an

d 
pa

tie
nt

s 
in

 1
 o

th
er

 s
tu

dy
 re

ce
iv

ed
 

w
ee

kl
y 

ne
w

sl
et

te
r o

n 
ba

ck
 c

ar
e 

an
d 

tw
o 

60
 m

in
 s

es
si

on
s 

on
 p

hy
si

‑
ca

l t
he

ra
py

 e
du

ca
tio

n.
 T

hr
ee

 s
tu

di
es

 
co

m
pa

re
d 

yo
ga

 to
 e

xe
rc

is
e 

pr
og

ra
m

s, 
an

d 
pr

og
ra

m
 le

ng
th

, f
re

qu
en

cy
 a

nd
 

du
ra

tio
n 

w
er

e 
ex

ac
tly

 m
at

ch
ed

 w
ith

 
th

e 
yo

ga
 in

te
rv

en
tio

ns
 in

 a
ll 

3 
st

ud
ie

s. 
A

ll 
st

ud
ie

s 
re

po
rt

ed
 c

o-
in

te
rv

en
tio

ns
 

th
at

 w
er

e 
co

m
pa

ra
bl

e 
be

tw
ee

n 
gr

ou
ps

 
in

 6
 o

f t
he

se
Tr

ai
ni

ng
 p

er
io

d:
 N

R

Cr
ow

 e
t a

l. 
(2

01
5)

 [7
3]

SR
: 6

M
A

: 0
N

um
be

r o
f s

ub
je

ct
s:

 4
41

D
ur

at
io

n:
 a

ve
ra

ge
 >

 3
 m

o,
 p

ai
n 

>
 3

 
VA

S
%

W
om

en
: N

R
A

ge
: N

R

Iy
en

ga
r Y

og
a 

or
 Y

og
a

Tr
ai

ni
ng

 p
er

io
d:

 1
2–

24
 w

ks
Th

e 
co

nt
ro

l g
ro

up
s 

w
er

e 
gi

ve
n 

ei
th

er
 

w
rit

te
n 

ad
vi

ce
 (t

w
o 

st
ud

ie
s)

, u
nd

er
w

en
t 

se
lf-

ex
er

ci
se

 (t
w

o 
st

ud
ie

s)
, o

r s
ta

nd
ar

d 
m

ed
ic

al
 c

ar
e 

(n
on

sp
ec

ifi
ed

, t
w

o 
st

ud
‑

ie
s)

Tr
ai

ni
ng

 p
er

io
d:

 N
R

H
ill

 (2
01

3)
 [7

4]
SR

: 4
M

A
: 0

N
um

be
r o

f s
ub

je
ct

s:
 7

11
D

efi
ni

tio
n:

 C
LB

P 
is

 d
efi

ne
d 

as
 lo

w
er

 
ba

ck
 p

ai
n 

>
 3

 m
o

D
ur

at
io

n 
>

 3
 m

o
W

om
en

: N
R

A
ge

: 1
8–

70
 in

 2
 s

tu
di

es
, i

n 
2 

N
R

In
 1

 s
tu

dy
 Iy

en
ga

r Y
og

a 
Th

er
ap

y,
 in

 3
 

st
ud

ie
s 

N
R

Tr
ai

ni
ng

 p
er

io
d:

 In
 3

 s
tu

di
es

 1
2 

w
ks

 
on

ce
 o

r t
w

ic
e 

á 
w

k,
 a

nd
 in

 1
 s

tu
dy

 a
n 

in
te

ns
iv

e 
pr

og
ra

m
 fo

r 1
 w

k

U
su

al
 c

ar
e,

 s
ta

nd
ar

d 
m

ed
ic

al
 c

ar
e,

 
se

lf-
ca

re
 b

oo
k,

 p
hy

si
ca

l t
he

ra
py

 o
n 

di
s‑

ab
ili

ty
, p

ai
n 

an
d 

fle
xi

bi
lit

y
Tr

ai
ni

ng
 p

er
io

d:
 In

 1
 s

tu
dy

 1
 w

k 
pr

o‑
gr

am
, i

n 
3 

N
R

H
ol

zm
an

 e
t a

l. 
(2

01
3)

 [7
5]

SR
: 8

M
A

: 8
N

um
be

r o
f s

ub
je

ct
s:

 7
43

D
efi

ni
tio

n:
 N

R
D

ur
at

io
n 

N
R

W
om

en
: 6

6.
3%

 fe
m

al
e

A
ge

: m
ea

n 
ag

e 
ra

ng
e 

be
tw

ee
n 

44
 

an
d 

49
 y

rs

Yo
ga

 (H
at

ha
 Y

og
a,

 V
in

iy
og

a,
 Iy

en
ga

r)
Tr

ai
ni

ng
 p

er
io

d:
 6

w
ks

-2
4 

w
ks

, 1
–2

 
tim

es
/w

k 
(d

ur
at

io
n 

75
–9

0 
m

in
). 

O
ne

 
st

ud
y 

8 
h 

da
ily

 fo
r 1

 w
k

Co
nt

ro
l g

ro
up

s 
in

cl
ud

ed
 in

 th
e 

an
al

ys
es

 
w

er
e 

ed
uc

at
io

n 
(n

 =
 3

), 
ex

er
ci

se
 (n

 =
 1

), 
w

ai
tli

st
 c

on
tr

ol
 (n

 =
 2

) a
nd

 u
su

al
 c

ar
e 

(N
R)

 (n
 =

 2
)

Tr
ai

ni
ng

 p
er

io
d:

 N
R



Page 21 of 49Grooten et al. BMC Musculoskeletal Disorders          (2022) 23:801 	

Ta
bl

e 
10

 (
co

nt
in

ue
d)

A
ut

ho
rs

 (y
ea

r)
N

um
be

r o
f R

CT
’s 

in
cl

ud
ed

 in
 

sy
st

em
at

ic
 re

vi
ew

 (S
R)

 /m
et

a-
an

al
ys

es
 (M

A
)

Po
pu

la
tio

n
N

um
be

r o
f s

ub
je

ct
s,

 d
efi

ni
tio

n 
of

 
LB

P,
 p

ai
n 

du
ra

tio
n,

 %
 w

om
en

, a
ge

In
te

rv
en

tio
n

D
es

cr
ip

tiv
e

Co
nt

ro
l

D
es

cr
ip

tiv
e

Po
sa

dz
ki

 &
 E

rn
st

 (2
01

1)
 [7

6]
SR

: 7
M

A
: 0

N
um

be
r o

f s
ub

je
ct

s:
 4

03
D

efi
ni

tio
n:

 N
R

D
ur

at
io

n 
3 

m
o 

or
 m

or
e

%
 W

om
en

: N
R

A
ge

: 1
8 

an
d 

ab
ov

e

H
at

ha
 Y

og
a 

in
 1

 s
tu

dy
, I

ye
ng

er
 y

og
a 

in
 

3,
 y

og
a 

as
an

as
, P

ra
na

ya
m

as
, m

ed
ita

‑
tio

n 
an

d 
di

da
ct

ic
s 

in
 1

, V
in

iy
og

a 
in

 1
 

an
d 

in
 1

 s
tu

dy
Tr

ai
ni

ng
 p

er
io

d:
 6

w
ks

-2
4 

w
ks

, 1
–2

 
tim

es
/w

k 
(d

ur
at

io
n7

5-
90

 m
in

. O
ne

 
st

ud
y 

8 
h 

da
ily

 fo
r 1

 w
k

U
su

al
 c

ar
e,

 p
hy

si
ca

l e
xe

rc
is

es
, c

on
ve

n‑
tio

na
l t

he
ra

pe
ut

ic
 e

xe
rc

is
e 

ca
re

 o
r s

el
f-

ca
re

 b
oo

k,
 e

du
ca

tio
na

l c
on

tr
ol

 g
ro

up
 

an
d 

us
ua

l c
ar

e,
 n

o 
tr

ea
tm

en
t o

r u
su

al
 

ca
re

 a
nd

 w
rit

te
n 

ad
vi

ce
Tr

ai
ni

ng
 p

er
io

d:
 N

R

W
ie

la
nd

 e
t a

l. 
(2

01
7)

 [1
9]

 
SR

: 1
2

M
A

: 1
2

N
um

be
r o

f s
ub

je
ct

s:
 1

08
0

D
efi

ni
tio

n:
 L

ow
 b

ac
k 

pa
in

, d
efi

ne
d 

as
 p

ai
n 

or
 d

is
co

m
fo

rt
 in

 th
e 

ar
ea

 
be

tw
ee

n 
th

e 
lo

w
er

 ri
b 

an
d 

th
e 

gl
ut

ea
l 

fo
ld

s
D

ur
at

io
n 

3 
m

o 
or

 m
or

e
%

 W
om

en
: 4

5%
 a

nd
 5

3%
 in

 th
e 

st
ud

ie
s 

ca
rr

ie
d 

ou
t i

n 
In

di
a,

 a
nd

 
ra

ng
ed

 fr
om

 6
4 

to
 8

3%
 in

 th
e 

st
ud

ie
s 

co
nd

uc
te

d 
ou

ts
id

e 
In

di
a

A
ge

: T
he

 m
ea

n 
ag

e 
of

 p
ar

tic
ip

an
ts

 
w

as
 re

po
rt

ed
 to

 b
e 

be
tw

ee
n 

43
 a

nd
 

48
 y

rs
 o

ld
, i

n 
on

e 
st

ud
y 

th
e 

m
ea

n 
ag

e 
w

as
 re

po
rt

ed
 to

 b
e 

34
 y

rs
, a

nd
 in

 o
ne

 
st

ud
y 

th
e 

ag
e 

of
 p

ar
tic

ip
an

ts
 w

as
 n

ot
 

re
po

rt
ed

Iy
en

ga
r, 

H
at

ha
, o

r V
in

iy
og

a 
fo

rm
s 

of
 

yo
ga

Tr
ai

ni
ng

 p
er

io
d:

 F
or

 a
ll 

bu
t o

ne
 

st
ud

y,
 th

e 
yo

ga
 in

te
rv

en
tio

n 
w

as
 o

ne
 

to
 th

re
e 

yo
ga

 c
la

ss
es

 p
er

 w
k,

 w
ith

 
ea

ch
 c

la
ss

 la
st

in
g 

45
 to

 9
0 

m
in

. O
ne

 
st

ud
y 

w
as

 c
ar

rie
d 

ou
t i

n 
a 

re
si

de
nt

ia
l 

se
tt

in
g,

 a
nd

 th
e 

yo
ga

 g
ro

up
 p

ra
ct

ic
ed

 
ap

pr
ox

im
at

el
y 

tw
o 

ho
ur

s 
of

 y
og

a 
po

st
ur

es
 p

er
 d

ay

6 
st

ud
ie

s 
co

m
pa

re
d 

yo
ga

 to
 a

 w
ai

tin
g 

lis
t o

r u
su

al
 c

ar
e 

(N
R)

, 2
 to

 a
 s

el
f-

ca
re

 
bo

ok
, 1

 to
 e

du
ca

tio
n,

 5
 to

 e
xe

rc
is

es
Tr

ai
ni

ng
 p

er
io

d:
 s

am
e 

as
 in

te
rv

en
tio

n 
gr

ou
p

Zh
u 

et
 a

l. 
(2

02
0)

 [7
7]

SR
: 1

8
M

A
: 1

8
N

um
be

r o
f s

ub
je

ct
s:

 1
 9

43
D

efi
ni

tio
n:

 N
on

-s
pe

ci
fic

 lo
w

 b
ac

k 
pa

in
D

ur
at

io
n:

 3
 m

o 
or

 m
or

e
%

 W
om

en
: 1

08
1 

in
 1

6 
st

ud
ie

s, 
in

 2
 N

R
A

ge
: m

ea
n 

ag
e 

53
.6

–3
3.

6 
yr

s 
in

 1
4 

st
ud

ie
s, 

73
.0

–7
2.

6 
yr

s, 
in

 1
 s

tu
dy

, i
n 

2 
st

ud
ie

s 
th

e 
ra

ng
e 

w
as

 1
8–

65
 y

rs

Iy
en

ga
r y

og
a 

in
 6

 s
tu

di
es

, V
in

iy
og

a 
in

 
3,

 H
at

ha
 y

og
a 

5,
 a

nd
 Y

og
a 

no
t s

pe
ci

‑
fie

d 
in

 4
 s

tu
di

es
Tr

ai
ni

ng
 p

er
io

d:
 In

te
rv

en
tio

n 
du

ra
‑

tio
n 

ra
ng

ed
 fr

om
 7

 d
ay

s 
to

 2
4 

w
ks

, 
w

ith
 1

–7
 s

es
si

on
s/

w
k 

(3
5–

90
 m

in
 p

er
 

se
ss

io
ns

 +
 h

om
e 

ex
er

ci
se

s 
in

 1
 o

ut
 o

f 
18

 s
tu

di
es

)

13
 s

tu
di

es
 y

og
a 

w
as

 c
om

pa
re

d 
to

 
no

n-
ex

er
ci

se
 c

on
tr

ol
 (e

.g
. u

su
al

 c
ar

e,
 

ed
uc

at
io

n)
, i

n 
8 

st
ud

ie
s 

to
 tr

ad
iti

on
al

 
ph

ys
ic

al
 th

er
ap

y 
or

 e
xe

rc
is

es
, a

nd
 in

 3
 

st
ud

ie
s 

bo
th

 to
 n

on
-e

xe
rc

is
e 

co
nt

ro
l 

an
d 

ex
er

ci
se

s
Tr

ai
ni

ng
 p

er
io

d:
 N

R

Zo
u 

et
 a

l. 
(2

01
9)

 [7
8]

SR
: 1

2
M

A
: 7

–1
0

N
um

be
r o

f s
ub

je
ct

s:
 1

35
4

D
efi

ni
tio

n:
 lo

w
 b

ac
k 

pa
in

 la
st

in
g 

or
 

re
cu

rr
in

g 
fo

r l
on

ge
r t

ha
n 

3 
m

o
D

ur
at

io
n 

3 
m

o 
or

 m
or

e
%

 W
om

en
: N

R
A

ge
: R

an
ge

 3
0 

to
 6

5 
yr

s

N
R

Tr
ai

ni
ng

 p
er

io
d:

 In
te

rv
en

tio
n 

du
ra

‑
tio

n 
la

st
ed

 1
 to

 2
4 

w
ks

, w
ith

 s
es

si
on

s 
oc

cu
rr

in
g 

on
e 

to
 s

ev
en

 ti
m

es
 p

er
 w

k 
(6

0 
to

 1
20

0 
m

in
 p

er
 s

es
si

on
s +

 h
om

e 
ex

er
ci

se
s 

in
 9

 o
ut

 o
f 1

2 
st

ud
ie

s)

Co
nt

ro
l c

on
di

tio
ns

 v
ar

ie
d 

gr
ea

tly
 

ac
ro

ss
 th

e 
ev

al
ua

te
d 

st
ud

ie
s, 

in
cl

ud
in

g 
no

 tr
ea

tm
en

t, 
ae

ro
bi

c 
an

d 
st

re
ng

th
 

ex
er

ci
se

, n
ew

sl
et

te
r o

n 
ba

ck
 p

ai
n,

 d
ai

ly
 

ph
ys

ic
al

 m
ov

em
en

ts
 +

 e
du

ca
tio

n,
 w

ai
t‑

lis
t, 

se
lf-

ca
re

 b
oo

k,
 s

tr
et

ch
in

g 
ex

er
ci

se
, 

pa
m

ph
le

t p
ro

gr
am

Tr
ai

ni
ng

 p
er

io
d:

 1
–2

4 
w

ks

Ab
br

ev
ia

tio
ns

: C
LB

P 
Ch

ro
ni

c 
Lo

w
 B

ac
k 

Pa
in

, L
AY

T​ 
In

te
gr

at
ed

 A
pp

ro
ac

h 
to

 Y
og

a 
Th

er
ap

y,
 L

BP
 L

ow
 B

ac
k 

Pa
in

, m
in

 M
in

ut
es

, m
o 

M
on

th
s, 

N
R 

N
ot

 re
po

rt
ed

, S
D

 S
ta

nd
ar

d 
de

vi
at

io
n,

 y
rs

 Y
ea

rs
, w

ks
 W

ee
ks



Page 22 of 49Grooten et al. BMC Musculoskeletal Disorders          (2022) 23:801 

Table 11  Summary of methodological quality assessment of included systematic reviews using AMSTAR-2

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 

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 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, et al. 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 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
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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]. 

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

Table 11  (continued)
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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 (Wuqinxi, Baduanjin, Liuzijue) to either no 

Table 18  Results of different exercise types compared to control interventions for pain and disability. Traditional Chinese Exersises 
(TCE)

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

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

Qin et al. (2019) [67]
AMSTAR-2
Moderate

Pain:
VAS, NRS
Disability:
ODI, RMDQ,
JOA, SF-36 PF
Follow-up:
Post-intervention
Long-term: NR

Tai Chi alone or com-
bined > Control (8 trials)
WMD = -1.27 (95%CI -1.50; -1.04)
Subgroup analyses:
Tai Chi combined with routine 
therapy (physiotherapy, 
massage, and health educa-
tion) > Control (= routine 
therapy)
WMD = -1.07 (95%CI -1.27; -0.86)

Tai Chi alone or com-
bined > Control (3 trials)
ODI pooled on subitem level 
(score 0–5)
Pain intensity
WMD = -1.70 (95%CI -2.63; -0.76)
Personal care
WMD = -1.93 (95%CI -2.86; -1.00)
Lifting
WMD = -1.69 (95%CI -2.22; -1.15)
Walking
WMD = -2.05 (95%CI -3.05; -1.06)
Standing
WMD = -1.70, (95%CI -2.51; -0.89)
Sleeping
WMD = -2.98 (95%CI -3.73; -2.22)
Social life
WMD = -2.06 (95%CI -2.77; -1.35)
Traveling
WMD = -2.20 (95%CI -3.21; -1.19)
Remaining items with no signifi‑
cant improvement:
Sitting
WMD = -1.79 (95%CI -3.79; 0.21)
Sex life
WMD = -1.44 (95%CI -3.12; 0.23)
RMDQ (1 trial)
WMD = -2.19 (95%CI -2.56; -1.82)
JOA (2 trials)
WMD = 7.22 (95%CI 5.59; 8.86)
SF-36 (1 trial)
WMD = 3.30 (95%CI 1.92; 4.68)

A cautious conclusion that Tai Chi 
alone or as additional therapy with 
routine therapy may decrease pain 
intensity and improve function 
disability for patients with LBP
Tai Chi might be recommended 
for LBP patients, individually or 
integration with other conven‑
tional treatments.

Zhang et al. (2019)
AMSTAR-2 High

Pain:
VAS
Disability:
ODI, RMDQ
Follow-up:
Post-intervention
Long-term: NR

TCE (Tai Chi, Qigong) > Control
(10 trials)
Hedges’ g = -0.64 (95%CI -0.90; 
-0.37)

TCE (Tai Chi, Qigong) > Control
ODI (5 trials.)
Hedges’ g = -0.96 (95%CI -1.42; 
-0.50)
RMBQ (4 trials)
Hedges’ g = -0.41 (95%CI -0.79; 
-0.03)

TCE may have a positive effect 
modulating pain intensity, RMDQ, 
and ODI for people with LBP.
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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 

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 

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 

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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