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Abstract

Background: The cost of medical care for low back pain is a heavy financial burden for patients and has become a common social health issue that affects
people of all ages and professions.

ObjectiveliTo comprehensively evaluate the effectiveness of different types of exercise therapy in treating chronic non-specific low back pain, and provide
decision support for patients, medical professionals, and decision-makers to choose the most suitable exercise therapy to reduce pain, improve function, and
reduce medical expenses.

Methods: Data was sourced from electronic databases including PubMed, China Knowledge Network (CNKI), China Biomedical Literature Database (CBM),
and Wanfang Data (WD). The search targeted studies focused on exercise therapy as a treatment for chronic non-specific low back pain (CNLBP) conducted
within the timeframe spanning five years, from 2018 to 2022. The selection process encompassed published literature, excluding studies deemed of low
relevance, ultimately culminating in the inclusion of 26 pertinent papers.

Results: Different exercise modalities have shown clinical effectiveness for lumbopelvic stability exercise spinal stabilization exercise training, etc., with
superior efficacy for increasing muscle strength, enhancing spinal or lumbar stability, and increasing the thickness of core stabilising muscles. However,
exercise therapies like McKenzie therapy (MDT), Motor Control Exercise MCE , Sling Exercise Therapy SET , and physical education (PE) are more helpful in
restoring posture and function, improving neuromuscular control, and correcting delayed muscle activation than they are in increasing muscle thickness.
Second, yoga activities have been found to help with pain management, emotional regulation, psychological control, and sleep problems.

Conclusions: Although there are differences in the clinical effectiveness of various exercise therapies for the management of CNLBP, yet all of these exercise
interventions have significant efficacy for managing low back pain and are safe, simple to use, and affordable. This is crucial for reducing medical costs and
warrants widespread promotion.The potential of exercise therapy in the treatment of CNLBP, healthcare professionals and patients choose appropriate
exercise modalities based on individual needs to improve quality of life and reduce pain

Introduction

The prevalence of chronic low back painis steadily rising in today's aging population, making the need for health advices in this area even more urgent [1].
Low back pain (LBP) has long been a common condition in contemporary society [2] and is one of the most prevalent public health problems worldwide([3, 4],
affecting people of all ages and posing a significant financial burden for those who suffer from it [5]. People who lead healthy lifestyles and experience non-
specific low back pain (NLBP) may experience pain, loss of physical function, and other adverse effects on their physical and emotional health [6]. In contrast,
chronic non-specific low back pain (CNLBP), which excludes specific conditions like tumours, fractures, herniated discs, cauda equina syndrome, neuropathic
pain, and imaging manifestations, is described as pain and discomfort in the low back, lumbosacral region, or hip region that lasts longer than three months
[7]. In persons aged 20 to 64 who engage in at least one to three 20-minute exercise sessions each week, physical activity is linked to a lower incidence of
chronic pain, which is as low as 10-12% [8]. Therefore, independent physical exercise is crucial for the management of chronic pain. Exercise therapy is
preferred over untreated natural healing for persons with CNLBP[9]. The majority of the existing research on exercise treatment for CNLBP compares the
effects of one or more various exercise therapies, focusing in different ways on each therapy's clinical efficacy[10]. Studies of several exercise regimens
provide indirect evidence that one therapy is necessarily superior to the others. However, due to a variety of circumstances, various exercise regimens have
their own unique benefits and clinical implications for CNLBP. Patients with low back pain can select the best form of exercise treatment for their needs [10] .

CNLBP refers to pain or discomfort in the lower back, usually without a clear structural lesion or specific joint injury as the cause. This pain can be related to a
variety of factors, such as postural problems, muscle strain, and spinal problems.[7, 10]that affects adults in different occupations [61, 81] and professions
and has emerged as a widespread health issue in society. The root causes of its severity are a combination of biological, psychological, and social factors
[11]. Conversely, low back pain may also be accompanied by joint degeneration, damage to the articular surfaces and soft tissues surrounding the sacroiliac
joint, and decreased muscle strength. Consequently, patients may experience a range of issues, such as low back instability, reduced control over daily
activities, limb dysfunction, and improper movement patterns, all of which can lead to low back pain [12, 13]. Moreover, the development of low back pain
makes the patient somewhat fearful of sports[6].When pain is treated solely with medication, it may result in recurring symptoms, treatment of the symptoms
rather than the cause, and incurrence of excessive treatment costs [11]. Exercise is used to treat low back pain symptoms, as well as to improve the patient's
exercise capacity and intervene in controllable factors that promote a healthy condition, such as trunk stability, strong neuromuscular control, and
psychological factors, in order to prevent pain recurrence, promote physical function, and alleviate symptoms. Exercise therapy is more widely used in the
treatment of sports injuries and pain, and as the name suggests, it is the use of exercise to improve sports injuries and pain.. To determine whether various
trainings or protocols of exercise therapy can reduce pain, increase muscle thickness in core muscle groups, improve abnormal posture, improve
neuromuscular control, and regulate depressive and fearful psychological states, this paper conducts a systematic review of recent research on the various
exercise therapies for low back pain. It is believed that this would provide patients with low back pain with a clear understanding of the best exercise therapy
to choose, as well as theoretical support for enhancing physical function and strength, controlling depression and movement anxiety, and regaining their
health.

Material And Methods
Search Strategy

The electronic databases PubMed and CNKI CBM WD were searched for "chronic nonspecific low back pain, exercise therapy, core stability training, aerobic
training, Pilates, yoga, exercise control training, suspension exercise, and McKenzie therapy" as search terms for the selection of literature, and the search
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period was based on the years 2018 to 2022. The different database retrieval methods are shown in Table 1.

Table 1
Different database retrieval methods
Database Retrievable
English ((Chronic nonspecific low back pain) OR (nonspecific low back pain)) AND (Exercise therapy)
literature

search(PubMed)  ((Chronic nonspecific low back pain) OR (nonspecific low back pain)) AND ((Exercise control training) ((Chronic nonspecific low back
pain) OR (nonspecific low back pain)) AND (Aerobic training)) ((Chronic nonspecific low back pain) OR (nonspecific low back pain))
AND (Pilates)) ((Chronic nonspecific low back pain) OR (nonspecific low back pain)) AND (Yoga) ((Chronic nonspecific low back pain)
OR (nonspecific low back pain)) AND (Mckenzie therapy) ((Chronic nonspecific low back pain) OR (nonspecific low back pain)) AND
(Core stability training)

Chinese (Chronic nonspecific low back pain, Exercise therapy); (Chronic nonspecific low back pain, Exercise control training); (Chronic
literature nonspecific low back pain, Aerobic training); (Chronic nonspecific low back pain, Core stability training); (Chronic nonspecific low back
search(ClleI pain, Pilates); (Chronic nonspecific low back pain, Yoga); (Chronic nonspecific low back pain, Mckenzie therapy)

CBM WD

Inclusion/Exclusion Criteria

The screening of the literature included in this study and the quality analysis of the literature were done using the software Review Manager 5.4, which
includes the following tasks: importing the literature; importing the information of the literature in English and Chinese, screening the literature; and screening
the literature one by one according to the set inclusion criteria and exclusion criteria.The specific inclusion and exclusion criteria are shown in Table 2.

Table 2
Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
Standard Specific requirements Standard Specific requirements
Study Type Including peer-reviewed original research, such as randomized controlled trials Study Type Exclude case reports, expert
(RCTs), cohort studies, clinical trials, opinions, books, and other non-
original research sources.
Study Inclusion criteria encompass patients aged 18 years and older suffering from Study Exclude patients under the age of
Participants  chronic non-specific low back pain, with no gender restrictions. Participants  18.
Intervention  Studies eligible for inclusion must focus on exercise therapy as the primary Intervention  Exclude studies that do not involve
Type treatment modality. Intervention measures in the studies must involve exercise Type exercise therapy or studies involving
regimens, such as exercise courses, workout plans, or rehabilitation training. other primary treatment
interventions, such as drug therapy
or surgical treatments.
Reported Only studies pertaining to chronic non-specific low back pain will be considered. Reported Exclude studies focused on specific
Symptoms Symptoms types of back pain.
Publication ~ Relevant literature published within the last five years will be included. Publication  Exclude randomized controlled trial
Year Limit Year Limit studies published prior to 2018.
Study Studies must report key clinical outcomes related to chronic non-specific low back Study Exclude studies that do not report
Outcomes pain, such as pain intensity, functional improvement, quality of life, recurrence rate, Outcomes key clinical outcomes related to
and so forth. Results must be presented using numerical values or statistical chronic non-specific low back pain.
indicators, such as effect sizes and confidence intervals.
Intervention  In randomized controlled trials investigating exercise therapy for CNLBP, the Intervention  In randomized controlled trial
Period intervention duration should be at least two weeks." Period studies investigating exercise
therapy for chronic non-specific low
back pain, the intervention duration
should be less than two weeks.

Quality Assessment

Literature data extraction and literature quality assessment for the study in this paper was done solely by the first author.The quality assessment of the
included literature in this study was done using Review Manager's built-in Cochrane Risk of Bias tool for assessing the quality of randomized controlled trials.
The tool includes assessments of the following aspects: randomized sequence generation, allocation concealment, blinding, completeness and selective
reporting, and other biases, resulting in the inclusion of 26 randomized controlled trials.The article quality evaluation is shown in Figs. 1 and 2.

Summary of included Studies

Through preliminary advanced search of all search terms in the literature, 1802 English articles and 415 Chinese papers were obtained. After screening the
article titles and conducting a self-examination of the reading abstracts, the articles were selected based on inclusion and exclusion criteria, and ultimately 81
articles, including 12 Chinese articles and 69 English articles, were included. 26 randomized controlled trial type studies were selected from the 81 articles for
literature review. The flowchart for article screening is shown in Fig. 3.

Results
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Study Characteristics

In this study, exercise therapy is categorized into two main groups for review: "Different Training Modes" and "Different Exercise Programs."In total, 26
randomized controlled trials were included, encompassing a total of 1,716 clinical participants.

Exercise Therapy for Different Training Modes

"Different Training Modes" refer to the use of various training methods and strategies to enhance athletes' skills, strength, endurance, and other abilities in
specific sports or physical activities. The different training modes included in this research encompass core stability training, exercise control training,
breathing exercises, suspension training, and aerobic training. A total of 18 studies involving 1,145 clinical participants were included in this review (see
Table 3).
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Table 3
Randomised controlled trial of exercise therapy with different training modalities

Study Time Region Age Patient Intervention/control Intervention  Research results Cc
Pain Function  Perform

Sipavicien 2019 USA 38.3+5.1 70 Lumbar spine 20Weeks VAS(1-10) oDl LM area Tt
stabilization training ex
/ muscle strength gr
strengthening ex
training in

Hlaing 2021 Thailand 3478+ 36 Core stability 4Weeks VAS(3-7) MODQ TSK/TrA\LM Tt
9.07 training/strength thickness in
training ef

Khodadad 2019 Iran 443+ 52 Lumbar spine 8Weeks VAS(1-10) LMC LST W
2.46 stabilization Wi

intervention/cognitive Sii

function intervention di

Salik 2021  Turkiye - 37 Stability Training / 6Weeks VAS(1-10) oDl Trunk strength St
Routine Training tre

Notes; VAS, Visual analog scale ;0DI, Oswestry disability index MODQ,Modified Oswestry disability questionnaire TrA, Transverse abdominal muscle,LM, Luml
multifidus;TSK, Tampa Scale for Kinesiophobia; LST, Lumbar Stabilisation Treatment; NPRS, Numerical Pain Rating Scale; R-M, Roland-Morris; MRS, Modified
Scale; CMS-HS, Zebris CMS-HS; PSLRT, passive straight leg raising test; TTT, The toe-touch test; MTT, The modified Thomas test; QVAS, Quadruple visual anal
ODI-k, Oswestry Disability Index-Korean version; PSFS, Patient Specific Functional Scale; Ol, obliquus internus; OE, obliquus externus,; COS, core outcome set; F
Avoidance Belief Questionnaire; HADS, Hospital Anxiety and Depression Scale; CES-D 10-, Centre for Epidemiologic Studies Depression Scale; NPRS, numerica
scale; NHR, Notting-152 ham Health Profile.
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Study

Thomas

Schulz

Chen Lei

Aboufazeli

Ahmadnezhad

Time

2020

2019

2018

2021

2020

Region

France

US.A

China

Iran

Korea

Age

25+6.2

19-22

20-45

18-25

Patient

162

241

30

24

47

Intervention/control Intervention

Chiropractic / Spinal 3Weeks

Joint Release

Home fitness 12Weeks
combined with spinal
manipulative
therapy/rehabilitation

exercises

Core plyometric 12Weeks
training/traditional

plyometric training

Stability training / 8Weeks
Hip abduction
strengthening

training

Respiratory training 8Weeks
(inspiratory muscle

strength)/none

Research results

Pain
NPRS(0-10
11-BS(0-
10)
VAS(1-10)
VAS(1-10)
VAS(1-10)

Function

R-M(0-
24)

MRS

ODlI

gg))l(o—

Perform

CMS-HS

LM thickness

LM thickness

PSLRT/TTT/MTT

Ce

B¢
in

nc
yit
re
in
wi

@)

N¢
de
si

in
fu
ei

lo

Fc
st
tre
Wi
in

re
in
lu

3
st
ar

of
st

ar

B¢
ar
st
Sii
in

th

cc
th
st

st

re
fu
re
ar
st

re
ak
ar
at

ok

Notes; VAS, Visual analog scale ;0DI, Oswestry disability index MODQ,Modified Oswestry disability questionnaire TrA, Transverse abdominal muscle,LM, Luml
multifidus;TSK, Tampa Scale for Kinesiophobia; LST, Lumbar Stabilisation Treatment; NPRS, Numerical Pain Rating Scale; R-M, Roland-Morris; MRS, Modified
Scale; CMS-HS, Zebris CMS-HS; PSLRT, passive straight leg raising test; TTT, The toe-touch test; MTT, The modified Thomas test; QVAS, Quadruple visual anai
ODI-k, Oswestry Disability Index-Korean version; PSFS, Patient Specific Functional Scale; Ol, obliquus internus; OE, obliquus externus,; COS, core outcome set; F
Avoidance Belief Questionnaire; HADS, Hospital Anxiety and Depression Scale; CES-D 10-, Centre for Epidemiologic Studies Depression Scale; NPRS, numerica
scale; NHR, Notting-152 ham Health Profile.
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Study Time Region Age Patient  Intervention/control Intervention  Research results Cc
Pain Function  Perform

Fintal 2018  Hungary 52 Respiratory training VAS(1-10) - TrA/LMthickness Tt
(diaphragm training)/ of

OhYJ 2020 Korea 40-49 44 Breathing resistance 4Weeks QVAS ODI- TrA thickness Tt
lumbar spine K(0-5) ccC
stabilization training of
/ breathing resistance re
training tre

Halliday 2019 Australia  18-70 70 Motor Control 8Weeks - PSFS(3—-  TrA OE\OI B¢
Training/McKenzie 30) thickness de
Therapy sil

Van Baal 2020 Germany 18< 34 Movement therapy 6Treatments COS OoDI FABQ/HADS E»
(motor control + th
tactile sensitivity / er
traditional ne
movement) cC

Notes; VAS, Visual analog scale ;0DI, Oswestry disability index MODQ,Modified Oswestry disability questionnaire TrA, Transverse abdominal muscle,LM, Luml
multifidus;TSK, Tampa Scale for Kinesiophobia; LST, Lumbar Stabilisation Treatment; NPRS, Numerical Pain Rating Scale; R-M, Roland-Morris; MRS, Modified
Scale; CMS-HS, Zebris CMS-HS; PSLRT, passive straight leg raising test; TTT, The toe-touch test; MTT, The modified Thomas test; QVAS, Quadruple visual anai
ODI-k, Oswestry Disability Index-Korean version; PSFS, Patient Specific Functional Scale; Ol, obliquus internus; OE, obliquus externus; COS, core outcome set; F
Avoidance Belief Questionnaire; HADS, Hospital Anxiety and Depression Scale; CES-D 10-, Centre for Epidemiologic Studies Depression Scale; NPRS, numerica
scale; NHR, Notting-152 ham Health Profile.
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Study

Teychenne

Li Xin

Niu Kun

Wang

Wang X

Time

2019

2020

2019

2019

2019

Region

Australia

China

China

China

China

Age

35Average

20-45

30.82+
5.2

30.45+
5.55

4145+
10.23

Patient

40

20

42

60

84

Intervention/control

Motor control training
combined with
manual
therapy/traditional
training (medium
intensity)

Suspension training
(low back pain
group)/health group

Suspension training
combined with vine
moxibustion liquid /
lumbar abdominal
muscle training

Lumbar oblique plate
manipulation
combined with
suspension
training/simple
suspension training

Acupuncture
treatment combined
with suspension
training/simple
suspension training

Intervention

6 Months

2Weeks

8Weeks

4Weeks

12Weeks

Research results

Pain

VAS(0-100)

NPRS

VAS(1-10)

VAS(1-10)

VAS(1-10)

Function

oDl

0Dl

oDl

ODlI

Perform

CES-D(0-30)

Balance ability

5-HT BEP

Maximum
muscle strength
of waist and back

Ce

Lc
ex
cc
tre

wi
th

in
tre
tre
in
pe
de
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tre
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ar
fu
ar
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Notes; VAS, Visual analog scale ,0DI, Oswestry disability index MODQ,Modified Oswestry disability questionnaire TrA; Transverse abdominal muscle;LM, Luml
multifidus; TSK, Tampa Scale for Kinesiophobia, LST, Lumbar Stabilisation Treatment; NPRS, Numerical Pain Rating Scale; R-M, Roland-Morris; MRS, Modified
Scale; CMS-HS, Zebris CMS-HS; PSLRT, passive straight leg raising test; TTT, The toe-touch test; MTT, The modified Thomas test; QVAS, Quadruple visual anai
ODI-k, Oswestry Disability Index-Korean version; PSFS, Patient Specific Functional Scale; Ol, obliquus internus; OE, obliquus externus; COS, core outcome set; F
Avoidance Belief Questionnaire; HADS, Hospital Anxiety and Depression Scale; CES-D 10-, Centre for Epidemiologic Studies Depression Scale; NPRS, numerica
scale; NHR, Notting-152 ham Health Profile.

Exercise Therapy for Different Programs

"Different Sports Programs" refers to various sports or physical activities, each with its unique set of rules, technical requirements, and competition formats. In
this study, different sports programs refer to the McKenzie method, Pilates, and yoga. A total of 8 studies were included, involving 571 clinical participants (see
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Table 4). Two included studies provided descriptions of patient baseline characteristics, intervention measures, timing, and primary outcome measures.
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Table 4
Randomised controlled trials of exercise therapy for different programs

Study Time Region Age Patient Intervention/control Intervention  Research results Conclusion

Valenza

Batibay

Castro

Yalfani

Yang

2018

2020

2022

2020

2021

Spain

Tirkiye

Brazil

Iran

Taiwan,
China

37.62
+
12.14

18-60

24.92-
4.03

30-70

54

60

22

24

39

Pilates/Cognitive
Education

Mat Pilates / Home
Fitness

Elastic resistance
Pilates/non-elastic
resistance Pilates

Pilates in water /
Pilates on mat

Mat Pilates /
Medicated
Rehabilitation Care

8weeks

8weeks

8weeks

8weeks

8weeks

Pain

VAS(0-
10)

VAS(0-
10)

VAS(0-
10)

VAS(0-
10)

VAS(0-
10)

Function

oDI(0-
24)

0Dl

oDl

oDI(0-
100)

RMDQ(0-
24)

Perform

LM/FTFT/SLST

BDQ/LM
thickness

ADM strength

BBS

EQ-5D

Pilates has
demonstrated
significant
therapeutic
efficacy in
improving
pain and
disability
indices,
posture
control, and
enhancing
flexibility and
balance.

Pilates is
effective in
addressing
pain,
functional
levels, and
depression
intervention,
but it does
not have an
impact on the
thickness of
the core
muscle

group.

Both
approaches
have a
relatively low
impact on
pain and
functional
impairments
but
significantly
increase
lumbar
strength.

Both
interventions
have a
positive
impact on
treating lower
back pain,
but neither
has a
substantial
effect on
patients'
balance.

A core
training
program
involving mat
Pilates
significantly
improves
pain,
enhances
overall health,
and regulates
psychological
states.

Notes; VAS, Visual analog scale; ODI, Oswestry disability index; BDQ, Beck Depression Questionnaire; BBS, Biodex Balance System Biodex; RMDQ, Roland-
Morris Disability Index; EQ-5D, EuroQol-5D; SF-12, health-related quality of life Short Form 12; NRS, numerical rating scale; DVPRS, Defense and Veterans Pain

Rating Scale; FTFT, Fingertip-to-floor test; SLST, Single-limb stance test; ADM, Abdominal-dorsal muscle.
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Study Time Region Age Patient Intervention/control Intervention  Research results Conclusion
Pain Function Perform

Michalsen 2021 Germany 18-70 274 Yoga/Eurythmy 8weeks VAS RMDQ SF-12 Yoga and
Therapy/Standard Eurythmy
Physical Therapy therapy can

improve
lower back
pain, but their
impact on
disability
indices does
not reach
clinical
significance.

CuiBowen 2022 China - 28 Yoga stabilisation 4weeks NRS oDl ADM endurance  Theyoga
training combined group can
with health provide long-
education / term pain
plyometrics relief and

significantly
improve
lumbar and
back muscle
endurance.

Neyaz 2019 India 18-35 70 Hatha Yoga / 12weeks DVPRS(0- RDQ(0- - Both
Traditional 10) 24) therapies
Movement Therapy exhibit

similar
effectiveness,
leading to a
notable
improvement
in lower back
pain and
functionality.

Notes; VAS, Visual analog scale; ODI, Oswestry disability index; BDQ, Beck Depression Questionnaire; BBS, Biodex Balance System Biodex; RMDQ, Roland-
Morris Disability Index; EQ-5D, EuroQol-5D; SF-12, health-related quality of life Short Form 12; NRS, numerical rating scale; DVPRS, Defense and Veterans Pain
Rating Scale; FTFT, Fingertip-to-floor test; SLST, Single-limb stance test; ADM, Abdominal-dorsal muscle.

Outcome Measures

A forest plot was presented in a study that included 26 research studies, displaying results on pain and physical function using different scales (see Fig. 4
and>5). Additionally, due to variations in the scales of the questionnaires used, standardised mean differences (SMD) were employed across all included
studies.

Pain

Atotal of 26 studies (with 1,479 participants) were included, of which only 23 studies (with 1,209 participants) reported the effects of different interventions
on pain outcomes (VAS, QVAS, NPRS, DVPRS, NRS). The pooled data demonstrated that the TCE group showed a significant reduction in pain compared to
the control group (SMD=-0.16; 95% Cl: -0.65, 0.33; p < 0.001), and significant heterogeneity was observed in the overall results (1> = 91%). Therefore, a random-
effects model was used to combine these studies.

The findings suggest that interventions collectively referred to as TCE (which encompasses various treatments) have a demonstrable impact on alleviating
pain among individuals with the conditions under investigation. This conclusion is underscored by the statistically significant reduction in pain scores.
However, the high degree of heterogeneity observed across the studies should not be overlooked.

The heterogeneity, indicated by the 12 = 91%, highlights the diversity in the study designs, patient populations, and methodologies employed across the 23
studies. Several factors may contribute to this heterogeneity, such as variations in intervention duration, patient demographics, the specific type of
interventions administered, and the severity of the condition being treated. Therefore, while the overall effect size suggests a benefit of TCE interventions in
managing pain, it's important to interpret this result with caution due to the substantial variability among the studies.

Physical Function

Atotal of 26 studies (with 1,479 participants) were included, of which only 22 studies (with 1,178 participants) reported the effects of various interventions on
the outcomes of physical function assessment (VMODQ, ODI, Roland-Morris, RMDQ). The pooled data indicated that the TCE group had a greater advantage
in improving physical function compared to the control/comparison group (SMD = -1.56; 95% ClI: -0.38,-0.71; p < 0.001), and significant heterogeneity was
present in the overall result (12 = 98%). Therefore, a random-effects model was used to combine these studies.

The results of the analysis of the forest map showed that interventions collectively referred to as TCE (encompassing various treatment modalities) are
associated with a notable improvement in physical function among individuals with the conditions under investigation. This conclusion is underpinned by the
statistically significant effect size, highlighting the potential benefits of these interventions in enhancing physical functionality.
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Despite All This, the substantial heterogeneity observed across the studies warrants careful consideration. The high level of heterogeneity, indicated by an 1*2
value of 98%, underscores the variability in study designs, patient characteristics, and methodological approaches employed among the 22 studies. Diverse
factors, including differences in the type and duration of interventions, the demographic profiles of participants, and variations in the severity of the conditions
being treated, could contribute to this observed heterogeneity. Therefore, while the overall effect size indicates a favorable impact of TCE interventions on
physical function, it is essential to interpret these findings cautiously, given the considerable variability among the studies.

Discussion
Exercise Therapy for Different Training Modes
Core Stability Training

The majority of exercise therapies utilise specialised exercises that specifically target the patient's core stability, encompassing both lumbar and spinal
stability. The aim is to enhance the strength of the core muscle groups, including the deep trunk muscles, erector spinae, and multifidus, in order to achieve a
balance of muscle tone around the lumbar spine and spine, ultimately leading to trunk stability [14]. For patients suffering from CNLBP who exhibit
inadequate core muscular strength in the trunk, such as those who engage in occasional sports or lead a sedentary lifestyle, the elderly, and women who have
recently given birth, various stabilisation or muscle strength training exercises can be employed as part of their treatment plan.

Increase in Lumbar Spine Stability Training

One of the key risk factors for CNLBP is believed to be deficiencies in lumbar segmental stability [15, 16]. Limitations in muscle power, stamina, flexibility, and
range of motion caused by lumbar instability can lead to reduced active range of motion (AROM) in patients with CNLBP who have had the condition for
longer than six months. However, this can weaken the paravertebral and multifidus muscles [17], increasing the risk of lumbar instability and the likelihood of
low back pain recurrence. This is true even though restricting mobility may prevent pain in the lumbosacral area or legs. In contrast, core stability exercise
(CSE) strengthens deep trunk muscles, enhances muscle motor control, and engages dormant muscle groups, improving lumbar spine stability and preventing
low back pain. Abdominal and spinal extensors are necessary to increase lumbar spine stability [13]. Rehabilitative ultrasonography and surface
electromyography monitoring have shown that CSE successfully promotes lumbar spine stability by stimulating local stabilising muscles [18]. Similarly,
lumbopelvic stability exercise (LSE) is a core training method intended to increase the thickness of the abdominal muscles, enhance spinal stability, and
enhance core activation as a mechanism of action. Both exercise regimens improve lumbar spine strength by increasing the cross-sectional area of the
multifidus muscle. The study showed[19] that both training protocols improved the structural integrity of the lumbar spine and increased the cross-sectional
area of the multifidus muscle in 70 patients with chronic lumbar disc herniation, reducing their Oswestry disability index (ODI) scores [20]. In the LSE group,
the improvement in lumbar strength persisted for 12 weeks following the intervention, whereas it only did so for 4 weeks in the lumbar strengthening group,
demonstrating that the LSE treatment was more durable. [21] discovered that while both conventional strength training and CSE improved patient pain, there
was variability in efficacy, with CSE significantly outperforming conventional strength training in terms of enhancing proprioception, balancing, and increasing
the thickness of the rectus abdominis and multifidus muscles, as well as lowering functional impairment and exercise phobia in patients with subacute low
back pain. Khodadad et al.[22] discovered that both cognitive function therapy and LSE intervention improved motor control scores and decreased pain in 52
patients.

Strengthening Spinal Stability Training

Deficits in lumbar spine stability have been identified as a significant contributor to CNLBP [23]. Spinal stabilisation exercise (SSE) is a strengthening exercise
that focuses on specific deep trunk muscles that are weak in CNLBP function and improves lumbar spine stability. In the majority of randomised controlled
studies, exercises designed to increase spinal stability were performed on the muscles that stabilise the spine. According to Salik et al [24] stabilisation
exercises were superior to traditional exercises for minimising pain while exercising, enhancing the endurance and function of the core muscles, and
improving spinal stability.

There has been a debate about the effectiveness of spinal stabilisation exercises versus spine manipulative therapy (SMT). Thomas et al[23] found that in
various SMT randomised clinical trials, spine manipulation and spinal mobility therapy did not appear to be effective treatments for patients with mild to
moderate CNLBP. However, Evans et al [25] found that SMT in addition to exercise was more efficient than exercise alone over a 1-year period in adolescents
with CNLBP. Schulz et al [26]found that for older persons with CNLBP, combining SMT or supervised rehabilitation activities with home exercise alone did not
seem to enhance pain or disability indices in the short or long term.

Overall, decreases in stabilising muscle strength appear to play a more substantial role in spinal control and the alleviation of low back pain than relaxation of
the soft tissues around the spine, which is significantly less effective than spinal stabilising muscle group workouts.

Strengthening Core Muscle Group Strength Training

There is a high correlation between CNLBP and deficits in the paravertebral muscles that maintain the stability of the lumbar spine, and active strengthening
of the lumbar muscles such as the multifidus, transversus abdominis and erector spinae muscles is the main focus of core muscle training for CNLBP, and
good results are achieved [27]. Due to the multifidus' increased function as the foundation of the paravertebral muscles, which improves spinal stability and
restores the spine's natural physiological curvature, as well as spinal mechanics and intervertebral joint stability, the effect of the core musculature on CNLBP
appears to have become undeniable [28]. In a study by Chen et al[29], 30 patients with CNLBP as dragon boat athletes underwent a 12-week randomised
controlled intervention of core plyometric training versus traditional plyometric training. The findings revealed that the core group experienced significantly
less pain than the traditional group did compared to the control group, and that core plyometric training at 12 weeks significantly increased patients' pain at
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rest and during sleep. The multifidus muscle's thickness in the systolic state was much increased, and spinal stability was greatly enhanced. These
improvements helped to successfully control the spine's natural curvature and allow spine to move over a wider range of motion. To avoid experiencing pain
when exercising, the choice of training activities for the core muscles is essential. The use of hip abduction exercises had a significant strengthening effect on
the multifidus. According to Aboufazeli et al[30], the strengthening of the multifidus training movements, which are mostly concentrated in the dorsolumbar
region and are difficult, is not always better for women with poor strength and athletic ability to perform the target movements. The degree of connectivity
between hip motion and body stability is high, and the two factors support each other in terms of movement and postural maintenance. Kim and Yim [31]
discovered that the interventions in the hip stretching and hip strength strengthening groups were significantly better than the manipulative therapy groups in
terms of pain level, ODI, balance, and quality of life, with the hip stretching and hip strength strengthening groups having the greatest benefits. It is clear that
the stability of the human body's core is intimately related to the strength and functionality of the hip. It appears that active interventions in the hip can be
carried out first for patients with low back pain who struggle to complete the movements associated with core stability training. This would promote the
development of the core stability muscle group or allow patients to more successfully complete core stabilisation training, which would ultimately result in
pain relief.

Breathing Training

The benéefits of respiratory exercise have been widely recognised in contemporary rehabilitation medicine. Stronger respiratory muscles not only improve
thoracic activity to promote cardiorespiratory function but also facilitate trunk stability. Ahmadnezhad et al [32] investigated the effects of respiratory training
on core muscle activity in patients with CNLBP using spinal electromyography, multifidus, transversus abdominis, and lung function parameters. They found
that breathing training enhanced respiratory function and increased core muscle activity, which reduced pain intensity in athletes with CNLBP. Finta1 et al [33]
discovered that diaphragmatic training also had an impact on the thickness of muscle groups that stabilise the lumbar spine in studies examining the
relationship between respiratory training and lumbar stability (transversus abdominis, multifidus). Oh et al [34] demonstrated that therapies focusing on
respiratory strength training for lumbar stabilisation and respiratory strength training alone both improved CNLBP discomfort and functional impairment and
enhanced respiratory support muscles' muscular thickness and contraction rate. Therefore, it is evident that breathing-focused training seems to engage deep
stabilising muscles, strengthening not only the delayed activation muscle groups but also increasing respiratory strength, expanding thoracic volume, and
raising intra-abdominal pressure, which in turn contributes to greater stability in the lumbar region. It is crucial to promote respiratory training therapy as a
viable option for treating CNLBP because it is non-invasive, painless, simple to use, and inexpensive.

Motion Control Training

The human body engages in proprioceptive afferent input during various movements, where central system information is integrated and then expressed
through motor feedback. The interaction between nerves and muscles is a subconscious act, which may produce flawed movement patterns and increase the
risk of motor injury and pain, particularly when the body has neuromuscular control impairments. Impaired motor function is considered a key contributor to
the emergence of CNLBP [35]. The primary goal of motor control exercise (MCE )primary is to provide patients with the opportunity to practice specific motions
to achieve optimal control over their spine movements. This exercise is often performed under close supervision, and ultrasound imaging is used to track
muscle activation recruitment and offer instructive feedback during muscle contraction [36]. The transversus abdominis, multifidus, diaphragm, and pelvic
floor muscle groups are the primary muscle groups engaged in improving the function of specific trunk muscles that are thought to govern movement across
spinal segments, as demonstrated through several randomised controlled trials [37]. According to Gutknecht et al [38], MCE was associated with CNLBP
patients in a controlled experiment comparing MCE to normal exercise. However, Halliday et al [39] found that changes in muscle thickness may be less
significant for clinical results in CNLBP, as demonstrated in a controlled experiment comparing MCE with McKenzie therapy. Patients in both groups saw
improved ODI. A randomised experiment of motor control therapy and general exercise (GE) was conducted by Van et al [40], which demonstrated that GE in
combination with motor control therapy improved clinical results in CNLBP. Not only did CNLBP strengthen muscles more effectively than other treatments,
but it also greatly improved postural movement control. Additionally, Teychenne et al [41] found in a controlled trial comparing MCE with manual therapy to
conventional strength training that lower intensity MCE and manual therapy were clinically effective in modulating depressive states in adults with CNLBP,
leading to a shift in perspective, improved body control, and a decrease in pain. In conclusion, MCE is a safer and more generalisable supplement to other
treatments that may result in better clinical outcomes, even though it has little impact on stabilising muscle thickness. MCE plays a role in muscle activation
recruitment, improving neuromuscular coordination and control, and correcting improper movements. It is more widely applicable, safer, and can be used in
conjunction with other therapies as an adjuvant therapy.

Sling Exercise Therapy

Sling exercise therapy (SET) is a systematic approach to treating CNLBP that aims to improve coordinated neuromuscular control and the stability of the core
muscles in the lumbar region. The main objective of SET is to correct the improper movement patterns caused by atypical neuromuscular control. The closed-
chain action with an open-chain motor effect is designed to engage the inferior muscle groups that have been inactive in order to participate in movement and
improve proprioception, which has the effect of locally stabilising the structure. Li et al [43] discovered that SET improved the neural regulation of movement
and reversed the adaptive changes in the motor cortex neural network in CNLBP patients, supporting the efficacy of the treatment. Similarly, Sun et al
[42]validated this finding by demonstrating that surface electromyography showed that static postural maintenance training was superior to dynamic
supination training in CNLBP and that multi-point multi-axis SET had enhanced activation of the core lumbar muscles.

Most recent SET studies tend to prefer combining SET with other physiotherapy techniques to improve CNLBP, possibly to make it more accessible to patients.
In studies of combined physical manipulation co-treatment, Niu et al [44]found that a combination of tui na manipulation plus external rubbing with vine
moxibustion liquid combined with SET therapy was effective and long-lasting for CNLBP significantly reducing neuromuscular control imbalances and
successfully preventing the onset of low back pain. A lumbar ramp adjustment along with SET therapy intervention was effective, according to Wang et al[45],
for patients with CNLBP. Xie [46]demonstrated that SET was superior to jogging exercise for clinical CNLBP patients. Wang et al [47] also demonstrated that
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the efficacy of SET in conjunction with acupuncture was prolonged and superior to acupuncture alone in the treatment of CNLBP. Jiang [48] conducted a
controlled experiment comparing SET to standard care and found that while both intervention groups saw symptom reduction, SET was much more effective
than electrotherapy and had a greater safety profile.

In conclusion, although SET has no effect on muscle thickness, it is significantly more effective in reversing patients' flawed neurological control patterns,
significantly enhancing the maintenance of proper posture through training, and its restoration of neuromuscular control enhances patients' motor function.
Acupuncture, massage, and electrotherapy are just a few of the physiotherapy procedures that SET outperforms.

Aerobic Training

Aerobic exercise (AE) has been found to effectively reduce pain and increase exercise capacity, while also improving abs, low back, core stabilisation,
coordination, and traditional muscle strength [49]. In addition to the VAS, ODI, spinal mobility, and psychological health, cardiopulmonary function and fitness
are crucial indicators of the effectiveness of CNLBP treatment [50]. Regular aerobic exercise has various benefits for enhancing functional status, including
reducing recurrent pain and negative mental states [51]. Later study by Maselli et al[52] demonstrated that AE had a beneficial impact on preventing low back
pain, and that long-term runners had a lower prevalence and incidence of low back pain compared to the general or specific athlete population. For patients
with CNLBP, Nduwimana et al [53] conducted a systematic assessment of the therapeutic effectiveness of walking exercise and mind-body treatments
(MBTSs). The article covered 31 randomised controlled trials (RCTs), and while the therapies' durations varied widely, 77.4% of the studies with interventions
lasting 6—12 weeks were also included. The findings suggest that MBTSs, particularly yoga activities among them, would be more efficient in the short run. In
contrast, walking activities were more successful during the middle of the course of treatment, particularly in terms of pain reduction. Can AE be used instead
of opioid medications to reduce pain in CNLBP patients? Studies have shown that AE [54], a non-pharmacological exercise therapy, has the same pain-
relieving effects as moderate doses of opioid painkillers for patients with CNLBP, and that it can provide pain relief almost as similar to that of 7 mg morphine-
based painkillers. This suggests that people with low back pain can use AE or a similar exercise therapy to reduce pain, contributing to reduced reliance on
pain medications and avoiding adverse effects. As a result of the decreased feeling of pain, patients can more easily engage in physical activity, progressively
overcoming their fear of exercise. In fact, the clinical effectiveness of AE in the treatment of chronic pain appears to reduce patients' fear of exercise, and
because it only requires one type of exercise, it is the most straightforward exercise therapy to put into practice, increasing its accessibility. After conducting a
systematic study, Santos et al[37]demonstrated the value of aerobic exercise for treating CNLBP patients' pain and ODI indicators, while also demonstrating
the exercise's low cost and universal applicability. In a controlled trial of progressive resistance training (PRT) and progressive aerobic training (PAT), Wewege
et al[55] demonstrated that, although neither intervention was clinically successful, both decreased pain levels in patients with CNLBP. A summary of a
randomised controlled trial of different forms and intensities of walking exercise by Vanti et al [56] revealed that it not only reduced pain and improved
function, but also dramatically increased patients' quality of life and reduced their fear of exercise. Despite the fact that adding walking to other exercise
therapies did not lead to more improvement, its use in the clinical treatment of CNLBP should be encouraged due to its low exercise cost, high level of safety
characteristics, and simplicity of usage.

Exercise Therapy for Different Programs
McKenzie Therapy

The McKenzie therapy (MDT) protocol emphasises a comprehensive assessment and examination of function, specifically focusing on pain and symptoms
induced by repetitive motion of the spine or lumbar segment. Postural correction and training to restore normal spinal curvature are integral components of
the MDT protocol, which also tends to enhance the mobility of the lumbar spine [57]. Alhakami et al [58]evaluated the efficacy of MDT and stability training in
the treatment of pain and ODI in patients with CNLBP. According to their review, both exercise therapies proved to be efficient and clinically superior to
conventional exercise training, with patients demonstrating significantly improved neural control of the lumbar segmental musculature following MDT.
However, Lam et al [59]assessed the effectiveness of MDT in reducing pain and ODI in acute and chronic CNLBP, supported by high and moderate-quality
trials. Their findings indicated that MDT was not more successful than other rehabilitation methods in treating acute low back pain, although it might be for
treating persistent pain. In conclusion, MDT primarily involves the activation of additional muscles for movement, with minimal impact on the thickness of the
deep stabilising muscles of the trunk. As a result of engaging the patient's deeper muscles, they can perform more dynamic exercises and promote the
development of other muscle groups or general stabilising muscles, thus enhancing overall trunk stability. Consequently, MDT is employed as an auxiliary
exercise in the treatment of CNLBP and may yield better outcomes when combined with other exercise therapies.

Pilates

Pilates exercise, predominantly focusing on enhancing lumbar spine and pelvic stability, is a common component of physical education (PE) for improving
posture. These exercises can be categorised into two main groups: core exercises and breathing exercises. During the exercise process, the involved muscles
work synergistically to stabilise the lumbosacral pelvic region, necessitating greater muscle strength for movements with varying degrees of difficulty [60]. As
there is minimal external load, these exercises are safe for individuals with CNLBP. Practicing stabilising postures and breathing exercises may not only
ameliorate the patient's condition but also yield similar beneficial clinical effects on interventions for psychiatric disorders [61]. Moreover, the efficacy of PE
appears to be somewhat superior to other treatments. Valenza et al[62]demonstrated significant clinical effectiveness of an eight-week PE intervention for
individuals with CNLBP resulting in improvements in pain, dysfunction, flexibility, and balance. Batbay et al [63]found that physical therapy (PT) and home
exercise interventions for CNLBP patients had comparable effects on symptoms; however, PE interventions did not significantly contribute to muscle
thickness. Nevertheless, PE interventions improved balance and postural stability without significantly impacting muscle growth. Castro et al [64] reported that
PE intervention with elastic resistance was associated with a higher IGF-1/IGFBP-3 ratio, as both groups exhibited improved lumbar strength and control,
reduced pain, and decreased ODI scores. Yalfani et al [65] compared the effectiveness of aquatic versus mat-based PT and found that both forms of PE
interventions were equally efficacious. Yang et al [66]noted significant improvements in patients' health and quality of life following exercise therapies using
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core training movements in PE. Cruz-Diaz et al.[67]found that a 12-week PE programme effectively modulated psychological barriers to exercise, alleviated
exercise anxiety, and enhanced postural control. Lastly, Domingues et al[81]conducted a review of 27 publications and confirmed the positive clinical effects
of PT in strengthening muscle neural control, reducing pain associated with CNLBP, and overcoming motor phobia when compared to other low-intensity
exercise interventions and no exercise. These studies collectively demonstrate that there is a comprehensive training system for PT interventions, resulting in a
more integrated effect, safe, and controlled training model. Consequently, PT therapy has emerged as a viable option for the individuals with various forms of
low back pain to improve their pain, depression, quality of life, and overall health.

Yoga

Patients with CNLBP often experience depression and fear of exercise due to their pain, which can exacerbate their condition and hinder symptom
improvement, significantly impacting their quality of life [72]. Therefore, it is essential to select appropriate activities that minimise pain during exercise and
promote post-exercise well-being. Yoga interventions, which incorporate body posture alignment, breathing techniques, and meditation exercises, have been
found to effectively manage both psychological and physiological aspects of individuals [68]. Moreover, yoga has demonstrated positive effects on
cardiovascular health, osteo-articular therapy, exercise capacity, and muscle fibber discomfort [69]. Frequently employed as a complementary medical
approach, yoga addresses emotional, stress, and sleep factors to enhance physical and psychological health and alleviate patients' symptoms, highlighting its
therapeutic value. Clinical evidence supports the effectiveness of yoga in reducing pain and decreasing the reliance on psychosocial treatments for CNLBP
patients. A study by Kuvai et al [70] revealed that combining yoga with education led to reduced depression, anxiety, and perceived pain in CNLBP patients.
Although meditation training, a component of yoga, does not directly influence pain function and reduction, it significantly affects the psychological state of
patients with chronic pain, indirectly reducing pain levels [71]. In a randomised controlled trial, Cui et al.[73] compared yoga exercise to plyometric training in
patients with CNLBP, observing significant pain reduction and functional improvement within the first four weeks of intervention, but no notable effect
thereafter. Another randomised controlled trial [74] comparing yoga to conventional exercise therapy found comparable clinical efficacy for CNLBP between
the two modalities. In conclusion, yoga practice is a viable option for individuals with CNLBP, offering substantial benefits in pain relief and psychological
adjustment. These advantages are attributed to the diverse exercise patterns of yoga, which encompass the unique integration of mind and body, motion and
stillness, and the release of physical and psychological stress.

Conclusion

CNLBP is a highly prevalent global public health issue (Van et al., 2006), causing not only physical and psychological harm to patients but also incurring
significant financial costs that must be addressed [75]. Exercise treatment has been demonstrated to alleviate symptoms in individuals with CNLBP, according
to several studies [76, 77, 78]. The pathophysiology of CNLBP is multifaceted, with non-specific origins and no single site of low back pain. Pain may manifest
on one side of the back, in the upper vertical crest muscle region, or in the lower lumbosacral area. The patient's age and occupation are associated with the
nature of the pain [79]. Although lumbar stabilisation exercises (LSE), segmental stabilisation exercises (SSE), and core strength training effectively strengthen
muscles, increase the thickness of core stabilising muscles, and enhance spinal or lumbar stability, these training movements can be challenging and require
a certain level of physical fitness. The clinical effects of the exercise therapies examined in this paper differ in focus and may be more suitable for older or
younger individuals. In contrast, McKenzie therapy (MDT), motor control exercises (MCE), specific exercise therapy (SET), and postural education (PE) may not
significantly increase muscle thickness but are more effective in restoring postural and functional function, developing robust neuromuscular control, and
reversing abnormally delayed muscle activation. Consequently, these therapies are more accessible to most patients and pose fewer risks for older individuals.
Furthermore, practicing yoga can assist patients in managing pain, regulating emotions, maintaining psychological control, and improving sleep quality.
Promoting these exercises is highly beneficial, as they are not limited by facility equipment and are cost-effective. However, when the cause of low back pain
cannot be accurately identified, it is challenging to select a targeted treatment. CNLBP symptoms vary significantly among patients, and each individual
exhibits unique key manifestations of the condition. Therefore, it is crucial to adopt a personalised treatment plan tailored to each patient's specific needs, as
implementing appropriate exercise regimens and enhancing patient compliance will undoubtedly amplify the therapeutic effects. In conclusion, independent
exercise not only aids in the management of chronic pain but also helps prevent sports injuries, strengthens motor skills, elevates mood and mental well-being,
and enhances the overall quality of life.

Abbreviations
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Chronic non-specific low back pain
CSE

Core stability exercise
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MCE
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Sling Exercise Therapy
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PAT

Progressive Aerobic Training
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Pilates exercise

CPE

Conventional Physiotherapy Exercises.

Declarations
Acknowledgments
Not applicable.
Author Contributions

Yang Liu came up with the initial thesis idea and topic selection, and completed the literature search, data collection and analysis, manuscript writing and
revision,and was a major contributor in writing the manuscript.

Yidan Wang writing part of the manuscript content and providing critical revision of the manuscript for intellectual content and proofreading manuscript.
Kunwei Dong is responsible for the final review and revision of the paper.

Garry Kuan oversight and leadership responsibility for the research activity planning and execution.

Funding

No financial support

Ethics Approval And Consent To Participate

Ethical approval was not required for this systematic review and meta-analysis.

Acknowledgments

The authors would like to thank the editors for taking the trouble to review the article and giving very pertinent suggestions for changes.

Conflict Of Interest

The authors declares no conflict of interest

Availability of data and materials

The dataset used and/or analyzed during the current research period can be obtained from the first author upon reasonable request: 784389072@qq.com
Author Details

TWuhan Sports University, No. 4671 Luoyu Road, Hongshan District, Wuhan, Hubei Province, China. The first author is a master student, majoring majoring in
sports training, research direction sports rehabilitation and injury. Liuyang has been a physiotherapist and sports rehabilitator for fve years and currently works
as a physiotherapy and physical rehabilitation training coach for the national team.

2Faculty of Sports and Exercise Science, Universiti Malaya, Kuala Lumpur, Malaysia.
3Exercise and Sports Science Programme, School of Health Sciences, Universiti Sains Malaysia, Kubang Kerian, Kelantan, Malaysia.

4Wuhan Sports University, No. 461 Luoyu Road, Hongshan District, Wuhan, Hubei Province, China.

Page 16/22



References

1.

Hartvigsen j, Mj H. Kongsted a,et al. Lancet. 2018;391:2356-67. 10.1016/S0140-6736(18)30480-X. Lancet Low Back Pain Series Working Group. What
low back pain is and why we need to pay attention[J].

. Foster Ne A Jr. Cherkin d, Lancet Low Back Pain Series Working Group. Prevention and treatment of low back pain: evidence, challenges, and promising

directions[J]. Lancet 2018,391:2368-83. 10.1016/S0140-6736(18)30489-6.

3. Van Tulder m, Becker t et al. Chapter 3. European guidelines for the management of acute[J].Eur Spine. 2006, 9;15:5169-91.10.1007/s00586-006-1071-2.
4. Vadala g, Russo f, De Salvatore et al. sPhysical activity for the treatment of chronic low back pain in elderly patients: a systematic review[J].Clin. Med.

2020,9,1023.D01:10.3390/jcm9041023.

. Balague f. Mannion Af,Pellisef,Et al.Non-specific low backpain[J]. Lancet. 2012;379(9814):482-91. 10.1016/S0140-6736(11)60610-7.

6. LI Xue-i,ZHANG Bin. Association between sleep disorders and anxiety-depression disorders[J]. Chin J Clin 2018,46(02):131-3.

7. Coeckelberghse. Verbekeh,Desomera,International compara-tive study of low back pain care pathways and analysis of key interventions[J].Eur

10

11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

SpineJ,2021,30(4):1043.

.Landmark t, Pc R, et al. Associations between recreational exercise and chronic pain in the general population: evidence from the HUNT 3 study[J]. Pain.

2011;152:2241-7.

. Owen pj et al. Miller, c. t.,, Mundell, n. IWhich specific modes of exercise training are most effective for treating low back pain? Network meta-analysis[J].

Br. J. Sports 2020,1279-1287.10.1136/bjsports-2019-100886.

. Frizziero a et al. Pellizzon g, Vittadini f,. Efficacy of core stability in non-specific chronic low back pain[J]. J Funct Morphol Kinesiol. 2021, 4-22;6(2):37.

10.3390/jfmk6020037.

.Nn K, Kd C, Jws V et al. Low back pain[J]. Lancet 2021 6 — 3;398(10294):78-92. 10.1016/S0140-6736(21)00733-9.
12.

Rezazadeh f, Sm T, et al. The relationship between cross-sectional area of multifidus muscle and disability index in patients with chronic non-specific low
back pain[J]. Musculoskelet Sci Pract. 2019;42:1-5. 10.1016/j.msksp.2019.03.005.

Stevens s et al. Agten a, Timmermans a,. Unilateral changes of the multifidus in persons with lumbar disc herniation: a systematic review and meta-
analysis[J]. spine j. 2020, 20: 1573-85. 10.1016/].spinee.2020.04.007.

Jm O-L. Core muscle activity during physical fitness exercises: a systematic review[J]. Int J Environ Res Public Health. 2020;6(2):4-22.
10.3390/ijerph17124306.

Calatayud j et al. Escriche-Escuder a, Cruz-Montecinos c,. Tolerability and muscle activity of core muscle exercises in chronic low-back pain[J]. Int J
Environ Res Public Health. 2019, 9-20;16(19):3509.10.3390/ijerph16193509.

Javadian y et al. Akbari m, Talebi g,. Influence of core stability exercise on lumbar vertebral instability in patients presented with chronic low back pain: a
randomized clinical trial[J]. Caspian J Intern Med. 2015, 6: 98-102.

Goubert d et al. De Pauw r, Meeus m,. Lumbar muscle structure and function in chronic versus recurrent low back pain: a cross-sectional study[J]. spine j.
2017,17: 1285-96. 10.1016/j.spinee.2017.04.025.

Zhengy, Lin Ks et al. cEffect of core stability training monitored by rehabilitative ultrasound image and surface electromyogram in local core muscles of
healthy people[J]. Pain Res Manag. 2019, 9130959. 10.1155/2019/9130959.

Sipaviciene s, Kliziene i. Effect of different exercise programs on non-specific chronic low back pain and disability in people who perform sedentary
work[J]. Clin Biomech (Bristol Avon). 2020;73:17-27. 10.1016/j.clinbiomech.2019.12.028.

Garg a. Low back pain: critical assessment of various scales[J]. eur spine j. 2020;29:503-18. 10.1007/s00586-019-06279-5.

Ss H, Ee PrK, et al. Effects of core stabilization exercise and strengthening exercise on proprioception, balance, muscle thickness and pain related
outcomes in patients with subacute nonspecific low back pain: a randomized controlled trial[J]. Bmc Musculoskelet Disord. 2021;22:998.
10.1186/512891-021-04858-6.

Khodadad b. Letafatkar a, Hadadnezhad m,et al. Comparing the effectiveness of cognitive functional treatment and lumbar stabilization treatment on
pain and movement control in patients with low back pain[J]. Sports Health. 2020;12:289-95. 10.1177/1941738119886854.

Js T,Bc C, Dw R, et al. Effect of spinal manipulative and mobilization therapies in young adults with mild to moderate chronic low back pain: a
randomized clinical trial[J]. Jama Netw Open. 2020;3:2012589. 10.1001/jamanetworkopen.2020.12589.

Sy S, Kirmizi Ya et al. mEffects of stabilization exercises on disability, pain, and core stability in patients with non-specific low back pain: a randomized
controlled trial[J]. Work. 2021, 0: 99-107. 10.3233/WOR-213557.

Evansr et al. Haas m, Schulz c,. Spinal manipulation and exercise for low back pain in adolescents: a randomized trial[J]. Pain. 2018, 159: 1297 - 307.
10.1097/j.pain.0000000000001211.

Schulz c et al. Evans r, Maiers m,. Spinal manipulative therapy and exercise for older adults with chronic low back pain: a randomized clinical trial[J].
Chiropr Man Therap. 2019,27: 21. 10.1186/s12998-019-0243-1.

Alrwaily m et al. Schneider m, Sowa g,. Stabilization exercises combined with neuromuscular electrical stimulation for patients with chronic low back
pain: a randomized controlled trial[J]. Braz J Phys Ther. 2019, 23: 506 — 15. 10.1016/j.bjpt.2018.10.003.

Kumamoto t, Matsuda S et al. rRepeated standing back extension exercise: influence on muscle shear modulus change after lumbodorsal muscle
fatigue[J]. Work. 2021, 68: 1229-37. 10.3233/WOR-213452.

Chen L, Li Q, Donggqing X, et al. Analysis of the effect of core muscle strength rehabilitation training on chronic nonspecific low back pain in dragon boat
athletes. China Sports Sci Technol [J]. 2018;54(1):99-104. 10.16470/j.csst.201801014.

Page 17/22



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Aboufazeli m, Afshar-Mohajer n, Jafarpisheh Ms, et al.Recovery of the lumbar multifidus muscle size in chronic low back pain patients by strengthening
hip abductors: a randomized clinical trial[J]. Bodyw Mov Ther. 2021, 26: 147 — 52. 10.1016/j.jbmt.2020.12.035.

Kim b. Yim j. Core stability and hip exercises improve physical function and activity in patients with non-specific low back pain: a randomized controlled
trial[J]. Tohoku J Exp Med. 2020;251:193-206. 10.1620/tjem.251.193.

Ahmadnezhad I. Yalfani a, Gholami Bb. Inspiratory muscle training in rehabilitation of low back pain: a randomized controlled trial[J]. J Sport Rehabil.
2020;29:1151-8.10.1123/jsr.2019-0231.

Finta r. Nagy e, Bender t. The effect of diaphragm training on lumbar stabilizer muscles: a new concept for improving segmental stability in the case of
low back pain[J]. Pain Res. 2018;11:3031-45. 10.2147/JPR.S181610.

Oh VYJ, Park SH, Lee MM. Comparison of effects of abdominal draw-in lumbar stabilization exercises with and without respiratory resistance on women
with low back pain: a randomized controlled trial[J]. Med Sci Monit. 2020;26:€921295. 10.12659/MSM.921295.

Ghamkhar |, Kahlaee Ah. Trunk muscles activation pattern during walking in subjects with and without chronic low back pain: a systematic review[J]. Pm
R.2015;7:519-26.10.1016/j.pmrj.2015.01.013.

Chen Jingzhou W, Zhenrun HS, et al. Isokinetic characteristics and electromyographic signals of trunk muscles in patients with chronic non-specific low
back pain[J]. Chin J Rehabilitation Med. 2021;36:51-6.

Lv S, Et P Reguera-Garcia, Mm, et al. Resistance training and muscle strength in people with spinal cord injury: a systematic review and meta-analysis[J].
Bodyw Mov Ther. 2022;29:154-60. 10.1016/j.jbmt.2021.09.031.

Gutknecht m. The effect of motor control and tactile acuity training on patients with non-specific low back pain and movement control impairment[J].
Bodyw Mov Ther. 2015;19:722-31. 10.1016/j.jbmt.2014.12.003.

Halliday Mh P, Mj eH, et al. A randomized clinical trial comparing the mckenzie method and motor control exercises in people with chronic low back pain
and a directional preference:1-year follow-up[J]. Physiotherapy. 2019;105:442-5. 10.1016/j.physio.2018.12.004.

Van Baal k et al. Allofs j, Enrenbrusthoff kEffects of a movement control and tactile acuity training in patients with nonspecific chronic low back pain and
control impairment - a randomised controlled pilot study[J]. Bmc Musculoskelet Disord. 2020, 21: 794. 10.1186/s12891-020-03727-y.

Teychenne m, Ke L. Main |, General strength and conditioning versus motor control with manual therapy for improving depressive symptoms in chronic
low back pain: a randomised feasibility trial[J]. Plos One 2019,14: e220442. 10.1371/journal.pone.0220442.

Yue S, Weichao P Wudong S, et al. Surface electromyography study of multi-point multi-axis suspension training for non-specific low back pain[J]. Chin
Rehabilitation Theory Pract. 2018;24:1058-61.

Xin LI, Zhicheng LI, Wenzhao LIANG, Le LI, Chuhuai WANG. Effects of suspension training on neural networks in motor cortical areas of chronic low back
pain patients[J]. Chin J Rehabilitation Med 2022,37(02):183-7.

Niu K. Niu Qian,Fu Zhijian,Chen Ying,Zhang Guohui,Yang Fan. Efficacy and mechanism of external rubbing with Garcinia Cambogia liquid combined with
SET suspension training technique for the treatment of nonspecific lower back pain[J]. Shizhen Guojian.

Wang Sq C et al. m, Wei x, Clinical research on lumbar oblique-pulling manipulation in combination with sling exercise therapy for patients with chronic
nonspecific low back pain[J]. Rev Assoc Med Bras (1992). 2019 65: 886 — 92. 10.1590/1806-9282.65.6.886.

Xie W-D. Clinical application of suspension training for chronic nonspecific low back pain. Chin J Pain Med [J]. 2018;24(4):319-20.

WANG Xin TIAN, Xiujuan WANG, Jinling HU, Chuan. Effectiveness of suspension exercise training in the treatment of chronic nonspecific low back pain[J].
Chin Rehabilitation Theory Pract 2019,25(04):385-9.

Jiang m. Efficacy of Suspension Core Stabilization Training for Chronic Non-Specific Lower Back Pain. Electronic Journal of Clinical Medicine
Literature[J].2019,6: 86 — 7. 10.16281/j.cnki.jocml|.2019.08.076.

SiD, Ac L, De Oliveira n, et al. Effects of aerobic exercise on pain and disability in patients with non-specific chronic low back pain: a systematic review
protocol[J]. Syst Rev. 2019;8:101. 10.1186/s13643-019-1019-3.

Verbrugghe j. Agten a, Stevens s,Et al. Exercise intensity matters in chronic nonspecific low back pain rehabilitation[J]. Med Sci Sports Exerc.
2019;51:2434-42.10.1249/MSS.0000000000002078.

Imboden ¢, Gerber m, Beck J et al. Aerobic exercise or stretching as add-on to inpatient treatment of depression: similar antidepressant effects on
depressive symptoms and larger effects on working memory for aerobic exercise alone[J]. Affect Disord. 2020;276: 866 — 76. 10.1016/j.jad.2020.07.052.

Maselli f. Prevalence and incidence of low back pain among runners: a systematic review[J]. Bmc Musculoskelet Disord. 2020;21:343. 10.1186/s12891-
020-03357-4.

Nduwimana T, Jl et al. Effectiveness of walking versus mind-body therapies in chronic low back pain: a systematic review and meta-analysis of recent
randomized controlled trials[J]. Medicine (Baltimore).2020;99: €21969. 10.1097/MD.0000000000021969.

Jw BsB. Does aerobic exercise training alter responses to opioid analgesics in individuals with chronic low back pain? A randomized controlled trial[J].
Pain. 2021;162:2204-13. 10.1097/j.pain.0000000000002165.

Wewege Ma B. Resistance exercise for chronic non-specific low back pain: a systematic review and meta-analysis[J]. J Back Musculoskelet Rehabil.
2018;31:889-99. 10.3233/BMR-170920.

Vanti c et al. Andreatta s, Borghi s,. The effectiveness of walking versus exercise on pain and function in chronic low back pain: a systematic review and
meta-analysis of randomized trials[J]. Disabil Rehabil. 2019;41: 622 — 32. 10.1080/09638288.2017.1410730.

Mann SJ, Lam JC, Singh P. Mckenzie back exercises[J]. 2022.

Page 18/22



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.
69.

70.

Alhakami Am D. Effects of mckenzie and stabilization exercises in reducing pain intensity and functional disability in individuals with nonspecific chronic
low back pain: a systematic review[J]. Phys Ther Sci. 2019;31:590—-7. 10.1589/jpts.31.590.

Lam Ot S, Dm et al. Chan-Fee m,. Effectiveness of the mckenzie method of mechanical diagnosis and therapy for treating low back pain: literature review
with meta-analysis[J].Orthop Sports Phys Ther. 2018;48: 476 — 90. 10.2519/jospt.2018.7562.

Sonmezer e, Ma Ozkdslii, Yosmaoglu Hb. The effects of clinical pilates exercises on functional disability, pain, quality of life and lumbopelvic stabilization
in pregnant women with low back pain: a randomized controlled study[J]. Back Musculoskelet Rehabil. 2021;34:69-76. 10.3233/BMR-191810.

Domingues Dfc C, Da J, N, et al. Effects of the pilates method on kinesiophobia associated with chronic non-specific low back pain: systematic review
and meta-analysis[J]. Bodyw Mov Ther. 2020;24:300-6. 10.1016/j.jbmt.2020.05.005.

Valenza Mc | et al. Results of a pilates exercise program in patients with chronic non-specific low back pain: a randomized controlled trial[J]. Clin Rehabil.
2017 ;31: 753 - 60.10.1177/0269215516651978.

Batibay S, Kiilcii D. Effect of pilates mat exercise and home exercise programs on pain, functional level, and core muscle thickness in women with chronic
low back pain[J]. Orthop Sci. 2021;26:979-85. 10.1016/].jos.2020.10.026.

Castro Jb L, Vp M, Db, et al. Effects of pilates with and without elastic resistance on health variables in postmenopausal women with low back pain[J].
Pain Manag. 2022;12:509-20. 10.2217/pmt-2021-0042.

Yalfani a, Raeisi z, Koumasian z. Effects of eight-week water versus mat pilates on female patients with chronic nonspecific low back pain: double-blind
randomized clinical trial[J]. Bodyw Mov Ther. 2020;24: 70-5. 10.1016/j.jbmt.2020.06.002.

Yang Cy T, Ya W, Pk, et al. Pilates-based core exercise improves health-related quality of life in people living with chronic low back pain: a pilot study[J].
Bodyw Mov Ther. 2021;27:294-9. 10.1016/j.jbmt.2021.03.006.

Cruz-Diaz d et al. Romeu m, Velasco-Gonzalez c,. The effectiveness of 12 weeks of pilates intervention on disability, pain and kinesiophobia in patients
with chronic low back pain: a randomized controlled trial[J]. Clin Rehabil. 2018;32: 1249-57. 10.1177/0269215518768393.

Xu Y. The application of yoga in the rehabilitation treatment of elderly patients [J]. Chin J Gerontol. 2020;40(10):2230-3.

Lv Tao L, Shengjie Z. Research progress in the field of yoga intervention and health promotion in the United States. J Xi'an Inst Phys Education[J].
2020;37:592-8. 10.16063/j.cnki.issn1001-747x.2020.05.012.

Kuvaci¢ g. Padulo jet al.Effectiveness of yoga and educational intervention on disability, anxiety, depression, and pain in people with clbp: a randomized
controlled trial[J]. Complement Ther Clin Pract. 2018;31:262-7. 10.1016/j.ctcp.2018.03.008.

71. Michalsen a, Cs JmK, et al. Yoga, eurythmy therapy and standard physiotherapy (yes-trial) for patients with chronic non-specific low back pain: a three-
armed randomized controlled trial[J]. Pain. 2021;22:1233-45. 10.1016/j.jpain.2021.03.154.

72.Gm S, Halim Ms. Acceptance versus catastrophizing in predicting quality of life in patients with chronic low back pain[J]. Korean J Pain. 2019;32: 22 - 9.
10.3344/kjp.2019.32.1.22.

73. Cui Bowen R, Yuanhui HZ, Fang G. Hu Chun A study on the intervention effect of combining 8-week muscle strength training and yoga stability training
with health education on non-specific lower back pain in female college students [C]. Compilation of abstracts from the 12th National Sports Science
Conference - Special Report (Physical Fitness and Health Branch).2022:121-122.10.26914/c.cnkihy.2022.005007.

74.Neyaz o et al. Sumila |, Nanda s,. Effectiveness of hatha yoga versus conventional therapeutic exercises for chronic nonspecific low-back pain[J]. Altern
Complement Med. 2019;25: 938 - 45. 10.1089/acm.2019.0140.

75. Smith ja, Bagwell S et al. J. J,. Do people with low back pain walk differently? A systematic review and meta-analysis[J]. Sport Health Sci. 2022;11, 450—
465.10.1016/j.jshs.2022.02.001.

76. Miyamoto gc et al. Lin, c. ¢, Cabral, c. m. nCost-effectiveness of exercise therapy in the treatment of non-specific neck pain and low back pain: a
systematic review with meta-analysis[J].Br Sports Med. 53, 172-181. (2019).10.1136/bjsports-2017-098765.

77. Hayden ja et al. Wilson, m. n, Stewart, sExercise treatment effect modifiers in persistent low back pain: an individual participant data meta-analysis of
3514 participants from 27 randomised controlled trials[J]. Br. Sports Med. 2020 54, 1277-1278.10.1136/bjsports-2019-101205.

78. 0wen et al. p. j., Miller, c. t., Mundell, n. |, Which specific modes of exercise training are most effective for treating low back pain? Network meta-
analysis[J]. Br Sports Med. 54,1279-1287.(2020). 10.1136/bjsports-2019-100886.

79. Gore m, Sadosky a et al. Stacey, b. r, The burden of chronic low back pain: Clinical comorbidities, treatment patterns, and health care costs in usual care
settings[J]. Spine 37, E668—E677.(2012). 10.1097/BRS.0b013e318241e5de.

80. Diamond s. Borenstein d. Chronic low back pain in a working-age adult. Best Pract Res Clin Rheumatol[J]. 2006, 4-20:707 - 20.
10.1016/j.berh.2006.04.002.

Figures

Page 19/22



Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
} t 1 t {
0% 25% 50% 75% 100%
B Low risk of bias [ Junclear risk of bias B High risk of bias
Figure 1
Risk of bias graph
£
g _
8 5 38 z §E 8
§ 8 &8 8 8 o
g 3 I ?2,
BEEBEE
§ 532358,
E 2 2 2 3 £ =
£ 8 E o2 5 2
&8 £ 55 % 3 8
Aboufazeli2021 | @ | @ ® e e
Ahmadnezhad2020 | @ | @ | ® | @
Batibay2020 | @ | @ L 2 JK J
Castro2022 . ' ' . .
chenLeiz01s | @ | @ | ® (@ ®Ne
cuizz | @O @ @ @
Finta12018 | @ | @® | @ | @ ®e
Haliday2019 | @ | @ | @ (@ | ® | ® | @
Hiaing2021 | @ | @ (D (@ | @ |® | ®
Khodadad2019 | @ | @ | @ L JL JE ]
Kiiziene2010 | @ | @ ®N® e
Lixinzozo | @ | D | @ | @ | ® | @
Michaisenz021 | @ | @ (@ | ® | ® | @ | ®
Neyaz2019 | @ | @ | ® (@ 2
Nukunz01o | @ | @ | D (D | S (@
ohvioo | @ | @@ @@
salik2021 | @ ® e e @®
schuzz01e | @ | @ | @ (@ | @ (@
Teychenne2019 . . . . . .
Thomas2020 . . . ' . '
valenzaz017 | @ | @ | ® | @ ®
VanBaai2020 | @ (@ (@ | ® | O | S (@
Wang2019 . . . . .
wangx2010 | @ (@ | @ | @ (@ | @
vaifanizozo | @ (@ | D | @ |9 | ® | @
vang2021 | @ | @ | ® | @ | @ | @
Figure 2

Risk of bias summary

Page 20/22



Identification studies via English and Chinese databases

low back pain"

Chinese literature search database
keyword search "Chronic nonspecific

La=415)
b5 T

i MRS P BT &
it TreTIeeraty

last five years (n=284)

Ltaila
searemro—me

"Exercise therapy" (n=231)

"Core stability training" (n=18)/(n=40)
“Suspension exercise” (n=27)
"Exercise control training" (n=63 )/(n=7)
"Aerobic training" (n=132 )/(n=1)
"Pilates"(n=26)/(n=9)

"Yoga3" (n=20)/(n=2)

v

In the English and Chinese databases, it was obtained by combining the following
search terms with the keyword "Chronic nonspecific low back pain";

“Mckenzie thc;apy” (n=13 )/(n=8)

After reading the abstract and content, exclude documents
that are not highly relevant to the topic of the article

Different Spoyl)rograms (n=8)

Finally included in the
literature (n=26)

N

English literature search
= database keyword search
S "Chronic nonspecific low back
© pain" (n=1 K12
] 5 Y
= — -
= Limit the literature search to the
= last five years (n=814)
—
A
o
=
c
]
g Reasgn 3 (N =)
1]
English (n=68) ; Chinese (n:IZ)\
Different Training Modes (n=18)
5 \
@
T
=
7]
3
—
Figure 3

Flow chart of literature screening

Study or Subgrou
Ahoufazeli2021
Ahmadnezhad2020
Batihay2020
Castro2022
Chen Lei2018
Cui 2022
Finta12018
Halliday2019
Hlaing2021
kKhodadad2019
Kliziene2019
Li¥in2020
Michalsen2021
Meyazz014

MNiu Kun2019
OhyJ2020
Salik2021
Schulz2019
Teychennez014
Thamas2020
Yalenza217
Van Baal2020
Wang2018
Wang ¥2019
Yalfani2020
Yang2021

Total (95% CI)

Experimental

Mean SD_Total Mean

476 1.06 12
612 1.02 22

3 14 28
335 164 a
238 1.08 15
189 124 14

0 0 35
422 1132 18
58 187 18
42 01 35
47 1.3 20
506 12 100

4 22 35

369 147 20
42 24 52
1 21 v

507 1.78 an
29 1218 12
50.7 i 20

745

Heterogeneity, Tau®= 1.08; Chi*= 241 52, df= 22 (P = 0.00001); F= 1%
Test for overall effect £=0.65 (F=0.52)

Figure 4

Control Mean Difference Mean Difference
SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
676 2M 12 44%  -200[-3.29,-0.71] -
585 116 20 52% 0.27 [-0.39,0.93] T
46 1.8 25 48%  -1B0[2.50,-0.70] -
387 1.32 11 3.9% -0.52 [-1.90, 0.86] -T
423 133 19 48% -1.85[2.72-098] -
343 288 14 35%  -1.54 318,010 -
21 24 26 3.9% 0.30 [-1.08, 1.68] T
1] 0 34 Mot estimable
461 1.2 18 50% -033[1.08,043] -
33 126 17 45% 2.40[1.45, 3.59] -
5.3 nr 3\ AT%  -110[F1.33,-0.87] -
165 088 10 50% 3.05[2.26, 3.84] -
482 125 82 1.4% 2.40[1.18,5.98] T
4 2 35 46% 0.00 [-0.99, 0.99] T
1.83 0487 21 8.3% 0.88[0.31,1.45] =
445 042 22 56% 013 [F013,0.39]
432 1.2 18 50% -045[1.23,033] -
2.6 0 a0 Mot estimahble
476 054 20 81%  -1.07[1.76,-0.38] -
41 24 52 48% 010 [F0.82,1.02 T
0.2 21 27 44% 0.80 [F0.32,1.92] ™
2 3 16 27%  -087[3.03,1.29] -
233 083 42 56%  -1.31[1.67,-0.85] -
493 1.62 e 49% 014 [F0.71,0.99] T
3442 141 12 0.2% -542[16.08 5.21]
442 265 19 Mot estimahble
714 100.0%  -0.16 [-0.65, 0.33] L
, , , ,
-20 -10 0 10 70

Favours [experimental]

Page 21/22

Favours [control]



Forest plots showing standardised mean differences in changes in pain scores (VAS, QVAS, NPRS, DVPRS, NRS) between the main TCE group and the control
group. CI: Confidence interval; VAS, Visual analog scale; NRS, numerical rating scale; DVPRS, Defense and Veterans Pain Rating Scale; QVAS, Quadruple visual
analogue scale; NPRS, Numerical Pain Rating Scale.
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Figure 5
Forest plot showing standardised mean differences in changes in physical functioning scores (MODQ, ODI, Roland-Morris, RMDQ) between the TCE and

control/control groups. CI: confidence interval; Oswestry disability index; MODQ, Modified Oswestry disability questionnaire Oswestry; R-M, Roland-Morris;
RMDQ, Roland-Morris Disability Index.
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