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Abstract 
Background: The effects of core stability training (CST) on muscle physiology in adults with chronic low back pain(CLBP) are still debatable. Objectives:  
To explore the effects of CST on muscle physiology in adults with CLBP. Methods: Eligible studies published in English from inception to October 2023 
were extracted from PubMed, Web of Science, and Scopus in this review. Pedro was used for scoring and followed the PRISMA guidelines. Findings: 
Core muscle strength (1 study), thickness (4 studies), and activation (6 studies) favored CST. Conclusion: CST was more effective in improving core 
muscle strength, and activation for patients with CLBP. 
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1.0 Introduction 
Low back pain (LBP) is the primary cause of disability years lived globally, and it poses a significant challenge to the global health 
system(Ghafouri et al., 2023). LBP refers to any uncomfortable stimulation between the twelfth pair of ribs and hip creases that can 
induce mild to severe disorders with or without leg discomfort(Ferreira et al., 2023). It is generally characterized as non-specific (90%) 
or specific (10%) and as acute (6 weeks), subacute (6-12 weeks), or chronic (greater than 12 weeks)(Frizziero et al., 2021). Two-thirds 
of adults are believed to have experienced or will have non-specific low back pain (NSLBP) at some point in their lives(Areeudomwong 
et al., 2019). NSLBP has no clear pathophysiology as to what causes the pain. However, it is thought to be caused by variables such 
as profound core muscle weakness(Areeudomwong et al., 2019). The core, which is made up of muscles that stabilize the spine, pelvis, 
and hips, is essential for maintaining posture and facilitating daily motions. As a result, resolving the multifarious issues offered by LBP 
may require strengthening and optimizing core muscle physiology. The muscle physiology of this study includes core muscle activation 
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and fatigue, core muscle strength and endurance, and core muscle thickness. These indicators respond to different aspects of core 
muscle function and may be strongly associated with LBP.         

However, the best effective treatment for LBP still needs to be discovered. The most recent clinical practice guidelines encourage 
patients to remain physically active, as prolonged inactivity is detrimental to healing and overall well-being(Stochkendahl et al., 2017). 
Core stability training (CST) has emerged as a promising approach for improving core muscle physiology. The primary objective of CST 
is to replicate normal muscle function by re-educating the deep trunk muscles and coordinating both deep and superficial trunk muscles 
(Akhtar et al., 2017).  

This study aims to investigate the cumulative body of evidence on the efficacy of CST as a therapeutic intervention for improving 
muscle physiology in individuals with CLBP. To determine whether CST is more effective relative to other therapies in improving various 
specific measures of muscle physiology in patients with CLBP 
 
 

2.0 Literature Review 
 

2.1 Muscle physiology 
 

2.1.1 Core muscle activation 
During diverse functional tasks, LBP is related to trunk kinematics and muscle activation (Hemming et al., 2019). A study has shown 
that patients with CLBP had delayed activation of deep abdomen and back muscles and increased activation of superficial trunk muscles 
(Kamel et al., 2021).  

 
2.1.2 Core muscle fatigue 
LBP, lumbar back muscle fatigue, and reduced contractility are caused by each other. Muscle fatigue has been found in studies to hurt 
the coordination and stability of improved movement patterns (Ghamkhar et al., 2019). 

 
2.1.3 Core muscle thickness 
One study showed that the cross-sectional area of the multifidus muscle at multiple segments on the painful side of LBP patients was 
significantly smaller than that on the non-painful side (Wan et al., 2015). Core muscle thickness may have a positive correlation with 
core muscle strength. Decreased core muscle thickness may lead to decreased core strength and, thus, core instability. 

 
2.1.4 Core muscle strength 
The core muscles of the abdomen and the back work together to maintain the body's posture control and lumbar spine stability and play 
a role in the body's daily behavior patterns. A study has shown that the weakness of the lumbar extensor muscles and the imbalance of 
the lumbar and abdominal muscles will lead to a decrease in the stability of the lumbar spine, changes in the body posture pattern, and 
compensatory movements in other parts, resulting in LBP(Czaprowski et al., 2018).  

 
2.2 Core stability training  
Core muscle weakness has been linked to persistent LBP in studies. CST is a standard method for recovering trunk muscle functioning 
and achieving optimal lumbar stability throughout regular activities (Mohammadi et al., 2023). CST can improve the transversus 
abdominis and multifidus thickness and the anti-fatigue ability of the patient's core muscles, thereby improving the patient's balance 
ability. However, a comprehensive study found that specialized stabilizer exercises may have a role in some people with CLBP, but they 
are no more helpful than other active therapies (Khodadad et al., 2019). At present, it is unclear which sub-indicators of CST's efficacy 
in improving muscle physiology in patients with CLBP are still controversial compared to other therapies, and which sub-indicators have 
a consensus on its efficacy. 

In summary, previous studies have shown that patients with CLBP have varying degrees of muscle physiology abnormalities, which 
are mainly manifested as delayed activation of deep trunk core muscles, core muscle fatigue, decreased core muscle thickness, and 
decreased core muscle strength, which in turn lead to decreased trunk stability and uncoordinated activities. Although some studies 
have demonstrated that CST can improve muscle physiology in CLBP patients, it is still controversial whether CST is the most effective 
method in improving muscle physiology in CLBP patients. In this study, we attempted to summarise the advantages and disadvantages 
of CST relative to other therapies in improving the muscle physiology of CLBP patients by systematically collating, evaluating, and 
analyzing the results of previous studies. In this way, it will make a positive contribution to the exploration of the most effective CLBP 
therapies. 
 
 

3.0 Methodology 

https://journals.sagepub.com/doi/abs/10.1177/1941738119886854#con1
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3.1 Study design 
This study is a systematic review. 
 
3.2 Inclusion and exclusion criteria  
To be considered, an article must contain the following characteristics: (1) an RCT design; (2) patients with LBP aged 18-60 years old; 
(3) used CSE as an intervention, and there was a control group that got conventional intervention or another intervention;  (4)the primary 
outcomes of interest was muscle physiology(muscle activation, muscle fatigue, muscle thickness, muscle strength, muscular endurance, 
or muscle control) or(and) pain intensity; (5) low back pain that has lasted at least three months. If a study met any of the following 
criteria, it was considered disqualified: (1) participants with LBP caused by specific conditions or pathologies; (2) the study sample mean 
age was either ≥60 years or <18 years; (3) review, case report, meeting abstract, commentaries, systematic reviews, qualitative papers, 
poster abstracts, or monograph; (4) conference papers; (5) unclear outcome indicators or incomplete data; (6) full text not available; (7) 
studies conducted in languages other than English; (8) repeatedly published research. 
 
3.3 Search strategy 
To locate studies fulfilling the inclusion criteria, we searched the following databases from inception to October 2023: PubMed, Web of 
Science, and Scopus. Grey literature was excluded due to the diversity of scientific rigor and the lack of criteria for conducting systematic 
grey literature searches(Paez, 2017). The primary phrases "core stabilization exercise," core stability training," core stability," 
stabilization exercise," low back pain," back pain," lumbar pain," and"LBP" were employed. In adherence to the PICO framework, the 
specified keywords were systematically explored through Medical Subject Heading (MeSH) phrases, amalgamated using Boolean 
operators ("AND," "OR," and "NOT"), aligning with the clinical research question. See APPENDIX A for the entire search strategy. 

Two reviewers (LP and YY) were utilized to screen for appropriate titles, abstracts, and complete papers using the pre-specified 
criteria. When inclusion criteria were not met, articles were eliminated. In cases where there was disagreement, a third reviewer (ZZ) 
was consulted. To ensure that the results were reported systematically, the PRISMA standards were followed(Page et al., 2021). 

 
3.4 Data extraction  
Following the selection of studies, data were extracted using a data extraction form for the characteristics of subjects’ average age, 
sample size, interventions, follow-up, outcomes, and findings(see Table 1). 

The PEDro scale, an article evaluation system, was utilized to assess the quality and validity of each study. The tool had 11 items, 
each of which needed a yes/no response: yes received 1 point, no received 0 points. Item 1 is connected to external validity. Items 2-9 
correspond to a paper's internal validity. The PEDro scale had a total score of 10. PEDro ratings ranged from excellent (9 to 10), 
acceptable (6 to 8), reasonable (4-5), and bad (less than 4)(Kakavas et al., 2023). 

 

Table 1  Major characteristics of included studies 
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4.0 Findings  
 
4.1 Results of  PRISMA and Pedro’s Scoring 
Fig. 1 depicts the search results—the original search produced 2090 items, which were then reviewed for inclusion. There were 620 
duplicate entries eliminated, leaving 1470 articles. Following the filtering of article titles and abstracts, 251 articles remained. Following 
a full-text review, 26 studies were incorporated.  
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Fig. 1:  PRISMA Flow Diagram 
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The table below provides the findings of each study's evaluation using the PEDro scale (Table 2). 
 

Table 2   PEDro scale for each study 

Articles 1. E
ligibilit
y 
Criteri
a  

2. R
andom 
Allocat
ion 

3. C
onceal
ed 
Allocati
on 

4. B
aseline 
Compar
ability 

5. Bli
nd 
Subjects 

6. Bli
nd 
Therapi
sts 

7. 
Blind 
Assess
ors 

8. 
Measures of 
key outcomes 
from more 
than 85% of 
subjects  

9. 
Intention 
to treat 
analysis 

10. 
Betwee
n-group 
compari
sons 

11. 

Point 

Estimat

es 

&variabi

lity 

PE

Dro 

score 

1. Areeud
omwong et 
al.,2019 

  
√ 

√ √ √ × √ √ √ √ √ √ 9/10 

2. Cai et 
al.,2017 

√ √ Uncl
ear 

√ √ × × √ × √ √ 6/10 

3. Mende
s  et al.,2020 

√ √ Uncl
ear 

√ × × √ √ √ √ √ 7/10 

4. Kang et 
al.,2017 

√ √ Uncl
ear 

√ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ √ √ √ 6/10 

5. Park et 
al.,2023 

√ √ √ √ √ × √ √ × √ √ 8/10 

6. Sipavici
ene et 
al.,2020 

√ √ Uncl
ear 

√ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ Uncle
ar 

√ √ 5/10 

7. Salama
t et al.,2017 

√ √ Uncl
ear 

√ Uncl
ear 

× Uncl
ear 

√ × √ √ 5/10 

8. Wang 
et al.,2023 

√ √ √ √ √ √ √ √ × √ √ 9/10 

9. Bae et 
al.,2018 

√ √ √ √ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ × √ √ 6/10 

10. Narou
ei et al.,2020 

√ √ Uncl
ear 

√ √ × × √ × √ √ 6/10 

11. Franç
a et al.,2012 

√ √ √ √ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ √ √ √ 7/10 

12. Sengu
l et al., 2021 

√ √ √ √ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ × √ √ 6/10 

13. Dann
eels et al., 
2001 

√ √ Uncl
ear 

√ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ √ √ √ 6/10 

14. Alp et 
al., 2014 

√ √ √ √ × × √ √ √ √ √ 8/10 

15. Franc
a et al., 2010 

√ √ √ √ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ √ √ √ 7/10 

16. Alrwai
ly et al., 2019 

√ √ √ √ × × × √ × √ √ 6/10 

17. Amiri 
et., 2022 

√ √ √ √ × × Uncl
ear 

√ √ √ √ 7/10 

18. Nabav
i et al., 2017 

√ √ √ √ Uncl
ear 

× × √ √ √ √ 7/10 

19. Suh et 
al., 2019 

√ √ √ √ × × √ √ × √ √ 7/10 

20. Ahma
dizadeh et 
al., 2019 

√ √ √ √ × × √ √ √ √ √ 8/10 

21. Guthri
e et al., 2012 

√ √ √ √ × × √ √ × √ √ 7/10 

22. Kwon 
et al., 2020 

√ √ Uncl
ear 

√ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ √ √ √ 6/10 

23. Hosse
inifar et al., 
2013 

√ √ Uncl
ear 

√ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ × √ √ 5/10 

24. Ehsan
i et al, 2020  

√ √ √ √ √ √ √ √ × √ √ 9/10 

25. Ulger 
et al., 2020 

√ √ √ √ Uncl
ear 

Uncl
ear 

Uncl
ear 

√ × √ √ 6/10 

26. Chan 
et al., 2020 

√ √ √ √ × × √ √ √ √ √ 8/10 
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4.2 Findings of major characteristics of included studies 
This study found that the controversy persists regarding whether CST can more effectively enhance pain relief, trunk muscular 
endurance, core muscle thickness, and activation compared to alternative treatments, despite its similarity to resistance exercises for 
knee and hip muscles and progressive back extensor training. Nevertheless, CST demonstrates superior efficacy in enhancing trunk 
muscle strength compared to other interventions. 
 
4.2.1 Articles on CST improving low back pain in adults 
In terms of improvement in pain intensity, eight studies showed that CST was more effective than other exercise therapies(Ehsani et al., 
2019; França et al., 2012; Hosseinifar et al., 2013; Kwon et al., 2020; Mendes et al., 2022; Salik Sengul et al., 2021; Sipaviciene & 
Kliziene, 2020; Suh et al., 2019). One study was an excellent quality study, five studies were good quality studies, and two studies were 
fair quality studies. Ten studies, however, concluded that CST had no advantage over other exercise therapies in improving 
pain(Ahmadizadeh et al., 2020; Alp et al., 2014; Amiri et al., 2022; Areeudomwong & Buttagat, 2019; Bae et al., 2018; Franca et al., 
2010; Nabavi et al., 2018; Salamat et al., 2017; Ulger et al., 2023; Wang et al., 2022). Three of the studies were excellent quality studies, 
six were good quality studies, and one was a fair quality study. In addition, one high-quality study showed that CST was more effective 
than passive therapy in improving lower back pain(Narouei et al., 2020).  
 
4.2.2 Articles on CST improving trunk muscular endurance in adults 
In terms of improving trunk muscular endurance, two good-quality studies showed that CST was more effective than other exercise 
therapies(Alp et al., 2014; Salik Sengul et al., 2021). However, two good-quality studies showed that CST was less effective than Flexi-
bar exercise, walking exercise, and stabilization with walking(Amiri et al., 2022; Suh et al., 2019). 
 
4.2.3 Articles on CST improving core muscle thickness in adults 
Regarding improving core muscle thickness or cross-sectional area, four studies showed that CST was more effective than other 
exercise therapies(Ehsani et al., 2020; Hosseinifar et al., 2013; Narouei et al., 2020; Sipaviciene & Kliziene, 2020). One study was an 
excellent-quality study, one was a good-quality study, and two were fair-quality studies. However, three studies concluded that CST was 
not superior to other exercise therapies(Kwon et al., 2019; Nabavi et al., 2018; H. Wang et al., 2023). One study was an excellent-quality 
study, and two studies were good-quality studies. In addition, one good-quality study showed that muscle dimensions of TrA and 
multifidus increased after CST intervention(Nabavi et al., 2018).  
 
4.2.4 Articles on CST improving core muscle fatigue in adults 
In terms of improving core muscle fatigue, two good-quality studies have shown that CST has no advantage over other exercise therapies 
in improving core muscle fatigue(Cai et al., 2017; Mendes et al., 2022).  
 
4.2.5 Articles on CST improving core muscle activation in adults 
In terms of improving core muscle activation, six studies have shown that CST is more effective than other exercise 
therapies(Ahmadizadeh et al., 2020; Areeudomwong & Buttagat, 2019; Franca et al., 2010; França et al., 2012; Kwon et al., 2020; Ulger 
et al., 2023), one of which was an excellent quality study, and the others were good quality studies. However, two studies have concluded 
that there is no advantage of CST over other exercise therapies(Areeudomwong & Buttagat, 2019; Cai et al., 2017), one of which was 
an excellent quality study, and the other was a good quality study.  
 
4.2.6 Articles on CST improving trunk muscle strength in adults 
In terms of improving muscle strength, one good quality study showed that CST was more effective in increasing trunk muscle strength 
in individuals with LBP relative to a usual exercise routine(Mendes et al., 2022).  

 
 

5.0 Discussion 
For this systematic review, 26 RCTs were identified that compared CST with at least one control group; 7 of them had extended follow-
up. The overall quality of the trials was moderate, with 23 publications receiving a PEDro score of 6 at least. Only studies with clearly 
specified CST as the major treatment were included after a considerable number of prospective studies were removed. 
 
5.1 Effects of CST on pain intensity, trunk muscular endurance, core muscle thickness and fatigue among adults with low back pain 
Regarding Effects of CST on pain intensity, trunk muscular endurance, core muscle thickness and fatigue among adults with low back 
pain, the results of the present study suggest that the results of different previous studies are not consistent. Although 22 studies have 
shown that CST can be more effective in improving pain intensity, trunk muscular endurance, core muscle thickness or fatigue in patients 
with CLBP to varying degrees relative to other therapies, 20 studies have disagreed. These indicated that it is still controversial whether 
CST can better improve pain, trunk muscular endurance, core muscle thickness and fatigue than other exercise therapies. The reason 
may be related to the different CST intervention methods used in different studies, or it may be related to the different applicability of 
CST to different age groups. Exercise therapy, particularly active exercise therapy, is recognised as an effective treatment for CLBP, 
providing over 20% pain relief and improving function by up to 23%(Hayden et al., 2020). CST, Pilates exercises, motor control, 
resistance exercise and aerobic exercise are the right choices for pain relief and improved function(Nascimento et al., 2018; Eliks et 
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al.,2019; Owen et al.,2019). However, it is often difficult to determine the optimal form of exercise because of the wide variety of exercise 
methods and individual differences. It has been suggested that the choice of exercise should be based on individual preferences and 
abilities(Malfliet et al., 2019). 
 
5.2 Effects of CST on  core muscle strength and Activation among Adults with low back pain 
According to the findings, CST is more advantageous than other exercise therapies in improving core muscle strength, and activation 
in patients with LBP. The reason for this could be that CST is typically performed on unsteady planes. Compared with other exercise 
therapies, it can stimulate and activate the small, deep muscle groups of the patient's trunk more effectively, thereby enhancing core 
muscle strength. Studies have confirmed that trunk muscular weakness, profound trunk muscle weakness has been linked to persistent 
LBP in studies (Wang et al., 2022). This may increase the risk of lumbar spine instability, additional spine damage, and, eventually, 
diminished physical activity. CST is a standard method for recovering trunk muscle functioning and achieving optimal lumbar stability 
throughout regular activities (Mohammadi et al., 2023).  
 
5.3 Strengths of the study 
This study is the first systematic review to explore the effect of CST on improving muscle physiology in patients with CLBP. The  PEDro 
scale was utilized for quality assessments.  
 
5.4 Clinical Implications  
The results of this study can be used in clinical exercise therapy especially core stabilisation training for the treatment of chronic low 
back pain. It serves as a valuable reference for both low back pain patients and clinical workers in optimizing treatment plans, as well 
as aiding health system institutions in developing clinical guidelines for low back pain. 
 
5.5 Future research 
Future research should look into other factors such as functional performance, quality of life, disability, fear avoidance, global 
improvement, costs, and return to employment, and should concentrate on standardizing CST intervention procedures and determining 
the appropriate age group for CST treatment in patients with LBP. 

 
 

6.0 Conclusion & Recommendations 
This study has several limitations. First, only research written in English and published as full papers were considered, and no 
unpublished articles were searched. Second, only RCT studies on CST for the treatment of CLBP were included. Third, in terms of trial 
quality, several publications needed more information to assess the data's quality and clinical significance. Furthermore, relatively few 
research have looked at the long-term implications of CST in the treatment of CLBP. 

This review revealed that relative to other exercise treatments, for LBP patients, CST was more efficacious in 
improving core muscle strength and activation, but CST did not have an advantage in improving core muscle 
fatigue, whereas the efficacy of CST in improving pain, trunk muscle endurance, and core muscle thickness is still 
controversial.  
Based on the results of this study, the clinical use of CST is recommended to improve muscle physiology in 
patients with CLBP, especially in terms of improving core muscle strength and the degree of core muscle 
activation. The efficacy of CST in combination with other active exercise therapies in improving muscle physiology 
and function in CLBP patients should be further explored in the future through multicentre, large-sample clinical 
randomised trials. 
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Paper Contribution to Related Field of Study                                                                                                                    
Provides a reference for the clinical optimization of LBP treatment prescriptions and efficient improvement of pain and muscle physiology 
in patients with CLBP. 
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APPENDIX A:  Search strategy 
Database String Used 

Pubmed (((((((((((core stabilization exercise[Title/Abstract]) OR (core stabilization training[Title/Abstract])) OR (core stability 

exercise[Title/Abstract])) OR (core stability training[Title/Abstract])) OR (stability training[Title/Abstract])) OR (stability 

exercise[Title/Abstract])) OR (stabilization training[Title/Abstract])) OR (stabilization exercise[Title/Abstract])) OR 

(stability[Title/Abstract])) OR (stabilization[Title/Abstract])) OR (motor control[Title/Abstract])) AND (((((((((((((low back 

pain[MeSH Terms]) OR (lumbar pain[MeSH Terms])) OR (sciatica[MeSH Terms])) OR (lower back pain[Title/Abstract])) OR 

(back pain[Title/Abstract])) OR (backache[Title/Abstract])) OR (dorsalgia[Title/Abstract])) OR (lumbago[Title/Abstract])) OR 

(lumbar disc herniation[Title/Abstract])) OR (intervertebral disc disease[Title/Abstract])) OR (pelvic girdle 

pain[Title/Abstract])) OR (LBP[Title/Abstract])) AND ((("randomized controlled trial"[Publication Type]) OR 

RCTs[Title/Abstract])) OR (random allocation[Title/Abstract])) NOT ("review"[Publication Type]) AND ("english"[Language]) 

AND ("humans"[Filter])) 

Web of 

science 

(((((((((((TS=(core stabilization exercise)) OR TS=(core stabilization training)) OR TS=(core stability exercise)) OR 

TS=(core stability training)) OR TS=(stability training)) OR TS=(stability exercise)) OR TS=(stabilization training)) OR 

TS=(stabilization exercise)) OR TS=(stability)) OR TS=(stabilization)) OR TS=(motor control)) AND ((((((((((((TS=(low back 

pain)) OR TS=(lumbar pain)) OR TS=(sciatica)) OR TS=(lower back pain)) OR TS=(back pain)) OR TS=(backache)) OR 

TS=(dorsalis)) OR TS=(lumbago)) OR TS=(lumbar disc herniation)) OR TS=(intervertebral disc disease)) OR TS=(pelvic 

girdle pain)) OR TS=(LBP)) AND (((TS=(randomized controlled trial)) OR TS=(RCTs)) OR TS=(random allocation)) NOT 

(DT=(Review)) AND (LA=(English)) 

Scopus  (TITLE-ABS-KEY(core stabilization exercise) OR TITLE-ABS-KEY(core stabilization training) OR TITLE-ABS-KEY(core 

stability exercise) OR TITLE-ABS-KEY(core stability training) OR TITLE-ABS-KEY(stability training) OR TITLE-ABS-

KEY(stability exercise) OR TITLE-ABS-KEY(stabilization training) OR TITLE-ABS-KEY(stabilization exercise) OR TITLE-

ABS-KEY(stability) OR TITLE-ABS-KEY(stabilization) OR TITLE-ABS-KEY(motor control)) AND (TITLE-ABS-KEY(low 

back pain) OR TITLE-ABS-KEY(lumbar pain) OR TITLE-ABS-KEY(sciatica) OR TITLE-ABS-KEY(lower back pain) OR 

TITLE-ABS-KEY(back pain) OR TITLE-ABS-KEY(backache) OR TITLE-ABS-KEY(dorsalis) OR TITLE-ABS-

KEY(lumbago) OR TITLE-ABS-KEY(lumbar disc herniation) OR TITLE-ABS-KEY(intervertebral disc disease) OR TITLE-

ABS-KEY(pelvic girdle pain) OR TITLE-ABS-KEY(LBP)) AND (TITLE-ABS-KEY(randomized controlled trial) OR TITLE-

ABS-KEY(random allocation) ) AND NOT (DOCTYPE(re) ) AND (LANGUAGE(english)) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


