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ABSTRACT 

Objective: The aim of this systematic review and meta-analysis was to evaluate the effects of 

motor control training (MCT) on 1) trunk muscle morphometry measured by ultrasound 

imaging (USI) and 2) pain and disability in individuals with chronic low back pain. 

Methods: PubMed, Web of Science, Scopus, and Cochrane Library databases were searched 

from inception until January 2021. Randomized control trials evaluating both muscle 

morphometry and pain or disability in individuals with chronic low back pain were included. 

Study selection, data extraction, and quality assessment were performed by two reviewers 

independently. Modified Downs and Black tool and Grading of Recommendations 

Assessment, Development and Evaluation approach were used to assess the risk of bias and 

quality of evidence, respectively. A meta-analysis was performed using a random-effects 

model with the mean difference (MD) or standardized mean difference (SMD). 

Results: Of 3459 studies, 15 studies were selected for inclusion. The results revealed no 

differences in the resting thickness of the transversus abdominis (TrA), internal and external 

oblique, and lumbar multifidus muscles in studies that compared MCT with other interventions. 

The TrA muscles contraction ratio was greater (SMD= 0.93 CI: - 0.0 to 1.85) and lower pain 

(WMD: -1.07 cm, 95% CI: -1.91 to -0.22 cm, P= 0.01) and disability (SMD= -0.86, 95% CI: -

1.42 to -0. 29, P< 0.01) scores were found in the groups who underwent MCT compared with 

other interventions.  

Conclusion:  

This systematic review and meta-analysis found that motor control exercise training increased 

the transverse abdominis contraction ratio (muscle activation) and improved the level of pain 

and disability compared to other interventions in people with chronic low back pain. However, 

motor control exercise training was not superior to other interventions in increasing the resting 

thickness of deep abdominal and lumbar multifidus muscles in intervention times less than 12 

weeks.  
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INTRODUCTION 

Low back pain (LBP) is one of the most common musculoskeletal disorders, affecting 49-90% 

of people during their lifetime[1]. There is no defined origin or pathology in 90% of individuals 

with LBP [2]. Chronic low back pain (CLBP), defined by a duration of symptoms exceeding 

three months, leads to disability, substantial treatment costs, work absenteeism, and sick leave 

[3]. Although multidisciplinary treatments based on the biopsychosocial approach have 

emphasized addressing the psychosocial aspects of chronic LBP [4], many approaches focus 

on the biological aspects. One such approach commonly used is the delivery of exercise 

programs to address impairments in muscle strength, endurance, and morphometry and 

activation.  

Functional or morphometric adaptations of trunk muscles may occur in people with CLBP 

when compared with pain-free individuals [5, 6]. Features may vary between individuals 

including compromised muscle structure (eg,  atrophy [7] and fatty infiltration [8]), altered 

activation, automatic/voluntary responses of deep and superficial abdominal muscles and 

(external oblique (EO), internal oblique (IO) and transversus abdominis (TrA)) [9, 10] lumbar 

multifidus muscles [5]. 

Exercise training programs have been designed based on impairments observed in the control 

and coordination of trunk muscles [11-13]. A recent retrospective analysis of people with 

CLBP showed that those who presented with poor results on clinical muscle testing of the 

multifidus muscle at baseline had better outcomes (less pain and disability) in response to 

exercises targeting that muscle than patients who did not demonstrate such impairments [14]. 

These results suggest that if muscular changes related to better clinical outcomes could be 

identified exercise interventions could possibly be designed and applied more effectively. 

Changes to key recommendations in clinical practice guidelines for the management of people 

have emphasized the importance of exercise programs aimed at improving function. One form 
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of exercise which has been shown to decrease pain and disability levels in people with CLBP 

is motor control training (MCT) [13]. MCT refers to the motor, sensory and central processes 

required to control posture and movement. The concept suggests that how a person with LBP 

loads their spine (by their assumed posture, movements and muscle activation strategies) may 

contributes to development and persistence of symptoms. MCT involves training of control 

and endurance of spinal muscles with subsequent progression into functional retraining [15]. 

Previous reviews have suggested that MCT exercises are superior to minimal intervention and 

confer benefit when added to another therapy for pain at all-time points and disability at long-

term follow-up, but are not more effective than manual therapy or other forms of exercise [13, 

16]. A recent systematic review suggested that MCT was associated with greater pain and 

disability reductions than other short-term interventions [17].  

Since LBP is currently the leading cause of disability worldwide, most review studies have 

focused on the effect of interventions on pain and disability [18]. Nevertheless, understanding 

muscle structural and functional changes induced by exercise therapy is of great importance 

for designing exercise programs [19].  To date, only one systematic review has considered the 

effect of MCT interventions on changes in muscle morphometry and activity associated with 

changes in pain and disability [20]. Conflicting associations were reported, with the most recent 

paper included published in 2012. It is, therefore, still unclear whether MCT interventions are 

associated with changes in both muscle morphometry and changes in pain and disability in 

people with CLBP. Furthermore, the results of one study [27] contradict findings of other 

recent studies that have demonstrated changes in muscle morphometry following MCT 

interventions [21-25]. Therefore, these conflicting findings suggests that a comprehensive 

critical review is timely. 

The purpose of this study was to systematically review published randomized control trials 

(RCTs) regarding the effects of MCT intervention on the morphometry and function of 
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abdominal and lumbar trunk muscles measured by ultrasound imaging (USI). The second aim 

was to assess the changes in pain and disability in the studies that have evaluated muscle 

morphometry and function following MCT interventions in individuals with CLBP. 

 

METHODS 

The current systematic review and meta-analysis was reported according to the guidelines of 

PRISMA and the protocol was registered at the International Prospective Register of 

Systematic Reviews (PROSPERO: CRD42019144768).  

Data Sources and Search Strategy 

The following databases were searched from inception to January 2021: PubMed, Web of 

Science, Scopus, and Cochrane Library. The references of included studies were searched 

manually for detecting relevant articles. The search was limited to studies reported in English 

and those including human adults. Medical subject heading terms, the terms generated in 

subheadings, and all related search terms were used to design the search strategy. The search 

strategy consisted of 3 groups of search terms, which were combined 1) LBP, 2) keywords 

related to MCT interventions, 3) ultrasound Imaging. Literature search strategies are listed in 

Supplementary 1 (see supplemental file). One reviewer conducted the database searches and 

removed duplicates using EndNote software. Two reviewers (SSA and SS) independently 

screened the potential studies by title and abstract to determine their relevance. The same 

reviewers checked the full text of relevant articles against the eligibility criteria. Disagreements 

between reviewers were resolved by consultation with a third investigator. 

Outcomes 

The primary outcome measures were morphometric measures of abdominal and lumbar trunk 

muscles measured USI, including muscle thickness, cross-sectional area (CSA), length, width, 

pennation angles and contraction. Studies employing USI were selected as it is inexpensive 
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(compared with Magnetic Resonance Imaging (MRI)) and readily available in clinical practice. 

Muscle contraction was measured using the changes in muscle thickness that occurred on 

contraction and was expressed as a contraction ratio (thickness on contraction/thickness at rest). 

The contraction ratio is thought to reflect muscle activation. The relationship between changes 

in muscle thickness and muscle activation at low levels of maximum voluntary isometric 

contraction has been validated by comparison with electromyography for the abdominal and 

multifidus muscles [26]. The secondary outcome measures were assessments of pain intensity 

and disability.  

Eligibility Criteria 

Studies were eligible if they:  

1) were RCTs that used MCT in the treatment program of adult individuals (≥18 years of 

age) with CLBP. MCT interventions were included if the study used terms such as, 

“Stabilization exercises” or “Core stability” or Pilates exercise. 

2) assessed the effect of MCT on pain intensity and/or disability  

3) used USI to measure abdominal and lumbar trunk muscle morphometry and function  

4) had undergone a peer-review process.  

Articles were excluded if they were:  

1) observational studies (case-control, cross-sectional or cohort)  

2) evaluated the efficacy of MCT intervention on pain intensity or disability in the absence of 

assessments of trunk muscles morphometry using USI. 

Data Extraction 

Two reviewers (SSA and SS) independently extracted the following data: subjects’ 

characteristics, sample size, LBP type and duration and details relating to the intervention (eg, 

, type, duration, and frequency of treatment sessions and intervention progression). Data from 

questionnaires assessing pain and disability, the USI methodology employed (eg, , ultrasound 
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mode, transducer frequency, and testing position or task) and the mean and standard deviation 

(SD) of the outcomes was also extracted. A consensus meeting between the reviewers 

determined the accuracy of the data extraction.   

Quality Assessment (risk of bias) 

The quality of included studies was assessed by two independent reviewers (SS and SSA). The 

modified Downs and Black was used to assess the risk of bias in both randomized and 

nonrandomized comparative studies, which consists of 27 items that address the following 

methodological components: reporting, external validity, internal validity (bias and 

confounding) and power [27]. Downs and Black checklist was modified to include criteria that 

were relevant to assess potential bias in the included studies [28].  

Quality of Evidence 

The certainty in the evidence and strength of each outcome’s recommendations was evaluated 

according to the Grading of Recommendation, Assessment, Development, and Evaluation 

(GRADE) [29]. Consideration of the study design included five downgrade items: a) limitation 

of study design (>25% of participants from studies with high risks of bias), b) inconsistency of 

the results (I2 ≥ 50%), c) indirectness of evidence, d) imprecision of measurement (<300 

participants or <5 studies), and e) publication bias.  Three upgrade qualities of evidence were 

included a) large effect size was detected, b) dose-response relationship and c) plausible 

residual confounding. The quality of evidence was graded into four levels: high, moderate, low, 

and very low.   

Data Synthesis 

Outcomes were analyzed using the sample size, post-intervention mean, and standard deviation 

for both the control and intervention groups in each study. Mean difference (MD) or 

standardized mean difference (SMD) was calculated with a 95% confidence interval (CI). A 

random-effects model was employed due to the significant heterogeneity. Effect sizes were 
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defined as small: SMD = 0.2 to 0.5; moderate: SMD = 0.5 to 0.8; and large: SMD > 0.8. [30] 

To allow use of the MD to represent the effect size of pain outcomes, all mean values and 

standard deviations were converted into scales from 0 to 10 points. 

Heterogeneity among the included studies was explored quantitatively using the I2 statistic and 

qualitatively by comparing study characteristics. An I2 index of <25% reflected low 

heterogeneity, <75% indicated moderate heterogeneity, and ≥75% was deemed to reflect high 

heterogeneity [31]. 

 In cases where two articles covered results from the same study population, only one article 

was pooled. When a trial was designed to compare more than two treatments (ie, a comparison 

trial), we divided the control group into several parts so that the total numbers were added to 

the group’s original size (to avoid counting the control group participants twice) [32]. In the 

case of high heterogeneity, a sensitivity analysis was performed to determine each study’s 

effect on the pooled effect size, omitting one study each time and evaluating its effect on the 

overall effect size and 95% CI. Subgroup analysis was performed where possible to determine 

the possible sources of heterogeneity, including subgroup analyses based on the intervention 

applied for the control arm “motor control versus other forms of exercise” or “MCT versus no 

exercise”, intervention duration (short-term < 8w, long-term ≥ 8w) and MCT progression 

(static dynamic stage or progressed to the functional stage) and the quality of the included 

studies. All subgroup differences were tested for significance and an I2 statistic. All tests were 

performed using the statistical software package STATA (Version 14), and a two-sided p-value 

< 0.05 was considered statistically significant. Potential publication bias was explored using 

funnel plots. The funnel plots and Egger’s linear regression test were used to investigate 

publication bias. Egger’s test assessed the funnel plots’ symmetry, and p-value < 0.05 was 

defined as significant publication bias. When publication bias was suspected, a trim-and-fill 
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method was used to adjust for publication bias in the meta-analysis to evaluate the effect of 

this on interpreting the results. 

 

RESULTS 

The process of study selection of the systematic review is summarized in Figure 1. A total of 

3459 citations were retrieved from the electronic databases. After removing 748 duplicates, 

2711 titles and abstracts were reviewed. The full-text versions of 97 studies were assessed, and 

15 RCTs were included in this review [12, 21-25, 33-41]. 

Study Characteristics 

The sample sizes of the 15 included studies ranged from 20 to 109 participants, and the average 

age ranged from 21.8 to 48.6 years. All studies investigated individuals with CLBP. The 

characteristics of the included studies are presented in (Supplementary 2, see supplemental 

file). 

Intervention 

The duration of the MCT programs conducted ranged from 4 to 12 weeks. The frequency of 

sessions ranged from 1-5 times per week (Supplementary 2, see supplemental file). Seven 

studies progressed the MCT interventions from static isometric contractions to the functional 

stage without resistance [23-25, 33-36]. Thirteen studies incorporated a control exercise 

intervention [12, 21, 23-25, 33-39, 41], mostly including general exercise [24, 34-36, 39, 41] 

or McKenzie method [21, 23, 25]. Three out of these 13 studies had two control groups. Two 

studies compared MCT with a high load sling exercise and a general exercise [35, 36],  and 

another study compared MCT with an equipment-based exercise and no treatment [37]. Two 

remaining studies compared MCT with “no exercise” and “no treatment” groups [22, 40]. 

Abdominal and lumbar muscle morphometry and function 
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Muscle thickness was the most commonly used measurement parameter in all studies. Eight 

studies investigated the effects of MCT on muscle thickness during rest of  TrA [21, 22, 24, 

33, 34, 38, 39],  IO [22, 24, 33], EO [22, 24, 33], rectus abdominis (RA) [24] and multifidus 

muscles [12, 21, 34, 38, 39]. Six articles analyzed treatment-related changes in the “contraction 

ratio” of the TrA, IO, and EO muscles [23, 25, 35, 37, 40, 41]. Only one study also evaluated 

abdominal muscle timing using USI [36]. One study assessed the alteration in the CSA of the 

lumbar multifidus muscle following MCT treatment [39]. The included studies did not assess 

other aspects of muscle morphometry that could be measured using USI, such as muscle length, 

width, and pennation angles.  

Pain 

Fourteen studies assessed pain intensity using a visual analog scale (VAS) [12, 21-25, 34, 37-

41], or a numeric pain rating scale (NPRS) [35, 36]. The entry-level of pain was generally 

moderate (VAS:4.5 to 7.4 cm) [41], except in one study that included individuals with high 

pain intensity at baseline (Supplementary 2, see supplemental file) [34].   

Disability 

Ten studies assessed disability using the Roland-Morris Disability Questionnaire (RMDQ), 

[22, 37, 40, 41] the Oswestry Disability Index (ODI) [24, 33, 36], the Patient-Specific 

Functional Scale (PSFS) [23, 25], and the Functional Rating Index (FRI) [21]. The level of 

disability reported by the study participants at entry was generally moderate based on the 

defined scores for instruments [41-43]. However, one study included participants with a low 

disability level [40], and another study included individuals with reported high disability levels 

at baseline (Supplementary 2, see supplemental file) [24].  

Risk of bias assessment 

Regarding the quality of the included studies, seven studies (46.67%) attained a rating of “high” 

quality [12, 22, 23, 25, 37, 40, 41] and the remaining eight articles (53.33%) received a 
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“medium” quality rating (Table 1) [21, 24, 33-36, 38, 39]. Figure 2 represents the common 

areas of bias in the included studies.  

Quality of evidence 

The quality of the evidence could be analyzed for five outcome measures (resting thickness of 

the TrA and multifidus muscles, contraction ratio for the TrA muscle, pain, and disability) 

using the GRADE approach (Table 2) [29]. The average quality ranged from “low” to 

“moderate”, three outcomes demonstrated “moderate” levels of quality (resting thickness TrA, 

pain and disability), two demonstrated the “low-level” quality of evidence (resting thickness 

multifidus muscles and contraction ratio for thickness change of TrA). 

META-ANALYSIS 

Resting thickness of the abdominal and multifidus muscles 

The overall SMD was -0.06 (95% CI -0.20 to 0.07) with low heterogeneity (I2:10.8%), which 

revealed no difference in the effect of MCT compared to other interventions for the thickness 

of abdominal and multifidus muscles at resting position. Subgroup analysis based on muscle 

groups was performed (Figure 3A). Seven trials were pooled to examine the effects of MCT 

on the resting thickness of the TrA muscle [21, 22, 24, 33, 34, 38, 39]. The pooled SMD was 

0.09 (95% CI: -0.13 to -0.32) (P= .81) with moderate heterogeneity (I2: 10%) obtained; three 

trials assessed the resting thickness of both the IO and EO muscles [22, 24, 33]. Effect sizes 

for the IO muscle: SMD= -0.14, (95% CI: -0.47 to 0.19, I2 0%) and EO: SMD= -0.14, (95% 

CI: -0.47 to 0.18, I2 0%). The effect size of the five trials on the resting thickness of the 

multifidus muscle was -0.14, 95% CI: -0.46 to 0.17, I2 51.9%), with moderate heterogeneity 

[12, 21, 34, 38, 39]. The sensitivity analysis suggested that the combined SMDs were stable 

after any of the studies were excluded from the meta-analysis. Subgroup analysis showed that 

there were no changes in the heterogeneity or subgroup effect size for all outcomes. The 

publication bias assessment using the funnel plot was asymmetrical (no dots on the upper part, 
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representing large studies) (Supplementary 3, see supplemental file). The Egger’s test was not 

statistically significant and suggested no publication bias for muscle thickness 

(coefficient = −1.30; P= 0.3). 

Contraction ratio of the TrA muscle 

Five studies assessed the effect of MCT on the contraction ratios of the TrA muscle [23, 35, 

37, 40, 41]. The results of pooled effect sizes (SMD= 0.93 CI: - 0.0 to 1.85) demonstrated a 

moderate effect of MCT with high heterogeneity I2: 89.9% (Figure 3B). Further subgroup 

analysis based on the type of control group participants considerably reduced heterogeneity to 

0% in the subgroup that compared MCT with “no exercise”, with strong effect size (SMD= 

1.17 CI:0.73 to 1.16). Sensitivity analysis showed that removing Ehsani et al.’s [41] trial 

changed the overall estimated effect size (SMD= 0.43, 95% CI:  -0.17 to 1.02; P= 0.16). This 

was the only study that measured the contraction ratio of TrA muscle in the standing position. 

The funnel plot examination (Supplementary 3, see supplemental file) and the Egger (P= 0.03) 

showed potential publication bias. After the trim-and-fill analysis, two studies were added, and 

the pooled effect size changed from 0.89 to 0.23. 

Pain  

The meta-analysis of the 12 trials [12, 21-25, 34, 37-41], which compared changes in pain 

intensity associated with the intervention, indicated a significant difference in pain reduction 

between the MCT and control interventions (other exercise or no intervention) (WMD: -1.07 

cm, 95% CI: -1.91 to -0.22 cm, P= 0.01) with high heterogeneity I2: 93 % (Figure 4). Subgroup 

analysis based on study quality, type of control group (exercise or no exercise), duration and 

progression of intervention did not change the heterogeneity. However, a significant high effect 

of MCT intervention on reducing pain was obtained only in the subgroup that progressed the 

exercise to functional level (WMD: -1.47 cm, 95% CI: -2.47 to -0.47cm, P< 0.01), and 

subgroup analysis based on the quality revealed reduced pain only in the high-quality studies 
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(WMD: -1.53 cm, 95% CI: -2.58 to -0.47cm, P< 0.01). Sensitivity analysis showed that none 

of the trial’s estimated values were outside the 95% CI. The summary results did not 

significantly differ when we omitted studies one at a time. Therefore, the results remained 

stable and robust. An asymmetric funnel plot and significant Eggers test revealed publication 

bias (P <0.01). However, further analysis with the trim-and-fill test showed that this publication 

bias did not impact the estimates. 

Disability 

Nine RCT studies assessed the effect of MCT on disability, where the overall effect size of the 

studies which compared MCT with other exercises or no exercise revealed a significant 

moderate effect size (SMD= -0.86, 95% CI: -1.42 to -0. 29, P< 0.01) with high heterogeneity 

82.7% (Figure 5). Subgroup analysis based on the duration of intervention moderately changed 

heterogeneity in the group applying a longer duration of treatment (I2: 61%) (≥8), with a 

significant moderate effect size (SMD= -0.61, 95% CI: -1.09 to -0. 13, P= 0.012). The funnel 

plot was asymmetrical in Supplementary 3 (see supplemental file); however, the non-

significant Egger’s test did not suggest publication bias (P= 0.14). A further trim-and-fill test 

confirmed the absence of publication bias. 

 

DISCUSSION 

This meta-analysis primarily aimed to systematically summarize RCTs evaluating the effect of 

MCT on morphometry and function of the abdominal and lumbar trunk muscles measured by 

USI in individuals with CLBP. The second aim was to assess whether the included studies 

showed reductions in pain and disability in individuals with CLBP following MCT based 

interventions.  

Most of the included studies used muscle resting thickness as an outcome measure for assessing 

the effects of MCT interventions. This outcome measure was possibly the most commonly used 
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because linear measurements using USI are faster and easier to conduct than measuring CSAs 

(of the lumbar multifidus) and can be used to assess muscle contraction of the abdominal wall 

and multifidus muscles (at low percentages of maximal voluntary contraction) [26].  However, 

a disadvantage is that linear measurements do not reflect the quality, CSA or volumes of 

muscles such as the multifidus, which may be more relevant. For example, muscle CSA has 

been shown to be correlated with strength in peripheral muscles [44], and fatty infiltration 

measured with MRI has been shown to change with exercise interventions in parallel with 

decreasing pain and disability [45]. 

The current meta-analysis did not find that MCT increased the resting thickness of the 

multifidus, TrA, IO, and EO muscles more than control interventions with low to moderate 

quality of evidence (Figures 3-4). However, the length of the intervention periods reported in 

the included studies was relatively short, with the vast majority of programs lasting 8 weeks or 

less. Although a single training session can trigger protein synthesis, changes in morphometry 

are usually evident beyond 8 weeks of training [46]. It is also possible that the benefits of an 

intervention in individuals with long-lasting pain may take longer to be achieved, as they may 

present with increased deconditioning and changes in muscle consistency, such as fatty 

infiltration [47]. It is hypothesized that MCT aims to restore the morphometry and function of 

key trunk muscles by progressing from isometric contractions of deep trunk muscles to loaded 

functional activities [15]. However, most of the implemented protocols in the included RCTs 

did not progress to higher load exercises in the applied MCT interventions, and increased load 

(eg, , resistance training) is required to induce muscle hypertrophy [48]. Another outcome 

assessed was the contraction ratio, in which a high effect size was obtained for MCT versus 

control groups without exercise interventions, albeit with low quality of evidence. It seems that 

various forms of exercise might have had a positive effect on the contraction ratio, and the 

results were not unique to the MCT approach. Since the contraction ratio could be considered 
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as a surrogate measure of muscle activity [26], results could indicate that activity of the TrA 

muscle could be affected by various types of exercise interventions. Only one study evaluated 

the CSA of the multifidus muscle, and there were not any differences between results for MCT 

intervention when compared with general exercise [39].  

Limitations 

Several limitations should be considered when interpreting the results of this systematic review 

and meta-analysis. Firstly, aspects of muscle morphometry such as pennation angles and 

muscle fiber length were not included. Although an increase in muscle size is a typical outcome 

of training, changes may also occur in pennation angles and length of muscle fibers [49]. For 

example, muscles with long fascial attachments first show changes in pennation angle [50], 

which could be a limitation of previous studies that measured only muscle thickness, not other 

features of the abdominal muscles. This could be a limitation of studies that have only measured 

muscle thickness. Secondly, most studies that we included did not describe the experience of 

examiners performing the ultrasound imaging, including the reliability of their measurements.  

Collectively, the results of this systematic review indicated that MCT was effective in reducing 

disability and pain in patients with CLBP with a moderate level of evidence. This supports the 

results of previous studies [17, 51] and clinical practice guidelines that have highlighted the 

importance of exercise therapy for the management of people with CLBP [52]. Although 

resting thickness did not change considerably, it is unknown whether other exercise effects 

such as psychological, neural, physiological, or other muscle parameters, which were not 

measured, might have been associated with decreased pain and disability with MCT 

intervention.  

There was substantial heterogeneity across the trials regarding the type of MCT program 

implemented in terms of duration, frequency, and progression (eg, , static-dynamic versus 

progressive functional programs). Subgroup analysis revealed lower pain scores in the MCT 
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groups (by 1.43/10) that progressed to the functional stage. MCT aims to restore the function 

of deep trunk muscles by progressing from isometric contractions of deep trunk muscles to 

exercises in static positions with focusing on spinal position, then progressed to dynamic tasks, 

and the final stage involves training using functional activities [15]. Most of the protocols 

implemented in the included RCT studies did not progress as recommended in MCT 

interventions. The pain scores were significantly decreased concerning MCT (converting all to 

0 -10 scale), and equal to the minimal clinically important difference of 1.0 reported for 

decreases in chronic musculoskeletal pain intensity [53], and less than  2.0, which has been 

often cited regarding the effects of treatment for LBP [54]. A more recent validation study of 

using the VAS for people with LBP has reported a broader range for minimally important 

change of 1.5-2.8 [55].   

Interestingly, results showed that subgroup analysis based on the duration of the intervention 

affected disability outcome, in a way that studies continuing the MCT interventions for eight 

weeks or more showed lower disability levels compared to other interventions. It is also 

important to note that studies included in the present review were relatively short-term, with 

the vast majority of programs lasting 10 weeks or less. MCT programs are underpinned by 

motor learning principles that target changing the motor control adaptation and integrating 

spinal muscle coordination by forming a new motor pattern into functional activities. Motor 

learning would be possible with long-term practice [56]. The present review highlights the 

importance of progressing the MCT exercises to the functional stage with longer intervention 

durations.  

Limitations 

The findings of this systematic review and meta-analysis should be considered in light of some 

limitations. All studies evaluated muscle thickness, and other muscle geometric parameters 

such as CSA, fascicle length, and pennation angle were not evaluated in the included studies. 
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Moreover, a limitation associated with using USI is the lack of information regarding muscle 

consistency and fatty infiltration available from computerized tomography and MRI. The 

participants had CLBP with low to moderate pain intensity and disability levels. Therefore, the 

results of this review cannot be generalized to other LBP populations. 

Future studies 

Future prospective studies, including larger sample sizes and more sophisticated measures of 

muscle parameters, adjusting for confounders, may be warranted. Large prospective studies 

targeting patients who have defined deficits in muscles of interest at baseline may be 

recommended to understand better the relationship between muscle morphology changes and 

clinical outcomes. 

CONCLUSION 

The results of our study indicated that MCT interventions reduced pain and disability in people 

with chronic LBP. However, corresponding changes in trunk muscle morphometry were not 

observed. These results support previous research indicating no association between 

morphological changes in the abdominal and multifidus muscles and clinical outcomes  Despite 

more recent RCTs having been conducted since the last systematic review, which first 

examined this relationship, the implications of both studies are similar. One possibility is that 

clinical outcomes for those with CLBP are influenced by multiple factors, such as psychosocial 

factors, that could confound the relationship between pain and disability and biological factors 

such as muscle morphology. Other variables described in a recent retrospective study included 

the type of LBP (eg, , recurrent versus continual), whether there were co-morbidities such as 

groin pain/ hip pathology or evidence of structural spine changes such as scoliosis [14].   

 

  



18 

 

REFERENCES 

[1] Edwards J, Hayden J, Asbridge M, Gregoire B, Magee K. Prevalence of low back pain in 

emergency settings: a systematic review and meta-analysis. BMC Musculoskelet Disord. 

2017;18:143. 

[2] Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 

2017;389:736-47. 

[3] Melloh M, Roder C, Elfering A, Theis JC, Muller U, Staub LP, et al. Differences across 

health care systems in outcome and cost-utility of surgical and conservative treatment of 

chronic low back pain: a study protocol. BMC Musculoskelet Disord. 2008;9:81. 

[4] Oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin CC, Chenot JF, et al. Clinical 

practice guidelines for the management of non-specific low back pain in primary care: an 

updated overview. Eur Spine J. 2018;27:2791-803. 

[5] Wallwork TL, Stanton WR, Freke M, Hides JA. The effect of chronic low back pain on 

size and contraction of the lumbar multifidus muscle. Man Ther. 2009;14:496-500. 

[6] Fortin M, Macedo LG. Multifidus and paraspinal muscle group cross-sectional areas of 

patients with low back pain and control patients: a systematic review with a focus on 

blinding. Phys Ther. 2013;93:873-88. 

[7] Hides J, Gilmore C, Stanton W, Bohlscheid E. Multifidus size and symmetry among 

chronic LBP and healthy asymptomatic subjects. Man Ther. 2008;13:43-9. 

[8] Zhao WP, Kawaguchi Y, Matsui H, Kanamori M, Kimura T. Histochemistry and 

morphology of the multifidus muscle in lumbar disc herniation: comparative study between 

diseased and normal sides. Spine (Phila Pa 1976). 2000;25:2191-9. 

[9] Hides JA, Belavy DL, Cassar L, Williams M, Wilson SJ, Richardson CA. Altered 

response of the anterolateral abdominal muscles to simulated weight-bearing in subjects with 

low back pain. Eur Spine J. 2009;18:410-8. 

[10] Rasouli O, Shanbehzadeh S, Arab AM, ShahAli S, Sarafraz H. The Effect of Respiratory 

Phase on Abdominal Muscle Activity During Stable and Unstable Sitting Positions in 

Individuals With and Without Chronic Low Back Pain. J Manipulative Physiol Ther. 

2020;43:225-33. 

[11] Hodges PW. Core stability exercise in chronic low back pain. Orthop Clin North Am. 

2003;34:245-54. 

[12] Berglund L, Aasa B, Michaelson P, Aasa U. Effects of Low-Load Motor Control 

Exercises and a High-Load Lifting Exercise on Lumbar Multifidus Thickness: A Randomized 

Controlled Trial. Spine (Phila Pa 1976). 2017;42:E876-e82. 

[13] Saragiotto BT, Maher CG, Yamato TP, Costa LO, Costa LC, Ostelo RW, et al. Motor 

Control Exercise for Nonspecific Low Back Pain: A Cochrane Review. Spine (Phila Pa 

1976). 2016;41:1284-95. 

[14] Hides JA, Murphy M, Jang E, Blackwell L, Sexton M, Sexton C, et al. Predicting a 

beneficial response to motor control training in patients with low back pain: a longitudinal 

cohort study. Eur Spine J. 2019;28:2462-9. 

[15] Hides JA, Donelson R, Lee D, Prather H, Sahrmann SA, Hodges PW. Convergence and 

Divergence of Exercise-Based Approaches That Incorporate Motor Control for the 

Management of Low Back Pain. J Orthop Sports Phys Ther. 2019;49:437-52. 

[16] Owen PJ, Miller CT, Mundell NL, Verswijveren SJ, Tagliaferri SD, Brisby H, et al. 

Which specific modes of exercise training are most effective for treating low back pain? 

Network meta-analysis. Br J Sports Med. 2020;54:1279-87. 

[17] Niederer D, Mueller J. Sustainability effects of motor control stabilisation exercises on 

pain and function in chronic nonspecific low back pain patients: A systematic review with 

meta-analysis and meta-regression. PLoS One. 2020;15:e0227423. 



19 

 

[18] Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. What 

low back pain is and why we need to pay attention. Lancet. 2018;391:2356-67. 

[19] Hodges PW, Danneels L. Changes in Structure and Function of the Back Muscles in 

Low Back Pain: Different Time Points, Observations, and Mechanisms. J Orthop Sports Phys 

Ther. 2019;49:464-76. 

[20] Wong AY, Parent EC, Funabashi M, Kawchuk GN. Do changes in transversus 

abdominis and lumbar multifidus during conservative treatment explain changes in clinical 

outcomes related to nonspecific low back pain? A systematic review. J Pain. 2014;15:377.e1-

35. 

[21] Hosseinifar M, Akbari M, Behtash H, Amiri M, Sarrafzadeh J. The Effects of 

Stabilization and Mckenzie Exercises on Transverse Abdominis and Multifidus Muscle 

Thickness, Pain, and Disability: A Randomized Controlled Trial in NonSpecific Chronic Low 

Back Pain. J Phys Ther Sci. 2013;25:1541-5. 

[22] Noormohammadpour P, Kordi M, Mansournia MA, Akbari-Fakhrabadi M, Kordi R. The 

Role of a Multi-Step Core Stability Exercise Program in the Treatment of Nurses with 

Chronic Low Back Pain: A Single-Blinded Randomized Controlled Trial. Asian Spine J. 

2018;12:490-502. 

[23] Halliday MH, Pappas E, Hancock MJ, Clare HA, Pinto RZ, Robertson G, et al. A 

Randomized Controlled Trial Comparing the McKenzie Method to Motor Control Exercises 

in People With Chronic Low Back Pain and a Directional Preference. J Orthop Sports Phys 

Ther. 2016;46:514-22. 

[24] Shamsi M, Sarrafzadeh J, Jamshidi A, Zarabi V, Pourahmadi MR. The effect of core 

stability and general exercise on abdominal muscle thickness in non-specific chronic low 

back pain using ultrasound imaging. Physiother Theory Pract. 2016;32:277-83. 

[25] Halliday MH, Pappas E, Hancock MJ, Clare HA, Pinto RZ, Robertson G, 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. 

Physiotherapy. 2019. 

[26] ShahAli S, Shanbehzadeh S, ShahAli S, Ebrahimi Takamjani I. Application of 

ultrasonography in the assessment of abdominal and lumbar trunk muscle activity in 

participants with and without low back pain: a systematic review. J Manipulative Physiol 

Ther. 2019;42:541-50. 

[27] Downs SH, Black N. The feasibility of creating a checklist for the assessment of the 

methodological quality both of randomised and non-randomised studies of health care 

interventions. J Epidemiol Community Health. 1998;52:377-84. 

[28] Hootman JM, Driban JB, Sitler MR, Harris KP, Cattano NM. Reliability and validity of 

three quality rating instruments for systematic reviews of observational studies. Res Synth 

Methods. 2011;2:110-8. 

[29] Goldet G, Howick J. Understanding GRADE: an introduction. J Evid Based Med. 

2013;6:50-4. 

[30] Cohen J. Statistical power analysis for the behavioral sciences: Academic press; 2013. 

[31] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-

analyses. BMJ. 2003;327:557-60. 

[32] Alderson P, Green S. Cochrane collaboration open learning material for reviewers: 

Module 2002. 

[33] Park SD, Yu SH. The effects of abdominal draw-in maneuver and core exercise on 

abdominal muscle thickness and Oswestry disability index in subjects with chronic low back 

pain. J Exerc Rehabil. 2013;9:286-91. 

[34] Akbari A, Khorashadizadeh S, Abdi G. The effect of motor control exercise versus 

general exercise on lumbar local stabilizing muscles thickness: Randomized controlled trial 



20 

 

of patients with chronic low back pain. Journal of Back and Musculoskeletal Rehabilitation. 

2008;21:105-12. 

[35] Vasseljen O, Fladmark AM. Abdominal muscle contraction thickness and function after 

specific and general exercises: a randomized controlled trial in chronic low back pain 

patients. Man Ther. 2010;15:482-9. 

[36] Vasseljen O, Unsgaard-Tondel M, Westad C, Mork PJ. Effect of core stability exercises 

on feed-forward activation of deep abdominal muscles in chronic low back pain: a 

randomized controlled trial. Spine (Phila Pa 1976). 2012;37:1101-8. 

[37] Cruz-Diaz D, Bergamin M, Gobbo S, Martinez-Amat A, Hita-Contreras F. Comparative 

effects of 12 weeks of equipment based and mat Pilates in patients with Chronic Low Back 

Pain on pain, function and transversus abdominis activation. A randomized controlled trial. 

Complement Ther Med. 2017;33:72-7. 

[38] 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. 

[39] Nabavi N, Mohseni Bandpei MA, Mosallanezhad Z, Rahgozar M, Jaberzadeh S. The 

Effect of 2 Different Exercise Programs on Pain Intensity and Muscle Dimensions in Patients 

With Chronic Low Back Pain: A Randomized Controlled Trial. J Manipulative Physiol Ther. 

2018;41:102-10. 

[40] Ahmadizadeh Z, Ehsani F, Samaei SA, Mirmohamadkhani M. The Effect of 

Stabilization Exercises Along With Self-care Training on Transverse Abdominal Activity, 

Pain, and Disability in Mothers With Low Back Pain Having Children With Cerebral Palsy: 

A Randomized Controlled Trial. Am J Phys Med Rehabil. 2020;99:156-60. 

[41] Ehsani F, Hedayati R, Bagheri R, Jaberzadeh S. The Effects of Stabilization Exercise on 

the Thickness of Lateral Abdominal Muscles During Standing Tasks in Women With 

Chronic Low Back Pain: A Randomized Triple-Blinded Clinical Trial Study. J Sport Rehabil. 

2019:1-10. 

[42] Roland M, Fairbank J. The Roland–Morris disability questionnaire and the Oswestry 

disability questionnaire. Spine (Phila Pa 1976). 2000;25:3115-24. 

[43] Stratford P, Gill C, Westaway M, Binkley J. Assessing disability and change on 

individual patients: a report of a patient specific measure. Physiotherapy Canada. 

1995;47:258-63. 

[44] Maughan RJ, Watson JS, Weir J. Strength and cross‐sectional area of human skeletal 

muscle. J Physiol. 1983;338:37-49. 

[45] Welch N, Moran K, Antony J, Richter C, Marshall B, Coyle J, et al. The effects of a 

free-weight-based resistance training intervention on pain, squat biomechanics and MRI-

defined lumbar fat infiltration and functional cross-sectional area in those with chronic low 

back. BMJ Open Sport Exerc Med. 2015;1:e000050. 

[46] Gabriel DA, Kamen G, Frost G. Neural adaptations to resistive exercise: mechanisms 

and recommendations for training practices. Sports Med. 2006;36:133-49. 

[47] Geneen LJ, Moore RA, Clarke C, Martin D, Colvin LA, BH S. Physical activity and 

exercise for chronic pain in adults: an overview of Cochrane Reviews. Cochrane Database 

Syst Rev. 2017;4:CD011279. 

[48] Haun CT, Vann CG, Osburn SC, Mumford PW, Roberson PA, Romero MA, et al. 

Muscle fiber hypertrophy in response to 6 weeks of high-volume resistance training in trained 

young men is largely attributed to sarcoplasmic hypertrophy. PLoS One. 2019;14:e0215267. 

[49] Kawakami Y. The Effects of Strength Training on Muscle Architecture in Humans. Int J 

Sport Health Sci. 2005;3:208-17. 

[50] Blazevich AJ. Effects of physical training and detraining, immobilisation, growth and 

aging on human fascicle geometry. Sports Med. 2006;36:1003-17. 



21 

 

[51] Ehsani F, Sahebi N, Shanbehzadeh S, Arab AM, ShahAli S. Stabilization exercise 

affects function of transverse abdominis and pelvic floor muscles in women with postpartum 

lumbo-pelvic pain: a double-blinded randomized clinical trial study. Int Urogynecol J. 

2020;31:197-204. 

[52] Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive Treatments for Acute, 

Subacute, and Chronic Low Back Pain: A Clinical Practice Guideline From the American 

College of Physicians. Ann Intern Med. 2017;166:514-30. 

[53] Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically important 

changes in chronic musculoskeletal pain intensity measured on a numerical rating scale. Eur J 

Pain. 2004;8:283-91. 

[54] Ostelo RW, Deyo RA, Stratford P, Waddell G, Croft P, Von Korff M, et al. Interpreting 

change scores for pain and functional status in low back pain: towards international 

consensus regarding minimal important change. Spine (Phila Pa 1976). 2008;33:90-4. 

[55] Froud R, Fawkes C, Foss J, Underwood M, Carnes D. Responsiveness, Reliability, and 

Minimally Important and Minimal Detectable Changes of 3 Electronic Patient-Reported 

Outcome Measures for Low Back Pain: Validation Study. J Med Internet Res. 2018;20:e272. 

[56] Bastian AJ. Understanding sensorimotor adaptation and learning for rehabilitation. Curr 

Opin Neurol. 2008;21:628-33. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 

 

 

 

 

Table 1. Quality assessment table of the included studies 

 

 

 

 

 

Author/Date 

  

Reporting Bias 

External  

validity 

 Internal validity/ measurement bias 

Internal validity/  

Confounding Power Score/percent 

  

Quality 

  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Akbari et al. (2008) [34] 1 1 1 0 2 1 0 0 0 1 1 0 1 0 1 0 0 1 61.1 Moderate 

Vasseljen et al. (2010) [35] 1 1 1 0 1 1 0 1 0 0 1 1 1 0 1 1 0 1 66.6 Moderate 

Vasseljen et al. (2012) [36] 1 1 1 0 1 1 0 1 0 0 0 1 1 0 1 1 0 1 61.1 Moderate 

Hosseinifar et al. (2012) [21] 1 1 1 0 2 1 0 0 0 0 1 0 1 0 1 0 0 0 50 Moderate 

Park et al. (2013) [33] 1 0 1 0 2 1 0 0 0 0 0 0 1 1 0 0 0 0 38.8 Moderate 

Halliday et al. (2016) [23] 1 1 1 1 1 1 0 1 0 0 1 1 1 1 1 1 0 1 77.7 high 

Shamsi et al. (2016) [24] 1 1 1 1 1 1 0 0 0 0 0 0 1 1 1 0 1 0 55.5 Moderate 

Berglund et al. (2017) [12] 1 1 1 1 2 1 0 1 0 0 0 1 1 1 1 1 0 0 72.2 high 

Cruz-Diaz et al. (2017) [37] 1 1 1 1 2 1 0 0 1 0 1 1 1 0 1 0 0 1 72.2 high 

Finta et al. (2018) [38] 1 1 1 1 2 1 1 0 0 0 0 1 1 0 1 0 1 0 66.6 Moderate 

Nabavi et al. (2018) [39] 1 0 1 1 1 1 1 1 0 0 1 0 1 0 1 0 1 1 66.6 Moderate 

Noormohammadpour et al. (2018) [22] 1 1 1 0 2 1 0 1 1 0 1 1 0 1 1 1 0 1 77.7 high 

Halliday et al. (2019) [25] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 1 83.3 high 

Ehsani et al. (2019) [41] 1 1 1 1 2 1 0 1 1 1 1 1 1 1 1 0 0 1 88.8 high 

Ahmadizadeh et al. (2020) [40] 1 1 1 1 1 1 1 0 0 0 1 0 1 1 1 0 1 1 72.2 high 
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Legend for table 1 Items of quality assessment checklist. 

 

1 Is the hypothesis/aim/objective of the study clearly described? 

2  Are the main outcomes to be measured clearly described in the Introduction or Methods section? 

3  Are the characteristics of the patients included in the study clearly described? 

4 

Are the interventions of interest clearly described? Treatments and placebo (where relevant) that are to be compared should be clearly 

described. 

5  Are the distributions of principal confounders in each group of subjects to be compared clearly described? (Yes = 2 Partially = 1 No = 0) 

6 Does the study provide estimates of the random variability in the data for the main outcomes? 

7 Have the characteristics of patients lost to follow-up been described?  

8 Were the results reported precisely? 

9 Were the subjects asked to participate in the study representative of the entire population from which they were recruited? 

10 Was an attempt made to blind study subjects to the intervention they have received?  

11 Was an attempt made to blind those measuring the main outcomes of the intervention? 

12  Were the statistical tests used to assess the main outcomes appropriate? 

13 Were the main outcome measures used accurate (valid and reliable)? 

14 Were the patients in different intervention groups (trials and cohort studies) recruited from the same population? 

15 Were study subjects randomized to intervention groups? 

16 Was there adequate adjustment for confounding in the analyses from which the main findings were drawn? 

17 Were losses of patients to follow-up taken into account?  

18 Did the study have sufficient power to detect a clinically important effect 
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Table 2. Grading of recommendation, assessment, development, and evaluation (GRADE) of the included studies. 

 
LMU=lumbar multifidus, TrA=transversus abdominis, Serious (-1), No (0), Yes (+1)  
a high risk of bias indicated by (selection bias and measurement bias and randomization) 
b I2>50% 
C insufficient studies or sample size included in meta-analysis 

d Particular training intensity yielded a more prominent effect 

High: Further research is very unlikely to change our confidence in the estimate of effect. 

Moderate = Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 

Low = Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 

Very low = Any estimate of effect is very uncertain. 

 Down grade items Upgrade items No of patients Effect size 
Quality of 

evidence 

Outcome 

No of 

studies 

 

Limitations Inconsistency Imprecision 
Publication 

bias 

Large 

effect 

Does-

response 

Plausible 

residual 

confounding 

Intervention 
Control  

 

 

(95% CI) 

Grade 

rating 

 

 Resting 

thickness TrA 

7 Serious a (-1) No No No No No No 187 178 
0.09 

(-0.13, 0.32) 

 

moderate 

 

Resting 

thickness 

LMU  

5 

 
Serious a (-1) Serious a (-1) No No No No No 180 170 

-0.14 

(-0.46-0.17) 
Low 

Thickness 

Change TrA 
4 Serious a (-1) NO Serious b (-1) No No No No 180 149 

0.43 

(-0.17, 1.02) 
Low 

Pain 12 Serious a (-1) Serious (-1) No No No Yes (+1) No 393 370 
-1.07 

(-1.91, -0.22) 

moderate 

 

Disability 

 

9 

 

Serious a (-1) Serious (-1) No No No Yes No 299 282 
-0.86 

(-1.42, -0.29) 

moderate 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 

flow diagram mapping the review. 

MCT = Motor control training, RCT=randomized control trial 

 

 

Records after duplicate 

removing (n=2711) 

 

Full-text articles assessed for 
eligibility (n=97) 

Studies included in the 

review (n=15) 

Records excluded based on 

titles and abstracts screening 

(n=2614) 

Id
en

ti
fi

ca
ti

o
n
  

In
cl

u
d
ed

 
E

li
g
ib

il
it

y
 

Records identified through 

database searching (n=3459) 

PubMed: 458  

Scopus: 2532 

Web of science: 465 

Cochrane: 4 

 

S
cr

ee
n
in

g
 

Duplicated records excluded  

(n=748) 

Reasons for exclusion: 

-Not RCT (n=29) 
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Figure 2. Risk of bias assessment of the included studies.  
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Figure 3 A 
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Figure 3 B 

 

 

Figure 3.  Standardized mean difference (95% CI) of the effect of motor control training on: 

A) thickness of trunk muscles at rest, B) transverse abdominis contraction ratio (muscle 

thickness change) 

RT: right, LT: left 
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Figure 4. The effect of motor control training on mean difference (95% CI) of pain.  
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Figure 5. The effect of motor control training on standardized mean difference (95% CI) of 

disability.  
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SUPPLEMENTAL FILE 

 

 

Supplementary 1: Literature search strategies  

Search strategy for PubMed/ Medline (NLM). 

 

("level of pain"[All Fields] OR "pain intensity"[All Fields] OR "pain level"[All Fields]) AND ("low 

back pain"[tiab] OR "Low Back Ache"[tiab] OR "Low Backache"[tiab] OR "Lower Back Pain"[tiab] 

OR "Lumbago"[tiab] OR "Mechanical Low Back Pain"[tiab] OR "Postural Low Back Pain"[tiab] OR 

"Recurrent Low Back Pain"[tiab] OR "back pain"[tiab] OR backache[tiab] OR "Vertebrogenic Pain 

Syndrome"[tiab]) AND (Exercise [All Fields] OR "Exercise Therapy"[All Fields] OR "Rehabilitation 

Exercise"[All Fields] OR "Pilates Training"[tiab] OR "Pilates-Based Exercises"[tiab] OR "Exercise 

Movement Techniques"[All Fields] OR "Aerobic Exercise "[All Fields] OR "Exercise Training"[All 

Fields] OR "Physical Activity"[All Fields] OR "Physical Fitness"[All Fields] OR "Endurance 

Training"[All Fields]) AND ("motor activity"[All Fields] OR (Activity[All Fields] OR “Motor Timing” 

[All Fields] ) OR onset[All Fields] OR latency[All Fields] OR "Ultrasonography "[All Fields]  OR 

"sonography" [All Fields] OR "ultrasound" [All Fields] OR "US" [All Fields] OR " Ultrasonic 

Imaging"[All Fields]  OR "Ultrasound Imaging"[All Fields]))  

 

Search strategy for Scopus  

(ALL ("level of pain") OR ALL ("pain intensity") OR ALL ("pain level")) AND (TITLE-ABS 

("low back pain") OR TITLE-ABS ("Low Back Ache") OR TITLE-ABS ("Low 

Backache") OR TITLE-ABS ("Lower Back Pain") OR TITLE-

ABS ("Lumbago") OR TITLE-ABS ("Mechanical Low Back Pain") OR TITLE-

ABS ("Postural Low Back Pain") OR TITLE-ABS ("Recurrent Low Back Pain") OR TITLE-

ABS ("back pain") OR TITLE-ABS (backache) OR TITLE-ABS ("Vertebrogenic Pain 

Syndrome")) AND (ALL (Exercise) OR ALL ("Exercise Therapy") OR ALL ("Rehabilitation 

Exercise") OR TITLE-ABS ("Pilates Training") OR TITLE-ABS ("Pilates-Based Exercises") 

OR ALL ("Exercise Movement Techniques") OR ALL ("Aerobic Exercise ") OR ALL 

("Exercise Training") OR ALL ("Physical Activity") OR ALL ("Physical Fitness") OR ALL 

("Endurance Training")) AND (ALL ("motor activity") OR (ALL(Activity) OR ALL (“Motor 

Timing”)) OR ALL (onset) OR ALL(latency) OR ALL ("Ultrasonography ") OR 

ALL("sonography") OR ALL("ultrasound") OR ALL("US") OR ALL ("Ultrasonic Imaging") 

OR ALL ("Ultrasound Imaging")) 



32 

 

 

 

 

Search strategy for Web Of Science (WOS) 

(ALL=("level of pain") OR ALL=("pain intensity") OR ALL=("pain level")) 

AND (TS=("low back pain") OR TS=("Low Back Ache")  OR TS=("Low 

Backache") OR  TS=("Lower Back Pain") OR  TS= ("Lumbago" )  OR  TS=("Mechanical 

Low Back Pain")  OR  TS=("Postural Low Back Pain")  OR  TS=("Recurrent Low Back 

Pain")  OR  TS= ("back pain")  OR  TS= (backache)  OR  TS= ("Vertebrogenic Pain 

Syndrome")) AND (ALL=(Exercise) OR ALL=("Exercise Therapy") OR 

ALL=("Rehabilitation Exercise") OR TS=("Pilates Training") OR TS=("Pilates-Based 

Exercises") OR ALL=("Exercise Movement Techniques") OR ALL=("Aerobic Exercise ") 

OR ALL=("Exercise Training") OR ALL=("Physical Activity") OR ALL=("Physical 

Fitness") OR ALL=("Endurance Training")) AND (ALL=("motor activity") OR 

ALL=(Activity) OR ALL=(“Motor Timing”) OR ALL=(onset) OR ALL=(latency) OR 

ALL=("Ultrasonography ") OR ALL=("sonography") OR ALL=("ultrasound") OR 

ALL=("US") OR ALL=("Ultrasonic Imaging") OR ALL=("Ultrasound Imaging")) 
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Supplementary 2. Details of included studies. 

 

Study 

Study population 

(n)/ Average age 

(SD) 

Disease 

duration  
Intervention 

Pain scale: 

mean (SD) 

before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, 

mode 

Result 

Akbari et al. 

(2008) [34] 

Subjects with 

chronic LBP: 

Group A (n =25)/ 

39.6 (3.5) years; 

Group B (n = 24)/  

40 (3.6) years 

Group A:  

15.08(1.9) 

month 

Group B: 

14.9 (3.1) 

month 

double-blind RCT, 

each group received 8-week (2 times per 

weeks) exercise 

 

Group A: Motor control exercise: 

isolated, low load contraction of the TrA 

and LMU muscles in 4 different 

positions 

 

Group B: General exercise: maximum 

contraction of the abdominal and 

paravertebral muscles  

VAS:  

Group A: 7.25 

(0.97) 

Group B: 8 

(1.21) 

 

- 

Thickness of 

TrA and LMU 

muscles during 

rest/ 7.5 MHz, 

B-mode  

No significant between 

group difference.  

Vasseljen et 

al. (2010) 

[35] 

Subjects with 

chronic 

nonspecific LBP: 

Group A (n=36)/ 

40.9(11.5) years, 

Group B (n=36)/ 

43.4(10.2) years, 

Group C (n=37)/ 

36(10.3) 

Group A: 

6(range 2-

19) years 

Group B: 

9(range 2-

15) years 

Group C: 

6(range 

3.5-11.5) 

years 

Single-blind RCT, each group received 

one exercise session per week over 8 

weeks 

Group A: Ultrasound guided core 

stability exercise: ADIM exercises 

under real-time B-mode ultrasound 

guidance, co contraction of 

deep trunk muscles and pelvic 

floor muscles, home exercises 

Group B: sling exercise: high load 

specific 

exercise for the lumbo-pelvic area with 

emphasis on maintaining neutral 

position of spine 

Group C: General exercise: general 

trunk muscles strengthening exercises 

NPRS:  

Group A: 3.3 

(1.3) 

Group 

B:3.6(1.7) 

Group C: 

3.3(1.9) 

 

- 

Contraction 

thickness ratio 

of TrA, IO and 

EO muscle 

during ADIM/ 

10 MHz, B-

mode 

Significantly lower IO  

 contraction thickness 

ratio and reduced TrA 

lateral slide in the US 

guided group compared 

to other interventions.  
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Supplementary 2. Details of included studies. 

Study 

Study population 

(n)/ Average 

age(SD) 

Disease 

duration  
Intervention 

Pain scale: 

mean (SD) 

before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, mode 

Result 

Vasseljen 

et al. 

(2012) [36] 

Subjects with 

chronic 

nonspecific LBP: 

Group A (n=33)/ 

41.5(11.9) years, 

Group B (n=34)/ 

42.7(10) years, 

Group C (n=35)/ 

36.3(10.4) 

Group A:6 

(range 0.4-

38) years 

Group B:7 

(range 0.5-

26) years 

Group C:6 

(range 0.3-

27)  years 

Single-blind RCT, each group received 

one exercise session per week over 8 

weeks 

Group A: core stability exercise: ADIM 

exercises, co-contraction of deep trunk 

and pelvic floor muscles, home 

exercises 

Group B: sling exercise: elastic bands 

were attached to the pelvis to help the 

patient maintaining the lumbar spine 

stable in neutral position throughout a 

range of leg/ arm positions and 

movements, elastic band support was 

gradually reduced for exercise 

progression 

Group C: general exercise: general trunk 

and extremity muscles strengthening 

and stretching exercises 

NPRS:  

Group A: 3.4 

(1.3) 

Group 

B:3.5(1.8) 

Group C: 

3.1(1.6) 

 

ODI: 

Group A: 

20.0 (7.2) 

Group B: 

19.9 (9.0) 

Group C: 

19.6 (8.3) 

Change in onset 

(before to after 

the intervention) 

of TrA, IO, EO 

muscle during 

rapid shoulder 

flexion/10MHz, 

M-mode 

No significant between 

group difference. 

Hosseinifar 

et al. 

(2013) [21] 

Subjects with 

chronic 

nonspecific LBP: 

Group A (n=15)/ 

40.1(10.8) years, 

Group B (n=15)/ 

36.6 (8.2) years 

>3 months 

Single-blind RCT, each group received 

6 weeks (18 sessions, 3 times per week) 

exercise 

Group A: stabilization exercise: 6 steps 

with emphasis on isolated and co-

contraction training of deep trunk and 

pelvic floor muscles 

Group B: McKenzie exercise: four 

extension type and two flexion type 

exercise  

VAS: 

Group A: 4.33 

(1.58) 

Group B: 4.40 

(1.95) 

FRI: 

Group A: 

39.13 (15.53) 

Group B: 

46.16 (17.87) 

Thicknesses of 

TrA muscle 

during rest, ADIM 

and ASLR,  

Thicknesses of  

LMU  muscle  

during rest and  

elevation of the 

contralateral 

arm / 12MHz, B-

mode 

Significant greater 

increasing thickness 

of the TrA and LMU 

muscles in MCT group 

and lower disability 

score. 

No significant between 

group in pain. 
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Study 

Study population 

(n)/ Average 

age(SD) 

Disease 

duration  
Intervention 

Pain scale: 

mean (SD) 

before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, 

mode 

Result 

Park et al. 

(2013) [33] 

Subjects with 

chronic nonspecific 

LBP: 

Group A (n=10)/ 

45.72(15.43) years 

Group B (n=10)/ 

41.35(6.13) years 

>6 

months 

RCT, each group received 4 weeks (3 

times per week) exercise 

Group A: ADIM 

Group B: core training: side bridge with 

abdominal bracing 

- 

ODI: 

Group A: 

23.55(3.94) 

Group B: 

20.25(4.55)  

TrA, IO, EO 

muscles 

thickness 

during rest/ 

10MHz, B-mode 

No significant difference 

between groups for 

muscles thickness and 

disability.   

Halliday et 

al. (2016)  

[23] and 

(2019) [25] 

Subjects with 

nonspecific LBP 

Group A (n=35)/ 

48.8(12.1) years, 

Group B (n=35)/ 

48.3(14.2) years  

Group A: 

26.6 

(22.3) 

weeks 

Group B: 

37.7 

(28.8) 

weeks 

Single-blind RCT, each group received 

12 exercise sessions over 8 weeks 

Group A: McKenzie exercise: repeated 

or sustained end-range loading 

strategies in loaded or unloaded 

postures, according to the patient’s 

directional preference   

Group B: motor control exercise: 

isolated and co-contraction training of 

deep trunk and pelvic floor muscles 

during static and dynamic tasks with 

simultaneous breathing control 

VAS: 

Group A: 4.50 

(2.2) 

Group B: 5.40 

(2.00) 

PSFS: 

Group A: 

12.32 (4.35) 

Group B:  

11.31 (4.46) 

Contraction ratio 

TrA, IO, EO 

muscles 

thickness 

during rest and 

low-load 

isometric knee 

flexion and 

extension/5MHz, 

B-mode 

No significant difference 

between groups for 

muscles thickness, pain 

and disability  

Shamsi et 

al. 

(2016)[24] 

Subjects with 

nonspecific LBP 

Group A (n=22)/ 

39.2(11.7) years, 

Group B (n=21)/ 

48.0 (10.2) years 

≥3 

months 

Quasi-RCT, each group received 16 

exercise sessions over 3weeks 

Group A: core stability exercise: low 

levels of isometric contraction of 

abdominal muscles in minimally 

loading positions. Co-contraction 

training of local muscles  

Group B: general exercise: Abdominal 

and paravertebral muscles contraction 

VAS: 

Group A: 

5.13(0.98) 

Group B: 

5.29(0.90) 

ODI: 

Group A: 

50.5(12.1) 

Group B: 

50.1(11.3) 

Thicknesses of 

TrA, IO, EO and 

RA muscles 

during rest 

/15MHz, B-

mode  

A significant increase in 

RA muscle thickness was 

seen in general exercise 

group. No significant 

difference between 

groups for other 

outcomes. 
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Study 

Study population 

(n)/ Average age 

(SD) 

Disease 

duration  
Intervention 

Pain scale: mean 

(SD) before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, 

mode 

Result 

Berglund 

et al. 

(2017) 

[12] 

Subjects with 

nonspecific LBP 

Group A (n=32)/ 

43.3(10.3) years 

Group B 

(n=33)/42.3(9.8) 

years 

≥3 

months 

Single-blind RCT, each group received 

12 exercise sessions over 2 months 

Group A: high-load lifting exercise: 

maintaining the lumbar neutral position 

while lifting and lowering the barbell 

from the floor 

Group B: low-load motor control 

exercises: maintaining the lumbar 

neutral position while performing 

movements with arms or legs 

VAS: 

Group A: 

4.13(2.38) 

Group B: 

4.84(2.70) 

 

- 

LMU muscle 

thickness during 

rest /10-12 

MHz, B-mode 

No significant difference 

between groups 

regarding LMU muscle 

thickness and pain 

intensity.  

Cruz-

Diaz et al. 

(2017)  

[37] 

Subjects with 

chronic LBP 

Group A (n=34)/ 

36.94(12.46) 

Years 

Group B (n=34)/ 

35.5 (11.98) years 

Group C (n=30)/ 

36.32(10.67) 

≥3 

months 

Single-blind RCT, groups A and B 

received two exercise session per week 

over 12 weeks 

Group A: Pilates mat 

Group B: Equipment based Pilates 

Group C:  control group: no treatment 

 

  

 

VAS: 

Group A: 

4.64(1.22) 

GroupB:4.95(1.12) 

Group C: 

4.84(1.04) 

RMDQ: 

Group A: 

11.38(5.02) 

Group B: 

11.23(5.13) 

Group C: 

10.50(4.89) 

Contraction 

ratio of TrA 

muscle 

thickness during 

ADIM 

compared 

with the resting 

condition / 

5MHz, B-mode 

Both Pilates methods 

were effective in 

reducing the pain and 

disability scores and 

increasing the thickness 

of the TrA muscle 

compared to the control 

group. 

Finta et 

al. (2018) 

[38]  

Subjects with 

chronic nonspecific 

LBP 

Group A (n=21)/ 

21.33(4.73) Years 

Group B (n=26)/ 

22.31(5.15) Years 

≥3 

months 

RCT, each group received two exercise 

session per week over 8 weeks 

Group A: Complex training training 

including dynamic and static balance 

and trunk muscles strengthening) 

Group B: complex training program and 

diaphragm training 

 

VAS: 

Group A: 5.75 

(1.68) 

Group B: 5.70 

(1.74) 

- 

TrA, LMU and 

diaphragm 

muscles 

thickness during 

rest and sitting/ 

5-10 MHz (TrA, 

diaphragm) 2-6 

MHz (LMU), B-

mode 

Significant higher LMU 

thickness in the 

diaphragm training 

group. 
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Study 

Study population 

(n)/ Average 

age(SD) 

Disease 

duration  
Intervention 

Pain scale: 

mean (SD) 

before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, 

mode 

Result 

Nabavi et al. (2018) 

[39]  

Subjects with 

chronic 

nonspecific LBP 

Group A (n=20)/ 

40.75(8.23) years 

Group B (n=21)/ 

34.05(10.75) years 

≥3 

months 

Single-blind RCT, each group 

received three exercise session per 

week over 4 weeks 

Group A: Stabilization exercise: 

stabilization exercise and routine 

physiotherapy (warm up and 

electrotherapy) 

Group B: routine exercise: routine 

physiotherapy  

VAS:  

Group A: 3.30 

(range 2.15-

4.27) Group B: 

3.48 (range 

2.18-4.12) 

- 

TrA, LMU 

muscles 

thickness and 

LMU CSA 

during rest/ 7.5 

MHz (TrA) 3.5 

MHz (LMU), 

B-mode 

NO significant 

difference between 

studies.  

Noormohammadpour 

et al. (2018) [22] 

Subjects with 

chronic 

nonspecific LBP 

Group A (n=10)/ 

43.3(7.5) years 

Group B (n=10)/ 

41.3(6.4) years 

Group 

A: 18.2 

(6.4) 

months 

Group B: 

16.4 

(5.9) 

months 

Single-blind RCT, group A received 

8 weeks supervised home exercise 

Group A: Multi-step core stability 

exercise: ADIM and maintaining the 

lumbar paravertebral muscles during 

static and dynamic positions 

Group B: control group: no treatment 

VAS: 

Group A: 3.84 

(2.17) 

Group B: 3.62 

(2.72) 

RMDQ: 

Group A: 

7.8(3.4) 

Group B: 

9.5(4.9) 

Thicknesses of 

TrA, IO, EO 

muscles during 

rest and ADIM/ 

6–13 MHz, B-

mode 

A significant increase 

in all three abdominal 

muscles thickness, and  

significant reduced 

pain and disability in 

MCT group. 

 Ehsani et al. (2019) 

[41]  

Subjects with 

chronic 

nonspecific LBP 

Group A (n=20)/  

36.40 (7.02) Years 

Group B (n=20)/  

35.50 (6.12) Years 

≥3 

months 

Triple-Blinded RCT, each group 

received 10 session routine 

electrotherapy and 6-week (3 times 

per weeks) exercise 

Group A: Supervised stabilization 

exercise: exercise for deep trunk 

muscles in the different positions and 

static to dynamic conditions 

Group B: general exercise: exercise 

without emphasis on the deep trunk 

muscles contraction 

VAS: 

Group A: 4.68 

(0.82) 

Group B:  

4.80 (0.92) 

RMDQ: 

Group A: 

11.65 (2.43) 

Group B:  

12.25 (2.16)  

Contraction 

ratio of TrA, IO, 

EO muscles 

during a related 

standing task 

compared 

with the resting 

condition, 7.5 

MHz, B-mode 

TrA muscle contraction 

ratio was significantly 

increased and disability 

score was reduced in 

the MCT group. 

Significant difference 

between groups 

regarding pain intensity 

and disability level. 
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ADIM= abdominal drawing-in maneuver, ASLR= active straight leg raising, B-mode = brightness mode, CSA= cross sectional area, EO = external oblique, 

FRI= functional rating index, IO = internal oblique, LBP=low back pain, LMU=lumbar multifidus, M-mode= motion mode, NR: not reported, NPRS= numerical 

pain rating scale, ODI= Oswestry disability index, PSFS=patient-specific functional scale, RCT= randomized clinical trial, RA=rectus abdominis, RMDQ= 

Rolland-Morris disability questionnaire, TrA=transversus abdominis, US=ultrasound, VAS= visual analogue scale 

 
 
 
 
  

Study 

Study 

population (n)/ 

Average 

age(SD) 

Disease 

duration  
Intervention 

Pain scale: 

mean (SD) 

before 

intervention 

Disability 

scale: mean 

(SD) before 

intervention 

Muscle 

variables/US 

frequency, 

mode 

Result 

Ahmadizadeh 

et al. (2020) 
[40] 

Subjects with 

chronic 

nonspecific 

LBP 

Group A 

(n=16)/  

31.12 (8.29) 

Years 

Group B 

(n=16)/  

34.19 (8.36) 

Years 

≥3 

months 

Single-blind RCT, both groups 

received self-care training and 

group A received 8-week (3 

times per weeks) exercise 

Group A:  Stabilization exercise : 

10 exercises for deep trunk 

muscles strengthening and 

restoring stability of the lumbar 

spine and lumbar-pelvic region 

Group B: control group: no 

treatment 

VAS: 

Group A: 6.42 

(2.50) 

Group B:  

5.11 (1.95) 

 

RMDQ: 

Group A: 

5.81(4) 

Group B:  

4.38 (2.3) 

 

Contraction 

ratio of TrA, 

IO muscle 

during rest 

and abdominal 

hollowing/ 5.7 

MHz, B-mode 

TrA, IO thickness, 

significantly 

increased in the 

MCT group.  

No significant 

difference 

between groups 

regarding pain 

intensity and 

disability level. 
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A)                                                                                                                                                  B)  

Funnel plot, A) Muscle thickness, B) transverse abdominis contraction ratio,   
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A)                                                                                                              B) 

Funnel plot, A) disability, B) pain 

 
 

 

 


