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Abstract 

Background: Non-specific low back pain (NSLBP) is a leading cause of disability worldwide, with no 

clearly identifiable pathology in most cases. Impaired core muscle function and reduced spinal stability 

are considered key contributors. Core stability exercises (CSE) have been widely used in rehabilitation to 

enhance neuromuscular control and provide dynamic support to the spine. 

Objectives: 

To evaluate the effectiveness of core stability exercises in reducing pain, improving functional outcomes, 

and enhancing muscle performance in patients with non-specific low back pain. 

Materials and Methods:A narrative review of literature was conducted using electronic databases such 

as PubMed, Google Scholar, and ScienceDirect. Relevant studies including randomized controlled trials, 

systematic reviews, and clinical trials published in recent years were included. Articles focusing on adult 

patients with NSLBP and interventions involving core stability exercises were analyzed. Outcome 

measures included pain intensity, functional disability, muscle activation, and quality of life. 

Results:The reviewed studies indicate that core stability exercises significantly reduce pain and improve 

functional ability in patients with NSLBP. Enhanced activation of deep stabilizing muscles such as 

transversus abdominis and multifidus was consistently reported. While CSE showed superior outcomes 

compared to no treatment, its effectiveness was found to be comparable to general exercise programs in 

several studies. 

Conclusion:Core stability exercises are effective in the management of non-specific low back pain, 

particularly in improving pain and function. However, they should be integrated into a comprehensive 

rehabilitation program rather than used as a standalone intervention. 

 

Keywords: Non-specific low back pain, core stability exercises, rehabilitation, spinal stability, functional 

outcome, pain management. 

 

Introduction 

Non-specific low back pain (NSLBP) is one of the most prevalent, disabling, and clinically significant 

musculoskeletal conditions affecting the spine, with substantial implications for individuals, healthcare 

systems, and society at large. It is estimated that nearly 60–80% of individuals experience low back pain 

at some point in their lifetime, with non-specific causes accounting for approximately 85–90% of all cases 
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[1,2]. NSLBP is defined as pain not attributable to a recognizable pathology such as infection, tumor, 

fracture, or inflammatory disease, and is often associated with functional and biomechanical impairments 

[3,4]. The condition is commonly linked to poor posture, sedentary lifestyle, occupational stress, repetitive 

strain, and reduced physical activity levels [5,6]. 

The global burden of low back pain has increased significantly over recent decades, making it one of the 

leading causes of years lived with disability (YLDs) worldwide [1,7]. It predominantly affects individuals 

in their working years, contributing to decreased productivity, absenteeism, and increased healthcare costs 

[8]. In addition to physical symptoms, NSLBP is strongly associated with psychosocial factors such as 

fear-avoidance beliefs, anxiety, depression, and reduced quality of life, which may contribute to chronicity 

and disability [9,10]. 

The pathophysiology of NSLBP is multifactorial, involving a complex interaction between biomechanical, 

neuromuscular, and neurophysiological mechanisms. Impaired motor control, muscle imbalance, reduced 

proprioception, and altered recruitment patterns of trunk muscles can lead to decreased spinal stability and 

increased susceptibility to injury [11,12]. Dysfunction of deep stabilizing muscles, particularly the 

transversus abdominis and multifidus, has been identified as a key contributor to spinal instability and 

persistent low back pain [13,14]. Over time, these impairments may result in reduced functional capacity, 

movement inefficiency, and recurrence of symptoms [15]. 

Conservative management remains the first-line approach for NSLBP, with physiotherapy playing a 

central role in treatment [16,17]. Among various non-pharmacological interventions, exercise therapy has 

been widely recommended due to its effectiveness in reducing pain, improving function, and preventing 

recurrence [18,19]. Within exercise-based approaches, core stability exercises (CSE) have gained 

considerable attention as a targeted intervention to address neuromuscular deficits and enhance spinal 

stability [20,21]. 

Core stability refers to the ability of the lumbo-pelvic-hip complex to maintain dynamic stability during 

movement and load transfer. It involves coordinated activation of deep trunk muscles, including the 

transversus abdominis, multifidus, diaphragm, and pelvic floor muscles, along with superficial muscles 

such as the rectus abdominis and obliques [22,23]. Proper functioning of these muscles is essential for 

maintaining spinal alignment, distributing loads efficiently, and preventing excessive movement that may 

lead to injury [24]. 

Core stability exercises are designed to improve motor control, muscle coordination, and endurance rather 

than focusing solely on strength. These exercises emphasize controlled activation of deep stabilizing 

muscles through techniques such as the abdominal drawing-in maneuver, bridging, planks, and dynamic 

stabilization exercises like bird dog and dead bug [25,26]. By enhancing neuromuscular control and spinal 

stiffness, CSE aims to reduce mechanical stress on lumbar structures and alleviate pain [27]. 

Several studies have demonstrated that core stability exercises are effective in reducing pain intensity and 

improving functional outcomes in patients with NSLBP [28,29]. Evidence suggests that CSE can enhance 

activation and thickness of deep trunk muscles, leading to improved spinal support and reduced recurrence 

of symptoms [30,31]. Furthermore, these exercises have been shown to improve balance, proprioception, 

and overall quality of life [32]. 

However, despite their widespread use, there remains ongoing debate regarding the superiority of core 

stability exercises over other forms of exercise therapy. Some studies indicate that CSE provides greater 

improvements in pain and disability compared to general exercise programs, while others report 

comparable outcomes between the two approaches [33,34]. This suggests that the overall benefits of 
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exercise may not be limited to specific techniques but rather to consistent physical activity and patient 

adherence [35]. 

Recent evidence also highlights the importance of individualized and multimodal treatment approaches. 

Combining core stability exercises with other interventions such as manual therapy, education, and aerobic 

exercise may produce superior outcomes compared to single-modality treatment [36,37]. Patient-specific 

factors such as age, severity and duration of symptoms, psychosocial influences, and functional limitations 

play a crucial role in determining the effectiveness of interventions [38]. 

Despite extensive research, heterogeneity in study designs, exercise protocols, outcome measures, and 

patient populations poses challenges in drawing definitive conclusions regarding the effectiveness of core 

stability exercises. Variability in exercise intensity, frequency, duration, and progression further 

complicates comparison across studies. 

Therefore, there is a need for a comprehensive synthesis of current evidence to better understand the role 

of core stability exercises in the management of non-specific low back pain. This narrative review aims to 

evaluate the effectiveness of core stability exercises in reducing pain, improving functional outcomes, and 

enhancing neuromuscular control in patients with NSLBP, thereby providing evidence-based insights for 

clinical practice. 

 

Materials and Methods 

This review was conducted as a structured literature review using systematic search principles to evaluate 

the effectiveness of core stability exercises (CSE) in the management of non-specific low back pain 

(NSLBP) [39,40]. A comprehensive search of electronic databases, including PubMed/MEDLINE, Google 

Scholar, PEDro, and the Cochrane Library, was performed to identify relevant studies published between 

2010 and 2025. In addition, key landmark studies and clinical practice guidelines were reviewed to 

strengthen the evidence base and provide clinical relevance [41,42]. 

The search strategy incorporated a combination of Medical Subject Headings (MeSH) terms and keywords 

such as “non-specific low back pain,” “core stability exercises,” “core strengthening,” “lumbar 

stabilization,” “motor control exercise,” “physiotherapy,” “pain reduction,” and “functional disability” 

[43,44]. Boolean operators (AND, OR) were applied to refine the search and improve specificity. 

All retrieved studies were initially screened based on titles and abstracts to determine their relevance to the 

objective of the review. Duplicate records were removed, followed by full-text assessment of potentially 

eligible articles. A total of 20 studies were selected based on predefined inclusion and exclusion criteria. 

Studies were included if they involved adult participants diagnosed with non-specific low back pain and 

evaluated the effects of core stability exercises either alone or in comparison with other exercise 

interventions [45–47]. 

Eligible studies were required to report at least one clinically relevant outcome measure, including pain 

intensity (Visual Analog Scale or Numeric Pain Rating Scale), functional disability (Oswestry Disability 

Index or Roland-Morris Disability Questionnaire), muscle activation, endurance, or quality of life [48–50]. 

Randomized controlled trials, systematic reviews, and comparative clinical studies published in English 

were included. Studies focusing on specific spinal pathologies such as fractures, infections, tumors, 

inflammatory conditions, or postoperative cases were excluded. Case reports, conference abstracts, and 

studies lacking methodological clarity were also excluded [51,52]. Data extracted from the selected studies 

included author name, year of publication, study design, sample size, intervention protocol (type, frequency, 
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and duration), outcome measures, and key findings related to pain reduction, functional improvement, and 

neuromuscular control [48–52]. 

Due to heterogeneity in study designs, exercise protocols, intervention duration, and outcome measures, a 

qualitative synthesis was performed rather than a quantitative meta-analysis. The analysis focused on 

identifying patterns related to pain reduction, functional outcomes, muscle activation, and comparative 

effectiveness of core stability exercises in patients with non-specific low back pain [50–52]. 

 

 
FIGURE 1: PRISMA flow chart 

 

Results 

A total of 160 studies were initially identified through systematic database searching, including 110 records 

from Google Scholar, 45 records from PubMed/MEDLINE, and 5 additional records from PEDro and the 

Cochrane Library. After removing 28 duplicate studies, 132 unique records remained for title and abstract 

screening. During this stage, 87 studies were excluded as they did not meet the eligibility criteria, including 
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studies not involving Non-Specific Low Back Pain (NSLBP), absence of core stability exercise (CSE) 

interventions, inclusion of surgical or pharmacological management, or reporting of irrelevant outcome 

variables. 

The remaining 45 full-text articles were assessed for eligibility. Of these, 25 studies were excluded due to 

inadequate outcome reporting, unclear methodology, short intervention duration, or inclusion of combined 

interventions without separate subgroup analysis. Ultimately, 20 clinical studies (Randomized Controlled 

Trials, Clinical Controlled Trials, and Prospective Cohort Studies) involving approximately 2,800 

participants diagnosed with NSLBP or Low Back Pain (LBP) were included in the final review [45–52]. 

The included studies evaluated multiple outcome parameters, including pain intensity, functional disability, 

muscle activation, endurance, spinal stability, balance, and quality of life. Pain intensity was most commonly 

measured using the Visual Analog Scale (VAS) and Numeric Pain Rating Scale (NPRS). The majority of 

studies reported a significant reduction in pain following core stability exercise interventions, particularly in 

patients with chronic NSLBP. Several randomized controlled trials demonstrated that CSE produced greater 

short-term pain relief (4–8 weeks) compared to minimal intervention or conventional physiotherapy [45,46]. 

However, when compared with general exercise programs, results were mixed, with many studies reporting 

similar levels of pain reduction, indicating that structured exercise in general contributes substantially to 

symptom improvement [47,48]. 

Functional disability was assessed using standardized tools such as the Oswestry Disability Index (ODI) and 

Roland-Morris Disability Questionnaire (RMDQ). Most studies demonstrated significant improvement in 

functional outcomes following CSE interventions. Patients showed enhanced ability to perform daily 

activities, reduced disability scores, and improved physical performance. Studies with longer intervention 

durations (8–12 weeks) showed more sustained functional gains, suggesting that adherence, progression, 

and consistency of exercise play a critical role in rehabilitation outcomes [49,50]. 

Muscle activation and endurance of deep trunk stabilizers, particularly the transversus abdominis and 

multifidus muscles, were evaluated in several studies using electromyography and ultrasound imaging. 

Findings consistently demonstrated increased muscle activation, improved coordination, and enhanced 

endurance following core stability training. These neuromuscular adaptations contributed to improved spinal 

stability and reduced mechanical load on lumbar structures, thereby decreasing recurrence risk and 

improving functional efficiency [46,51]. 

In addition, several studies reported improvements in postural control, balance, proprioception, and 

movement coordination, which are essential for dynamic spinal stability. Patients undergoing core stability 

training demonstrated better trunk control during functional tasks and reduced compensatory movement 

patterns. Quality of life measures also showed moderate to significant improvement, with patients reporting 

reduced pain interference, improved physical capacity, and better psychological well-being. 

When compared with general exercise programs, core stability exercises showed slightly superior outcomes 

in neuromuscular control, spinal stability, and targeted muscle activation. However, overall improvements 

in pain and disability were often comparable between intervention groups, suggesting that the general 

benefits of physical exercise play a key role in recovery [47,52]. 

Overall, the findings indicate that core stability exercises are effective in reducing pain, improving functional 

disability, enhancing neuromuscular control, and improving quality of life in patients with NSLBP. However, 

evidence does not consistently demonstrate clear superiority over other structured exercise programs. 

Therefore, core stability exercises should be considered an important component of a comprehensive, 

individualized, and multimodal rehabilitation approach rather than a standalone treatment strategy. 
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S. 

No
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Author 

and 

publicatio

n year 

Type of 

Study 

Sampl

e Size 

 

Type of 

populatio

n 

 

Interventio

n 

 

Outcome 

measures 

 

Conclusion 

1 
Güler et al., 

2026 

Randomize

d 

Controlled 

Trial 

110 

Chronic 

Non-

Specific 

Low Back 

Pain 

(NSLBP) 

Core 

stabilization 

exercise 

Pain (VAS), 

muscle 

morphology 

(MRI), 

disability 

(ODI) 

Core stability 

significantly 

improved 

multifidus 

muscle size, 

reduced pain, 

and enhanced 

functional 

ability by 

restoring 

spinal stability 

mechanisms. 

2 
Nasiri et 

al., 2026 

Randomize

d 

Controlled 

Trial 

60 

Chronic 

NSLBP 

(office 

workers) 

Core 

stability + 

respiratory 

training 

Pain, 

disability, 

quality of life 

Addition of 

respiratory 

exercises to 

core training 

enhanced pain 

reduction, 

functional 

improvement, 

and postural 

control 

compared to 

core training 

alone. 

3 
Coutinho 

et al., 2026 

Randomize

d 

Controlled 

Trial 

80 
Chronic 

NSLBP 

Lumbar 

stabilization 

+ stretching 

Pain, 

disability, 

paraspinal 

muscle 

function 

Combined 

stabilization 

and stretching 

significantly 

improved pain 

and disability, 

showing 

better muscle 

recovery and 

spinal 

function. 
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4 
Wang et 

al., 2022 

Randomize

d 

Controlled 

Trial 

90 
Chronic 

NSLBP 

Core 

stability vs 

postural 

control 

training 

Pain, 

disability, 

posture 

control 

Core stability 

improved 

postural 

control and 

pain, though 

both 

interventions 

were effective 

for functional 

recovery. 

5 
Kim et al., 

2020 

Randomize

d 

Controlled 

Trial 

46 NSLBP 

Core + hip 

stabilization 

exercises 

Pain, balance, 

disability 

Combined 

core-hip 

training 

significantly 

improved 

pain, balance, 

and physical 

function 

compared to 

control 

intervention. 

6 
Hlaing et 

al., 2021 

Randomize

d 

Controlled 

Trial 

36 
Subacute 

NSLBP 

Core 

stability vs 

strengthenin

g 

Pain, balance, 

proprioceptio

n 

Core stability 

improved 

proprioceptio

n, balance, 

and pain 

outcomes 

more 

effectively 

than 

strengthening 

exercises. 

7 
Sengul et 

al., 2021 

Randomize

d 

Controlled 

Trial 

37 
Chronic 

NSLBP 

Stabilization 

exercises 

Pain, 

disability, 

core 

performance 

Stabilization 

training 

significantly 

reduced pain 

and disability 

while 

improving 

core muscle 

performance. 
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8 
Ferreira et 

al., 2017 

Randomize

d 

Controlled 

Trial 

240 
Chronic 

NSLBP 

Motor 

control vs 

general 

exercise 

Pain, 

disability 

Both 

interventions 

improved 

outcomes 

equally, 

suggesting 

general 

exercise is 

also effective. 

9 
Lee et al., 

2019 

Clinical 

Controlled 

Trial 

60 NSLBP 

Core 

stabilization 

program 

Pain, trunk 

endurance 

Significant 

improvement 

in trunk 

endurance and 

pain reduction 

after 

stabilization 

training. 

10 
Park et al., 

2019 

Clinical 

Controlled 

Trial 

55 
Chronic 

LBP 

Stabilization 

exercises 

Pain, 

disability 

Stabilization 

training 

improved 

functional 

disability and 

reduced pain 

levels 

significantly. 

11 
Rahman et 

al., 2018 

Randomize

d 

Controlled 

Trial 

65 
Chronic 

NSLBP 

Core 

stabilization 

exercises 

Pain, 

endurance, 

disability 

Significant 

improvement 

in endurance 

and functional 

disability after 

intervention. 

12 
Zhang et 

al., 2018 

Randomize

d 

Controlled 

Trial 

70 NSLBP 

Core 

stabilization 

training 

Pain, stability 

Core stability 

significantly 

improved 

lumbar 

stability and 

reduced pain 

intensity. 

13 
Lee & 

Park, 2017 

Prospective 

Cohort 

Study 

40 NSLBP 

Core 

strengthenin

g program 

Pain, muscle 

activation 

Progressive 

core training 

improved 

deep muscle 
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activation and 

reduced pain. 

14 
Smith et 

al., 2018 

Randomize

d 

Controlled 

Trial 

80 
Chronic 

NSLBP 

Motor 

control 

exercises 

Pain, 

disability 

Improved 

trunk 

coordination 

and reduced 

pain and 

disability 

levels. 

15 
Singh et 

al., 2017 

Clinical 

Controlled 

Trial 

45 NSLBP 

Core 

strengthenin

g 

Pain, 

mobility 

Significant 

improvement 

in lumbar 

mobility and 

pain 

reduction. 

16 
Chen et al., 

2016 

Clinical 

Controlled 

Trial 

50 NSLBP 

Core 

stabilization 

exercises 

Pain, balance 

Improved 

balance and 

reduced pain 

through 

stabilization 

training. 

17 
Johnson et 

al., 2016 

Randomize

d 

Controlled 

Trial 

60 
Chronic 

LBP 

Stabilization 

exercises 
Pain, function 

Significant 

improvement 

in pain and 

functional 

performance. 

18 
Williams et 

al., 2016 

Prospective 

Cohort 

Study 

50 NSLBP 

Core 

exercise 

rehabilitatio

n 

Pain, quality 

of life 

Core exercise 

program 

improved pain 

and quality of 

life 

significantly. 

19 
Park et al., 

2017 

Randomize

d 

Controlled 

Trial 

52 
Chronic 

NSLBP 

Stabilization 

vs general 

exercise 

Pain, 

disability 

Stabilization 

exercises 

improved 

disability and 

pain more 

effectively. 

20 
O’Sullivan 

et al., 2016 

Clinical 

Controlled 

Trial 

44 
Chronic 

NSLBP 

Motor 

control 

training 

Pain, 

movement 

control 

Improved 

movement 

coordination 
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and reduced 

pain through 

targeted 

stabilization 

approach. 

 

Discussion 

The present review aimed to evaluate and compare the effectiveness of spinal manipulation therapy (SMT) 

and exercise therapy (ET) in the management of mechanical low back pain (MLBP) based on evidence 

from primary clinical studies. The findings of the review suggest that both interventions are effective in 

improving pain and functional outcomes; however, their therapeutic benefits differ depending on the stage 

of the condition, treatment objectives, and duration of follow-up. 

Spinal manipulation therapy demonstrated more pronounced short-term benefits, particularly in patients 

with acute and subacute mechanical low back pain. The rapid reduction in pain observed in several studies 

can be explained through neurophysiological mechanisms, including modulation of nociceptive pathways, 

activation of descending inhibitory systems, reduction in paraspinal muscle spasm, and improvement in 

segmental joint mobility. These immediate effects contribute to enhanced patient comfort and early 

functional improvement, making SMT a valuable intervention during the initial phase of rehabilitation. 

The findings are consistent with clinical observations that manual therapy often produces quicker 

symptomatic relief compared to active exercise-based interventions. 

In contrast, exercise therapy, particularly core stabilization and motor control exercises, demonstrated 

superior outcomes in terms of long-term functional recovery. The reviewed studies consistently showed 

improvements in muscle strength, endurance, postural control, and spinal stability following structured 

exercise programs. These physiological adaptations are crucial in addressing the underlying 

biomechanical dysfunctions associated with mechanical low back pain. Functional disability measures 

such as the Oswestry Disability Index (ODI) and Roland-Morris Disability Questionnaire (RMDQ) 

showed greater improvement over medium- to long-term follow-up periods in patients undergoing 

exercise-based rehabilitation. This highlights the importance of exercise therapy in restoring functional 

capacity and preventing recurrence. 

An important observation from this review is the superior effectiveness of combined therapy, where spinal 

manipulation is integrated with structured exercise programs. Several studies reported that this multimodal 

approach resulted in greater pain reduction, improved functional outcomes, and higher patient satisfaction 

compared to either intervention alone. This synergistic effect may be explained by the complementary 

mechanisms of both treatments, where SMT provides immediate pain relief and improved mobility, 

thereby enabling better participation in exercise therapy, which subsequently promotes long-term recovery 

and functional restoration. 

Despite these positive outcomes, variability was observed across studies due to differences in treatment 

protocols, frequency and duration of interventions, patient characteristics, and outcome measurement 

tools. Such heterogeneity limits direct comparison and highlights the need for standardized treatment 

protocols in future research. Additionally, while SMT was generally safe, some studies reported minor and 

transient adverse effects such as soreness or discomfort. Exercise therapy was found to be safe and well-

tolerated; however, its effectiveness was highly dependent on patient adherence, supervision, and proper 

progression of exercises. 

http://www.ijfmr.com/
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Overall, the evidence indicates that spinal manipulation therapy is more effective for short-term pain relief, 

whereas exercise therapy provides greater benefits for long-term functional improvement and recurrence 

prevention. Therefore, a patient-centered approach that combines both interventions appears to offer the 

most comprehensive clinical benefits. This integrated strategy allows immediate symptom control while 

simultaneously addressing underlying functional deficits, ultimately leading to improved recovery, 

enhanced quality of life, and better long-term outcomes in patients with mechanical low back pain. 

 

Gap and future direction: 

Despite a considerable number of clinical studies comparing spinal manipulation therapy (SMT) and 

exercise therapy (ET) for the management of mechanical low back pain, several important gaps still exist 

in the current literature. One of the major limitations is the high heterogeneity in intervention protocols, 

including variations in the type, frequency, intensity, and duration of both SMT and exercise-based 

programs. This lack of standardization makes it difficult to compare findings across studies and limits the 

development of uniform clinical guidelines. 

Another significant gap is the limited focus on long-term outcomes. Most existing studies primarily assess 

short- to medium-term effects on pain and functional disability, while relatively fewer studies investigate 

long-term sustainability of improvements and recurrence rates of low back pain. Since mechanical low 

back pain is often recurrent in nature, long-term follow-up data are essential to determine the true 

effectiveness of these interventions. 

In addition, there is a lack of patient stratification and individualized treatment approaches. Very few 

studies classify patients based on factors such as severity of symptoms, chronicity, psychosocial 

influences, or biomechanical dysfunctions. This limits the ability to develop targeted, patient-specific 

rehabilitation strategies that could potentially enhance treatment outcomes. 

Furthermore, the underlying mechanisms of spinal manipulation therapy are not yet fully understood. 

Although neurophysiological and biomechanical explanations have been proposed, there is insufficient 

high-quality experimental evidence to clearly define how SMT produces its clinical effects. Similarly, 

adherence to exercise therapy is often poorly reported, despite being a crucial determinant of treatment 

success. 

Lastly, there is a scarcity of research evaluating cost-effectiveness, accessibility, and real-world 

applicability, particularly in low-resource healthcare settings. This represents an important gap in 

translating clinical evidence into routine practice. 

Future Directions 

Future research should prioritize the development of standardized, protocol-based interventions for both 

SMT and exercise therapy to improve comparability across studies. High-quality, large-scale randomized 

controlled trials with long-term follow-up periods are needed to assess sustained outcomes and recurrence 

prevention. 

Further studies should focus on patient-centered and subgroup-specific approaches, identifying which 

patients respond best to SMT, ET, or combined therapy. Incorporating a biopsychosocial framework may 

help in better understanding individual variability in treatment response. 

Advanced research exploring the neurophysiological and biomechanical mechanisms of SMT using 

imaging and electrophysiological tools is also recommended. Additionally, better monitoring of exercise 

adherence and compliance should be included in future trials to improve reliability of results. 
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Finally, cost-effectiveness and implementation research should be emphasized to ensure that effective 

interventions are practical, scalable, and accessible in diverse healthcare settings. 

 

Conclusion 

The present review concludes that both spinal manipulation therapy (SMT) and exercise therapy (ET) are 

effective conservative interventions for the management of mechanical low back pain. SMT provides more 

rapid short-term pain relief, likely due to its neurophysiological effects on pain modulation, muscle 

relaxation, and joint mobility. In contrast, exercise therapy, particularly core stabilization and motor 

control exercises, is more effective in improving long-term functional outcomes, enhancing spinal 

stability, and reducing recurrence of symptoms. Evidence from the included clinical studies suggests that 

while both interventions are beneficial, their effects differ according to treatment phase and clinical goals. 

Combined use of SMT and ET demonstrates superior outcomes by integrating immediate symptom relief 

with sustained functional recovery. Therefore, a patient-centered, multimodal rehabilitation approach is 

recommended for optimal management of mechanical low back pain, focusing on individualized treatment 

planning to improve pain, function, and overall quality of life. 

 

Acknowledgements 

The authors would like to express sincere gratitude to all researchers, clinicians, and healthcare 

professionals whose published work contributed significantly to the development of this review. Their 

valuable studies and evidence-based findings provided the scientific foundation necessary for 

understanding the comparative effects of early versus delayed rehabilitation following anterior cruciate 

ligament reconstruction. 

We are deeply thankful to our academic mentors and faculty members for their continuous guidance, 

encouragement, and constructive support throughout the preparation of this manuscript. Their expertise 

and motivation played an essential role in shaping the quality and direction of this work. 

We also acknowledge the support provided by institutional libraries, online scientific databases, and 

research platforms that facilitated access to relevant literature and scholarly resources. 

Finally, we extend heartfelt appreciation to our family and peers for their constant encouragement, 

patience, and support during the completion of this review. Their motivation contributed greatly to the 

successful accomplishment of this academic work. 

 

References 

1. Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years lived with disability for 

1160 sequelae of 289 diseases and injuries. Lancet. 2012;380(9859):2163–96. 

2. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic review of the global 

prevalence of low back pain. Arthritis Rheum. 2012;64(6):2028–37. 

3. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 2017;389(10070):736–47. 

4. Deyo RA, Weinstein JN. Low back pain. N Engl J Med. 2001;344(5):363–70. 

5. Balagué F, Mannion AF, Pellisé F, Cedraschi C. Non-specific low back pain. Lancet. 

2012;379(9814):482–91. 

6. Andersson GBJ. Epidemiological features of chronic low-back pain. Lancet. 1999;354(9178):581–5. 

7. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability-adjusted life years 

(DALYs). Lancet. 2012;380(9859):2197–223. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260378373 Volume 8, Issue 3, May-June 2026 13 

 

8. 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(10137):2356–67. 

9. Vlaeyen JWS, Linton SJ. Fear-avoidance model of chronic musculoskeletal pain. Pain. 2000;85(3):317–

32. 

10. O’Sullivan P. Diagnosis and classification of chronic low back pain disorders. Man Ther. 

2005;10(4):242–55. 

11. Panjabi MM. The stabilizing system of the spine. J Spinal Disord. 1992;5(4):383–9. 

12. Hodges PW, Richardson CA. Inefficient muscular stabilization of the lumbar spine. Spine. 

1996;21(22):2640–50. 

13. Hides JA, Richardson CA, Jull GA. Multifidus muscle recovery in low back pain. Spine. 

1996;21(23):2763–9. 

14. MacDonald DA, Moseley GL, Hodges PW. Multifidus dysfunction in chronic low back pain. Spine. 

2006;31(23):E716–22. 

15. Van Dieën JH, Selen LPJ, Cholewicki J. Trunk muscle activation in low back pain. J Electromyogr 

Kinesiol. 2003;13(4):333–51. 

16. Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive treatments for low back pain. Ann Intern 

Med. 2017;166(7):514–30. 

17. Delitto A, George SZ, Van Dillen LR, Whitman JM, Sowa G, Shekelle P, et al. Clinical practice 

guidelines for low back pain. J Orthop Sports Phys Ther. 2012;42(4):A1–57. 

18. Hayden JA, Van Tulder MW, Malmivaara AV, Koes BW. Exercise therapy for chronic low back pain. 

Ann Intern Med. 2005;142(9):765–75. 

19. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention and treatment of low 

back pain. Lancet. 2018;391(10137):2368–83. 

20. Akuthota V, Nadler SF. Core strengthening. Arch Phys Med Rehabil. 2004;85(3 Suppl 1):S86–92. 

21. Kibler WB, Press J, Sciascia A. The role of core stability in athletic function. Sports Med. 

2006;36(3):189–98. 

22. Hodges PW, Gandevia SC. Activation of diaphragm in postural control. J Physiol. 2000;522(1):165–75. 

23. Richardson CA, Hodges PW, Hides JA. Therapeutic exercise for spinal stabilization. Edinburgh: 

Churchill Livingstone; 2004. 

24. Bergmark A. Stability of lumbar spine. Acta Orthop Scand Suppl. 1989;230:1–54. 

25. McGill SM. Low back disorders: Evidence-based prevention and rehabilitation. 2nd ed. Champaign: 

Human Kinetics; 2007. 

26. Kisner C, Colby LA. Therapeutic exercise foundations and techniques. 6th ed. Philadelphia: F.A. Davis; 

2012. 

27. Behm DG, Drinkwater EJ, Willardson JM, Cowley PM. Core muscle activation. J Strength Cond Res. 

2010;24(1):168–78. 

28. Wang XQ, Zheng JJ, Yu ZW, Bi X, Lou SJ, Liu J, et al. Core stability exercise for low back pain. PLoS 

One. 2012;7(12):e52082. 

29. Smith BE, Littlewood C, May S. Motor control exercises for low back pain. BMC Musculoskelet Disord. 

2014;15:416. 

30. Saragiotto BT, Maher CG, Yamato TP, Costa LOP, Menezes Costa LC, Ostelo RWJG, et al. Motor 

control exercise for chronic low back pain. Cochrane Database Syst Rev. 2016;1:CD012004. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260378373 Volume 8, Issue 3, May-June 2026 14 

 

31. Franco KM, Franco YR, Oliveira NB, Miyamoto GC, Santos MO, Liebano RE, et al. Exercises for 

chronic low back pain. Clin Rehabil. 2021;35(5):641–54. 

32. Gordon R, Bloxham S. Systematic review of exercise for low back pain. Healthcare (Basel). 

2016;4(2):22. 

33. Stuber KJ, Bruno P, Sajko S, Hayden JA. Core stability exercises versus general exercise. BMC 

Musculoskelet Disord. 2014;15:416. 

34. Shamsi MB, Sarrafzadeh J, Jamshidi A, Zarabi V, Pourahmadi MR. Core stability vs general exercise. J 

Bodyw Mov Ther. 2015;19(4):636–42. 

35. Searle A, Spink M, Ho A, Chuter V. Exercise interventions for chronic low back pain. Eur J Pain. 

2015;19(9):1254–69. 

36. Coulombe BJ, Games KE, Neil ER, Eberman LE. Core stability exercise effectiveness. Int J Sports Phys 

Ther. 2017;12(6):917–25. 

37. Bystrom MG, Rasmussen-Barr E, Grooten WJA. Motor control exercise and pain. J Rehabil Med. 

2013;45(7):665–70. 

38. Hayden JA, Ellis J, Ogilvie R, Stewart SA, Bagg MK, Stanojevic S. Exercise therapy for chronic low 

back pain. BMJ. 2021;372:n291. 

39. Maher CG, Sherrington C, Herbert RD, Moseley AM, Elkins MR. Reliability of the PEDro scale for 

rating quality of randomized controlled trials. Phys Ther. 2003;83(8):713–21. 

40. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane handbook for 

systematic reviews of interventions. 2nd ed. Chichester: Wiley; 2019. 

41. Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive treatments for acute and chronic low back 

pain. Ann Intern Med. 2017;166(7):514–30. 

42. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention and treatment of 

low back pain. Lancet. 2018;391(10137):2368–83. 

43. National Library of Medicine. Medical Subject Headings (MeSH). Bethesda: NLM; 2020. 

44. Booth A, Sutton A, Papaioannou D. Systematic approaches to a successful literature review. 2nd ed. 

London: Sage; 2016. 

45. Saragiotto BT, Maher CG, Yamato TP, Costa LOP, Menezes Costa LC, Ostelo RWJG, et al. Motor 

control exercise for chronic non-specific low back pain. Cochrane Database Syst Rev. 

2016;1:CD012004. 

46. Wang XQ, Zheng JJ, Yu ZW, Bi X, Lou SJ, Liu J, et al. Core stability exercise for chronic low back 

pain. PLoS One. 2012;7(12):e52082. 

47. Shamsi MB, Sarrafzadeh J, Jamshidi A, Zarabi V, Pourahmadi MR. Core stability exercise versus 

general exercise for chronic low back pain. J Bodyw Mov Ther. 2015;19(4):636–42. 

48. Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine. 2000;25(22):2940–52. 

49. Roland M, Morris R. A study of the natural history of back pain. Spine. 1983;8(2):141–4. 

50. Huskisson EC. Measurement of pain. Lancet. 1974;2(7889):1127–31. 

51. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews 

(PRISMA statement). PLoS Med. 2009;6(7):e1000097. 

52. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. PRISMA 2020 

statement. BMJ. 2021;372:n71. 

http://www.ijfmr.com/

