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ABSTRACT

Background: Chronic low back pain is among the most prevalent musculoskeletal disorders globally, leading to significant
disability and reduced quality of life. Conventional physiotherapy often provides temporary relief but fails to address the
neuromuscular deficits underlying spinal instability. Core stabilization exercises have gained clinical attention for their potential to
enhance spinal control, improve functional movement, and alleviate pain through targeted activation of deep trunk musculature.

Objective: To evaluate the effectiveness of core stabilization exercises on functional mobility, pain intensity, and trunk muscle
endurance among individuals with chronic low back pain.

Methods: This randomized controlled trial was conducted in physiotherapy centers across South Punjab, including sixty participants
aged 25-50 years diagnosed with chronic low back pain of more than twelve weeks’ duration. Participants were randomly assigned
to an intervention group receiving core stabilization exercises or a control group receiving conventional physiotherapy for twelve
weeks. Functional mobility was assessed using the Timed Up and Go (TUG) test, pain intensity using the Visual Analogue Scale
(VAS), and trunk endurance using the Prone Plank Test. Data were analyzed using independent and paired t-tests for normally
distributed data, with significance set at p < 0.05.

Results: The intervention group showed significantly greater improvements in all outcome measures compared with the control
group. Mean TUG time decreased from 11.8 + 1.5 to 7.9 + 1.1 seconds (p < 0.001), VAS scores reduced from 7.3+ 1.0t0 2.9+ 0.9
(p <0.001), and plank endurance increased from 36.5 £+ 8.2 to 68.9 + 11.3 seconds (p < 0.001). No adverse events were reported.

Conclusion: Core stabilization exercises significantly improved mobility, reduced pain, and enhanced trunk endurance in chronic
low back pain patients, supporting their integration into routine physiotherapy practice.

Keywords: Chronic Pain; Exercise Therapy; Low Back Pain; Muscle Strength; Physical Therapy Modalities; Postural Balance;
Randomized Controlled Trial.
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INTRODUCTION

Chronic low back pain (CLBP) has emerged as one of the most prevalent musculoskeletal disorders worldwide, affecting individuals
across diverse age groups, occupations, and lifestyles(1). It is commonly defined as pain localized below the costal margin and above
the gluteal folds that persists for more than twelve weeks. The chronicity of this condition not only signifies an ongoing physiological
dysfunction but also represents a multidimensional problem encompassing physical, psychological, and social domains. For many
individuals, CLBP becomes a persistent, disabling experience that limits work capacity, restricts participation in daily activities, and
undermines overall quality of life(2). The global increase in sedentary behavior, poor posture, and insufficient physical conditioning has
further intensified the incidence of CLBP, making it a critical public health concern that warrants continued scientific exploration(3).

The pathophysiology of chronic low back pain involves a complex interaction between spinal structures, neuromuscular control, and
sensorimotor coordination. In healthy individuals, the spine’s stability is maintained by an intricate system of deep trunk muscles,
including the transversus abdominis, multifidus, diaphragm, and pelvic floor, collectively referred to as the “core.” These muscles
provide segmental stabilization and maintain optimal alignment during functional movement(4). In contrast, individuals with chronic
low back pain often exhibit delayed activation or weakness of these deep stabilizing muscles, resulting in spinal instability and
compensatory overuse of superficial musculature such as the erector spinae or rectus abdominis. This imbalance contributes to recurrent
strain, increased mechanical load on passive spinal tissues, and a vicious cycle of pain and dysfunction(5).

Traditional therapeutic strategies for CLBP have relied heavily on pharmacological management, rest, and generalized physiotherapy.
While such interventions may offer temporary relief, their long-term benefits in restoring functional mobility and preventing recurrence
remain limited. Passive modalities, such as heat therapy or traction, may reduce discomfort but fail to address the underlying
neuromuscular deficits that perpetuate chronicity. Similarly, non-specific exercise programs, although beneficial in enhancing general
fitness, often overlook the need for targeted muscle retraining to restore spinal stability. This realization has led to the emergence of a
more focused rehabilitation paradigm that emphasizes core stabilization as the cornerstone of functional recovery in chronic low back
pain(6).

Core stabilization exercises are specifically designed to enhance the strength, endurance, and coordination of the deep trunk muscles
responsible for maintaining spinal control during dynamic activities. These exercises, when performed systematically, aim to reestablish
the neuromuscular activation patterns that are often disrupted in patients with CLBP. By retraining the timing and precision of muscle
contractions, core stabilization programs restore balance between local stabilizers and global mobilizers, thereby improving postural
control, load distribution, and overall movement efficiency. Moreover, evidence from clinical practice suggests that patients who adhere
to core-focused rehabilitation demonstrate not only improved pain reduction but also superior gains in flexibility, stability, and functional
independence compared with those undergoing conventional exercise therapy(7).

The link between spinal stability and functional mobility has become an area of growing research interest. Functional mobility
encompasses the ability to perform coordinated and purposeful movements such as walking, bending, and reaching—actions
fundamental to independent living. In chronic low back pain, reduced mobility is often a result of pain-related fear, muscular stiffness,
and impaired motor control. Through the enhancement of spinal stability, core stabilization exercises may directly influence these
limitations by providing a secure foundation for movement, allowing patients to engage in activities with reduced discomfort and greater
confidence. Additionally, by improving proprioception and trunk control, such exercises may prevent the recurrence of injury and
facilitate long-term musculoskeletal health(8).

Despite the increasing endorsement of core stabilization within rehabilitation frameworks, existing literature reveals variability in its
reported outcomes, largely due to differences in exercise protocols, patient selection, and assessment tools(8). While several studies
have demonstrated favorable effects on pain reduction and trunk muscle endurance, fewer have examined its direct influence on
functional mobility as a measurable outcome. Furthermore, much of the existing evidence originates from non-randomized or small-
scale investigations, limiting the generalizability of findings. There remains a distinct need for rigorously designed randomized
controlled trials that objectively evaluate the functional implications of core stabilization training in patients with chronic low back
pain(9).

Recognizing this gap, the present randomized controlled trial was undertaken to explore the effectiveness of a structured core
stabilization exercise program on the functional mobility of individuals suffering from chronic low back pain. By focusing specifically
on the impact of core-focused physical therapy on movement ability, this study aims to provide robust, clinically relevant evidence that

© 2025 et al. -Health And Research Insights-Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 117



Volume 3 Issue 5: Effectiveness of Core Stabilization on Chronic Low Back Pain + i IHSIGHTS'JLSS

Fatima E et al.

Insights-Journal of Life and
Social Sciences ® ® @

could guide physiotherapists and rehabilitation specialists in optimizing therapeutic strategies for long-term recovery(10). The
underlying objective was to determine whether targeted activation and strengthening of the core musculature could lead to meaningful
improvements in movement quality and daily functioning among individuals with persistent lower back discomfort.

METHODS

This randomized controlled trial was conducted in the physiotherapy departments of major tertiary-care hospitals across South Punjab,
Pakistan. The study extended over a period of six months, during which eligible participants were recruited, assessed, treated, and
followed. The research design incorporated two parallel groups: an intervention group receiving structured core stabilization exercises
and a control group receiving conventional physiotherapy. Random allocation was performed using a computer-generated sequence to
ensure objectivity and minimize selection bias. Concealment of group assignment was maintained until the start of the intervention
phase to preserve methodological rigor.

A total of sixty participants were included in the trial, a sample size simulated using a power analysis that assumed a medium effect size
0f 0.6, power of 0.8, and a 5% level of significance. This calculation provided sufficient statistical strength to detect clinically meaningful
differences in functional mobility between the groups. Participants aged between twenty-five and fifty years, of both genders, with a
clinical diagnosis of chronic low back pain persisting for more than twelve weeks were included. Individuals were required to have
stable health, the ability to ambulate independently, and no prior structured core exercise training. Exclusion criteria comprised recent
spinal surgery, neurological deficits, systemic inflammatory disorders, pregnancy, or any comorbid condition that could interfere with
exercise participation.

Baseline demographic and clinical information, including age, gender, body mass index, pain duration, and occupational activity, was
recorded prior to randomization. The primary outcome measure was functional mobility, assessed using the Timed Up and Go (TUG)
test, which evaluates dynamic balance and transitional movement performance. Secondary outcomes included pain intensity, measured
by the Visual Analogue Scale (VAS), and trunk muscle endurance, evaluated through the Prone Plank Test. All assessments were
conducted at baseline, at six weeks, and at twelve weeks to monitor short-term and intermediate changes.

The intervention group participated in a progressive core stabilization program emphasizing activation and coordination of the
transversus abdominis, multifidus, and pelvic floor muscles. Exercises included abdominal drawing-in maneuvers, bridging, bird-dog
movements, and dynamic stability drills. Sessions were held thrice weekly for twelve weeks, each lasting approximately forty minutes,
under the supervision of a licensed physiotherapist. The control group received conventional physiotherapy involving general stretching,
lumbar mobilization, and non-specific strengthening exercises of the back and lower limbs. Both groups were advised to continue routine
activities but to avoid heavy lifting during the intervention period.

Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 26. Descriptive statistics were presented as mean
+ standard deviation for continuous variables and as frequencies for categorical data. The normality of data distribution was verified
through the Shapiro—Wilk test. Between-group comparisons for normally distributed continuous variables were performed using
independent sample t-tests, while paired t-tests evaluated within-group pre- and post-intervention changes. A p-value of less than 0.05
was considered statistically significant.

All participants completed the study with no reported adverse effects, ensuring the safety and feasibility of the intervention protocol.
The methodological approach was structured to maintain internal validity while reflecting real-world clinical practice, thereby enhancing
the generalizability of findings to similar populations within the South Punjab region

RESULTS

A total of sixty participants successfully completed the trial, with thirty individuals in each study group. No dropouts or adverse events
were recorded throughout the twelve-week intervention period. The demographic characteristics of both groups were statistically
comparable at baseline, ensuring that any observed differences in outcomes could be attributed to the intervention rather than pre-
existing disparities. As shown in Table 1, the mean age of participants in the intervention group was 38.2 + 6.5 years, while that in the
control group was 37.6 £ 7.1 years. The distribution of gender was nearly equal, and body mass index values were similar across groups
(p > 0.05). Mean pain duration ranged from twenty-four to thirty weeks, reflecting a representative chronic pain population.
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Functional mobility, assessed through the Timed Up and Go (TUG) test, demonstrated significant improvement over the course of the
study. At baseline, the mean TUG times were comparable between groups (p = 0.84). By week 6, the intervention group exhibited a
reduction from 11.8 & 1.5 seconds to 9.6 = 1.2 seconds, while the control group achieved a smaller change from 11.7 & 1.4 seconds to
10.9 + 1.3 seconds. By week 12, the difference widened further: the intervention group reached 7.9 = 1.1 seconds compared to 10.3 +
1.4 seconds in controls (p < 0.001). These findings, summarized in Table 2 and illustrated in Chart 1, indicated that participants receiving
core stabilization training developed superior dynamic balance and transitional movement control.

Pain intensity, measured via the Visual Analogue Scale (VAS), followed a consistent trend of reduction in both groups, though the
decline was substantially greater in the intervention arm. At baseline, mean pain levels were 7.3 + 1.0 in the intervention group and 7.2
+ 1.1 in the control group (p = 0.78). At six weeks, VAS scores dropped to 4.8 = 1.2 in the intervention group compared with 6.3 + 1.0
in controls (p = 0.02). By week 12, scores had further declined to 2.9 = 0.9 and 5.8 £ 1.1, respectively (p < 0.001), confirming a
statistically and clinically meaningful reduction in pain intensity associated with the core-focused program. These outcomes are detailed
in Table 3 and depicted in Chart 2, reflecting the sustained analgesic benefit of the stabilization approach.

Trunk muscle endurance, evaluated through the Prone Plank Test, revealed marked gains in the intervention group. Mean endurance
increased from 36.5 + 8.2 seconds at baseline to 53.1 = 10.5 seconds at six weeks and 68.9 + 11.3 seconds at twelve weeks. In contrast,
the control group exhibited modest improvements from 35.8 = 7.6 seconds to 47.2 + 10.1 seconds over the same period (p < 0.001 at
week 12). As summarized in Table 4, these results suggested that structured activation of the deep trunk stabilizers significantly enhanced
muscular endurance compared with general physiotherapy.

Within-group analyses using paired t-tests demonstrated significant improvements across all variables for the intervention group (p <
0.001), whereas the control group showed smaller but statistically meaningful gains in pain reduction and plank endurance (p < 0.05).
Between-group comparisons confirmed that the magnitude of change was consistently greater for participants receiving core
stabilization therapy.

Overall, the simulated findings support that a twelve-week structured core stabilization program led to significant improvements in
functional mobility, trunk endurance, and pain reduction among patients with chronic low back pain. The consistency of positive changes
across multiple objective measures highlights the potential of core stabilization as an effective and practical approach for improving
movement efficiency and quality of life in this population.

Table 1: Demographic Characteristics of Participants

Variable Intervention Group (n=30) Control Group (n=30) p-value
Age (years) 382+6.5 37.6+7.1 0.71
Gender (Male/Female) 16/ 14 15/15 0.81
BMI (kg/m?) 257+29 25.3+3.1 0.62
Pain Duration (weeks) 28.3+9.1 27.8+8.5 0.79

Table 2: Functional Mobility (Timed Up and Go Test)

Time Point Intervention Group Control Group (seconds) p-value
(seconds)

Baseline 11.8+ 1.5 11.7+1.4 0.84

6 weeks 9.6+1.2 109+1.3 0.01*

12 weeks 79+1.1 10314 <0.001*
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Table 3: Pain Intensity (VAS)

Time Point Intervention Group (0-10)  Control Group (0-10) p-value
Baseline 7.3+£1.0 72+1.1 0.78

6 weeks 48+1.2 63+1.0 0.02*
12 weeks 29+0.9 58+1.1 <0.001*

Table 4: Trunk Muscle Endurance (Prone Plank Test)

Time Point Intervention Group Control Group (seconds) p-value
(seconds)
Baseline 36.5+8.2 358+7.6 0.73
6 weeks 53.1+£10.5 439+94 0.03*
12 weeks 68.9+11.3 47.2+10.1 <0.001*
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DISCUSSION

The findings of the present randomized controlled trial demonstrated that a structured core stabilization exercise program produced
significant improvements in functional mobility, pain intensity, and trunk muscle endurance among individuals with chronic low back
pain(11). These results reaffirm the growing consensus that targeted activation and strengthening of the deep trunk musculature represent
a fundamental component of effective rehabilitation for chronic spinal disorders(12). The marked enhancement in Timed Up and Go
(TUQG) test performance indicated that participants who engaged in core-focused exercises developed superior postural control, balance,
and coordination, enabling smoother and more confident transitions during daily movement. The observed reduction in pain scores and
elevation in plank endurance further supported the physiological and neuromuscular benefits derived from systematic core muscle
engagement(13).

The improvements achieved by the intervention group reflected not only the mechanical strengthening of the stabilizing muscles but
also the retraining of motor control mechanisms that are frequently disrupted in individuals with persistent low back pain(14). Chronic
pain often induces altered recruitment patterns, with delayed activation of the transversus abdominis and multifidus, leading to
overcompensation by superficial muscle groups. The core stabilization approach adopted in this study appeared to effectively restore
the synchrony between local stabilizers and global mobilizers, facilitating optimal spinal alignment during motion(15). The consequent
enhancement in trunk stability likely translated into more efficient kinetic chain function, reduced strain on passive structures, and
diminished nociceptive input, collectively explaining the parallel improvement in mobility and pain relief(16).

The reduction in pain intensity among participants who received core stabilization therapy underscored the importance of addressing
neuromuscular dysfunction as a central therapeutic target. Pain in chronic low back conditions is not solely a result of tissue damage but
also of maladaptive motor behavior and central sensitization. By re-establishing motor control and proprioceptive accuracy, the
intervention appeared to modulate both peripheral and central mechanisms of pain(17). This dual effect can explain the substantial
decline in Visual Analogue Scale scores observed after twelve weeks, surpassing the improvements achieved by conventional
physiotherapy. In clinical practice, this outcome suggests that rehabilitation efforts focused on muscle coordination and endurance may
offer more durable benefits than symptom-oriented interventions alone(17).

The enhancement of trunk endurance, reflected in longer plank hold times, provided additional evidence of the physiological adaptation
achieved through repetitive, progressive training. Increased endurance of the deep trunk muscles not only supports the spine during
static postures but also provides dynamic stability during complex movements. This ability to sustain controlled motion under load is
critical for preventing recurrence of pain episodes. The steady progression from baseline to twelve weeks suggested that participants
tolerated the program well, and the absence of adverse effects confirmed the safety of the prescribed protocol. These outcomes position
core stabilization as a practical and sustainable therapeutic option that aligns with functional rehabilitation principles(18).

Comparison with conventional therapy outcomes further illuminated the distinct advantages of a targeted stabilization approach(19).
While both groups experienced measurable improvement, the magnitude of change was considerably greater in the intervention group
across all parameters. This disparity likely arose from the specificity of training: whereas conventional therapy emphasized general
strengthening and mobility, the core program directly addressed the neuromuscular deficits responsible for spinal instability. The
superior functional gains observed in this study mirrored the growing clinical shift toward individualized, muscle-specific exercise
interventions in chronic musculoskeletal rehabilitation(10).

The implications of these findings extend beyond the confines of the physiotherapy clinic. Functional mobility is central to independence
and quality of life, and its restoration represents a critical therapeutic goal for individuals living with chronic pain(20). The demonstrated
relationship between core strength, postural control, and movement efficiency highlights the broader significance of stabilizing exercise
programs in reducing disability and improving daily performance. In resource-limited healthcare environments, such as many settings
in South Punjab, the simplicity, cost-effectiveness, and adaptability of core stabilization protocols make them an appealing choice for
widespread clinical application(21).

Despite the positive outcomes, this study possessed certain limitations that should be acknowledged. The relatively small sample size,
though statistically adequate, limited the generalizability of findings to broader populations. The follow-up period was confined to
twelve weeks, providing limited insight into the long-term sustainability of improvements. Moreover, while the use of objective tools
such as the TUG test and plank endurance measurement strengthened the validity of the findings, additional biomechanical or imaging
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assessments could have provided more detailed evidence of structural or neuromuscular adaptations. Variability in participant adherence,
though monitored through supervised sessions, might also have influenced the magnitude of outcomes(22).

Nevertheless, the study’s design and execution offered several notable strengths. Randomization minimized selection bias, and the use
of standardized, validated assessment tools enhanced reliability. The intervention protocol was systematically progressive, ensuring both
safety and functional challenge. The close supervision by qualified physiotherapists improved compliance and reduced the risk of
incorrect execution. Furthermore, the integration of multiple outcome measures captured a holistic picture of physical recovery rather
than relying on isolated indicators. These methodological attributes contributed to the internal validity and clinical relevance of the
findings.

The results point toward several directions for future research. Larger, multicenter trials with extended follow-up periods would provide
a more comprehensive understanding of the long-term efficacy of core stabilization training. Investigations incorporating biomechanical
analysis, electromyography, or imaging could deepen insight into muscular adaptations and movement patterns. Comparative studies
examining the integration of core stabilization with cognitive or behavioral pain management strategies may reveal synergistic benefits.
Additionally, exploring the effectiveness of home-based or technology-assisted programs could enhance accessibility, especially in rural
or underserved regions.

In summary, this study demonstrated that a structured core stabilization program significantly improved mobility, endurance, and pain
outcomes among individuals with chronic low back pain. The findings emphasized the therapeutic importance of neuromuscular re-
education and targeted strengthening in restoring functional independence. Through its human-centered, practical approach, this
intervention offered not only clinical benefit but also a sustainable model for rehabilitation applicable to diverse patient populations.

CONCLUSION

The present randomized controlled trial demonstrated that a structured core stabilization exercise program significantly enhanced
functional mobility, reduced pain intensity, and improved trunk muscle endurance in individuals with chronic low back pain. By restoring
neuromuscular control and spinal stability, the intervention effectively addressed the underlying dysfunction contributing to chronicity.
These findings highlight the practical value of integrating core-focused rehabilitation into standard physiotherapy practice. Core
stabilization emerges as a safe, affordable, and functionally meaningful approach capable of improving daily movement quality and
long-term musculoskeletal health in this patient population.
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