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Abstract:

LBP is among the most prevalent causes of disability in all parts of the world as it has a great
socio-economic impact and quality of life. Physical activity (PA) interventions have been
increasingly considered as one of the non-pharmacological options to the management of LBP,
with an aim to improve mobility, decrease the intensity and frequency of pain. The proposed
study will conduct a systematic review of the safety and efficacy and clinical usefulness of the
different physical activity programs involving aerobic training, stretching, core stabilization
activities, yoga and motor control therapy in chronic and acute LBP patients.

The meta-analysis and systematic review of 56 peer-reviewed clinical trials (20122024) with
outcome parameters including pain intensity (VAS, NRS), functional disability (ODI, RMDQ),
recurrence rate, patient adherence and adverse event incidences, was adopted as a
methodology. Subgroup analyses compare age, gender, chronicity of pain and type of
intervention.

The findings have shown that core stability training and motor control exercises had the
greatest effects in reducing pain (up to 45%) and disability scores (up to38) compared to usual
care or placebo. Moderate benefits are seen when aerobic activity is used together with
behavioural therapy. Stretching and yoga are not very frequently monitored but the adverse
events are not high and the effectiveness varies according to the frequency and supervision.
The risk of adverse events is low (<2%), which is an indicator of high safety margins in all the
interventions.

Conclusively, physical activity interventions with particular focus on individualized and
supervised ones may achieve much in terms of LBP patients with little risk. Training on the
personalized exercise prescription, the strategies of adherence in the long term and integration
with digital health tools should be the subject of future research. The results can inform
clinicians and physiotherapists to come up with evidence-based rehabilitation regimens to
improve patient outcomes and mitigate the LBP burden.
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1. Introduction:

Nearly 80% of individuals have low back pain (LBP), a multifaceted musculoskeletal disorder,
at some point in their life (Hoy et al., 2014). According to GBD (2019), it is the primary cause
of DALYs worldwide, which results in significant healthcare expenses, productivity losses,
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and a decline in quality of life. Although it is very common, treatment is complicated by the
difference in the mechanism of pain, comorbidity with psychological problems and reactivity
to treatment.

Traditional pharmacologic medications, including NSAIDs, opioids, and muscle relaxants, do
not provide extensive and sustainable relief and can have dependency and side effects risks. As
a result, clinical practice is becoming increasingly focused on non-pharmacological
management, specifically physical activity (PA) and based on exercise therapies as an initial
or supplementary intervention in the management of both acute and chronic LBP.

Physical activity has a very diverse range of interventions, such as aerobic training, strength
training of the core, flexing exercises, retraining functional movements, and mind-body
therapies such as yoga and tai chi. The theorized effects of these interventions are to restore
spinal mobility, enhance neuromuscular coordination, lessen fear-avoidance behaviours and
tissue healing. Nevertheless, the effectiveness and safety of these modalities depend on the
long-term nature of the pain, demographics of the patient, level and compliance of the
supervision.

A central concern among clinicians and patients is the safety profile of exercise-based
therapies. While physical activity can improve function and reduce pain, inappropriate
intensity or poor technique may exacerbate symptoms or lead to injury, especially in
unsupervised or home based protocols. As such, the discovery of evidence based, effective and
safe interventions is important in order to maximize the rehabilitation outcomes in LBP
populations.

The paper critically evaluates the clinical, safety, and functional outcomes of various PA
interventions on LBP based on a synthesis of randomized controlled trials, cohort studies and
clinical meta-analysis papers published in the last ten years. The focus is made towards
measurable results (e.g. pain level, functional disability), patient compliance, recurrence rates
and occurrence of adverse events.

2. Literature Review

Low back pain is a prevalent condition that significantly impairs functional skills and quality
of life. The primary component of non-pharmacological care of LBP is physical activity
interventions, according to a growing body of research. The main studies that assess the results,
safety, and effectiveness of different forms of physical exercise for LBP are reviewed here.

Core stabilization exercises have received a lot of research in its contribution to trunk control
and decreasing pain.Akuthota and Nadler (2004) demonstrated that core training improves
spinal stability and reduces recurrent LBP episodes. Similarly, a Cochrane review by
Saragiottoet al. (2016) found moderate evidence for improved function and pain scores with
motor control exercises.

Aerobic training, particularly walking and low-impact cardio, has also shown moderate
effectiveness. Shnayderman and Katz-Leurer (2013) found that aerobic training led to
significant pain reduction and improved functional endurance in chronic LBP patients.
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Furthermore, Hayden et al. (2005) ensured that it is effective in decreasing short-term disability
in cases where regular performance is conducted.

Mind-body interventions such as yoga and Pilates have also been linked to large psychosocial
gains as well as physical gains. Wieland et al. (2017) have found the intervention of yoga to
result in statistically significant pain reductions and back-specific disability. When used under
supervision, pilates was observed to show better results in regard to deep muscle control and
spinal flexibility (Wells et al., 2014).

Exercise Stretching and flexibility are highly recommended because of their simplicity and
safety. A research by da Silva et al. (2017) discovered that the combination of stretching and
ergonomic education had minimized pain intensity and recurrence. Stretching but not in
conjunction with strengthening activities may not be enough in the long term management.

The multimodal interventions or the combination of various types of exercise have been more
effective resulting in stronger outcomes of a regimen (van Middelkoop et al., 2011). van
Middelkoop et al. (2011) emphasized that combining aerobic and stabilization and education
elements of the regimen achieved more successful functional recovery. Similarly, Long et al.
(2004) highlighted the person-focused protocols based on the individual behaviour of pain,
which produced more adherence and results.

Some of the studies also focus on the supervision and adherence. Macedo et al. (2012)
confirmed that supervised group sessions were more adhered to and their pain relief was more
regular than a home-based unsupervised routine. Also, behavioral interaction-improving
techniques like online prompts or peer responsibility also have potential.

Most interventions of physical activity report very low adverse event rates in terms of safety.
Enthoven et al. (2006) carried out a comparative trial and reported that there were no serious
injuries, which supports the safety of organized exercise with LBP.

In addition, psychological factors including fear-avoidance beliefs and kinesiophobia are also
important factors in the chronicity of LBP. A combination of cognitive-behavioural therapy
(CBT) and exercise has been found to produce better long-term effects (Nicholas et al., 2011).

Overall, the existing literature is highly supportive of the physical activity as one of the pillars
of LBP management. Multimodal supervised program and core stabilization are particularly
effective. Individualizing interventions and integrating exercise with educational or
behavioural interventions have additional positive effects and contribute to the improvement
of results but do not increase the risks.

Table 1: Summary of literature on Physical Activity interventions for Low Back Pain

. | Author(s) Year | Type of | Key Findings
No. Intervention

recurrence.
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2 Saragiotto et al. 2016 | Motor control | There is moderate evidence of better
exercises function and less discomfort.
3 Shnayderman & | 2013 | Aerobic training decreased discomfort and increased
Katz-Leurer stamina.
4 Hayden et al. 2005 | General exercise Decreased disability in chronic LBP.
5 Wieland et al. 2017 | Yoga Improved disability and psychological
wellness.
6 Wells et al. 2014 | Pilates Enhanced deep muscle activation and
flexibility.
7 da Silva et al. 2017 | Stretching Decreased pain and recurrence with
combined education.
8 van Middelkoop et | 2011 | Multimodal Greater recovery from  combined
al. exercise approaches.
9 Long et al. 2004 | Tailored therapy Patient-specific programs led to better
outcomes.
10 | Macedo et al. 2012 | Supervised group | Higher adherence and improved pain
training relief.
11 | Enthoven et al. 2006 | Comparative No serious adverse events; all exercises
exercises were safe.
12 | Nicholas et al. 2011 | CBT + physical | Improved outcomes in chronic LBP.
activity
13 | van Tulder et al. 2000 | Exercise therapy Positive outcomes for chronic LBP with
structured therapy.
14 | Rainville et al. 2004 | Functional Improved strength and return-to-work
restoration rates.
15 | Foster et al. 2018 | Stratified care Better outcomes with targeted treatment
based on risk profiling.
16 | Mabher et al. 2017 | Systematic review | Exercise should be first-line treatment for
LBP.
17 | Koes et al. 2010 | Clinical guidelines | Endorses exercise as primary intervention
for non-specific LBP.
18 | Delitto et al. 2012 | Physical therapy | Emphasized active approaches over
guidelines passive modalities.
Research Gaps

Even though there is a lot of data supporting the effectiveness of physical activity treatments
in the treatment of low back pain, there are many significant research gaps that limit their use
and effectiveness in the field of medicine.

First, long-term follow-up studies evaluating the durability of pain alleviation and functional
improvement are few. With no information on recurrence rates or functional status beyond six
months after the treatments, the majority of randomized controlled trials (RCTs) currently in
existence concentrate on short-term outcomes (4—12 weeks).

Second, the heterogeneity in intervention protocols presents a barrier to standardized clinical

application. Variations in exercise type, intensity, frequency, and duration make it difficult to
identify the optimal exercise “dose” for specific LBP populations. Few studies clearly define
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progression criteria or tailor protocols based on patient phenotypes such as age, activity level,
or psychological profile.

Third, limited head-to-head comparisons between different PA modalities restrict our ability
to rank their relative effectiveness. The vast majority of studies have made comparisons of an
intervention to a control/standard care or placebo, but not directly yoga to aerobic exercise,
motor control training and core stabilization exercises of the same methodological approach.

Fourth, the problem of adherence and engagement has not been thoroughly investigated. Even
though there is a high adherence rate with supervised interventions, not much research has been
done on the strategies to maintain long term patient motivation, particularly in home based or
unsupervised programs.

Fifth, the incorporation of digital tools, e.g. wearable devices, mobile apps, or tele-
rehabilitation platforms, has not been covered in most of the controlled settings. These
technologies have potential on improving compliance and personalization but do not have solid
evidence with LBP.

Finally, engineers and scientists should be representative of the diverse groups - such as older
adults, manual labourers and people in low-income contexts, which restricts generalizability.
The research should be more inclusive in order to guarantee equitable and effective provision
of the treatment among the demographic groups.

3. Methodology
3.1 Study Design

The results of this investigation were carried out in compliance with PRISMA 2020 (Preferred
Reporting Items to Systematic Reviews and Meta-Analyses), which ensures repeatability,
transparency, and scientific rigor. The effectiveness and safety of physical activity therapy for
individuals with low back pain were investigated using a systematic review and meta-analysis.
The study was prospective and was registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under the registration number CRD42025053498.

Both quantitative meta-analysis, which statistically compiles the effect sizes of the relevant
research, and qualitative evidence synthesis, which generalized the major patterns and theme
convergence, included the design. This two pronged strategy was necessary in order to pigeon
hole not only numerical (e.g. pain scores, disability indices) but also non-numerical pieces of
evidence (e.g., adherence patterns, safety considerations).

In order to ensure the systematic discovery and evaluation of relevant research, the review was
founded on the PICOS model. The adults with non-specific acute or chronic non-spinal pain in
the lower back were used as the target population and only the structured physical activity
modalities were considered. Comparative arms were placebo, standard care or no intervention
with pain intensity, functional disability, recurrence and adverse events as primary outcomes.

3.2 Search Strategy

Systematic search and extensive search were conducted in five large electronic bibliographic
databases to find out eligible studies:
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e PubMed (MEDLINE)

e Scopus

e Cochrane Central Register of Controlled Trials (CENTRAL)

e  Web of Science (WOS)

e Embase

The keywords included in the search were articles published between January 2012 and April
2024, covering more than ten years of clinical evidence on physical activity interventions and
LBP. Peer-reviewed articles written in English were only taken into consideration.

The search approach also included the usage of MeSH and free-text in order to cover all
indexed and non-indexed keywords. The following were combined to create the search
keywords:

e Low back pain / lumbar pain / non-specific back pain.

e Physical activity or exercise therapy or exercise intervention.
e Acrobic training/core stabilization/ yoga/ stretching/ pilates.
e “Chronic pain” or “acute pain”

e Safety or effect or adverse or functional outcome.

Search terms were used through the application of Boolean operators (and, or). Only studies
involving human subjects that were conducted in the format of a clinical trial and had ages of
18-65 were included with the help of filters. Reference tracking of included studies and current
systematic reviews was also performed manually in order to locate any more studies that could
have been overlooked when searching the databases.

3.3 Inclusion Criteria

A study was incorporated into this evaluation provided it met all of the specified qualifying
criteria.

v Study Design: RCTs, quasi-experimental trials, prospective cohort trials or high-quality
clinical meta-analyses.

v Participants: The population was the adults aged between 18 and 65 years with non-specific
acute or chronic pain of the low back.

v Intervention: Physical activity interventions, which involve a minimum 4 weeks of
involving exercises like aerobic, yoga, pilates, stretching or core stabilization exercises.

v Comparator: Placebo versus no treatment versus normal health care versus passive

interventions (e.g. massage, hot packs).

Outcomes: The studies were required to report at least one of the following outcomes:

v Pain intensity (e.g., Visual Analog Scale, VAS, NRS)

v Functional impairment (e.g., Roland-Morris Disability Questionnaire, RMDQ, Oswestry
Disability Index, ODI)

v The rate at which pain reoccurs.

v Attrition and adherence rates.

v Adverse Events (Severe, Moderate, and Mild)

AN

3.4 Exclusion Criteria
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According to the following criteria, studies were disqualified:

e Reports on LBP as a result of certain underlying pathologies like malignancy, spinal
infections, vertebral fractures or postoperative back pain.

o Pediatric population (children with the age of less than 18 years old)
e Only passive therapies (e.g., ultrasound) and no active component of the interventions.

o Interventions shorter than 4 weeks, or studies which have no clear or inconsistent duration
of intervention.

o Studies that do not indicate clinical outcome measures or do not have appropriate control/
comparison groups.

o Non-English articles, abstracts of conferences written without full data, letters and narrative
reviews.

3.5 Data Extraction and Analysis

An extraction template created for this research was used by two skilled reviewers to extract
data. In the event that a third reviewer was required, disagreements amongst the reviewers
were discussed and settled by consensus.

For each selected investigation, the following details were collected:

e Study Attributes Authors, country of origin, research methodology, sample size, and
publication year.

o Participant details: Ages, sex, acute LBP pain, the duration of LBP.

o Intervention characteristics: Nature of activity, length, frequency, level of supervision,
delivery medium (e.g. group based or individual)

e Comparator information: Type of control group (e.g., waitlist, sham exercise, usual care)
¢ Outcome measures:

o Pain intensity (VAS, NRS)

o Disability indices (ODI, RMDQ)

o During study period, recurrence or relapse.

o Dropout/adherence rates

o Reported adverse events

Where the numerical data were either incomplete or ambiguously reported, the respective
authors would be approached to clarify the data.

3.6 Quality and Risk of Bias Assessment

Using the Cochrane Risk of Bias 2.0 (RoB 2) methodology, two reviewers independently
assessed the included papers to determine their methodological rigor. This methodology
evaluates five key areas:

1. The randomization procedure' inherent bias.
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Discrimination due to departures from planned interventions.
Biases brought on by incomplete outcome data.
The results' measurement bias.

Nk

Participation in selecting the outcomes that were reported.

The studies were divided into three categories: high risk of bias, some concerns, and low risk.
Consensus was used to resolve the disputes.

Furthermore, the GRADE (Grading of Recommendations, Assessment, Development, and
Evaluations) framework was employed to assess the overall quality of the evidence supporting
each outcome. By considering the factors of bias, inconsistency, indirectness, imprecision,
and publication bias, GRADE assesses the level of confidence in pooled estimates as high,
moderate, low, or very low.

3.7 Statistical Analysis

Statistical computations were performed using RevMan version 5.4 in accordance with
Cochrane statistical criteria. To compare the studies that were carried out at various levels of
measurement, continuous outcomes were evaluated using 95% Cls and SMD.

Heterogeneity across studies was assessed using the 12 statistic, with thresholds of 25%, 50%,
and 75% indicating low, moderate, and high heterogeneity, respectively. Given the expected
variability in treatment approaches and demographic characteristics, a random-effects model
meta-analysis was implemented.

Subgroup analyses were performed to explore the influence of:
e Chronicity (acute or chronic) of LBP.

o Intervention (core stabilization or yoga or aerobic, etc.)

e The length of the intervention (short- vs. long-term)

e Programs under supervision vs programs of no supervision.

Sensitivity analyses, which were carried out by successively excluding studies with significant
risks of bias, also assessed the robustness of the aggregated findings.

Where adequate data were present, we tested publication bias using funnel plots and the
regression tests of Egger.

All p-values <0.05 were considered statistically significant.
4. Results and Analysis
4.1 Study Characteristics

After 2,137 records were thoroughly screened, 56 studies with 6,870 people were included in
the final synthesis and meta-analysis. North America accounted for 28% of these studies,
followed by Europe (25%), Asia (22%), and other regions. Each study's average sample size
varied from 45 to 280 individuals.

The intervention durations varied from 4 to 24 weeks, and the frequency of sessions ranged
between 2 to S times per week. Intervention modalities were broadly categorized as:
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o Core stabilization exercises (15 studies)
e Yoga-based interventions (12 studies)
e Motor control training (8 studies)
e Aerobic activities (10 studies)

o Stretching/flexibility routines (11 studies)

These interventions were compared against either a control group (no exercise), standard
care, or placebo physical therapy.

4.2 Pain Reduction (VAS/NRS)

In every study, the Visual Analog Scale (VAS) and Numerical Rating Scale (NRS) were used
to measure the main outcome for pain alleviation. The following was discovered by the meta-
analysis:

e "Core stabilization exercises proved to show the most effective use with a Standardized
Mean Difference (SMD) of - 1.32 (95% Confidence Interval [CI]: - 1.56 to - 1.04, p<
0.001).

o Motor control exercises also showed significant pain reduction with an SMD of -1.14,
indicating a strong effect size.

e Yoga interventions reported a moderate effect with an SMD of - 0.82, although
heterogeneity was noted due to variation in styles and supervision.

e Aerobic exercises, such as walking and cycling, had a small-to-moderate effect (SMD: -
0.65), particularly beneficial when combined with patient education.

o Stretching routines showed an SMD of - 0.58, useful in patients with mild to moderate
acute LBP.

Pain Reduction by Intervention Type (VAS/NRS)

Standardized Mean Difference (SMD)
&b
o] o
_._
_._

—1.4f

—1l.6p L L .
Core Stab\llzatlon Motor Control Yoga Aerobic Training
Intervention

The following is the graph of the effect sizes of pain reduction by the various physical
activity interventions in patients with low back pains:

Graph Explanation: Pain Reduction by Intervention Type (VAS/NRS)
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e Core Stabilization Exercises show the highest effect size with an SMD of -1.32,
indicating a strong reduction in pain.

e Motor Control Exercises are also highly effective (SMD: -1.14), followed by Yoga (-
0.82) and Aerobic Training (-0.65).

e The error bars represent the 95% Confidence Intervals, showing the precision of the
estimate.

These findings indicate that core and motor control interventions are more effective in
decreasing the amount of pain in LBP patients than general aerobic or yoga-based
interventions.

The findings support the use of core-based exercises and motor control exercises as the best in
the relief of pain intensity, especially in the chronic cases of LBP.

4.3 Functional Disability (ODI/RMDQ)

Using the Roland-Morris Disability Questionnaire (RMDQ) and the Oswestry Disability Index
(ODI), functional results were assessed in 43 of the 56 trials.

e The ODI scores showed a mean improvement of - 20.3% in patients undergoing core
stabilization, followed by - 17.8% for motor control training, and - 14.9% for yoga
interventions.

e Aerobic and stretching programs reported ODI improvements ranging from 10% to
12%, often when coupled with behavioural therapy.

e Similar patterns were experienced in RMDQ scores, with the greatest changes being in
multi-component or hybrid programs.

o Integrated interventions (e.g. aerobic + behaviour therapy) always had a better effect than
single-modality programs, which indicated that multimodal interventions have an additive
effect in terms of restitution of function.

4.4 Recurrence and Adherence

This was done by assessing the long-term efficacy of the interventions of physical activity in
31 studies that reported the relapse of pain and the adherence of the participants:

e Recurrence rates were the lowest among the structured programs which were being
conducted in groups with the supervision of a teacher such as pilates, yoga and this
recurrence was only found in 12 percent of the participants after six months.

e Mobile app reminders, telehealth support or peer group integration interventions
demonstrated adherence rates of over 75% each.

e Self-managed or home run programs that lacked follow up support had dropout rates
ranging between 20-35 years highlighting the importance of support in terms of supervision
and social reinforcement in adherence.
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4.5 Safety Outcomes

The physical activity interventions had sufficient documentation on safety of interventions.
Adverse events were reported in less than 2 percent of the participants and no cases of serious
adverse events were found. Adverse events that were most commonly observed were:

e Mild muscle soreness
o Fatigue following initial sessions
o Transient joint stiffness, which resolved spontaneously

These findings highlight the overall safety of well-supervised physical activity programs for
patients with both acute and chronic LBP.

4.6 Subgroup Analysis

A set of pre-planned subgroup analyses was conducted to explore variations in effectiveness
based on patient characteristics:

e Chronic LBP patients (symptoms >12 weeks) showed significant improvements with
core stabilization and motor control exercises, particularly when sessions were
supervised and progressive.

e Acute LBP (symptoms <6 weeks) responded better to aerobic training and stretching,
which promote circulation and early mobilization.

e Older adults (age >55) preferred low-intensity exercises such as yoga, tai chi and
flexibility routines, reporting both pain relief and psychological benefits.

e Women exhibited higher adherence and reported greater satisfaction with group-based
and mind-body interventions (e.g. yoga), with statistically significant adherence
improvements (p<0.05).

o Participants with comorbid anxiety or depression derived additional benefit from
interventions that incorporated mindfulness and breath work, notably in the yoga and tai
chi groups.

4.7 Heterogeneity and Publication Bias

o The I? statistic for primary outcomes ranged from 32% to 68%, indicating moderate
heterogeneity.

o Sensitivity analyses removing outliers reduced heterogeneity by ~10-15% without
changing overall conclusions.

o Funnel plot assessment and Egger’s test did not indicate significant publication bias for
pain or disability outcomes (p>0.10).

5. Discussion

The significance of physical activity treatments in managing the symptoms of low back pain
in different patient groups is shown by the current systematic study. Out of the variety of
physical interventions discussed, core stabilization and motor control training proved to be the
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most effective ones in the process of providing a significant level of pain relief and functional
improvement. These results are aligned with the previous meta-analyses and clinical trials,
which highlight the importance of specific muscle re-education in the process of LBP
rehabilitation.

5.1 Mechanisms behind Efficacy

The effectiveness of core stabilization and motor control training is probably better due to the
fact that they improve the neuromuscular coordination, the segmental control of the spine and
proprioceptive feedback. The transverse abdominis, multifidus, and pelvic floor muscles—
deep stabilizing muscles of the lumbar spine—are the main targets of therapy since they are
often atrophied or inhibited in those who have chronic or recurrent low back pain. Such
interventions are beneficial in that they help normalize the optimal spine biomechanics,
decrease the load on passive structures (e.g. ligaments, discs) and eventually lead to pain relief
and disability prevention by stimulating and re-training such muscles. Movement dysfunction
is also covered in motor control exercises, and is an evidence-based cause of chronic LBP.
These exercises will interrupt the sequence of pain, avoidance and deconditioning by enhancing
the quality of movement patterns and intersegmental stability. The idea that the therapies have
structural and functional advantages is supported by the propensity of the Roland Morris
Disability Questionnaire (RMDQ) and Oswestry Disability Index (ODI) scores to improve
consistently throughout the investigations.

5.2 Yoga: Psychological and Behavioural Impact

Yoga proved to have moderate enhancement in pain and disability outcomes; nevertheless, the
psychosocial effect of the approach is not to be undervalued. A large number of patients
expressed increased levels of satisfaction, less stress and increased mental health, which
probably resulted in improved adherence. Breathing control, meditation, and mindfulness can
be especially beneficial to people with comorbid anxiety, depression, or sleep disturbances,
both of which are common among the chronic LBP population.

The holistic approach seems to enhance patient participation and quality of life, even if yoga's
impact on objective physical performance measures was not as strong as that of core-based
therapies. The biopsychosocial model of pain, which holds that psychological and emotional
factors significantly influence how pain and disability are perceived, is supported by literature.
By considering the following elements, it is feasible to claim that yoga is a necessary
supplement to orthodox physiotherapy.

5.3 Role of Aerobic Training

The magnitude of the effects of pain reduction with aerobic training was small-to-moderate.
Nevertheless, it is an essential part of an extensive LBP management plan. Frequent aerobic
exercises such as walking, bicycle riding and non-weight-bearing aerobic classes will induce
cardiovascular fitness, weight reduction and psychological strength all of which are preventive
measures against chronic LBP. Also, aerobic training can work synergistically in combination
with resistance or flexibility-based interventions and enhance the overall results.There can also
be public health benefits in terms of an aerobic activity replacing sedentary lifestyle in LBP
rehabilitation, and thereby providing more systemic effects.
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5.4 Adherence and Recurrence

Compliance is a central issue of success in the physical activity interventions in the long-term.
The review identified that interventions that provide group oversight or formal meetings or
online engagement aids (e.g., a mobile reminder, a wearable feedback) did significantly
enhance the rate of compliance, and the rate of adherence frequently reached greater than 75
per cent. Sustainability was also improved with programs that developed peer support or
involved behavioural coaching.Interestingly, structured instructor-led interventions like
supervised pilates or yoga appeared to have the lowest recurrence rates and, therefore, the social
and teaching setting may provide long-term behavioural modification and decrease re-injury.

5.5 Safety and Tolerability

The results of the included studies on safety were mostly positive. Adverse events were not
more than 2% and they were usually mild like muscle soreness or temporary fatigue. Notably,
there were no critical negative events. These results confirm the current clinical opinion that
when appropriately modified and checked, PA interventions are low-risk and high-reward
intervention in the majority of LBP patients. When addressing the issue of growing global
interest in the phenomenon of opioid intoxication and pharmacological dependency, it is the
safety profile of physical activity based interventions that make them especially appealing as
first-line conservative therapies. They also enable patients to actively participate in their
recovery encouraging autonomy and long-term health literacy.

5.6 Limitations of the Current Analysis

Although the results are promising, the following limitations should be mentioned to put the
results in perspective:

1. Heterogeneity of Exercise Protocols: The studies that were included utilized highly diverse
designs of interventions in terms of intensity, frequency, duration and supervision. This
heterogeneity makes it difficult to directly compare or come up with standard guidelines.

2. Diversity in Follow-up Durations: The average duration of the follow-up in most studies was
short (4 to 24 weeks). The sustainability of the benefits reported in the long term, as well as the
reoccurrence after 6 months, are not well studied.

3. Limitations in the Methodology: A large percentage of the studies did not use blinding of
participants and assessors, which risked the existence of both performance and detection bias.
Exercise-based trials have an intrinsically hard nature of blinding, but this is a vital area of
quality consideration.

4. Language and Publication Bias: The language and articles were limited to English language
and peer-reviewed articles. This could have left out high-quality research studies published in
other languages and in particular, non-Western nations where conventional physical therapies
could be practiced and recorded in dissimilar ways.

This discussion, combined with other studies, builds upon the importance of formal physical
activity programs in the treatment of LBP. Although core stabilization and motor control
training have got the best results in pain alleviation and functioning, yoga and aerobic exercise
have special psychological and systemic advantages. The general safety and acceptability of
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such interventions is admirably suited to them as a first-line therapy, particularly in an
environment where healthcare is focusing on non-pharmacologic interventions and holistic
medicine.It is necessary that future studies are more focused on longitudinal studies,
standardized intervention protocols and multi centred RCTs in order to verify these results in
other populations. Also, the combination of wearable technology and tele-rehabilitation may
increase adherence and outcome monitoring in the clinical and remote environment.

6. Conclusion

This general review demonstrates that physical activity interventions are hugely beneficial
because they are effective, safe, and scale-able to use in managing acute and chronic low back
pain. The core stabilization exercises, motor control training and yoga were among the
modalities assessed, and they have had better clinical outcomes in various aspects such as pain
control, better functional capacity and less disability. They are further enhanced whereby the
interventions are individualized and overseen by trained personnel and maintained over the
reasonable periods (normally 8-24 weeks).Notably, the treatments using PA are linked to low
adverse events, mostly confined to the mild muscle soreness, and moderate to high adjustment
rates, especially when using digital tools, peer support, or mobile app reminders. In addition,
these interventions have psychosocial benefits, particularly that of yoga, which has shown
benefit in managing stress, mental health and compliance in people with comorbid depression
or anxiety.

Since pharmacologic and passive treatment options are limited (including being dependent on
opioids or lack of long-term effect), this review restates that PA interventions are to be used as
the first-line conservative treatment of LBP. Although a certain heterogeneity of protocol
design and follow-up measures was observed among studies, the general evidence showed in
support of clinical integration of PA strategies.To continue, personalized intervention models,
technology-based monitoring, and interdisciplinary interventions have to be the subject of
future research and clinical implementation to maximize the results. Evidence-based and
movement-oriented solutions to the increasing global burden of LBP need to be accepted by
healthcare systems to improve the quality of life of patients with safe, effective, and
empowering care.

7. Future Work

The results of this paper highlight the efficacy of physical exercise programs in the treatment
of low back pain, although a number of research gaps and practical difficulties are not yet
addressed. Future studies ought to be directed towards increasing the consistency,
individualization, and incorporation of PA strategies into normal healthcare.First of all, there
is a need to standardize intervention protocols. The available literature is diverse in the type of
exercises, intensity, duration and frequency of exercise. By defining dosage and progression
rules, one would be able to compare the trials more effectively and implement the clinical
progression.Second, the opportunities of digital technologies-such as mobile applications,
wearable devices, and virtual reality-need to be researched to the fullest extent possible. These
technologies are capable of tracking biomechanics in real-time, encouraging compliance,
remote coaching and building near experiences of rehabilitation. They have a potential to be
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highly effective and useful particularly in remote or underserved regions and should be
explored systematically.Third, the majority of the available trials have a short-term outcome.
In this way, the effectiveness of future studies should concentrate on the sustainability in the
long term, especially in the possibility of preventing recurrence and encouraging self-
management in the long run.Fourth, the incorporation of psychosocial interventions-including
cognitive-behavioural therapy (CBT), mindfulness and pain neuroscience education into PA
programs could also increase patient engagement and outcome. Such biopsychosocial models
are supposed to be tried on various clinical settings.Fifth, studies should be done to cover the
underrepresented groups like old patients, pregnant women, manual workers, and low-
income/rural populations. The individualized interventions (according to demographics and
occupation) will result in fair outcomes.Sixth, economic analysis of physical activity
interventions versus pharmacologic and surgical interventions is essential to evidence-based
policy making.Lastly, machine learning and Al frameworks represent a potential to develop
predictive tools that can be used to individualise people to the best course of action based on
behavioural, physiological and psychological profiles-enhance personalisation and efficiency
in care delivery.
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