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ABSTRACT

Background: Low back pain (LBP) is multifactorial and affects pain, physical functioning and quality of life. A structured
programme integrating lifestyle practices, therapeutic movement and Kukundara Marma self-mobilisation may provide
broader benefits than lifestyle modification alone.

Objective: To evaluate the effectiveness of a 21-day integrated programme of selected Swasthavritta practices, alignment-
oriented Yoga and Kukundara Marma self-mobilisation compared with structured lifestyle modification in adults with
LBP.

Methods: This two-arm, parallel-group randomised controlled trial enrolled 290 adults aged 18-50 years with non-
specific LBP. Participants were allocated 1:1 to an integrated intervention (n=145) or lifestyle-modification control
(n=145). The intervention was delivered for 21 consecutive days, with outcomes assessed at baseline, Day 21 and Day 61.
Pain, disability and quality of life were assessed using the Visual Analogue Scale (VAS), Oswestry Disability Index (ODI)
and WHOQOL-BREF. Between-group effects were evaluated using adjusted ANCOVA and longitudinal mixed-effects
models.

Results: At Day 21, VAS was 2.84+1.41 in the intervention group and 4.41£1.21 in the control group (between-group
difference —1.57, 95% CI —1.88 to —1.26; p<0.001). ODI was 28.25+17.65 versus 51.84+16.71 (difference —23.59
percentage points, 95% CI —27.66 to —19.52; p<0.001). All four WHOQOL-BREF domains showed significantly greater
improvement in the intervention group. At Day 61, between-group differences remained significant for VAS (—1.24, 95%
CI —1.55 to —0.92), ODI (—19.87 percentage points, 95% CI —23.87 to —15.87), and all WHOQOL-BREF domains (all
p<0.001). A clinically meaningful >30% reduction in pain at Day 21 occurred in 85.1% of intervention participants versus
17.1% of controls.

Conclusion: A 21-day integrated programme combining alignment-oriented Yoga, Kukundara Marma self-mobilisation
and selected Swasthavritta practices produced greater improvements in pain, functional disability and quality of life than
structured lifestyle modification, with benefits remaining evident at two-month follow-up. Because the intervention was
multicomponent and more intensively supervised than the comparator, the independent contribution of individual
components cannot be determined.

Trial registration: CTR1/2025/04/083874 (registered 02 April 2025).
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1. INTRODUCTION

Low back pain is a major cause of disability and impaired daily functioning worldwide. The condition is commonly
defined as pain, muscle tension or stiffness between the lower rib margins and the inferior gluteal folds, with or without
leg pain. Most cases are non-specific and are influenced by interacting physical, behavioural, psychological and social
factors. Consequently, contemporary management increasingly emphasises active approaches such as education, exercise,
self-management and lifestyle modification.

Yoga-based interventions have shown beneficial effects on pain and function in people with LBP. Alignment-oriented
Yoga emphasises postural awareness, controlled movement, mobility, flexibility, functional alignment and strengthening.
Swasthavritta, the preventive and health-promotive branch of Ayurveda, emphasises daily routine, diet, sleep, physical
activity and mental well-being. Integrating selected Swasthavritta practices with movement-based therapy may therefore
address several modifiable factors relevant to LBP.

Kukundara Marma is described traditionally as a paired vital point in the gluteal region. In the present study, the Marma
concept was operationalised as a standardised, self-performed series of gentle lumbopelvic mobility and stretching
exercises corresponding to the posterior pelvic and lumbosacral region. The programme was designed within an Ayurvedic
conceptual framework and informed at the movement level by contemporary physiotherapeutic approaches.
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The present trial evaluated whether a 21-day integrated programme combining selected Swasthavritta practices,
alignment-oriented Yoga and Kukundara Marma self-mobilisation produced greater improvements in pain, functional
disability and quality of life than structured lifestyle modification.

2. MATERIALS AND METHODS

2.1 Study design and setting

This was a two-arm, parallel-group randomised controlled trial with 1:1 allocation. The intervention lasted 21 consecutive
days, followed by a two-month follow-up. Assessments were performed at baseline (Day 1), immediately after
intervention (Day 21) and follow-up (Day 61). The study was conducted at the Department of Swasthavritta, Government
Ayurveda College Hospital, Pariyaram, Kannur, Kerala, which served as the recruitment and clinical assessment site.

2.2 Participants

Adults aged 18-50 years, irrespective of sex, presenting with non-specific LBP were eligible. Participants were excluded
when LBP was associated with malignancy/neoplastic infiltration, severe systemic illness, recent surgery, immobilisation
or bed rest, pregnancy or lactation, systemic disease as the primary cause of LBP, excessive menstrual bleeding, clinically
restricted movement following surgery, or red-flag features including fever, trauma, anticoagulant use, genitourinary
retention or sexual dysfunction, immunocompromised status, intravenous drug use, recent epidural injection, reduced anal
sphincter tone, abnormal reflexes, lower-extremity weakness or saddle anaesthesia.

2.3 Randomisation and masking

A computer-generated variable-block randomisation sequence using block sizes of 4 and 6 was prepared independently.
Sequentially numbered, opaque, sealed envelopes were used for allocation concealment and were opened only after
eligibility, consent and baseline assessment were completed. Participants and intervention providers could not be blinded
because of the nature of the interventions. Outcome assessment was performed by a blinded assessor who was not involved
in recruitment, randomisation or intervention delivery. Statistical analyses were conducted using coded treatment-group
labels until the prespecified primary analysis was completed.

2.4 Sample size

Sample size was calculated using the standard formula for comparison of two independent means. Based on the
WHOQOL-BREF environmental domain, an anticipated between-group difference of 0.7 points, pooled SD of 1.90, two-
sided 0=0.05 and 80% power required 116 participants per group. Allowing 20% attrition yielded 145 participants per
group, for a total planned sample of 290.

2.5 Intervention

The intervention consisted of selected Swasthavritta practices, alignment-oriented Yoga and Kukundara Marma self-
mobilisation. Supervised Yoga and Marma-related movement practice were delivered for approximately 60 minutes each
morning for 21 consecutive days.

Selected Swasthavritta practices included Ushajala Pana according to the study instructions, self-Abhyanga with sesame
oil, lukewarm bathing with avoidance of warm water over the head, and sleep guidance. The Yoga programme progressed
from loosening and mobility to core activation, strengthening, flexibility and relaxation. Practices included Tadasana and
variations, Ardha Kati Chakrasana, Ardha Chakrasana, Uttanasana, Veerabhadrasana, Parsvakonasana, Trikonasana,
Adho Mukha Svanasana, Supta Padangusthasana, Balasana, Setu Bandhasana, Navasana, Pavanamuktasana, Viparita
Karani, Apanasana, Shalabhasana, Bhujangasana, Makarasana and Anantasana, together with prescribed breathing,
relaxation and yogic practices.

Alignment instruction emphasised comfortable spinal and pelvic alignment, controlled movement, appropriate load
distribution and coordination with breathing. Exercises were modified within each participant's pain tolerance, flexibility
and physical capacity without changing the essential prescribed components.

Kukundara Marma self-mobilisation comprised Figure Four Stretch, Ardha Pavanamuktasana, Cat—-Cow movement and
Child's Pose. Each exercise was performed for three repetitions per session under supervision. Participants were instructed
to avoid forceful movement, excessive stretching and intentional aggravation of pain. The component was designed as
self-performed lumbopelvic mobility rather than therapist-performed sacroiliac joint mobilisation.

2.6 Control intervention

The control group received a structured conventional lifestyle-modification programme for 21 days, including advice on
physical activity, posture and ergonomics, appropriate stretching and core-strengthening exercises, stress management,
adequate sleep and self-management. Participants received one structured session per week for reinforcement and
individualised counselling and maintained a daily diary. The control condition did not include the structured Yoga,
Kukundara Marma self-mobilisation or specified Swasthavritta practices of the intervention group.

2.7 Adherence and co-interventions

Participants maintained daily diaries documenting adherence. An adherent day required completion of all prescribed
components for that day. Overall adherence was calculated as completed prescribed days divided by total prescribed days
x100. Attendance at supervised sessions was recorded separately. Adherence of >80% was prespecified as satisfactory for
per-protocol analysis. Participants were asked to report medications, physical therapy, additional exercises or other
treatments during intervention and follow-up.

2.8 Outcome measures

Primary outcomes were pain intensity, functional disability and quality of life. Pain was assessed using a 0—100 mm VAS;
disability using the Oswestry Disability Index (ODI, version 2.1a); and quality of life using WHOQOL-BREF. All
outcomes were assessed at Day 1, Day 21 and Day 61.

2.9 Ethics and trial registration
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The study was approved by the Institutional Ethics Committee of Government Ayurveda College Pariyaram, Kannur
(GACK/2025/1/PhD-3; approved 03 March 2025). Written informed consent was obtained from all participants. The trial
was registered with the Clinical Trials Registry—India (CTR1/2025/04/083874) on 02 April 2025. The first participant was
enrolled on 14 April 2025 and the study was completed on 31 October 2025.

2.10 Statistical analysis

Data were analysed using Jamovi version 2.7.33. Distributional assumptions were assessed using the Shapiro—Wilk test.
Appropriate parametric or non-parametric tests were used for within- and between-group comparisons. Effect sizes were
calculated where appropriate. ANCOVA assessed Day 21 and Day 61 outcomes after adjustment for baseline outcome
values, age, sex, BMI, comorbidity, occupation, socioeconomic status and education. Linear mixed-effects models with
participant-level random intercepts and group-by-time interactions used all available observations. Logistic regression
estimated adjusted odds of achieving a clinically meaningful >30% reduction in VAS. Two-sided p<0.05 was considered
statistically significant.

3. RESULTS

3.1 Participant flow and baseline characteristics

A total of 290 participants were randomised, with 145 allocated to each group. At Day 21, outcome data were available
for 134 intervention and 140 control participants. At Day 61, data were available for 132 and 129 participants, respectively.
Overall attrition at Day 61 was 10%. All randomised participants were retained in their allocated groups for intention-to-
treat analyses, and mixed-effects models used all available observations. No serious adverse events occurred.

Baseline characteristics were generally comparable. Mean age was 43.35+6.23 years in the intervention group and
42.94+46.52 years in the control group. Women comprised 57.2% and 53.1%, respectively. BMI differed statistically
between groups (25.88£1.48 vs 25.24+2.52 kg/m?; p=0.028) and was included in adjusted analyses. Baseline VAS and
ODI were similar between groups, and none of the WHOQOL-BREF domains differed significantly at baseline.

Variable Integrated programme (n=145) Lifestyle modification (n=145) p value
Age, years 43.35+£6.23 42.94 £ 6.52 0.699
BMI, kg/m? 25.88 £ 1.48 25.24+£2.52 0.028
Female, n (%) 83 (57.2) 77 (53.1) 0.555
VAS, baseline 5.46+1.18 5.37+1.19 0.481
ODI, baseline (%) | 52.65 + 14.02 52.15+13.13 0.725

3.2 Pain intensity

Pain decreased in both groups but to a greater extent in the integrated programme. VAS decreased from 5.46+1.18 at
baseline to 2.84+1.41 at Day 21 and 2.42+1.57 at Day 61 in the intervention group. Corresponding control-group values
were 5.37+1.19, 4.41+1.21 and 3.65+0.92. The Day 21 between-group difference was —1.57 points (95% CI —1.88 to
—1.26; p<0.001), and the Day 61 difference was —1.24 points (95% CI —1.55 to —0.92; p<0.001). Adjusted ANCOVA
showed a group effect of —1.693 at Day 21 and —1.355 at Day 61 (both p<0.001).

At Day 21, a >30% reduction in VAS was achieved by 114/134 (85.1%) intervention participants compared with 24/140
(17.1%) controls. The adjusted odds ratio for a clinically meaningful response was 39.03 (95% CI 18.33—83.13; p<0.001).
3.3 Functional disability

ODI improved substantially in the intervention group. At Day 21, ODI was 28.25+17.65% in the intervention group
compared with 51.84+16.71% in controls, yielding a between-group difference of —23.59 percentage points (95% CI
—27.66 to —19.52; p<0.001). At Day 61, ODI was 24.35+18.55% versus 44.22+14.19%, with a between-group difference
of —19.87 percentage points (95% CI —23.87 to —15.87; p<0.001). The adjusted Day 21 group effect was —24.68
percentage points (95% CI —28.09 to —21.27; p<0.001).

3.4 Quality of life

All four WHOQOL-BREF domains improved more in the intervention group. At Day 21, between-group differences were
11.36 points for physical, 12.12 for psychological, 15.31 for social and 7.11 for environmental quality of life (all p<0.001).
At Day 61, the corresponding differences were 10.76, 9.98, 13.45 and 6.75 points, respectively (all p<0.001).

QOutcome Day 21: Integrated | Day 21: Control Between-group difference (95% CI)
VAS 2.84 £ 141 441+1.21 —1.57 (—1.88 to —1.26)

ODI (%) 28.25+£17.65 51.84+16.71 —23.59 (—27.66 to —19.52)
WHOQOL physical 55.49 £9.05 4413 +7.62 +11.36 (9.37 to 13.34)

WHOQOL psychological | 60.60+12.19 48.48 +8.72 +12.12 (9.60 to 14.64)

WHOQOL social 65.61 +14.57 50.30+ 13.61 +15.31 (11.97 to 18.65)

WHOQOL environmental | 59.24 + 8.19 52.12 £5.86 +7.11 (5.42 to 8.81)

3.5 Adjusted and longitudinal analyses

Adjusted analyses were consistent with the primary comparisons. At Day 21, adjusted group effects were —1.69 for VAS
and —24.68 percentage points for ODI. Adjusted effects for physical, psychological, social and environmental WHOQOL -
BREF domains were +11.70, +12.59, +16.37 and +7.23 points, respectively (all p<0.001). Longitudinal mixed-effects
models demonstrated significant group-by-time interactions for VAS, ODI and all four WHOQOL-BREF domains at
Days 21 and 61.
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4. DISCUSSION

This randomised controlled trial found that a 21-day integrated programme combining selected Swasthavritta practices,
alignment-oriented Yoga and Kukundara Marma self-mobilisation produced greater improvements in pain, functional
disability and quality of life than structured lifestyle modification. Improvements were evident at Day 21 and remained
significant at Day 61.

The pain findings were consistent across raw comparisons, adjusted analyses and longitudinal modelling. The intervention
group showed a mean VAS reduction of 2.67 points by Day 21 compared with 0.97 points in controls, and the between-
group difference remained 1.36 points in change from baseline at Day 61. The high proportion of participants achieving
at least a 30% pain reduction further supports the magnitude of the observed response.

The disability findings were particularly pronounced. The Day 21 between-group difference in ODI was approximately
23.6 percentage points, with an adjusted group effect of —24.68 points. Improvement extended across the domains assessed
by ODI, indicating that the response was not restricted to pain intensity but was accompanied by better reported function
in activities such as sitting, standing, walking, lifting, sleep and social activities. The subsequent improvement in the
control group during follow-up reduced, but did not eliminate, the between-group difference.

All four WHOQOL-BREF domains improved significantly more in the intervention group. The social domain showed the
largest numerical difference, followed by the psychological and physical domains, while the environmental domain
showed the smallest difference. These findings suggest that the intervention's effects extended beyond symptom reduction
to broader perceived well-being. However, changes in quality of life should not be interpreted as proof of specific
psychological, social or environmental mechanisms.

Several plausible mechanisms may explain the observed response. Alignment-oriented Yoga provided repeated controlled
movement, flexibility work, strengthening, breathing and relaxation, potentially supporting lumbopelvic function and
movement confidence. Kukundara Marma self-mobilisation provided a structured movement stimulus to the posterior
pelvic and lumbosacral region. Swasthavritta practices extended the intervention into daily routines involving sleep, self-
care and activity behaviour. These mechanisms remain plausible rather than experimentally demonstrated because the trial
did not measure biomechanical, autonomic, neurophysiological or behavioural mediators.

An important strength is that the comparator was an active lifestyle-modification programme rather than no treatment.
Nevertheless, the intervention and control groups differed substantially in contact intensity: the intervention included daily
supervised sessions, whereas the control received weekly reinforcement and self-monitoring. Therefore, the observed
between-group differences may reflect the combined effects of therapeutic content, supervision, attention, treatment
expectancy, group interaction and adherence. Participants and intervention providers could not be blinded, and the main
outcomes were self-reported.

The findings should therefore be interpreted as evidence for the effectiveness of the complete integrated programme under
the conditions of this trial, rather than evidence that any single component—Yoga, Kukundara Marma self-mobilisation
or Swasthavritta—was independently responsible for the effect. The single-centre setting and relatively educated,
heterogeneous working-age sample also limit generalisability. Follow-up to Day 61 demonstrates persistence over
approximately two months but does not establish long-term maintenance.

4.1 Strengths

Strengths include randomised allocation, allocation concealment, blinded outcome assessment, prespecified follow-up, an
active lifestyle comparator, intention-to-treat analysis, adjustment for important baseline covariates, longitudinal mixed-
effects modelling, adherence monitoring and trial registration before completion of recruitment.

4.2 Limitations

The main limitations are the absence of participant and provider blinding, reliance on self-reported primary outcomes,
unequal intervention contact and supervision, single-centre recruitment, and the multicomponent nature of the
intervention. The study cannot determine the independent contribution of each therapeutic component or establish
mechanistic pathways. Longer follow-up and contact-matched comparators are needed.

4.3 Implications for future research

Future trials should use contact-matched active comparators, longer follow-up and objective measures of physical function
and adherence. Factorial or dismantling designs could determine the independent and combined effects of Yoga,
Kukundara Marma self-mobilisation and Swasthavritta practices. Mediator analyses examining self-efficacy, fear-
avoidance, movement behaviour and relevant physiological measures may further clarify mechanisms.

5. CONCLUSION

A 21-day integrated programme of selected Swasthavritta practices, alignment-oriented Yoga and Kukundara Marma self-
mobilisation produced greater improvements in pain, functional disability and all four WHOQOL-BREF domains than
structured lifestyle modification in adults with non-specific LBP. Benefits were evident immediately after the intervention
and remained significant at two-month follow-up. The results support further evaluation of this integrated programme,
while recognising that its multicomponent design and greater supervised contact prevent attribution of the observed effects
to any single component.
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