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1. Introduction 

Low back pain is the leading cause of disability 

worldwide and affected an estimated 619 

million people in 2020; the number of affected 

individuals is projected to rise substantially by 

2050 [1]. Contemporary guidance emphasizes 

person-centred, non-surgical care, including 

structured education, exercise, and 

multicomponent rehabilitation [2]. Mechanical 

or non-specific low back pain represents the 

majority of clinical presentations and 
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commonly restricts movement, work 

participation, and daily activities [2,3]. 

The persistence and recurrence of mechanical 

low back pain cannot be explained by local 

tissue changes alone. Altered motor control, 

reduced endurance of local stabilizing muscles, 

fear-related movement patterns, and impaired 

coordination between active, passive, and 

neural subsystems may contribute to recurrent 

symptoms [3,4]. The deep stabilizing system 

includes the transversus abdominis, multifidus, 

pelvic floor, and diaphragm. Their coordinated 

activity supports intersegmental control and 

contributes to regulation of intra-abdominal 

pressure. 

Although the diaphragm is primarily a 

respiratory muscle, experimental work has 

shown that it is activated during postural tasks 

[5]. Dynamic magnetic resonance imaging has 

further demonstrated its stabilizing behaviour 

during limb loading [6], while patients with 

chronic low back pain may show reduced 

diaphragm excursion and altered diaphragm 

position during postural challenges [7]. Greater 

diaphragm fatigability has also been observed 

in individuals with recurrent low back pain [8]. 

These findings provide a physiological 

rationale for incorporating breathing control 

into lumbopelvic rehabilitation. 

Reviews published in recent years suggest that 

attention to breathing mechanics may augment 

core stabilization programmes [9-11]. Clinical 

trials have reported improvements in pain, 

disability, muscle activation, balance, and 

diaphragm-related measures when breathing or 

diaphragm training is added to stabilization 

exercise [12-15]. Nevertheless, intervention 

protocols, outcome measures, treatment doses, 

and follow-up periods remain heterogeneous. 

Evidence from longer follow-up periods is 

particularly limited. 

The present study therefore examined changes 

in pain intensity, functional disability, and 

PBU-derived core stability after a 6-week 

programme of diaphragmatic breathing 

retraining combined with conventional 

physiotherapy in adults with mechanical low 

back pain. The study also evaluated whether 

observed changes were maintained at a 9-month 

follow-up. Because all participants received 

both components, the research question 

concerns the combined programme rather than 

the isolated efficacy of diaphragmatic breathing 

retraining. 

2. Materials and Methods 

2.1 Study design and setting 

This was a single-group prospective quasi-

experimental study with repeated 

measurements at baseline, immediately after a 

6-week intervention, and 9 months after 

completion of the supervised programme. The 

study was conducted in the Physiotherapy 

Outpatient Department of Pacific Medical 

College and Hospital, Udaipur, Rajasthan, 

India. 

2.2 Participants and sampling 

Participants were recruited through purposive 

sampling from patients attending the outpatient 

department with a clinical diagnosis of 

mechanical low back pain. Adults aged 20-45 

years with symptoms lasting more than 3 

weeks, the ability to understand verbal 

instructions, and willingness to provide written 

informed consent were eligible. Exclusion 

criteria were neurological deficits such as 

sciatica or clinically diagnosed disc prolapse, 

recent spinal or abdominal surgery, 

cardiopulmonary disorders that limited exercise 

performance, and pregnancy. 

The thesis reported a final sample of 30 

participants based on feasibility. All 30 records 
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in the master chart contained outcome data at 

baseline, 6 weeks, and 9 months; therefore, the 

manuscript analysis used complete cases 

without imputation. 

2.3 Intervention 

All participants received diaphragmatic 

breathing retraining in addition to conventional 

physiotherapy. Treatment was delivered four 

sessions per week for 6 consecutive weeks, with 

each session lasting approximately 20-30 

minutes. Diaphragmatic breathing was initially 

taught in crook lying. One hand was placed 

over the upper chest and the other over the 

abdomen. Participants inhaled slowly through 

the nose while allowing abdominal expansion 

with minimal upper-chest movement, followed 

by controlled expiration through pursed lips. 

Once the breathing pattern was performed 

correctly, training progressed to sitting and 

standing and was integrated with bridging and 

controlled limb movements. Conventional 

physiotherapy comprised stretching, 

strengthening, postural correction, and other 

routine interventions considered appropriate for 

mechanical low back pain. The source thesis 

did not provide a fully replicable exercise-by-

exercise dosage schedule for the conventional 

physiotherapy component; this is 

acknowledged as a reporting limitation. 

2.4 Outcome measures 

Pain intensity was assessed using the 11-point 

Numeric Pain Rating Scale, ranging from 0 (no 

pain) to 10 (worst imaginable pain). A 

reduction of approximately 2 points is 

commonly considered to exceed measurement 

error and represent clinically meaningful 

improvement in patients with low back pain 

[21]. 

Functional disability was assessed using the 

Modified Oswestry Disability Index. Ten 

domains were scored from 0 to 5 and converted 

to a percentage, with higher scores indicating 

greater disability. The Oswestry instrument is 

widely used in spinal disorders [19], and the 

modified version has demonstrated reliability 

and responsiveness in low back pain 

populations [20]. 

Core stability was assessed with a Pressure 

Biofeedback Unit placed under the lumbar 

lordosis during abdominal drawing-in and 

progressive dynamic tasks. The source protocol 

used a 40 mmHg starting pressure, monitored 

the ability to maintain pressure within a target 

range, and recorded successful controlled 

repetitions. The master chart expressed 

performance as a discrete 0-10 score, with 

higher scores indicating better lumbopelvic 

control. Pressure biofeedback can support 

clinical assessment of movement control, 

although it should not be interpreted as a direct 

measure of transversus abdominis activation or 

diaphragm function [22]. 

2.5 Data management and statistical analysis 

Participant-level data were independently 

transcribed from the thesis master chart and 

checked against the displayed rows. 

Continuous variables are presented as mean +/- 

standard deviation and median [interquartile 

range], while categorical variables are 

presented as frequency and percentage. The 

source master chart showed discrete outcome 

values and uniform paired change scores; 

consequently, paired t tests and repeated-

measures analysis of variance would yield 

unstable or degenerate variance estimates. 

Repeated outcomes were therefore analysed 

using the Friedman test. Kendall's W was 

calculated as an effect-size measure. Exact 

Wilcoxon signed-rank tests were used for 

pairwise comparisons, with Holm adjustment 

for three comparisons per outcome. Two-sided 
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p values below 0.05 were considered 

statistically significant. 

2.6 Ethical considerations 

The thesis states that approval was obtained 

from the Institutional Ethics Committee of 

Pacific Medical University and that written 

informed consent was obtained from every 

participant. Participation was voluntary, 

confidentiality was maintained, and 

participants could withdraw without affecting 

routine care. The ethics approval identifier and 

approval date were not available in the source 

document and must be inserted before journal 

submission. 

3. Results 

3.1 Participant characteristics 

Thirty participants were included in the 

analysis. The mean age was 33.33 +/- 7.25 

years (range 20-45 years), and the mean body 

weight was 68.13 +/- 9.40 kg. The sample 

included 15 men and 15 women. Office workers 

were the largest occupational group (33.3%). 

Most participants had symptoms lasting 13-24 

weeks (43.3%) or more than 24 weeks (40.0%). 

Table 1. Baseline demographic and clinical characteristics (n=30) 

Characteristic Value, mean +/- SD or n (%) Range 

Age, years 33.33 +/- 7.25 20-45 

Weight, kg 68.13 +/- 9.40 48-85 

Female sex 15 (50.0)  

Male sex 15 (50.0)  

Age 20-29 years 10 (33.3)  

Age 30-39 years 14 (46.7)  

Age 40-45 years 6 (20.0)  

Office worker 10 (33.3)  

Teacher 5 (16.7)  

Homemaker 5 (16.7)  

Student 4 (13.3)  

Labourer 3 (10.0)  

Shopkeeper 3 (10.0)  

Symptom duration 4-12 weeks 5 (16.7)  

Symptom duration 13-24 weeks 13 (43.3)  

Symptom duration >24 weeks 12 (40.0)  

SD, standard deviation. 

3.2 Changes in pain, disability, and core 

stability 

All three outcomes changed significantly over 

time. Mean NPRS decreased by 3.00 points at 6 

weeks and by 5.00 points at 9 months relative 

to baseline. Mean MODI decreased by 18.00 

percentage points at 6 weeks and by 28.00 

percentage points at 9 months. Mean PBU-

derived core stability performance increased by 

3.00 points at 6 weeks and by 5.00 points at 9 

months. 

Friedman tests produced the same omnibus 

statistic for each outcome (chi-square=60.0, 

df=2, p<0.001), with Kendall's W=1.00. Exact 

pairwise comparisons were significant for 

baseline versus 6 weeks, baseline versus 9 

months, and 6 weeks versus 9 months for every 

outcome (Holm-adjusted p<0.001). 

Table 2. Outcome trajectories across the three assessment points 
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Outcome Baseline 6 weeks 9 months Friedman 

chi-square 

p 

value 

Kendall 

W 

NPRS (0-

10) 

6.50 +/- 1.04; 

6.5 [6.0-7.0] 

3.50 +/- 

1.04; 3.5 

[3.0-4.0] 

1.50 +/- 1.04; 

1.5 [1.0-2.0] 

60.0 <0.001 1.00 

MODI (%) 43.70 +/- 7.32; 

43.5 [38.0-

50.0] 

25.70 +/- 

7.32; 25.5 

[20.0-32.0] 

15.70 +/- 

7.32; 15.5 

[10.0-22.0] 

60.0 <0.001 1.00 

PBU-

derived 

score 

4.00 +/- 0.79; 

4.0 [3.0-5.0] 

7.00 +/- 

0.79; 7.0 

[6.0-8.0] 

9.00 +/- 0.79; 

9.0 [8.0-10.0] 

60.0 <0.001 1.00 

Values are mean +/- SD; median [IQR]. NPRS, Numeric Pain Rating Scale; MODI, Modified Oswestry 

Disability Index; PBU, Pressure Biofeedback Unit; IQR, interquartile range. 

Table 3. Pairwise within-participant comparisons 

Outcome Comparison Median 

change 

Wilcoxon 

W 

Holm-

adjusted p 

NPRS Baseline vs 6 weeks -3.00 0.0 <0.001 

NPRS Baseline vs 9 months -5.00 0.0 <0.001 

NPRS 6 weeks vs 9 months -2.00 0.0 <0.001 

MODI Baseline vs 6 weeks -18.00 0.0 <0.001 

MODI Baseline vs 9 months -28.00 0.0 <0.001 

MODI 6 weeks vs 9 months -10.00 0.0 <0.001 

PBU-derived 

score 

Baseline vs 6 weeks +3.00 0.0 <0.001 

PBU-derived 

score 

Baseline vs 9 months +5.00 0.0 <0.001 

PBU-derived 

score 

6 weeks vs 9 months +2.00 0.0 <0.001 

Negative change denotes improvement for NPRS and MODI; positive change denotes improvement for 

the PBU-derived score. Exact two-sided Wilcoxon signed-rank tests were used. 

3.3 Clinical category shifts 

At baseline, 15 participants had moderate pain 

and 15 had severe pain. At 9 months, 6 

participants reported no pain and 24 reported 

mild pain. Severe disability was present in 18 

participants at baseline, whereas 21 participants 

were classified as having minimal disability at 

9 months. All participants reached the 'good' 

PBU-derived performance category at 9 months 

under the category definitions used in the thesis. 

Table 4. Distribution of clinical categories over time, n (%) 

Measure Category Baseline 6 weeks 9 months 

NPRS No pain 0 (0.0) 0 (0.0) 6 (20.0) 

NPRS Mild 0 (0.0) 15 (50.0) 24 (80.0) 

NPRS Moderate 15 (50.0) 15 (50.0) 0 (0.0) 

NPRS Severe 15 (50.0) 0 (0.0) 0 (0.0) 

MODI Minimal disability 0 (0.0) 9 (30.0) 21 (70.0) 

MODI Moderate disability 12 (40.0) 21 (70.0) 9 (30.0) 

MODI Severe disability 18 (60.0) 0 (0.0) 0 (0.0) 
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PBU-derived Poor 21 (70.0) 0 (0.0) 0 (0.0) 

PBU-derived Moderate 9 (30.0) 21 (70.0) 0 (0.0) 

PBU-derived Good 0 (0.0) 9 (30.0) 30 (100.0) 

Categories followed the scoring interpretations used in the source thesis and master chart. 

4. Discussion 

This single-group study found large, 

progressive improvements in pain, functional 

disability, and PBU-derived lumbopelvic 

control after diaphragmatic breathing retraining 

was combined with conventional 

physiotherapy. Improvements were evident at 

the end of the supervised 6-week programme 

and were maintained, with further numerical 

gains, at the 9-month assessment. The mean 5-

point reduction in NPRS exceeded the 

commonly cited 2-point threshold for 

meaningful change in low back pain [21]. The 

28-percentage-point reduction in MODI was 

also substantially larger than conventional 

thresholds used to interpret clinically important 

disability change. 

The findings are biologically plausible. The 

diaphragm has a dual respiratory and postural 

role. During limb loading, diaphragm activation 

can precede or accompany movement and 

contribute to trunk control [5,6]. Patients with 

chronic low back pain may demonstrate smaller 

diaphragm excursions during postural tasks [7] 

and greater susceptibility to diaphragm fatigue 

[8]. Retraining a coordinated abdominal 

breathing pattern may therefore improve the 

timing and integration of the diaphragm with 

the abdominal wall, pelvic floor, and spinal 

extensor system. It may also reduce 

unnecessary accessory-muscle activity and 

promote more efficient movement strategies 

during exercise. 

The present results align with earlier controlled 

work. Finta et al. reported reduced pain and 

changes in diaphragm and lumbar stabilizer 

muscle thickness after diaphragm training [12]. 

Masroor et al. found that adding diaphragmatic 

breathing to core stabilization improved pain, 

disability, muscle activity, chest expansion, and 

sleep-related outcomes compared with core 

stabilization alone [13]. Yu et al. also observed 

benefits when breathing training was combined 

with core stability training [14]. Additional 

trials involving hypopressive abdominal 

training, respiratory resistance, and 

stabilization exercise have reported favourable 

changes in pain, function, and diaphragm-

related measures [15-18,23]. Systematic 

reviews now suggest that breathing or 

diaphragmatic interventions can improve pain 

and disability, although evidence certainty and 

intervention consistency vary [9-11]. 

The 9-month pattern is clinically interesting but 

should be interpreted cautiously. Continued 

improvement after supervised treatment may 

reflect ongoing self-practice, greater physical 

activity, improved confidence, ergonomic 

changes, or natural symptom fluctuation. The 

source thesis did not document home-exercise 

adherence, additional treatment, medication 

use, adverse events, or occupational exposure 

during follow-up. Consequently, the long-term 

values cannot be attributed exclusively to the 

original intervention. 

The PBU-derived outcome deserves particular 

caution. Pressure biofeedback is useful for 

monitoring lumbopelvic position during 

abdominal drawing-in, but its concurrent 

validity as a surrogate for selective transversus 

abdominis activation is limited [22]. The score 

used in the master chart represented successful 

performance across controlled tasks rather than 

a direct physiological measurement of 
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diaphragm excursion, muscle thickness, or 

intra-abdominal pressure. Future studies should 

include ultrasound imaging, electromyography, 

respiratory pressure testing, or motion analysis 

alongside clinically feasible performance tests. 

An important methodological contribution of 

the present manuscript is the independent 

participant-level reanalysis. The thesis 

summary tables and master chart were not fully 

concordant. The manuscript therefore used the 

participant-level values, reported corrected 

means and standard deviations, and selected 

non-parametric repeated-measures procedures 

because paired change scores were uniform. 

This improves internal numerical consistency, 

but the uniformity of changes also reinforces 

the need for source-data verification and 

independent statistical review before external 

submission. 

4.1 Strengths 

• The study evaluated multiple clinically 

relevant domains rather than pain alone. 

• Every participant had recorded data at all 

three assessment points, including a 

relatively long 9-month follow-up. 

• The intervention was low-cost, non-invasive, 

and feasible for routine physiotherapy 

settings. 

• Participant-level reanalysis enabled 

internally consistent reporting and 

appropriate non-parametric inference. 

4.2 Limitations 

• The single-group design cannot distinguish 

treatment effects from natural recovery, 

regression to the mean, attention effects, or 

concurrent care. 

• Diaphragmatic breathing was delivered with 

conventional physiotherapy, so the 

independent contribution of breathing 

retraining cannot be estimated. 

• The sample was small, purposively selected, 

and drawn from one outpatient department, 

limiting generalizability. 

• Treatment fidelity, assessor blinding, home-

practice adherence, additional care, 

medication use, and adverse events were not 

systematically reported. 

• The conventional physiotherapy component 

was not described with sufficient detail for 

exact replication. 

• The PBU-derived score is a clinical 

performance indicator and not a direct 

measure of diaphragm function. 

• Ethics approval identifiers and exact 

recruitment dates were absent from the 

source thesis. 

5. Conclusion 

A 6-week programme combining 

diaphragmatic breathing retraining with 

conventional physiotherapy was associated 

with substantial reductions in pain and 

disability and improved PBU-derived 

lumbopelvic control in adults with mechanical 

low back pain. These within-group changes 

were maintained at 9 months. The results 

support further investigation of breathing 

retraining as one component of multimodal 

rehabilitation, but they do not establish a causal 

or independent effect. A sufficiently powered 

randomized controlled trial with a standardized 

comparator, concealed allocation, blinded 

outcome assessment, treatment-fidelity 

monitoring, adherence tracking, adverse-event 

reporting, and objective diaphragm 

measurements is required. 
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