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CAPITULO 15

Design, Implementation, and Evaluation of a Multicomponent Diaphragm
Rehabilitation Project for Chronic Non-Specific Low Back Pain: A Two-Phase
Randomized Controlled Trial

Francisco José Vera Serrano* & Carlos Manuel Pérez Pérez**
*Servicio Andaluz de Salud; **Universidad de Cadiz

Introduction

Project Description

Current State of the Issue (State of the Art)

Chronic non-specific low back pain (CNLBP) remains one of the leading causes of disability
worldwide, generating a substantial burden on healthcare systems, working populations, and individual
quality of life, with recent global estimates indicating a continued rise in age-standardized prevalence and
years lived with disability over the past three decades (GBD 2021 Low Back Pain Collaborators, 2023;
Chiarotto & Koes, 2022). Despite decades of clinical and biomechanical research, the multifactorial nature
of CNLBP continues to challenge the identification of a single dominant mechanism, and current evidence
increasingly points toward impaired neuromuscular control of the lumbopelvic complex as a central
contributor to symptom persistence and recurrence, as first demonstrated by delayed feedforward
activation of the transversus abdominis in individuals with low back pain (Hodges & Richardson, 1996).

Within this framework, the diaphragm has progressively moved from being considered a purely
respiratory muscle to being recognized as a key postural and stabilizing structure. Its dual role, sustaining
ventilation while simultaneously contributing to the generation of intra-abdominal pressure and lumbar
spine stiffness, positions it as a determinant element of the deep stabilization system together with the
pelvic floor and transversus abdominis (Kolar et al., 2012). Early experimental work using intramuscular
electromyography and ultrasonography demonstrated that the diaphragm contracts tonically in anticipation
of postural perturbations, independent of its respiratory rhythm, confirming its dual respiratory-postural
function (Hodges et al., 1997). Building on this evidence, subsequent studies have shown that individuals
with CNLBP frequently present altered diaphragmatic postural behaviour, including delayed or
insufficient descent during anticipatory postural adjustments, along with greater diaphragm fatigability
compared with asymptomatic individuals (Janssens et al., 2013). More recent case-control studies using
B-mode and M-mode ultrasonography have corroborated these functional differences, reporting a
significantly reduced capacity for diaphragmatic thickness change during breathing in individuals with
CNLBRP relative to healthy controls (Ziaeifar et al., 2022).

Building on this pathophysiological rationale, a growing number of randomized controlled trials have
tested diaphragm-focused interventions, ranging from manual therapy and myofascial release techniques
to inspiratory muscle training and dynamic neuromuscular stabilization exercises. A recent systematic
review and meta-analysis pooling seven RCTs concluded that diaphragm-targeted interventions produce
large reductions in pain intensity and moderate-to-large improvements in disability, with diaphragmatic
training and manual therapy emerging as the most effective modalities, although the overall certainty of
evidence was rated as low according to GRADE criteria, largely due to methodological heterogeneity,
small sample sizes, and short follow-up periods (Ma et al., 2026; Guyatt et al., 2011). Similar conclusions
were reached by manual-therapy specific trials showing that osteopathic protocols incorporating
diaphragmatic techniques improve pain and disability more than protocols without a respiratory
component (Marti-Salvador et al., 2018), by respiratory-training trials demonstrating that inspiratory
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muscle training modifies proprioceptive use of trunk muscles and reduces low back pain recurrence
(Janssens et al., 2015), and by trials of manual myofascial release techniques targeting the diaphragm and
iliopsoas, which produced significant short-term reductions in pain and disability (Siglan & Colak, 2023).

Notwithstanding this encouraging evidence, several gaps persist. First, most published trials have
evaluated isolated techniques (manual therapy or breathing exercises) rather than a combined, protocolized
approach that simultaneously addresses the manual, respiratory, and neuromuscular dimensions of
diaphragmatic dysfunction. Second, few studies have paired clinical outcome measures with objective
diaphragmatic imaging, which limits the mechanistic interpretation of clinical improvements. Third,
sample sizes remain modest and group allocation is frequently unbalanced, reducing statistical power and
increasing the risk of type Il error. Fourth, long-term follow-up beyond three months is rare, despite
CNLBP being characterized by a fluctuating and recurrent course. Our research team's own pilot
experience with a bilateral cephalad manual diaphragmatic stretching protocol added to conventional
physiotherapy (trial registration NCT06069388) illustrated both the clinical promise of this approach, with
large effects on pressure pain thresholds and mental-health-related quality of life, and several of these same
limitations, including a moderate and unbalanced sample size and the absence of diaphragmatic imaging
to substantiate the proposed mechanism of action.

The present chapter proposes a future multicenter, two-phase project designed to directly address these
limitations, combining a clinically oriented confirmatory randomized controlled trial with a mechanistic
ultrasonographic sub-study, framed within current recommendations for methodological rigor in
musculoskeletal rehabilitation research (van Tulder et al., 2003; Page et al., 2021).

Detailed Description of the Project and Objectives

DIAFRAGMA-II is a proposed multicenter, two-phase research project aimed at determining the
clinical effectiveness and underlying physiological mechanisms of a multicomponent diaphragm-targeted
intervention in adults with CNLBP. Unlike previous single-technique trials, the project integrates three
complementary components within a single structured protocol: (1) manual diaphragmatic release and
stretching techniques applied bilaterally in cephalad and caudal directions; (2) a progressive inspiratory
muscle training programme using calibrated threshold devices; and (3) dynamic neuromuscular
stabilization exercises targeting coordinated diaphragmatic-abdominal co-activation during functional
tasks.

Phase 1 consists of a confirmatory, adequately powered, multicenter randomized controlled trial
comparing the multicomponent diaphragmatic protocol added to conventional physiotherapy against
conventional physiotherapy alone, across primary care physiotherapy units of the Andalusian Health
Service and university-affiliated outpatient clinics. Phase 2 consists of an embedded mechanistic sub-study
conducted in a subsample of participants, in which bilateral diaphragmatic thickness and excursion will be
measured by B-mode and M-mode ultrasonography before and after the intervention, allowing the
correlation of structural and functional diaphragmatic changes with clinical outcomes.

The intervention is intended for adults aged 18 to 65 years with CNLBP of more than three months'
duration and clinical signs of diaphragmatic dysfunction identified through validated screening tests. The
project will be implemented over an estimated period of 24 months, including recruitment, intervention,
immediate post-intervention assessment, and a 6-month follow-up, thereby addressing the shortage of
medium-term outcome data identified in the existing literature.

Project Objectives. Justification of the Interest and Feasibility

General Objective

To design, implement, and evaluate the clinical effectiveness and physiological mechanisms of a
multicomponent diaphragm-targeted rehabilitation protocol, compared with conventional physiotherapy
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alone, in adults with chronic non-specific low back pain, through a two-phase multicenter randomized
controlled trial with 6-month follow-up.

Justification of the Interest and Feasibility of the Project

The scientific interest of DIAFRAGMA-II lies in its capacity to overcome the principal
methodological limitations identified in the current evidence base on diaphragm-focused interventions for
CNLBP: small and unbalanced samples, single-technique protocols, absence of imaging-based
mechanistic verification, and short follow-up periods (Ma et al., 2026). By integrating manual therapy,
respiratory training, and neuromuscular stabilization into a single reproducible protocol, and by pairing
clinical outcomes with ultrasonographic evidence of diaphragmatic structure and function, the project is
positioned to generate higher-certainty evidence capable of informing clinical guidelines.

From a feasibility standpoint, the project builds directly upon the research team's accumulated
experience coordinating the DIAFRAGMA pilot trial, including validated assessment protocols for
pressure pain thresholds, thoracic mobility, and patient-reported quality of life, as well as established
collaboration agreements with primary care physiotherapy units. The multicenter design, distributing
recruitment across several primary care and university-affiliated sites, is expected to substantially increase
the feasible sample size within a realistic timeframe while preserving ecological validity, since the
intervention will be delivered by qualified physiotherapists under routine clinical conditions rather than in
a highly controlled laboratory setting.

Finally, the project responds to an explicit call in the most recent systematic review on this topic for
future high-quality randomized controlled trials capable of confirming long-term efficacy and
standardizing intervention protocols (Ma et al., 2026), positioning DIAFRAGMA-II as a timely and
clinically relevant contribution to musculoskeletal rehabilitation research.

Methodology

Description of Materials and Methodology. Planned Activities

DIAFRAGMA-II will adopt a two-arm, parallel-group, assessor-blinded, multicenter randomized
controlled trial design (Phase 1), complemented by a nested pre-post mechanistic sub-study using
diagnostic ultrasonography (Phase 2). Participants will be recruited from physiotherapy units of the Bahia
de Cadiz—La Janda Health District and university-affiliated outpatient clinics, and randomly allocated in a
1:1 ratio to either the experimental group (multicomponent diaphragmatic protocol plus conventional
physiotherapy) or the control group (conventional physiotherapy alone), using computer-generated
concealed allocation sequences stratified by site and baseline pain intensity.

The experimental protocol will comprise 12 sessions delivered twice weekly over six weeks. Each
session will include: (1) 15 minutes of bilateral manual diaphragmatic stretching, combining cephalad and
caudal mobilization techniques applied at the costal insertions of the diaphragm; (2) 10 minutes of
inspiratory muscle training using a calibrated threshold device set at 30 to 40 percent of each participant's
maximal inspiratory pressure, with weekly load adjustment; and (3) 15 minutes of dynamic neuromuscular
stabilization exercises progressing from supine diaphragmatic breathing with abdominal co-activation to
functional postural tasks in quadruped, kneeling, and standing positions. The control group will receive
conventional physiotherapy consisting of lumbopelvic stabilization exercises, stretching, and therapeutic
education, matched for session frequency and duration.
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Table 1. Eligibility Criteria for Participant Selection

Inclusion criteria Exclusion criteria

Adults aged 1865 years Specific low back pain (fracture, tumour, infection, cauda equina
syndrome)

Non-specific low back pain of more than 3 months' duration Prior lumbar spine surgery

Average pain intensity >3/10 on the NPRS during the preceding Diagnosed respiratory disease (COPD, asthma exacerbation,

week restrictive lung disease)

At least one positive clinical sign of diaphragmatic dysfunction

(abnormal respiratory pattern, reduced costal excursion, positive Pregnancy

diaphragm palpation test)

Cognitive impairment precluding comprehension of exercise
instructions
Physiotherapy treatment for low back pain in the preceding 3
months

Ability to understand and provide written informed consent

Table 2. Structured Content of the 12-Session Intervention Protocol (Experimental vs. Control Group)

Component Experimental group Control group
15 min bilateral diaphragmatic stretching .
Manual therapy (cephalad/caudal) Not applied

10 min inspiratory muscle training
(threshold device, 30-40% MIP)
15 min DNS exercises (supine — quadruped
— kneeling — standing)
Embedded within conventional
physiotherapy component
Embedded within conventional
physiotherapy component
Embedded within conventional
physiotherapy component
2 sessions/week for 6 weeks (12 sessions, 2 sessions/week for 6 weeks (12 sessions,
~40 min) ~45 min)

Respiratory training Not applied

Neuromuscular stabilization Not applied

Lumbopelvic stabilization exercise 20 min lumbopelvic stabilization exercise

General stretching 10 min general stretching

Therapeutic education 15 min pain neuroscience education

Frequency and duration

Justification of the Methodology According to the Objectives

The proposed methodology is grounded in current biomechanical and neurophysiological evidence
indicating that the diaphragm contributes to lumbar spine stability through the generation of intra-
abdominal pressure and coordinated co-activation with the transversus abdominis and pelvic floor (Kolar
et al., 2012). Combining manual therapy, respiratory training, and neuromuscular stabilization within a
single protocol is justified by evidence that each component addresses a distinct dimension of
diaphragmatic dysfunction: manual techniques target myofascial restrictions and costal mobility (Siglan
& Colak, 2023), inspiratory muscle training addresses diaphragmatic fatigability and proprioceptive
contribution to postural control (Janssens et al., 2015), and dynamic neuromuscular stabilization exercises
retrain the coordinated timing of diaphragmatic-abdominal co-activation during functional movement
(Rabieezadeh et al., 2024).

This multicomponent design is therefore aligned with the objective of achieving clinically meaningful
and sustained improvements in pain and disability, addressing the mechanistic complexity of
diaphragmatic dysfunction more comprehensively than single-technique interventions evaluated in
isolation in previous trials.

Suitability of Materials and Methodology to Each Type of Activity

The materials and methodology have been adapted to the different types of activity comprised within
the protocol. For the manual therapy component, treating physiotherapists will follow a standardized
technique manual with photographic guidance describing hand placement, direction, and progression of
diaphragmatic stretching manoeuvres, ensuring inter-therapist consistency across participating centres. For
the respiratory training component, calibrated threshold inspiratory muscle trainers will be provided to
each participant, together with individualized loading charts and a structured home-practice diary to
monitor adherence between supervised sessions. For the neuromuscular stabilization component, a graded
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exercise progression card will specify entry criteria for advancing from lower to higher postural demands,
ensuring that exercise difficulty is matched to each participant's baseline motor control capacity.

Standardization materials will additionally include a TIDieR-based (Template for Intervention
Description and Replication) technique description document, ensuring that the intervention can be
reported and replicated in full methodological detail once completed, consistent with recommendations
from the Cochrane Back Review Group (van Tulder et al., 2003).

Available Resources and Their Suitability for the Project

The project will be coordinated by the Physiotherapy Department of the Faculty of Nursing and
Physiotherapy of the University of Cadiz, in collaboration with the Bahia de Cadiz—La Janda Health
District (Andalusian Health Service), the PAIDI CTS-1152 research group, and the Biomedical Research
and Innovation Institute of Cadiz (INiBICA). These institutions provide access to outpatient physiotherapy
consultation rooms, diagnostic ultrasonography equipment for the mechanistic sub-study, algometry
devices for pressure pain threshold assessment, and validated Spanish-language versions of the patient-
reported outcome instruments required for the clinical evaluation.

Additional resources include institutional statistical software for the planned intention-to-treat and per-
protocol analyses, secure digital case report forms for data management across multiple recruitment sites,
and continuing-education sessions to train participating physiotherapists in the standardized delivery of
the experimental protocol, ensuring fidelity of implementation across centres.

The project will be conducted in accordance with the ethical principles of the Declaration of Helsinki
and will be submitted for approval to the Provincial Research Ethics Committee of Cadiz prior to
recruitment. Written informed consent will be obtained from all participants after full explanation of the
study procedures, potential risks, and their right to withdraw at any time without consequences for their
ongoing clinical care. Personal and clinical data will be pseudonymised at the point of collection and
managed in accordance with Spanish Organic Law 3/2018 on Data Protection and Guarantee of Digital
Rights and Regulation (EU) 2016/679, with access restricted to the research team through a secure
institutional server.

Indicators and Evaluation Procedures

The primary outcome will be change in pain intensity, measured using the Numeric Pain Rating Scale,
assessed at baseline, immediately post-intervention, and at 6-month follow-up. Secondary clinical
outcomes will include disability (Oswestry Disability Index), pressure pain thresholds at lumbar and
paravertebral sites via digital algometry, thoracic and lumbar mobility (cirtometry and modified Schober
test), and health-related quality of life using the SF-12 questionnaire, scored into physical and mental
component summaries following established methodology (Hagell et al., 2017, as previously applied by
the research team).

Mechanistic outcomes, collected in the Phase 2 sub-study, will include diaphragmatic thickness at end-
expiration and end-inspiration and diaphragmatic excursion during quiet and deep breathing, measured
bilaterally by B-mode and M-mode ultrasonography, allowing calculation of the thickening fraction as an
index of contractile diaphragmatic function.

Implementation indicators will include session attendance, home-practice adherence recorded through
the training diary, and protocol fidelity, audited through video-recorded sessions rated against the
standardized technique manual by an independent assessor blinded to group allocation.
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Table 3. Outcome Measures, Instruments and Assessment Time-Points

Domain Instrument Baseline Post-intervention 6-month follow-up
Pain intensity (primary) Numeric Pain Rating Scale X X X
Disability Oswestry Disability Index X X X
Digital al try (L1-L5
Pressure pain threshold igital algometry ( ’ X X X
paravertebral)
. . Cirtometry, modified
Thoracic/lumbar mobility triometry, mocitie
Schober test
Quality of life SF-12 (PCS/MCS)
Diaphragm
. . B-mode/M-mod
thickness/excursion (sub- ul?r]aosoilo rzl(; ¢ X X -
study) erapiy
Implementation fidelity Video-rated checklist - X -
Adherence Home-practice diary - X -

All clinical outcomes will be analysed following the intention-to-treat principle, using linear mixed-
effects models with repeated measures, including group, time, and group-by-time interaction as fixed
effects, and participant and recruitment site as random effects, to account for the multicenter structure of
the data. Per-protocol analyses will be conducted as a sensitivity analysis restricted to participants
completing at least 80% of scheduled sessions. Mechanistic outcomes from the ultrasonographic sub-study
will be analysed using paired and independent-samples comparisons of pre-post change in diaphragmatic
thickening fraction and excursion between groups, followed by correlation analyses between the
magnitude of ultrasonographic change and the magnitude of clinical improvement in pain and disability.
Statistical significance will be set at p < .05, and effect sizes will be reported alongside 95% confidence
intervals for all comparisons.

Project Organization and Planning

The project will be organized into five sequential phases over an estimated 24-month period.

Phase 1: Preparation (Months 1-3). Ethical approval, trial registration, standardization of the technique
manual, training of participating physiotherapists, and calibration of ultrasonographic assessors.

Phase 2: Recruitment and Baseline Assessment (Months 4-8). Multicenter recruitment across
participating physiotherapy units, screening for eligibility, baseline clinical and mechanistic assessments,
and randomization.

Phase 3: Intervention Delivery (Months 6-14, overlapping recruitment). Delivery of the 6-week
experimental or control protocol to successive recruitment waves, with continuous fidelity monitoring.

Phase 4: Post-Intervention and Follow-up Assessment (Months 9-20). Immediate post-intervention
assessments and 6-month follow-up evaluations, conducted by assessors blinded to group allocation.

Phase 5: Analysis and Dissemination (Months 20-24). Statistical analysis following intention-to-treat
principles, preparation of manuscripts reporting clinical and mechanistic findings separately, and
dissemination of standardized intervention materials to participating clinical sites.

Coordination will be ensured through monthly multicenter monitoring meetings, a shared digital data
management platform, and periodic on-site fidelity audits.

Dissemination activities will include the publication of the trial protocol prior to recruitment
completion, followed by separate manuscripts reporting clinical and mechanistic findings in peer-reviewed
journals indexed in the Journal Citation Reports, in accordance with the CONSORT statement for
randomized controlled trials. Results will additionally be presented at national and international
physiotherapy and rehabilitation congresses, and a plain-language summary will be provided to
participating physiotherapy units to facilitate knowledge transfer into clinical practice.
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Results

Expected Results of the Project

Outcomes to Be Evaluated Upon Completion of the Project

The evaluation of DIAFRAGMA-II will focus on determining both the clinical effectiveness of the
multicomponent diaphragmatic protocol and the physiological mechanisms underlying observed changes.
Primary and secondary clinical outcomes will include pain intensity, disability, pressure pain thresholds,
thoracic and lumbar mobility, and health-related quality of life. Mechanistic outcomes will include bilateral
diaphragmatic thickness, excursion, and thickening fraction, assessed by ultrasonography.

Implementation outcomes will additionally be evaluated, including protocol fidelity, session
attendance, home-practice adherence, and participant-reported acceptability of the multicomponent
protocol, allowing conclusions regarding the feasibility of translating the intervention into routine primary
care physiotherapy practice.

Description of Evaluation Procedures and Expected Results

Assessments are planned at three time points: baseline, immediately after the 6-week intervention
period, and at 6-month follow-up, allowing analysis of both short-term and medium-term effects, an aspect
largely absent from previous diaphragm-focused trials (Ma et al., 2026).

Based on the pooled effect sizes reported in the most recent meta-analysis of diaphragmatic
interventions for CNLBP (overall pain SMD = —1.11; disability SMD = —0.83; Ma et al., 2026) and on
preliminary findings from the research team's pilot trial showing large effects on pressure pain thresholds,
the multicomponent protocol is expected to produce clinically meaningful reductions in pain intensity and
disability that are sustained at 6-month follow-up, in contrast to the more limited long-term data available
for single-technique interventions.

With regard to quality of life, improvements are expected primarily in the mental health component,
consistent with previous findings linking manual diaphragmatic techniques to improvements in
psychological well-being domains, while smaller and more variable effects are anticipated for the physical
component, in line with the multifactorial nature of physical functioning in CNLBP.

At the mechanistic level, the intervention is expected to produce measurable increases in diaphragmatic
thickening fraction and excursion, particularly among participants exhibiting diaphragmatic dysfunction
at baseline, providing physiological support for the clinical improvements observed and addressing the
current absence of imaging-based confirmation in the diaphragm-CNLBBP literature. Correlational analyses
are expected to reveal a moderate association between the magnitude of ultrasonographic change and the
magnitude of clinical improvement, reinforcing the proposed mechanistic pathway.

Finally, high levels of protocol fidelity, session attendance, and participant acceptability are expected,
supporting the feasibility of implementing the multicomponent protocol within routine primary care
physiotherapy services beyond the research context.

Several limitations are anticipated. First, blinding of treating physiotherapists to group allocation is
not feasible given the manual and exercise-based nature of the intervention, although outcome assessors
and data analysts will remain blinded throughout the study. Second, the multicenter design, while
increasing feasible sample size and ecological validity, may introduce between-site variability in
intervention delivery despite standardization efforts, which will be monitored through fidelity audits.
Third, the mechanistic ultrasonographic sub-study will be restricted to a subsample of participants for
feasibility reasons, which may limit the statistical power of correlational analyses between structural and
clinical change.
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Conclusions

Conclusions. Innovations Derived from the Implementation of the Project

The DIAFRAGMA-II project represents a methodologically robust response to the principal
limitations identified in the current evidence on diaphragm-targeted interventions for chronic non-specific
low back pain. By integrating manual therapy, inspiratory muscle training, and dynamic neuromuscular
stabilization within a single standardized protocol, the project moves beyond the single-technique trials
that have characterized this field to date, offering a more comprehensive test of the diaphragm's
contribution to lumbopelvic stability.

A central innovation of the project lies in its two-phase design, which pairs a confirmatory multicenter
randomized controlled trial with a nested mechanistic ultrasonographic sub-study, enabling direct
correlation between structural and functional diaphragmatic changes and clinical outcomes. This
combination directly addresses the recurrent criticism, present throughout the diaphragm-CNLBP
literature, that clinical improvements following diaphragm-focused interventions lack physiological
verification (Ma et al., 2026).

The project also introduces methodological improvements over previous trials in this domain,
including an adequately powered multicenter sample, balanced randomization, extended 6-month follow-
up, and a fully standardized, TIDieR-reported intervention protocol, thereby responding to explicit calls in
the literature for higher-certainty evidence and standardized protocols (Ma et al., 2026; van Tulder et al.,
2003).

From a translational perspective, the project has been designed for implementation within existing
primary care physiotherapy structures, using equipment and techniques already familiar to qualified
physiotherapists, which is expected to facilitate future scalability within the Andalusian Health Service
and other public health systems. If the expected outcomes are confirmed, DIAFRAGMA-II has the
potential to provide higher-certainty evidence supporting the inclusion of standardized diaphragm-targeted
protocols within clinical guidelines for chronic non-specific low back pain, while advancing understanding
of the biomechanical pathways linking respiratory and lumbopelvic function.
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