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ABSTRACT

The HEALTHYBACK trial is based on a multimodal
intervention to determine the effectiveness of a supervised
physical exercise, mindfulness, behaviour change and
pain neuroscience education programme on several health
variables in individuals with chronic primary low back pain
(CPLBP). The study will be a randomised controlled trial
among 70 individuals diagnosed with CPLBP (aged 18-65
years). The intervention will be conducted in person within
a hospital setting for 16 weeks and comprises a first phase
(16 sessions supervised physical exercise (2 days/week,
45 min/session), mindfulness (1 day/week, 2.5 hours/
session), behaviour change (daily/24 hours via a wrist-
worn activity prompting device) and pain neuroscience
education (1 day/biweekly, 2 hours/session)) and a

second phase (16 sessions functional full-body muscle
strengthening exercise, 3 days/week, 50 min/session). The
primary outcomes will include perceived acute pain, pain
pressure threshold, conditioned pain modulation, temporal
summation of pain and disability due to pain. Secondary
measures will include physical fitness, body composition,
gait parameters, device-measured physical activity and
sedentary behaviour, haematological profile, self-reported
sedentary behaviour, quality of life, pain catastrophising,
mental health, sleep duration and quality, and symptoms
related to central sensitisation. The groups will undergo
pretest (before the intervention), post-test (after each phase
of the intervention) and retest (at a 6-week detraining
period after the intervention) measurements. The results
will determine the effectiveness of multidimensional
interventions on several health parameters in individuals
with CPLBP. They will provide knowledge for pain
management and functioning in affected individuals, which
might diminish the need for primary healthcare services.
Trial registration number: NCT06114264.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Chronic primary low back pain (CPLBP) is a global
public health issue, being one of the leading causes
of years lived with disability. CPLBP requires a bio-
psychosocial approach with different combinations
of interventions, which may positively affect physical
and mental health.

WHAT THIS STUDY ADDS

= The HEALTHYBACK study aims to evaluate the ef-
fects of physical exercise, mindfulness, behaviour
change and pain neuroscience education on overall
health in individuals with CPLBP. Furthermore, this
study explores which exercise modality is most
effective in this population and includes blood bio-
marker measurements.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study may provide new knowledge for under-
standing the mechanisms of chronic pain, enabling
healthcare professionals to make better decisions
based on scientific evidence regarding the type of
treatment required for CPLBP and providing tools for

the management of patients’ symptoms.

INTRODUCTION

The estimated prevalence of people of all ages
and sexes suffering from low back pain (LBP)
in 2020 was 619 million worldwide. LBP is char-
acterised by the pain experienced between
the 12th rib and the gluteal folds, which lasts
more than 12 weeks in cases of chronicity.
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When a pathoanatomical diagnosis is not provided, the
condition is classified as non-specific chronic low back
pain or as chronic primary low back pain (CPLBP),
according to the terminology recently recommended by
WHO. This condition is the leading cause of years lived
with disability in the general population' and results in
physical and psychological impairments that diminish
the quality of life.” Furthermore, a systematic review has
shown that individuals with CPLBP might present greater
systemic inflammation than healthy controls. Addition-
ally, neuropeptides such as neuropeptide Y, substance P
and beta-endorphin, which act as signalling molecules
within the nervous system, modulate various physiolog-
ical processes, including pain perception.” Alterations
in these biomarkers have the potential to impact central
sensitisation, an amplification of neural signalling within
the central nervous system that leads to hypersensitivity
to pain.* High-quality studies, including inflammatory
biomarkers (such as C-reactive protein, tumour necrosis
factor-o0 and interleukin 6) and neuropeptides, are
required as the levels of evidence are low and would help
understand the mechanisms involved in chronic pain
maintenance.”

In response to exercise, individuals with CPLBP develop
muscle atrophy, decreased strength, proprioception,
somatosensory alterations and reduced pain modu-
lation. Conditioned pain modulation (CPM) assesses
the function of endogenous pain inhibitory pathways,
a mechanism that reduces the pain experience. Other-
wise, temporal summation of pain (TSP) assesses neural
mechanisms related to pain facilitation. Both mecha-
nisms induce a process of endogenous pain modulation.
Physical exercise might enhance pain modulation and
relief in individuals with persistent pain.® Addressing this
challenge, core stabilisation exercises focusing on trunk
and hip muscles have consistently shown effectiveness in
these deficits. However, there is significant heterogeneity
in exercise methodologies across randomised controlled
trials (RCTs) in this population, complicating effec-
tive prescription. To enhance clinical applicability and
reduce heterogeneity, future trials have been suggested
to include trunk, lower body and upper body muscle
strength measures to validate the efficacy of physical
exercise programmes in the CPLBP population.” This
approach will enable healthcare professionals to tailor
exercises according to the specific dose, intensity and
type required for effective management.

The CPLBP population does not usually meet
the WHO’s physical activity (PA) recommendations
(>150min/week of moderate PA intensity or at least
75 min/week of vigorous PA intensity). PA presents poten-
tial health benefits in individuals with chronic conditions
and disability.” Individuals with CPLBP have a seden-
tary lifestyle, remaining longer in sedentary behaviour
compared with healthy controls.” Implementing inac-
tivity alarms to promote behaviour change and reduce
sedentary behaviour may help individuals with CPLBP
achieve the WHO’s PA recommendations.

The mindfulness-based stress reduction (MBSR)
method is based on increasing awareness and acceptance
of moment-to-moment experiences, alleviating distress,
supporting interpersonal and extrapersonal communi-
cation and promoting neuroplastic changes. Previous
studies have shown that the MBSR method improves
mental outcomes, subjective pain and mobility in indi-
viduals with chronic physical impairments. Mindfulness
could help individuals with chronic pain accept their pain
perception and decrease the need to evade it, allowing
positive emotions and qualities.'’

Recent advances in neuroscience have led to a better
understanding of pain mechanisms and highlighted
the importance of maladaptive neuroplastic changes
and central sensitisation (excessive response of central
nervous system nociceptive neurons to normal and
subumbral stimuli) in chronic pain. Pain neuroscience
education (PNE) aims to educate individuals about their
chronic pain experience and help them reconceptu-
alise their pain and coping strategies. It addresses issues
such as kinesiophobia (fear of movement), catastroph-
ising (negative thinking), fear-avoidance behaviours and
disability. PNE is effective in reducing these maladaptive
behaviours and erroneous pain beliefs.'' In addition, clin-
ical practice guidelines recommend using PNE combined
with physical exercise for individuals with CPLBP, but not
as a stand-alone therapy.'

Despite all this previous evidence, individuals with
CPLBP typically receive single-dimensional and passive
therapies, such as pharmacological treatment or manual
therapy, as firstline interventions in primary health-
care settings. These therapies often yield short-term
improvements and render patients passive observers of
their condition, resulting in poorer long-term outcomes.
Recent evidence and clinical practice guidelines highlight
the significant challenge of implementing multidimen-
sional and active treatment approaches in CPLBP.'* ?
These approaches encompass physical, biopsychosocial
and behavioural components.”” Integrating supervised
physical exercise (physical factors) with MBSR (mental-
emotional factors), behaviour change strategies and PNE
comprehensively addresses the biopsychosocial aspects
of human health. Evaluating the effectiveness of this inte-
grated approach is crucial in determining its impact on
pain reduction and overall health improvement in indi-
viduals with CPLBP.

This study protocol aims to determine the effectiveness
of a multimodal programme based on supervised physical
exercise, MBSR, behaviour change and PNE compared
with a control group on endogenous pain modulation,
disability, muscle strength, gait parameters, levels of PA,
quality of life, mental health and haematological profile
in individuals with CPLBP.

METHODS

Study design

This protocol adheres to the Standard Protocol Items:
Recommendations for Interventional Trials statements.'®
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Pre-screening: brief telephone interview

Excluded, not

v

interested

Screening: informative session

Excluded, not meeting inclusion
criteria or not interested

Allocation

Basal assessment (TO)
Randomisation (n=70)

A4

Intervention group (= 35)
Phase 1: 8-week multimodal program
- Exercise: 16 sessions, 2 days/week
- Behaviour change: daily/24 hours
- MBSR: 8 sessions, 1 day/week
- Pain neuroscience education:
5 sessions, 1 day/biweekly

!

Postintervention assessment (T1)

v

Phase 2: functional full-body muscle
strengthening exercise program
(16 sessions, 3 days/week)

v

Postintervention assessment (T2)

.

6-week follow-up (T3)

Figure 1

It is a prospective, two-arm, randomised study registered
on ClinicalTrials.gov (NCT06114264) and will commence
in September 2023. The study will be conducted following
the ethical guidelines of the Declaration of Helsinki.'®
The trial flowchart is shown in figure 1, and the schedule
is provided in online supplemental apendix 1.

Participants

Individuals who meet the eligibility criteria (box 1)
will be included. The Physical Activity Readiness Ques-
tionnaire will detect individuals who should undergo a
medical examination before doing any type of PA. Setting
the mean power at 0.80, the alpha error at 0.05 and the
effect size at 0.70 (G*power software), at least 26 partici-
pants for each group will be sufficient to find differences
in pain after the intervention.'” Therefore, considering
the dropout rate of 20%-30%,"® 70 individuals will be

A4

Control group (2= 35)
Habitual lifestyle.
No treatment during the intervention

Postintervention assessment (T1)

Follow-up assessment (T2)

Flowchart of the HEALTHYBACK project. MBSR, mindfulness-based stress reduction.

randomly assigned to the control group (CG, n=35) or
the intervention group (IG, n=35).

Recruitment

The recruitment will take place at the Physical Medi-
cine and Rehabilitation Service from Virgen de las
Nieves University Hospital in Granada, Spain. Individ-
uals referred to the rehabilitation unit by their doctor
and placed on a waiting list will receive an invitation to
participate via telephone. Subsequently, those interested
individuals will be invited to an informative session in
which the study details will be explained, and any doubts
that may arise will be answered. Furthermore, all indi-
viduals interested in participating will receive written
information about the study and will be required to
provide written informed consent after reading the infor-
mation.
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Box 1 Inclusion and exclusion criteria of the

HEALTHYBACK project.

Inclusion criteria

= Have been previously diagnosed with chronic primary low back
pain by a healthcare professional.

= Be >18and <65 years old.

= Able to read and understand the informed consent and the objective
of the study.

= Able to walk and move without external help.

= Able to communicate possible problems emerging during the eval-
uation tests.

Exclusion criteria

= Serious lumbar structural disorders: spondylolysis, spondylolisthe-
sis, canal stenosis, degenerative disc disease and/or disc herni-
ation, tumour, trauma or fracture of the lumbar and lower limbs,
cauda equina syndrome, and radicular leg pain.

= Acute or terminal illness.

= Physical injury.

= Physical or mental illness.

= Engage in any additional physical exercise.

= Participate in other treatments for low back pain.

= Medical prescriptions that prevent participation in the study.

Randomisation

Participants will be randomly allocated to each group
in a 1:1 allocation ratio by a computer-generated rando-
misation sequence stratified by two factors (age and
sex). This randomisation sequence will be created by a
blinded researcher external to the project using Statis-
tical Package for the Social Sciences (SPSS) software.

Procedure

Participants of the IG will be invited to attend four
assessments: before (TO0), after the multimodal
programme (T1), after the functional full-body muscle
strengthening exercise training (T2) and following
a 6-week detraining period (T3). Participants of the
CG will attend three assessments: before (T0), after
the IG completes the multimodal programme (T1)
and following a 6-week detraining period (T2). First,
participants will need to visit the hospital for a blood
sample. Second, they will visit the Faculty of Sport
Sciences (University of Granada, Spain), where socio-
demographic and clinical information will be collected
through an initial anamnesis. Subsequently, basal
heart rate, blood pressure and primary and secondary
outcomes will be evaluated. To avoid possible
confounders in the pain-related outcomes, patients will
be asked not to take analgesic drugs 24 hours before
the evaluation. Participants will receive several health-
related questionnaires to be completed at home on
the same day as their evaluation, and an accelerometer
will be worn for a whole consecutive week. They will
be asked to return the accelerometer and the question-
naires 9 days following the assessment.

Intervention programme

The multimodal programme will include supervised
physical exercise, MBSR, behaviour change and PNE, all
of which are prescribed and designed by sports science
professionals and physical therapy professionals. All
the professionals participating in the intervention will
have previous experience with this population. It will be
conducted in the Physical Medicine and Rehabilitation
Service of the hospital. Sessions will be scheduled in both
morning and afternoon slots to accommodate the avail-
ability of the participants.

The IG will undergo a first-phase intervention
comprising a 16-session multimodal programme,
including physical exercise, MBSR, behavioural change
strategy and PNE. They will proceed to a second-phase
intervention involving a 16-session functional full-body
muscle strengthening exercise programme. The overall
information on the intervention programme is shown in
table 1.

In the CG, participants will be placed on a waiting list
and instructed to continue their daily life habits. They
will be advised not to engage in any additional physical
exercise or other treatment for CPLBP except for their
current medication for the whole duration of the inter-
vention. Once the intervention is completed, the CG will
receive the same multimodal programme as the IG.

Phase I: 8-week multimodal programme
The physical exercise programme
The physical exercise programme will be conducted
under the supervision of professionals in sports science
and physical therapy by adapting rehabilitation exercises
previously used in the literature' and according to the
Consensus on Exercise Reporting Template guidelines
(CERT).? This guide consists of 16 items that describe
information about the execution of an exercise inter-
vention programme. Thus, it allows its development,
guidance, evaluation, interpretation and assistance in
the clinical setting. The programme will report the
frequency, intensity, time and type (FITT) exercise
principles to ensure a high-quality and detailed exer-
cise intervention. Parallelly, it will follow the National
Strength and Conditioning Association®’ and American
College of Sports Medicine recommendations,” which
suggest performing between 6 and 12 repetitions for
each muscle-strengthening PA at a moderate-to-vigorous
intensity that equals >5 (1 ‘no effort’ to 10 ‘maximal
effort’) on the rating of perceived exertion (RPE) scale.”®
The exercise programme will be divided into three
sections: warm-up, muscle-strengthening and cool-down
(stretching exercises). The intervention programme will
focus on strengthening the core muscles. It will begin
with low-intensity isometric contraction to stabilise the
trunk, along with mobility exercises. The intensity will
gradually increase by incorporating functional tasks and
will be monitored using an RPE scale ranging from 0
to 10.” Special attention will be given to ensuring that
each exercise is executed without causing pain. The
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Table 1 Phase |, 8-week multimodal intervention programme
Physical exercise programme

Stage 1 Stage 2

RPE: 25 RPE: 25

Week 1 Week 2 Week 3 Week 4

Sessions 1-2 Sessions 3-4 Sessions 5-6 Sessions 7-8

5-min warm-up 5-min warm-up

35-min mobility, isometric and 35-min co-contraction

motor control exercises exercises
5-min cooldown 5-min cooldown

+

5-min warm-up

35-min functional exercises
with load

5-min cooldown

Stage 3 Stage 4

RPE: >6 RPE: >6

Week 5 Week 6 Week 7 Week 8
Sessions Sessions Sessions Sessions 15-16
9-10 11-12 13-14

5-min warm-up

35-min functional exercises on
an unstable surface

5-min cooldown

Mindfulness based stress reduction programme, 2.5 hours per session, 1 day per week (eight sessions)

+
Behaviour change programme, 24 hours/daily
+

Pain neuroscience education, 2 hours per session, 1day biweekly (five sessions)

RPE, rating of perceived exertion.

progression will follow stages outlined in previous litera-
ture'”: (1) Stage 1: mobility, isometric and motor control
exercises encompassing the full body, with special
emphasis on the core muscles. Particular attention will
be given to the isometric contraction of the transversus
abdominis muscle; (2) Stage 2: co-contraction and
functional tasks of the deep trunk muscles; (3) Stage 3:
functional tasks including greater difficulty or intensity
with load; (4) Stage 4: functional task with an unstable
surface. The material used in the exercise intervention
programme will include mats, foam rollers (for myofas-
cial release), 2kg dumbbells, elastic bands, fitballs and
unstable surfaces.

Individuals will receive feedback focusing on technique
and posture correction for each exercise. To facilitate
familiarisation, an example will be provided before
executing each exercise. During the sessions, strategies to
improve exercise adherence will be employed, including
(1) creating a positive and dynamic environment and
(2) implementing an attendance monitoring system to
prevent absences and dropouts.

The MBSR programme

The MBSR programme will follow the protocol devel-
oped by Jon Kabat Zinn."” Each session will include
three activities: the presentation of a topic, moments of
dialogue and exploration in the group (using apprecia-
tive inquiry) and a mindfulness practice. Participants will
receive homework prescriptions such as workbooks and
audio with guided meditations. The MBSR sessions will
be taught by a physical therapist accredited by Brown
University.

The behaviour change programme

The behaviour change programme will use a wrist-worn
smartwatch (Redmi Smart Band 2, Xiaomi, China) worn
continuously by participants. This device will alert partic-
ipants to take breaks from sedentary behaviour whenever
it detects that they have been sitting for 1hour. Partici-
pants will be instructed to engage in active breaks, such
as walking or dancing, for 2min upon receiving the alert.
The alarms will be programmed to be active for 12 hours
each day. Specifically, the device will not issue alarms
during sleep hours (22:00-08:00) and nap times (15:00—
17:00).

The PNE programme

The PNE programme will include original content
delivered via slides, blackboard and written materials,
using relatable language and metaphors. It will be led
by two physical therapists specialising in chronic pain
neurobiology and its management. Validated analogies,
illustrations, online audiovisual resources and interactive
questions will be used to engage participants.'’ The main
contents will be (1) pain as a protective alarm system; (2)
differences between pain, nociception and damage; (3)
acute versus chronic pain; (4) predictive neuroimmune
system: evaluative failure and dis/adaptative responses
to threats; (5) neuroplastic changes and maladaptive
learning in persistent pain, including a hypervigilant
system, learnt sensitisation and further shifts mediated by
iatrogenesis, kinesiophobia, fear-avoidance behaviours,
social isolation, maladaptive cognitions and emotions;
(6) potential reversal of functional and structural
changes, addressing perpetual factors by active coping
tools, such as graded exposure movement techniques
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Table 2 Rating of perceived exertion based on repetitions
in reserve

Range Description

7.5 2-3 repetitions in reserve
7 3 repetitions in reserve
5-6 4-6 repetitions in reserve
3-4 Light effort

1-2 Light to no effort

(motor imagery, laterality and sensitivity training, dual
tasks, neurodynamics, motor variability exploration
and games) and methods for identifying and managing
maladaptive cognitions, emotions and behaviours.”* The
contents of each session are detailed in online supple-
mental appendix 2.

Phase II: 16-session functional full-body muscle
strengthening exercise.

Participants will perform additional moderate-to-high-
intensity functional full-body muscle strengthening
exercise training. This phase aims to introduce a greater
exercise intensity, as this may be a critical factor in
achieving therapeutic outcomes. This study investigates
whether participants will experience greater improve-
ments in their condition when engaged in exercises
of higher intensity. By systematically introducing and
monitoring moderate-to-high intensity levels during the

training sessions, we aim to evaluate the efficacy of this
approach and its potential benefits in enhancing the
outcomes. This programme will focus on strengthening
the entire body’s musculature, with a primary emphasis
on applying movements based on activities of daily living.
It will also follow the CERT*’ and will report the FITT
exercise principles. The intensity will be moderate-to-
high and controlled following the repetition in reserve
(RIR) theory, which represents the number of repeti-
tions a person can perform while leaving a specified
number of final repetitions uncompleted.” ** The load
(resistance) for each exercise shall be determined as
previously described and as presented in table 2. The
number of repetitions and the RIR for each session will
be adapted progressively to increase the intensity of the
sessions (table 3). Each session will include: (1) warm-up
with mobility exercises, (2) resistance training, progres-
sively developing each exercise based on the RIR® and
(3) cool-down at a low intensity with stretching and
relaxation exercises. The functional full-body muscle
strengthening exercises are detailed in online supple-
mental appendix 3.

Primary outcomes

Perceived acute pain

A visual analogue scale will be used to measure subjec-
tive changes in back pain. This scale was previously
validated among individuals with chronic pain.27 Testing
will be performed upon arrival and immediately after
performing each physical fitness test during the assess-
ment. A numerical rating scale (0-10) will assess the pain
before and after each intervention session.

Pain pressure threshold (PPT)

A hand-held standard pressure algometer (FPK 20,
Wagner Instruments, Greenwich, Connecticut, USA) will
be used to measure PPT.?®

Table 3 Summary of the phase Il, 16-session functional full-body muscle strengthening exercise programme

Frequency 3 days/week 3 days/week
Session duration 45-50 min 55-60 min
Session Sessions Sessions Sessions Sessions
structure Type 1-4 5-8 9-12 13-16
Warm-up Mobility T: 10min T: 10min T: 10min T: 10min
Conditioning Muscle-strengthening T: 30min T: 35min T: 40 min T: 40min
V: 2 sets, 12-15 rep V: 2 sets, 12-15 V: 2 sets, 10-12 V: 2-3 sets, 10
rep rep rep
M: 6 exercises: whole- M: 7 exercises: M: 8 exercises: M: 8 exercises:
body whole-body whole-body whole-body
1:5-6 RPE/5-6 RIR I: 6-7 RPE/3-4 |: 7-8 RPE/2-3 |: 8 RPE/2 RIR
RIR RIR
Cool-down Stretching and relaxation  T: 5min T: 5min T: 5min T: 5min

A 5-6 RPE score indicates that one could perform 4-6 repetitions; a 7 RPE means you could do three more repetitions; and an 8 RPE means

you could complete two more repetitions.

1, intensity; M, mode; rep, repetition; RIR, repetition in reserve; RPE, rating of perceived exertion; T, time; V, volume.
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Conditioned pain modulation (CPM)

The conditioning painful stimulus will be applied with
a 12-cm wide pressure cuff (Riester minimus III, Jung-
ingen, Germany). The CPM will be calculated as the
difference between the PPT of the conditioning painful
stimulus minus the initial PPT. Positive values will repre-
sent an increase in pain intf:nsity.29

Temporal summation of pain

For painful stimuli, the individual mean of PPT+1 kg will

be used with the hand-held standard pressure algom-
28

eter.

Pain catastrophising
The Pain Catastrophising Scale will be used to assess pain

catastrophising.”

Disability due to pain

The Oswestry Low Back Pain Scale will be used to measure
pain disability (limitations in daily life activities) due to
LBP.?!

Secondary outcomes

Sociodemographic and clinical characteristics
Sociodemographic and clinical information will be
collected before the intervention through face-to-face
interviews.

Body composition
Weight (kg), body fat and skeletal muscle (kg and %) will
be measured by bioelectrical impedance analysis (InBody
R20, Biospace Gateshead, UK). Height will be measured
with a height rod (Seca 22) and waist®® and neck circum-
ferences® with a measuring tape (Holtain).

Field-based muscular, cardiorespiratory and motor
fitness testing.

Muscular fitness

The Biering-Sgrensen test’’ will evaluate back-extensor
muscles' static and isometric endurance (erector spinae,
multifidus and quadratus lumborum). The Prone
Bridging test™ will measure back-flexor muscle strength
(transversus and rectus abdominis). The 30-s chair stand
test will be used to evaluate the strength of the quadri-
ceps, hamstrings, and gluteus muscles.” It is a reliable®’
test used in populations with chronic pain.”® Hand dyna-
mometry (5101 TKK handgrip dynamometer) will be
used to measure maximal voluntary hand force. Previous
research has shown a significant association between
handgrip strength and CPLBP.*®

Cardiorespiratory fitness
The YMCA 3 min test will be used to evaluate the maximal
oxygen uptake.”

Motor fitness

Motor agility

The 8-foot up-and-go test is a safe and validated measure
of motor agility.37

Spatiotemporal gait parameters

The optical sensor OptoGait (OptoGait; Microgate,
Bolzano, Italy) is a valid and reliable method and will
be used to evaluate spatiotemporal gait parameters, that
is, gait speed, contact time, cadence, stride length and
double support.*’

Laboratory-based muscular testing

Participants will perform isokinetic and isometric
strength testing of the back extensor, flexor and oblique
muscles using a functional electromechanical dynamom-
eter (FEMD) (Myoquality M1, Myoquality Solutions SL,
Granada, Spain). The reliability of the FEMD for trunk
strength measurement in healthy people has been previ-
ously established.!

Device-measured PA and sedentary behaviour

The triaxial ActiGraph GT3X+accelerometer (Actigraph,
Fort Walton Beach, Florida, USA) will objectively assess
PA and sedentary time.*?

Self-reported sedentary behaviour
The Sedentary Behaviour Questionnaire will be used to
assess self-reported sedentary behaviour.*

Quality of life and mental health

The 36-item Short-Form Health Survey will be used
to evaluate health-related quality of life.** The Beck
Depression Inventory-II will be used to assess depression
severity,45 and the State-Trait Anxiety Inventory-I will be
used to measure state anxiety.46

Sleep duration and quality
The Pittsburgh Sleep Quality Index will assess sleep dura-
tion and quality.*

Central sensitisation

The Central Sensitisation Inventory will be used to
evaluate symptoms related to the central sensitisation
phenotype.*®

Dietary assessment
The Mediterranean Diet Adherence Screener will be
used to evaluate the diet quality.*

Haematological profile

Each participant will undergo a phlebotomy to collect
15mL of blood samples. The haematological variables
are described in table 4.

Rate of perceived exertion
At the end of each physical exercise session and after
performing each physical fitness test during assessments,
the participants will determine their subjective exertion
using the RPE scale based on Borg’s category ratio scale
(CR-10).%

Further details about the procedures for measuring

outcomes are described in online supplemental appendix
4.
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Table 4 Haematological variables

Haematological profile

Analytical techniques

Complete blood count

Erythrocyte sedimentation
rate

Haemostasis/fibrinolysis
Prothrombin time

Partial activated
thromboplastin time

Fibrinogen (coagulative)

Biochemical variables
Glucose

Urea

Uric acid

Cholesterol

HDL cholesterol
Triglycerides

Lactate dehydrogenase
Gamma glutamyltransferase
Aspartate transaminase
Alanine transaminase
Creatine kinase
Alkaline phosphatase
Albumin

Calcium

Phosphorus

Iron

Creatinine

Alpha-amylase

LDL cholesterol (calculated)
Bilirubin total

Bilirubin direct

Specific proteins

C reactive protein

Interleukin 6

Ferritin

Hormones
Thyrotropin

Automatic cell counter: XN-
10/XN-20 (Sysmex)
Westergren method: Ves-
matic Cube 30 (Menarini)
Analytical techniques

Clot-based assay: ACLTOP
750 (Werfen)

Clot-based assay, Clauss
method: ACLTOP 750

(Werfen)
Analytical techniques

Spectrophotometry, enzyme
assay: Alinity ¢ (Abbott)

Spectrophotometry,
colorimetric assay: Alinity ¢
(Abbott)

Spectrophotometry modified
Jaffé method: Alinity ¢
(Abbott)

Spectrophotometry, enzyme/
colourimetric assay: Alinity ¢
(Abbott)

Friedewald equation

Spectrophotometry, diazo
reaction: Alinity ¢ (Abbott)

Analytical techniques

Spectrophotometry,
immunoturbidimetry assay:
Alinity c (Abbott)
Immunochemistry, sandwich
principle: Cobas e402
(Roche)
Chemiluminescence: Alinity i
(Abbott)

Analytical techniques

Chemiluminescence: Alinity i
(Abbott)

Continued

Table 4 Continued

Haematological profile Analytical techniques

Somatotropin Chemiluminiscence: Maglumi

2000 Plus (Snibe)

Cortisol Chemiluminescence: Alinity i
(Abbott)
Vitamins Analytical techniques

Vitamin D (25 hydroxy) Chemiluminescence: Alinity i

(Abbott)

Immunological profile Analytical techniques

Adiponectin Immunoassay: LUMINEX
200 System (Bio-Rad

Laboratories)

Nephelometry: IMMAGE 800
(Beckman Coulter)

Complement factor C3
Complement factor C4

ELISA: GENLISA, Varioskan
LUX multimode microplate

X — (Thermo Fisher)
Human gamma-aminobutyric

acid (GABA)
Human Cystatin C

Human Neuropeptide Y
Substance P

ELISA: CST3 ELISA Kit
PicoKine, Varioskan LUX
multimode microplate
(Thermo Fisher)

ELISA: TNF ELISA Kit
PicoKine, Varioskan LUX
multimode microplate
(Thermo Fisher)

Immunoassay: LUMINEX
200 System (Bio-Rad
Laboratories) kit LUMINEX
HU ACDC SIMPLEX

Human tumour necrosis
factor-alpha

Interferon gamma

IL-1 alpha Immunoassay: LUMINEX

IL-1 beta 200 Syste'm (Bio-Rad
Laboratories)

IL-8 (CXCLS8)

IL-10

Leptin

Matrix metalloproteinase-1
Nerve growth factor beta

CXCL8, motif chemokine ligand 8; HDL, high-density lipoprotein
cholesterol; IL, interleukin; LDL, low-density lipoprotein
cholesterol.

Statistical analysis and sample size
Since this study aims to determine the potential efficacy
and effectiveness of the multimodal intervention, the
statistical analysis will be performed on both per-protocol
and intention-to-treat analyses (270% of attendance).
The programme effects will be reported as between-
group changes in the primary and secondary outcomes
and will be assessed with a one-way analysis of covariance.
The mean change (post minus baseline values) will be
included as the dependent variable, the group will be
the fixed factor, and the corresponding baseline value of
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the outcome will be included as a covariate. The same
procedure will be used to analyse the persistence of the
changes at follow-up. All the analyses will be adjusted for
any potential confounder thatis not well balanced at base-
line, and the results from both models will be reported.
Sex will be used as a potential covariate in all analyses to
see if the results differ between men and women. When-
ever possible, the sample will be stratified by sex. Cohen’s
d will be used to calculate the standardised effect size.
The statistical significance will be set at 0=0.05. The SPSS
software V.27.0. (Armonk, New York, USA: IBM Corp)
will be used.

DISCUSSION

Supervised physical exercise has been recommended as
a firstline treatment to reduce pain in individuals with
CPLBP.’ Field-based and laboratory muscular fitness
tests in this study will help healthcare professionals
understand if physical fitness mediates the relationship
between physical exercise and pain and several health
parameters. The WHO’s clinical practice guidance for
individuals with CLBP elucidates the essential role of
remaining physically active for overall health.! However,
individuals with CLBP showed low PA levels during their
leisure time. A systematic review and meta-analysis also
recommended engaging in moderate-to-vigorous PA
intensity as a protective measure against CPLBP. Conse-
quently, increasing PA levels in this population could
improve their daily life activity performance and prevent
disease relapse.’ ! This evidence demonstrates the rele-
vance of strategies focused on increasing PA intensity
levels, decreasing sedentary behaviour and objectively
measuring these activities using tools such as a triaxial
accelerometer.

Psychological factors can also influence the brain’s
danger perception and modulate its responses through
facilitation or inhibition. A study showed that MBSR can
improve pain severity and physical and mental quality
of life compared with usual medical care in women with
CPLBP.”* Due to the reduction of catastrophic thoughts,
the repeated practice of mindfulness can enhance the
tolerance of negative emotions through exposure to
painful sensations.”® Reducing negative thinking is
crucial to mitigating heightened pain experience.”

Notably, a pragmatic RCT showed that a combination
of PNE and physical exercise improved quality of life
and reduced pain intensity and catastrophism in the
population with spinal pain.'' Despite these findings,
well-designed physical exercise interventions combined
with MBSR and PNE have not been implemented in
individuals with CPLBP. Most recent evidence eluci-
dates the relevance of a multidimensional approach
to address physical, biopsychosocial and behavioural
factors that affect individuals with CPLBP.'* Unimodal
approaches seem less effective than multimodal ones,
including physical exercise.”” In fact, multimodal
interventions have been recommended as a first-line
treatment for CPLBP to improve quality of life, reduce

pain, catastrophism, kinesiophobia and disability, and
influence maladaptive nociplastic changes."' According
to a systematic review, inflammatory biomarkers are
elevated in populations with neuropathic pain and lead
to a ‘sickness response’.” By measuring specific biomol-
ecules in the blood, researchers can gain insights into
the underlying mechanisms and pathophysiology of
CPLBP.

The HEALTHYBACK RCT will implement a novel
multimodal approach to determine the effects of
combining various individually effective modalities
on pain intensity, disability,54 overall health, quality
of life, haematological profile, PA,” sleep quality and
active coping, among other factors, in individuals with
CPLBP. This multimodal programme will provide
them with tools for self-management and might reduce
their need for healthcare, which translates into a
decrease in future costs in primary healthcare settings.

Some limitations should be considered. The design
will not allow the individual definition of the effective-
ness of each intervention modality due to the design
requiring a larger sample size. Also, it is important to
carry out interventions for a longer duration in future
studies to verify the permanence of the intervention’s
effects on health outcomes. In addition, due to the
nature of the intervention, neither the participants nor
the healthcare professionals can be blinded.
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