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Abstract

Background Although clinical practice guidelines recommend pain education as the first-line option for the man-
agement of chronic musculoskeletal pain, there is a lack of pain education programmes in healthcare. Thus, digital
health programmes can be an effective tool for implementing pain education strategies for public health. This trial
will aim to analyse the implementation and effectiveness outcomes of three online pain science education strategies
in the Brazilian public health system (SUS) for individuals with chronic musculoskeletal pain.

Methods We will conduct a hybrid type lll effectiveness-implementation randomised controlled trial with economic
evaluation. We will include adult individuals with chronic musculoskeletal pain, recruited from primary healthcare

in the city of Guarapuava, Brazil. Individuals will be randomised to three implementation groups receiving a pain
science education intervention (EducaDor) but delivered in different modalities: group 1) synchronous online; group
2) asynchronous videos; and group 3) interactive e-book only. Implementation outcomes will include acceptability,
appropriateness, feasibility, adoption, fidelity, penetration, sustainability, and costs. We will also assess effectiveness
outcomes, such as pain, function, quality of life, sleep, self-efficacy, and adverse effects. Cost-effectiveness and cost-
utility analyses will be conducted from the SUS and societal perspectives. The evaluations will be done at baseline,
post-intervention (10 weeks), and 6 months.

Discussion This study will develop and implement a collaborative intervention model involving primary healthcare
professionals, secondary-level healthcare providers, and patients to enhance self-management of chronic pain. In
addition to promoting better pain management, this study will also contribute to the field of implementation science
in public health by generating important insights and recommendations for future interventions.

Trial registration ClinicalTrials.gov (NCT05302180; 03/29/2022).
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Contributions to the literature

+ Pain science education is effective for chronic mus-
culoskeletal pain; however, there is a lack of special-
ised pain care in the public health system, especially
in low- and middle-income countries.

« The literature is scarce on implementation trials test-
ing innovative digital health solutions for healthcare.

« The implementation of the pain science education
strategies in the Brazilian public health system (SUS)
could provide information to discuss the best strat-
egy and mode of delivery and will support the expan-
sion of the implementation science in public health.

Background

Chronic pain is commonly described as pain that lasts
or recurs for longer than three months [1]. Most cases of
chronic pain occur in the musculoskeletal system, such
as osteoarthritis, back and neck pain [2]. The worldwide
prevalence of chronic musculoskeletal pain is estimated
at 30% in the adult population [3]. Musculoskeletal disor-
ders are the top-ranked causes of years lived with disabil-
ity (YLDs), accounting for 149 million of YLDs in 2019
globally [2]. The treatment of chronic musculoskeletal
pain consists of reducing pain, maximizing function, and
improving quality of life [4, 5]. Clinical guidelines com-
monly recommend non-pharmacological approaches as
first-line management, such as exercises, manual thera-
pies and pain education [6-9].

Pain science education provides knowledge and strate-
gies for changing maladaptive beliefs and behaviours in
face of pain, such as pain-related fear and avoidance [10,
11]. Pain science education, as one part of recommended
multi-modal treatments, is effective in reducing pain [12,
13], anxiety, depression [13] and disability [14, 15], and
in increasing knowledge about pain [15] in adults with
chronic musculoskeletal pain. In addition to exercise-
based treatment, pain science education is more effective
in reducing pain (weighted mean differences: -2.09/10;
95%CI: -3.38 to -0.80) and disability (standardized mean
difference: -0.68; 95%CI: -1.17 to -0.20), compared to
exercise alone in the short-term [16]. Usual physiother-
apy or exercise-based treatments alongside pain science
education also can be cost-effective compared to usual
care alone [17, 18].

Despite that, generally, evidence-based practice is
inadequately integrated into lifestyle behaviours of indi-
viduals with chronic musculoskeletal pain [19-22]. Also,
health policy and healthcare services deliver the treat-
ments at a suboptimal level compared to the chronic
musculoskeletal pain burden [19-22]. There is lim-
ited access to healthcare specialized in pain and health
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information [23], lack of skills among health workers
for treating pain [5, 19, 24, 25], and limited options for
biopsychosocial interventions in relation to the health
system demand [26], and inadequate support for opti-
mizing self-care [5, 24, 25]. In this context, the use of
digital interventions to provide support for self-care
management of health conditions attracts attention
[27-29].

However, the literature is scarce in reporting the pro-
cess and the outcomes of the implementation of interven-
tions in digital models [20, 30]. Furthermore, evidence
of chronic musculoskeletal pain clinical guidelines is
derived largely from research on high-income economies
[30]. Thus, Implementation research to bring the chronic
musculoskeletal pain clinical guidelines into policy and
‘real-world’ practice in low- and middle-income coun-
tries is urgently needed.

The implementation of an online pain science educa-
tion programme in Brazil can provide helpful informa-
tion for low- and middle-income countries.

Therefore, the primary aim of this study is to investi-
gate the implementation outcomes and effectiveness of
three implementation strategies of an online pain science
education programme in the Brazilian public health sys-
tem of Guarapuava city. The second aim is to determine
the cost-effectiveness of such strategies.

Methods/ design

Elaboration protocol

This clinical trial protocol follows the recommenda-
tions of Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) [31] (Fig. 1), Consolidated
Standards of Reporting Trials (CONSORT) [32], Con-
solidated Standards of Reporting Trials of Electronic
and Mobile Health Applications and online TeleHealth
(CONSORT-EHEALTH) [33], Template for Intervention
Description and Replication (TIDieR) [34], and Consoli-
dated Health Economic Evaluation Reporting Standards
2022 (CHEERS 2022) Statement [35]; and was planned
using the implementation taxonomy proposed by Proctor
(2011) [36].

Trial design

This trial is designed as a hybrid type III effectiveness-
implementation randomised controlled trial, including
economic evaluation, with three arms [37].

Ethical aspects

This study was revised and approved by the
Research Ethics Committee of Universidade Estad-
ual do Centro-Oeste (UNICENTRO/Brazil;, CAAE
11,975,019.0.0000.0106; date: 07/15/2022). The protocol
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Fig. 1 SPIRIT recommended content for the schedule of enrollment, interventions and assessments. Figure legend: wk: week; mo: month

of this study was prospectively registered at ClinicalTri-
als.gov (NCT05302180; 03/29/2022).

Brazilian Unified Health System (Sistema Unico de Saude
-SUs)

The SUS is one of the largest public health systems in
the world [38], covering the entire Brazilian population,
and is used by about 75% of the population [39]. The
SUS encompasses three levels of complexity: (1) primary
healthcare (i.e., first contact, diagnosis and prevention);
(2) secondary healthcare (i.e., specialised medical ser-
vices, diagnostic and therapeutic support, and emergency
services); and (3) tertiary healthcare (i.e., highly special-
ised care, surgery, cancer treatment and specific diagno-
sis procedures) [38, 40]. Primary healthcare is available in
the entire country using the same system, but secondary
and tertiary healthcare depends on each state and munic-
ipality, including the flow of users, triage processes, and
organisation of the system [40].

Guarapuava City, Parana State, Brazil

The municipality of Guarapuava is located in the
Center-South region of the Parana State, Brazil. Guara-
puava has an estimated population of 183.755 inhabit-
ants, distributed in 5 administrative districts (Entre
Rios, Guairacd, Guara, Palmeirinha and Sede) [41, 42].
The city has a territorial area of 3,168.087 km? (1.6% of
the state of Parand) with a population density of 53.68
inhabitants/km® The Human Development Index

(HDI) in 2010 was 0.731 [43] and a gross domestic
product (GDP) per capita of R$ 33.914.00 in 2018 [44],
similar to the Brazilian average in the same year (0.765
and R$ 32,747.00, respectively).

Organisational settings of SUS in Guarapuava City
Guarapuava has 33 primary healthcare units from SUS.
Each primary healthcare unit has a defined popula-
tion under its responsibility. When someone needs to
use health services, the user is screened by a primary
care professional, who determines the most appropri-
ate level of healthcare attention the user needs. If the
user needs a specialised health service (e.g., therapy)
the health professional requests it to the public health
regulation through the municipal electronic system.
Thereafter, the public health regulation schedules the
specialised care in the health units accredited by SUS
and the user can receive the specialised care. There are
five physiotherapy centres (secondary care) in Guarap-
uava. In this study, all patients scheduled at any of these
physiotherapy centres will also be invited to partici-
pate in the online pain science education programme
(named as EducaDor). The health professional of the
primary healthcare unit can schedule the patient for
the EducaDor programme through the municipal elec-
tronic system. A researcher from the EducaDor pro-
gramme will assess the participant for eligibility criteria
to participate in the study (Fig. 2).
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Fig. 2 Schematic representation for the referral of SUS users with chronic musculoskeletal pain to Educador programme

Settings and eligibility criteria

We will invite adults (18 years or older) with chronic
musculoskeletal pain living in Guarapuava, Parand State,
Brazil, who were directed to physiotherapy based-care in
SUS. The eligibility criteria for participating in this study
are: (1) individuals who report chronic musculoskeletal
pain (> three months); (2) those who speak in Portuguese;
(3) those who have a smartphone, tablet, or computer
with internet access; and (4) individuals who are under-
going or have been referred for physiotherapy based-care.
Participants will be included in the study after agreeing
to and accepting the online informed consent form.

Procedures and randomisation

Individuals referred to the EducaDor programme will
first be contacted by a researcher (MPB; BCQ) via an
electronic videoconferencing system at the scheduled
consultation. During this initial contact, the researcher
will screen the participant for eligibility and provide
information about the EducaDor programme, as well
as the name of the referred physiotherapy centre. Eligi-
ble participants will receive a link to an online consent
form via email or text message, which they can accept
to participate. Once the consent form is accepted, one
researcher will conduct the baseline assessment, and
another researcher will randomly assign the participant
to one of the intervention groups.

Participants included in the study will receive physi-
otherapy-based care and the EducaDor programme as
per randomisation into three different modes of deliv-
ery: (1) synchronous online group; (2) asynchronous
videos group; or (3) interactive e-book group. Although
the three groups have the interactive e-book, the syn-
chronous online group and the asynchronous videos
group receive additional types of digital content that are
accessible to participants who cannot read and/or write
in Portuguese. Then, the first step of randomisation will
be done for participants who cannot read and/or write
in Portuguese into (1) synchronous online group or (2)
asynchronous videos group. The second step of randomi-
sation will include all other eligible participants into the
three different modes of delivery: (1) synchronous online

group; (2) asynchronous videos group; or (3) interactive
e-book group.

One researcher (ARF) will perform a stratified block
randomization within the five physiotherapy centres
accredited at SUS in the city, at the ratio of 1:1, using
Excel software. The randomised list will be under the
custody and confidentiality of the researcher (ARF).
One week before the start of the EducaDor programme,
one researcher (ARF) will send a list of participants to
the researchers responsible for the interventions (MPB,
KRM, MFG, and PAC). The intervention researchers will
then contact the participants to explain the intervention
according to group allocation.

Data collection timepoints

We will evaluate participants at baseline, at the end of the
intervention period (10 weeks), and 6 months after the
randomisation. We will perform the evaluation through
videoconference, telephone contact, or using an online
questionnaire (e-mail or text message), according to the
participant’s preference.

Evaluation and data collection

Blinding

The outcome assessors will be blinded to the allocation
of participants in the study groups. To assess the effec-
tiveness of blinding, the assessors will be asked at the end
of the study to guess which group they believe each par-
ticipant was allocated to. However, due to the nature of
the interventions, it will not be possible to blind the par-
ticipants or the researchers responsible for delivering the
interventions.

Characteristics of the sample

We will collect age, gender, body mass, height, marital
status, profession/work, level of education, cognition
[45], self-assessment of general health status, and drug
and non-drug treatment [46].

Implementation outcomes
Implementation outcomes will be used according to
Proctor’s conceptual model of implementation research
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Fig. 3 Adaptation of Proctor's conceptual model of implementation research

[36] (Fig. 3) and will be evaluated at different levels of
analysis: (1) organisation (public health managers) and/or
setting (health professionals, community health agents,
primary healthcare unit’ leaders or other health servers
involved in the implementation process); (2) end-users
(participants from the SUS with chronic musculoskeletal
pain); (3) individual providers (evaluators and interven-
tion executing team).

The primary implementation outcomes will be cost-
effectiveness, adoption, and acceptability (satisfaction
using a numerical scale from 0 to 100). Primary and sec-
ondary implementation outcomes are described below
and summarized in Table 1.

o Acceptability will be analysed from the perspective
of the organisation through a focus group, from the
perspective of end-users through an individual quali-
tative interview about satisfaction with the interven-
tion, and by a numerical scale from 0 to 100 on how
satisfied they were in participating in the interven-
tion. The acceptability of the implementation will
also be evaluated by the Acceptability of Intervention
Measure (AIM) [47] in organisations and end-users.
The AIM has four questions with a Likert scale from
1 (completely disagree) to 5 (completely agree), and
the mean of the score will be used (1 to 5). Higher
scores indicate greater acceptability [47].

+ Appropriateness will be analysed from the end-users’
perspective regarding the perception of the appro-
priateness of each component of the EducaDor pro-
gramme about their health condition through an
adapted questionnaire [48]. This questionnaire will
assess the degree to which participants agree with a
series of statements about the intervention, on a Lik-
ert scale from 1 (totally disagree) to 4 (totally agree).
The appropriateness of the implementation will also
be evaluated by the Intervention Appropriateness
Measure (IAM) [47] in the organisation and end-
users. The IAM score is the same as the AIM.
Feasibility will be evaluated from the perspective of
the organisation and individual providers through a
focus group, and the Feasibility of Intervention Meas-
ure (FIM) [47] will be used in participants, organisa-
tions and individual providers. The FIM score is the
same as the AIM and AIM.

Adoption will be analysed by the percentage of
acceptance of public health users to participate in
the EducaDor programme referred from primary
healthcare. We will contact by telephone those pub-
lic health users who refuse to participate by inviting
them to an individual qualitative interview to identify
barriers to engagement in the EducaDor programme.
 Fidelity will be evaluated by an independent pain
specialist (FJJR), who will randomly select 10% of
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the recorded meetings and evaluate the intervention
providers in relation to the fidelity of the intervention
manuals with the content and quality of the meetings
in a qualitative individual interview.

The adherence of participants with the EducaDor
programme will be measured by the frequency rate
in synchronous meetings; self-rated performance of
proposed homework on a numerical scale from 0 to
10 during the intervention period; and by exercise
adherence scale (EARS-Br) [49].

Penetration will be analysed descriptively from the
rate of public health users referred from each pri-
mary healthcare unit.

Sustainability will be evaluated by a focus group with
public health managers after the presentation of the
results of the study to discuss the maintenance of the
EducaDor programme, and by a response rate of syn-
chronous group users and reasons for discontinuity
of the programme through an individual qualitative
interview.

Costs will be estimated from the SUS and societal
perspectives in a time horizon of 6 months. The SUS
costs will include the intervention costs and health-
care utilization costs covered by SUS. The interven-
tion costs will be determined by preparation, video
recording, development and editing, maintenance
and support technology costs, monitoring data costs
and staff, training health professionals and project
management costs, number and duration of phone
calls and the number of text messages sent to par-
ticipants. The e-book and asynchronous intervention
costs will be diluted in 10 years. The healthcare utili-
zation costs covered by SUS will include prescribed
drugs, medical consultations, physiotherapy-based
care, visits to specialists, diagnostic exams, emer-
gency services and hospitalisation. The societal costs
will include the SUS costs, private healthcare costs,
patient costs (out-of-pocket expenses with unpre-
scribed drugs, complementary costs, and transpor-
tation costs), and lost productivity costs (related to
absenteeism). The quantities of resource utilization
will be identified by the participants in a self-rated
diary cost that will be provided at baseline and an
assessor will collect this information by telephone
every 3 months. The healthcare utilization costs cov-
ered by SUS will be valued using the Brazilian stand-
ard costs [50]. Patient costs will be valued using the
out-of-pocket expenses reported by patients. Private
transportation will be valued by the price of Brazil-
ian gasoline per kilometre and public transportation
by the reference price of Guarapuava city. The lost
productivity costs will be estimated from the hours
of absenteeism to work (paid and unpaid) through
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a questionnaire, and evaluated according to the
Human Capital Approach and will be valued using
gender-specific price weights [50].

Effectiveness outcomes

Health outcomes will be evaluated at baseline, at the end
of the interventions (10 weeks) and 6-month follow-up.
The primary effectiveness outcome will be current pain
intensity, assessed in a one-dimensional aspect by the
numerical rating scale (NRS) of 11 points, from 0 (no
pain) to 10 points (the worst possible pain) [46]. The sec-
ondary effectiveness outcomes will be:

o Pain: the multidimensional aspect of pain will be
evaluated by the Brief Pain Inventory [46]. The Brief
Pain Inventory is a self-rated instrument and allows
pain assessment in two dimensions: (1) pain intensity
(items 3 to 6 of inventory); and (2) pain’s interference
in the participant’s life (items 9a to 9 g of inventory).
Each question has an NRS of 11 points, ranging from
0 (no pain/ no interference) to 10 (worst pain/ worst
interference) and the average is used for each dimen-
sion.

o Self-efficacy: evaluated through the Chronic Pain
Self-Efficacy Scale (CPSS) [51], with 22 items of indi-
vidual’s beliefs, whose items are divided into three
factors: (1) self-efficacy for pain control (AED); (2)
self-efficacy for other symptoms (AES); and (3) self-
efficacy for physical function (AEF). It is possible to
obtain a score for each factor (score from 10 to 100),
and the sum of all factors that range from 30 to 300
points. Higher scores demonstrate a greater individu-
al’s ability to deal with the consequences of pain [51].

o Function: The Patient-Specific Functional Scale
(PSFS-Br) will be used. The participant chooses 3 to
5 important activities in which they have greater dif-
ficulty due to their condition and then graduates the
level of their difficulty on an 11 points scale, from 0
(inability to perform the activity) to 10 (capable of
performing the activity at the same level as before the
injury or problem) [52].

o Sleep quality will be evaluated by a self-rated sleep
quality in the last 7 days on a scale of 0 to 100 points
(0 — worst sleep quality; 100 — better sleep quality).

 Health-related quality of life will be evaluated using
the EQ-5D-3L questionnaire, which is composed of
a descriptive model with five health domains (mobil-
ity, self-care, usual activities, pain/discomfort, and
anxiety/depression). Each domain has three response
levels: ‘no problems, ‘some problems, and ‘extreme
problems’ The instrument also has a visual analogue
scale (EQ-VAS) for the self-rated health state which
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ranges from O (‘the worst possible health status) to
100 (‘the best possible health status’) [53, 54].

+ Prognostic stratification: will be evaluated by the
Keele STarT MSK Tool [55]. The tool contains 10
items (ranging from 0 to 12 points each) that, once
scored, can place patients into three categories based
on their risk of a poor outcome: (1) low risk (0—4
points); (2) medium risk (5-8 points); or (3) high risk
(9-12 points).

» Adverse events: will be analysed by recording the
number and type of adverse effects that occurred
during the intervention period.

The online pain science education programme (EducaDor)
The online pain science education programme (Educa-
Dor) will be based on the model proposed by Reis et al.
[56, 57]. The EducaDor programme will follow 10 steps
that will be divided into videoconferencing meetings, vid-
eos, and e-book during the study: (1) acceptance; (2 and
3) pain education; (4) sleep hygiene; (5) pharmacological
assistance; (6) recognizing stress and negative emotions;
(7) increasing positive coping in lifestyle; (8) exercises; (9)
communication; and (10) prevention of recurrence [56].
The content of these 10 pain science education steps also
was written into an interactive e-book with simple writ-
ing and based on scientific literature.

Each chapter of the interactive e-book features a rich
learning environment (texts, images, graphic schemes,
podcasts, videos, and behavioural strategy activity) to
provide a multisensory-training protocol and to produce
greater and more efficient learning [58, 59]. Each chap-
ter also contains behaviour strategies and activities for
participants to develop during the week, to facilitate the
comprehension of which changes that can be made in
their daily life to have an impact on self-management and
self-control of pain. All participants will receive the inter-
active e-book on their mobile phone, tablet or computer.
It is expected that participants read and practice the
activities and behavioural strategies, at least, one chapter
per week.

1) Synchronous online group

Participants will receive the interactive e-book of the
EducaDor programme on their smartphone devices and
e-mail at the beginning of the programme, and 10 syn-
chronous online groups (one per week), in addition to
physiotherapy-based care.

The synchronous online EducaDor programme will
be held in groups of up to 12 participants, during 10
weekly synchronous meetings on the Whereby® plat-
form on a date and time pre-established by the research
group, which may be changed according to participants’
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preferences. The meeting link will be available by text
message and e-mail few minutes before the meeting
time.

In the first meeting, we will also promote a conver-
sation with the group to know about the health condi-
tions of each participant, and their expectations with
the programme and explore previous experiences
regarding treatments received, phobias and beliefs
about pain, injury and interventions. The professional
will conduct each synchronous meeting with dialogued
exhibition class, that is, there will be a presentation
using multimedia material [57] shared on the computer
screen and thus will be accessible for participant view-
ing on his computer, tablet, or smartphone during the
meeting. At the same time, there will be an explanation
about the topic of the meeting with the health profes-
sional. The professional will conduct the meetings
using clear, objective, and assertive communication,
aiming to promote reflection and behaviour change in
the participants’ daily life. After the topic exhibition,
participants will be encouraged to participate by expos-
ing their doubts and/or sharing experiences.

Finally, the professional will accomplish the activity
proposed in the respective chapter of the interactive
e-book, and will make orientations for performing dur-
ing the week.

2) Asynchronous videos group

Participants allocated in the asynchronous videos
group will receive the interactive e-book at the begin-
ning of the programme and 10 videos (one per week)
with the same topics of the synchronous online Educa-
Dor programme sent on their smartphone devices and
e-mail, in addition to physiotherapy-based care. Before
receiving the materials, users will participate in an indi-
vidual or group synchronous meeting of up to 12 par-
ticipants on the Whereby® platform to receive a session
of pain education, guidance for the use of the interac-
tive e-book, and access to the videos over the 10 weeks.
The videos were previously developed and tested in
another clinical trial [60].

3) Interactive e-book group

Participants allocated to this group will receive the
interactive e-book of the EducaDor programme on
their smartphone devices and e-mail, in addition to
physiotherapy-based care. Before receiving the e-book,
the users will also participate in an individual or group
synchronous meeting of up to 12 participants on the
Whereby® platform to receive a session of pain educa-
tion, and guidance for the use of the interactive e-book
over the 10 weeks.
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Strategies for engagement

All groups will receive weekly text messages encouraging
participants to carry out the weekly homework available
in the interactive e-book and/or videos. Participants will
be asked about the difficulties in carrying out the home-
work and instructed on how to overcome them.

Fidelity of intervention delivery

The interventions will be conducted by four physiother-
apy students (FCO, KRM, MFG, and PAC) from Univer-
sidade Estadual do Centro-Oeste (UNICENTRO/Brazil).
The team will receive 30 h of training regarding the inter-
ventions before the beginning of the EducaDor pro-
gramme. The chief researcher of the study (MPB), who
has 18 years of physiotherapy experience, will audit the
online interventions once every month. To maintain the
fidelity of the intervention delivery, the researchers will
follow a structured manual of the EducaDor programme.
All synchronous meetings will be recorded for further
evaluation of the implementation fidelity.

Physiotherapy-based care

All participants will receive physiotherapy-based care in
one of the five physiotherapy centres accredited to SUS,
according to the scheduling availability of the services.
The physiotherapy-based care consists of 10 sessions,
mainly based on exercises and electrophysical agents.
Patients will be treated in an outpatient physiotherapy
centre by independent therapists to minimize the possi-
ble preference bias of therapists.

Implementation strategies

The implementation strategies of the EducaDor pro-
gramme have been developed alongside municipal health
managers. Potentialities, barriers and solutions to pro-
mote the implementation of the EducaDor programme
were discussed with health managers. Other ones were
discussed with the research group to reorganise the oper-
ationalisation of the study phases (Table 2).

The implementation process will be monthly moni-
tored and evaluated on barriers and facilitators allowing
adaptations throughout the implementation process of
the EducaDor programme.

Data management and statistical analysis

Data management

All data and materials will be used only for analysis of the
present study and will be protected from any unnecessary
exposure. The informed consent form will be digitally
authenticated by researchers and patients. The recorded
synchronous online meetings and audio from qualitative
interviews will be available to the researchers only, and
stored following the Brazilian General Law for Protection
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of Personal Data (LGPD). All data will be available for
review and confirmation of data analysis when requested
in the review process of publication without identifying
the participants.

Sample size estimation

The sample size was estimated by simulation [61, 62].
The sample size simulation was performed in four steps:
(1) defining the sample size problem and outcomes; (2)
defining, writing and running the sample size simulation
algorithm; (3) estimating the possible outcomes derived
from the simulations; (4) finding the optimal sample size.

In step 1, the sample size problem was developed con-
sidering the following objective: to estimate the mini-
mum sample size required to comply with a maximal
type I error () of 0.05 or 5% and a maximal type II error
(5) of 0.20 or 20%. The input outcomes were: popula-
tional mean pain intensity (0-10) of 6.0 with a standard
deviation (SD) of 2.3; a hypothesised minimal clinically
important difference (MCID) in pain intensity between
groups of -1.0 with an SD of 0.25 [63]; three groups;
three repeated measurements (baseline, 10 weeks and
6 months); a correlation within the repeated measure-
ments of 0.30 or 30% [64]; a minimum of 30 participants
per cluster (five physiotherapy facilities); a correlation
within clusters of 0.20 or 20% [65]; and a loss to follow-
up of 30% [66].

In step 2, the simulation algorithm was defined and
written in R language [67]. The input outcomes defined
in step 1 were then included in the algorithm. Normal
distributions were simulated using the input means and
SDs set in step 1 as hyperparameters. The simulations
were gathered running the distributions considering sev-
eral possible sample sizes for one group ranging from 5
to 5000 in 32 steps (i.e., 5 to 50 by 5; 60 to 100 by 10; 150
to 500 by 50; 600 to 1000 by 100; and 2000 to 5000 by
1000), with 100 replications for each step, and repeating
this procedure 10 times (i.e., 10 iterations), summing up
32,000 sample size simulations in total.

In step 3, we estimated summary statistics for the simu-
lated distributions in each of the 32 possible sample sizes,
including the probability of type I error (), type II error
(5) and power (1-8). In step 4 we found the minimum
sample size required to achieve the pre-defined type I
error (a <0.05 or 5%), type I error (5 <0.20 or 20%) and
power (>0.80 or 80%). At this moment the suggested
minimum sample size was 80 participants per group.
Then, corrections for loss to follow-up and correlations
amongst the five clusters (physiotherapy facilities) and
repeated measurements were applied [64, 65]. The sam-
ple size simulation suggested a minimum sample size of
105 participants per group, that is, 315 participants (105
in each treatment group) in total for this study.
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Missing data

An intention-to-treat approach (ITT) will be used in
the main statistical analyses, which will include all ran-
domized participants. The ITT analysis aims to estimate
the population’s average causal effect by considering the
randomised allocation regardless of whether the partici-
pants in each group complied or not with their allocation
condition [68]. A complier average causal effect (CACE)
will also be used to estimate the local average causal
effect within the compliers [68]. ‘Compliers’ will be con-
sidered those participants who pointed at least 17 points
in the adherence questionnaire (EARS-Br) [49].

Quantitative data analysis

For continuous variables, we will calculate statistics of
central tendency and dispersion, such as means and,
standard deviation. For categorical variables, we will
describe frequencies and absolute numbers. Normal-
ity will be investigated by visual inspection of histo-
grams. The baseline characteristics of the participants
and implementation outcomes will be calculated using
descriptive statistics. The differences between groups
and the 95% confidence interval will be calculated using
mixed models. The fixed effect term will be composed of
dummy variables indicating groups, and follow-up time-
points, that is, 10 weeks and 6 months after baseline, and
the interaction terms composed of group and time. The
estimates will be adjusted for any potential differences
that might exist at the baseline. The random effect term
will be composed of: (1) a correlated random intercept
and slope varying the intercept for the five physiotherapy
clusters and varying the slope for time points; and (2) a
correlated random intercept and slope varying the inter-
cept for repeated measurements within each cluster and
varying the slope for time-points [69].

Economic evaluation
The economic evaluation will be conducted with an ITT
approach. The cost-effectiveness analysis will be con-
ducted using pain (measured by the numerical pain scale
after 6 months of randomization). The cost-utility analy-
sis will be conducted using quality-adjusted life-years
(QALYs). The QALYs will be estimated from the evalu-
ation of the health status of the participants using the
EQ-5D-3L instrument. These health states of the descrip-
tive system of the EQ-5D-3L will be converted into util-
ity values using Brazilian tariffs [54]. Finally, the QALYs
will be calculated from the linear interpolation between
measurement points using the utility values of the partic-
ipants collected at baseline, 10 weeks, and 6 months after
randomization.

The average cost differences between groups will
be calculated for SUS and societal perspectives and
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disaggregated by cost categories. The average cost and
effect differences will be estimated by unrelated regres-
sion analyses. The incremental cost-effectiveness ratios
will be calculated by the difference between the costs of
the interventions divided by the difference between the
effects of these interventions. Bias-corrected and acceler-
ated bootstrapping techniques (5000 replications) will be
performed to estimate the uncertainty surrounding cost
difference and incremental cost-effectiveness ratios. The
cost-effectiveness pairs from the 5000 replications will be
presented graphically in a cost-effectiveness plane. Cost-
effectiveness acceptability curves will be estimated to
indicate the probability of interventions being cost-effec-
tive compared to each other at different willingness-to-
pay thresholds [70].

Multiple imputations by chained equations will be used
to handle the missing cost and effect data. An imputa-
tion model will be developed and will include sociode-
mographic and anthropometric variables, duration of
symptoms and all available values of costs and effects
measured at baseline and follow-up periods. Ten com-
plete datasets will be created (considering loss of effi-
ciency<5%). The grouped estimates will be calculated
according to Rubin’s rules [71].

To evaluate the robustness of the results, two explora-
tory sensitivity analyses will be performed. The first sen-
sitivity analysis will be performed by excluding the total
costs of the e-book and the asynchronous video develop-
ment and editing. The second sensitivity analysis will be
performed considering only patients with more than 75%
of adoption of the intervention. The economic evaluation
will be conducted at RStudio.

Qualitative data collection
We will perform a focus group with the organisation and
individual providers after the end of the EducaDor pro-
gramme implementation. The interview will be in person
or by videoconference using the Whereby® platform. The
individual qualitative interviews will be done with a ran-
dom sample of the end-users by videoconference or tel-
ephone call after the end of the intervention period.
Focus group and individual qualitative will be con-
ducted by the same researcher and they will be recorded
and subsequently transcribed verbatim. The interviews
will occur in a semi-structured format and the inter-
viewer will be able to organise the questions in the way
that seems most comfortable, making use of specific
techniques (probing) to deepen the topics brought by the
participants. The same researcher will be responsible for
the transcription of the recorded material, and another
researcher will evaluate a sample of transcribed material
with their respective audios to observe its accuracy and
fidelity. The transcripts will be carried out simultaneously
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with the interviews, and the sample size will be deter-
mined using the concept of saturation [72]. Specifically,
data collection will continue until the point where no
new information emerges from the interviews regarding
implementation outcomes based on a theoretical model
of saturation [73]. At this stage, data collection will be
deemed complete.

Qualitative data analysis

The qualitative analysis will consist of an iterative
approach of thematic content analysis (phronetic analy-
sis) described by Tracy (2007) [74]. The process will con-
sist of four phases: (1) organisation and preparation of
the data, with consequent cleaning of the data (where
there was a clipping of the content); (2) line-by-line cod-
ing aiming to identify words or small phrases that could
descriptively synthesise the content brought; (3) creation
of a codebook with a list of identified codes bringing a
small explanation, definition, or example of illustration;
(4) second round of coding to revisit the codes presented
in the codebook, organisation and categorisation in a
more interpretative and analytical way. Constant com-
parations in phases I-IV will be used. Two authors will
conduct phases I, II and III independently. 30% of the
transcribed material from the first block of participants
will be analysed for both authors’ agreement on the code-
book. This codebook will guide the thematic analysis of
the remaining interviews. In phase IV, both authors will
meet again to achieve agreement on the topics raised. In
case of disagreement, a third author will be consulted. In
the end, all researchers will be consulted to confirm if the
topics and subtopics reflect the primary data from the
interviews.

Secondary analysis
Secondary studies will be described aiming:

(1) Subgroup analysis to compare the effectiveness
outcomes between the three intervention groups
according to the participants’ baseline prognostic
and risk groups [75]. Subgroups will be each prog-
nostic and risk category (low, medium and high
risk). A test for interaction between the interven-
tion group and each subgroup variable (i.e., baseline
prognostic and risk groups) will be performed to
assess whether the intervention effect varies across
the subgroups. For each subgroup, the mean differ-
ence will be estimated using linear regression. The
results of the subgroup analysis will be reported in
the trial manuscript or a separate publication.

(2) An individual qualitative interview with end-users
to identify the barriers and facilitators of the pro-
posed interventions.
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Discussion

This study will develop and implement a collaborative
intervention model involving primary healthcare pro-
fessionals, secondary-level healthcare providers, and
patients to enhance self-management of chronic pain.
In addition to promoting better pain management, this
study will also contribute to the field of implementa-
tion science in public health by generating important
insights and recommendations for future interven-
tions. We hypothesize that there will be different costs
between the three modalities of the EducaDor pro-
gramme, with the synchronous online group having a
lower cost. Although the scalability and sustainability
of the synchronous online group seem to be lower than
the asynchronous modalities. We also hypothesize that
the EducaDor programme will be implementable for
patients with chronic musculoskeletal pain in the Bra-
zilian public health system, and the synchronous online
group and asynchronous video group will be the most
cost-effective modalities. This study will provide infor-
mation for further discussion with public health man-
agers regarding the feasibility and sustainability of the
EducaDor programme.

Although pain science education is important to be
implemented in the healthcare system, knowledge
about pain science related to pain conditions in Brazil
is recent and still needs to be implemented in most aca-
demic curricula of health graduations, including physi-
cal therapy [24, 25]. Only 26 (6.5%) of those physical
therapist education programmes available curricula on
the website had a specific course about pain, covering
a mean of 44.3 h [25]. It is unknown whether pain con-
tent is embedded in the curriculum throughout differ-
ent subjects, rather than an entire subject about pain.
Thus, not all undergraduates and physiotherapists have
specific education to apply pain science education in
addition to physiotherapy-based care [25]. The contem-
porary approach to pain science requires patient-cen-
tred care, and includes the understanding of different
interactions between physical and mental dysfunctions
and promoting self-management of health. An online
pain science education could allow greater access to the
population [76].

It must also be considered that the digital modality
of physiotherapy-based care is recent in Brazil, being
authorised as an alternative to healthcare during the
COVID-19 pandemic. The pandemic itself intensified the
health disparities of individuals suffering from chronic
musculoskeletal pain [77]. In this context, digital health
strategies emerge as an innovative option that associated
with public and social health policies can provide greater
access and contribute to reducing inequity of health
access [78].
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It is known that digital pain science education pro-
grammes provide improvement in health outcomes and
benefits from self-management strategies including the
return to activities, physical activity practice, behav-
ioural changes and adequate knowledge about pain in
people who suffer from chronic musculoskeletal pain
[12, 79]. However, the results of the implementation of
this service in the secondary level of healthcare are still
unknown. Thus, it is necessary to analyse the implemen-
tation outcomes by users and managers in public health-
care to identify the best way of delivering content on pain
science education [79].

The EducaDor programme was designed to enable the
delivery of content synchronously and asynchronously,
with simple, clear and direct language, on easy-to-han-
dle platforms, with some human support to stimulate
engagement in chronic musculoskeletal pain self-man-
agement interventions. Thus, the results of our study
can contribute to the discussion of the implementation
of online pain science education programmes in the spe-
cialised level of care for public health users, coordinate
decision-making by primary healthcare professionals and
foment the expansion of pain service in public health.
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