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Abstract: Self-efficacy beliefs are associated with less physical impairment and pain intensity in people
with chronic pain. Interventions that build self-efficacy beliefs may foster behavioral changes among
this population. A non-randomized trial has been carried out to evaluate the effectiveness of pain
neuroscience education (PNE) plus usual care in modifying self-efficacy beliefs, pain intensity, pain
interference and analgesics consumption in people with chronic musculoskeletal pain. Participants
were allocated to an experimental (PNE plus usual care, n = 49) and a control (usual care alone, nn = 51)
group. The primary outcome was self-efficacy beliefs (Chronic Pain Self-Efficacy Scale), and the
secondary outcomes were pain intensity, pain interference (Graded Chronic Pain Scale) and analgesics
consumption. The participant’s pain knowledge (revised Neurophysiology of Pain Questionnaire)
after PNE intervention was also assessed to analyze its influence on every outcome measure. All the
outcome measures were assessed at the baseline and at four-week and four-month follow-ups. PNE
plus usual care was more effective than usual care alone to increase self-efficacy beliefs and decrease
pain intensity and pain interference at all follow-up points. No differences between groups were
found in terms of analgesics consumption. Knowledge of pain neurophysiology did not modify
the effects of PNE plus usual care in any of the outcome measures. These results should be taken
with caution because of the non-randomized nature of this design, the limited follow-ups and the
uncertainty of the presence of clinical changes in self-efficacy for participants. Larger, methodological
sound trials are needed.
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1. Introduction

A positive attitude is probably the first step needed to engage individuals with chronic
musculoskeletal (MSK) pain in self-management strategies [1]. In this context, self-efficacy beliefs
refer to the belief that a person can manage a determined functional and/or emotional state and
execute certain actions/activities despite the presence of a chronic disorder [2]. Self-efficacy beliefs
foster the use of positive adherence behaviors [3] and are associated with less depressive symptoms,
physical impairment, disease activity, emotional distress, fatigue and pain intensity in people with
chronic pain [4,5]. Self-efficacy beliefs are also considered a mediator in the association between pain
and depression [6], pain and disability [7], as well as pain and engagement in valued activities [8].
Moreover, self-efficacy beliefs moderate the effects achieved after applying behavioral changes and
interventions such as cognitive-behavioral therapy [9].

Self-efficacy beliefs promote the attainment of valued goals such as regular exercise, which is
essential as exercise is considered the first line of treatment in chronic MSK pain [10,11]. Therefore,
interventions that build self-efficacy beliefs may foster behavioral changes among individuals with
chronic pain, such as greater physical activity participation and adherence to positive sleep habits.
This may improve the quality of life in this population [12]. Mastery and vicarious experience, verbal
persuasion and education about the body’s response should be considered when pain clinicians aim
to enhance self-efficacy beliefs [13]. Multicomponent, psychological and exercise interventions are
promising therapeutic options to improve self-efficacy (specifically pain self-efficacy) in people with
chronic MSK pain [14]. Additionally, pain education strategies have shown good results in improving
self-efficacy beliefs when pain education is incorporated into a multicomponent program [14,15].
However, no trials have evaluated the effectiveness of adding pain education to usual care to modify
self-efficacy beliefs in people with chronic pain. Pain neuroscience education (PNE) is an effective
intervention to increase knowledge about pain neurophysiology among individuals with chronic
pain [16], health professionals [17] and health students—e.g., physiotherapists—[18], and it is also
effective for reconceptualizing pain perceptions, which is vital in order to decrease uncertainties about
the chronic pain process. This intervention has also been found to produce low clinical relevance effects
in decreasing pain and disability, but medium clinical relevance effects in reducing psychological
factors such as kinesiophobia and pain catastrophizing in people with chronic MSK pain [19].

Given all these considerations, the following non-randomized controlled trial was aimed at
evaluating whether the application of PNE plus usual care was more effective than usual care alone to
improve self-efficacy beliefs in people with chronic MSK pain. This study also tested whether PNE
plus usual care was more effective than usual care alone to reduce pain intensity, pain interference and
analgesics consumption. Finally, in a secondary analysis, we evaluated whether the knowledge about
pain neurophysiology acquired by participants in the intervention group (PNE plus usual care) after
treatment did/did not influence the effects of PNE in any of the outcome measures. We hypothesized
that PNE plus usual care would be more effective than usual care alone to enhance self-efficacy beliefs
and decrease pain intensity, pain interference and analgesics consumption. We also hypothesized that
a greater knowledge in pain neurophysiology would increase the effects of PNE plus usual care on all
the outcome measures mentioned above.

2. Materials and Methods

2.1. Study Design

A pragmatical, non-randomized controlled trial was conducted, following the Declaration of
Helsinki, the Guidelines for Reporting Non-Randomized Studies [20] and the Template for Intervention
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Description and Replication (TIDieR) checklist [21]. This study was approved by the Costa del Sol
Ethics of Research Committee in January 2018 (code: 004_enel8_MR1-Educacion Neurociencia) and
was registered in ClinicalTrials.gov (NCT03100721). A non-randomized design was chosen as the
professionals who administer pain neuroscience education (PNE) (intervention group) require specific
training and skills. Its use is not very widespread in the healthcare district where this study was
conducted. Thus, PNE plus usual care intervention was administered in two centers, while usual care
was administered in the other two.

2.2. Participants and Setting

This study was conducted in four physiotherapy primary care units of Malaga, Spain. Pain
neuroscience education plus usual care was delivered in two units, while usual care alone was delivered
in the rest of the units. A total of four physiotherapists recruited participants between April 2018 and
January 2020. Participants who satisfied the eligibility criteria were invited to participate in this study
and signed a written informed consent form. Physiotherapists also delivered an information sheet
to all the participants with details about the study process. The inclusion criteria were as follows:
aged 18-65 years; with chronic MSK pain, according to the ACTTION—-American Pain Society Pain
Taxonomy (AAPT) for chronic pain [22]. Participants with chronic axial MSK lower back pain were
also included [22].

The exclusion criteria were as follows: chronic postoperative MSK pain and chronic MSK pain
related to a traumatic injury six months before the beginning of the trial; inability to provide written
informed consent and/or complete questionnaires in Spanish.

2.3. Allocation

The physiotherapists who led each group recruited and allocated the participants. Participants
were allocated to the experimental group in two units, while participants were allocated to the control
group in the rest of the units. A flow diagram of this process is presented in Figure 1. The statistician
who carried out the statistical analyses was blinded to the participants” allocation.

2.4. Description of the Interventions

The experimental group received PNE plus usual care (physiotherapy). The control group only
received usual care (physiotherapy). All the physiotherapists had more than twenty years of experience
in the management of MSK pain disorders. The beliefs and attitudes of each physiotherapist and their
clinical management with the biopsychosocial framework were assessed with the Spanish version of
the Health Care Providers Pain and Impairment Relationship (HC-PAIRS) [23] scale. This tool ranges
from 0 to 105, with greater scores reflecting a higher adherence to attitudes and beliefs regarding the
notion that pain justifies disability and activity limitation. All the physiotherapists obtained similar
scores (mean: 37.75; SD: +6.18).

2.4.1. Pain Neuroscience Education

PNE was delivered based on previous guidelines [24]. The physiotherapists applying this
technique performed a total of 10 h of training in order to homogenize this intervention before the
beginning of the study. One two-hour session of PNE was delivered during the first week of the trial.
This session was conducted in small groups (5 participants to 5 companions) to maintain an appropriate
dynamic. Audio-visual material using oral explanation, summaries, images, metaphors and diagrams
via computers, as well as the use of written educational material, was delivered to each participant as
reinforcement. The content of the educational session is described in Appendix A. A family member or
friend accompanied the participants during the PNE session. This was to help improve the participant’s
fidelity through sharing and confirming the new concepts in the participant’s direct environment.
Furthermore, the recognition of the pain experience and the understanding of all the involved factors
in the pain process were discussed during the educational session [25]. Each physiotherapist presented
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additional written information on the same day on which the educational session was provided.
Participants were advised to read this information at least twice before the post-intervention assessment
and three times more before the four-month follow-up assessment. Finally, physiotherapists discussed
the concepts learned by the participants during usual care sessions to reinforce their knowledge about
pain neurophysiology.

2.4.2. Usual Care Intervention (Physiotherapy)

Usual care was provided for both groups over four weeks. It was based on manual therapy due
to its potential analgesic effect through pain inhibitory mechanisms [26] and an exercise program that
followed a standardized protocol based on a thorough prior dominant pain mechanism (nociceptive or
central sensitization) [27-30].

Reminders were provided to all participants in order to guarantee the completion of the
patient-reported questionnaires.

2.5. Outcome Measures

All the outcome measures were assessed at the baseline (t0), four weeks (t1) and four months (t2)
after the beginning of the interventions.

2.5.1. Primary Outcome

Self-efficacy beliefs were assessed using the Spanish version of the Chronic Pain Self-Efficacy
Scale (CPSS) [31]. This tool is composed of 19 items in a 10-point Likert format, which ranges from
0 to 190 points, where the patients indicate the degree to which they consider themselves capable
of performing certain activities or managing their pain, emotional problems, or other symptoms
associated with chronic pain. High scores indicate greater self-efficacy beliefs. This questionnaire has
shown a suitable level of internal consistency (Cronbach’s o coefficient = 0.91) among chronic pain
patients [31]. Additionally, it has shown test-retest correlation coefficients of 0.68 for CPSS symptom:s,
0.85 for CPSS physical, 0.46 for CPSS pain and 0.75 for CPSS total score, respectively.

2.5.2. Secondary Outcomes

Pain intensity and pain interference were assessed using the Spanish version of the Graded
Chronic Pain Scale (GCPS) [32]. This tool is comprised of 8 items, seven of them in the 10-point Likert
format, with ranges from 0 to 70 points, where the participants indicate their pain intensity and pain
interference. High scores indicate a higher perception of pain intensity and pain interference. This scale
has demonstrated high internal consistency (Cronbach’s o = 0.87) and satisfactory test-retest reliability
(intraclass correlation coefficient = 0.81) for chronic pain [32]. The minimum detectable change for a
95% confidence interval for this scale is 17.7 points [32].

Participants” analgesics consumption was assessed by checking the digital medical history of
each participant to register the amount (daily intake) and group (non-opioid, minor opioid, major
opioid) prescribed by their physician, in order to continue the prescription along with the study
and to evaluate possible changes in medication. Every change in pain intensity that could affect the
patient’s medication was recorded, monitored and reported by the physiotherapists to the participant’s
physician until solved.

The overall knowledge of pain neurophysiology of each participant was assessed using the revised
Neurophysiology of Pain Questionnaire (NPQ) [33]. This tool is a 12-item version of the original NPQ.
Each item required a response of “true”, “false” or “undecided”, and each item was scored, with one
point awarded for each correct response and zero points for each incorrect or undecided response.
High scores indicated a greater knowledge of pain neurophysiology. The original NPQ reported
a reasonable internal consistency (person separation index = 0.84) and good test-retest reliability
(intraclass correlation coefficient in pre-education = 0.97; and post-education = 0.98) [33]. The revised
NPQ was collected two times during the pain neuroscience education session (pre-education and
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post-education). An adapted version specifically designed for the targeted population was created
according to the existing guidelines [34].

Age, gender, height (cm), weight (kg), educational level (university, high school, secondary,
elementary, no studies), employment situation (working, unemployed, sick leave, pensioner,
homemaker) and pain duration (more than 3, 6, or 12 months) were also collected. Comorbidity was
assessed using an adapted version of the Charlson Comorbidity Index [35].

2.6. Sample Size Calculation

To our knowledge, there have been no previous results on the use of the CPSS Spanish version in
a similar study. Thus, an evaluation of 41 participants per group was needed for a 95% confidence
level, a power of 95%, a ratio between samples (experimental: control) of 1:1, a one-tail consideration
(in favor of the experimental group) [19] and an expected mean difference in CPSS total score of
10 points between groups after the intervention. This sample was expanded by 20% to minimize
possible losses at follow-up, at one month and four months, with the final sample being 49 participants
per group (a total of 98).

2.7. Statistical Analysis

A per-protocol analysis was conducted. Descriptive analyses using measures of central tendency,
dispersion and position for quantitative variables, and frequency distribution for qualitative variables,
were used. Differences between groups at the baseline were evaluated using the chi-square test
(or Fisher’s exact test in the case of expected frequencies of 5) for qualitative variables and Student’s
t-test for quantitative variables. Differences between groups for time-dependent outcome variables
(t1 and t2) were analyzed using the generalized linear model for repeated measures, with a 95%
confidence interval. In a secondary analysis, we investigated whether the knowledge acquired by
participants in the intervention group (PNE plus usual care) about pain neurophysiology after treatment
did/did not influence any of the outcome measures. This was assessed by exploring the differences
in values of the revised NPQ for primary and secondary outcome measures at t1 (4-weeks) and t2
(4-months) time-points, in two subgroups. These subgroups were built based on the median score
(8 points) attained in the revised NPQ. Then, the Mann-Whitney U test was used for quantitative
variables and the Chi-square test for qualitative variables. In all the analyses, the level of statistical
significance was established as p < 0.05. Effect sizes were reported using d-Cohen, with d = 0.2 being
considered a “small” effect size, 0.5 a “medium” effect size and 0.8 a “large” effect size. An analysis of
covariance (ANCOVA) was performed to address the potential effect of any participant’s characteristics
on the primary and secondary outcomes, from the baseline to the four-month follow-up. The statistical
analyses were conducted with SPSS statistical software (IBM Co, Armonk, NY, USA) for Windows,
v.23.0.

3. Results

The recruitment included a total of 131 participants, with six participants declining to participate.
A total of 125 participants were enrolled in the experimental (1 = 67) and the control group (n = 58)
and completed the baseline assessment. However, 16 participants did not conclude the study at the
four-week follow-up, and nine participants did not conclude the study at the four-month follow-up.
Ultimately, 100 participants completed the study (1 = 49 experimental group; n = 51 control group)
(Figure 1).
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Participants recruited (n = 131)

Declined to participate (n = 6)

A 4

Enrolment (n = 125)
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—
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Initial assessment (T0) Initial assessment (TO)
v
Pain neuroscience education (1 group Usual care (4 weeks)

session the first week the treatment began)

+

Usual care (4 weeks)

Follow-up at 4 weeks (T1)

A 4 A 4

Do not conclude the treatment (n = 10) Do not conclude the treatment (n = 0)

Do not conclude the study (n = 4) Do not conclude the study (n = 2)

Follow-up at 4 months (T2)

A 4

Do not conclude the study (n = 4) Do not conclude the study (n = 5)

Analysis

\ 4 A4

Analyzed (n = 49) Analyzed (n = 51)

Figure 1. Flow diagram of the study.

3.1. Demographic and Clinical Characteristics of the Sample

There were no statistically significant differences in demographic and clinical characteristics
between the experimental and the control groups, except for pain duration. “Other predominantly
MSK pain” was the largest group (71%), with the shoulder being the most affected region (Table 1).
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Table 1. Demographic and clinical characteristics of the total sample (1 = 100).

Variable Experimental (n = 49) Control (n = 51)
o Male 12.2% 19.6%
Gender (%) Female 87.8% 80.4%
Age, years (mean + SD) 47.2 (+£8.5) 48.6 (+£9.5)
Body mass index (mean + SD) 26.1(+4.4) 25.8 (+4.8)
University 12.2 59
High school 224 11.8
Educational level (%) Secondary 32.7 39.2
Elementary 32.7 43.1
No formal studies 0.0 0.0
Unemployed 24.5 17.6
Employment situation Sick leave 0.0 59
(%) Pensioner 4.1 3.9
Housework 10.2 11.8
Working 61.2 60.8
>3 months 2.0 7.8
Pain duration (%) * >6 months 6.1 19.6
>12 months 91.8 72.5
Charlson comorbidity No COl’l’lOI‘bl.dIFy 87.8 94.1
index (%) Low comorbidity 8.2 3.9
High comorbidity 41 2.0
Osteoarthritis 0.0 0.0
Other arthritis (e.g., theumatoid
ACTTION-AAPT (%) arthritis, gout, connective tissue 0.0 0.0
diseases)
MSK lower back pain 32.7 25.5
Myofascial pain, chronic
widespread pain and 0.0 0.0
fibromyalgia
Other predominantly MSK pain 67.3 74.5
Shoulder 40.8 37.3
. Lumbar spine 32.7 25.5
ch:;ll:fri IZE/”)“ Neck 24 13.7
Knee 41 9.8
Hip 0.0 13.7
Symptoms 53.3 (£14.7) 48.5 (£16.9)
CPSS (mean + SD) Physical 46.9 (£11.0) 44.6 (£14.9)
Pain 31.5 (£12.0) 28.1 (£13.1)
Pain 194 (£5.2) 20.8 (£5.0)
GCPS (mean + SD) Pain interference 18.7 (+10.2) 21.9 (+11.1)
Analgesic consumption
(mean + SD) 0.7 (£1.2) 0.7 (£1.1)
None 67.3 58.8
Therapeutic group of Non-opioids 16.3 35.3
analgesic medication (%) Minor opioids 16.3 3.9
Major opioids 0.0 2.0

GCPS = Graded Chronic Pain Scale; CPSS = Chronic Pain Self-Efficacy Scale; (p < 0.05); * there are statistically
differences between groups.

3.2. PNE Plus Usual Care (Experimental Group) Versus Usual Care Alone (Control Group)

PNE plus usual care was more effective than usual care alone to enhance all the dimensions of
self-efficacy beliefs across all the follow-up points (Tables 2 and 3). PNE plus usual care was also more
effective than usual care alone to reduce pain intensity and pain interference across all the follow-up

points (Tables 2 and 3).
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Table 2. Mean values (SD) and mean differences between groups regarding self-efficacy beliefs, pain
intensity and pain interference at 4-week follow-up (post-treatment).

Four-Week Experimental (1 =49)  Control (1 =51)  Group Difference, Value J-Cohen
Follow-up Mean (SD) Mean (SD) Mean (95% CI) p-yatu
CPSS
Symptoms 61.5 (16.5) 49.9 (18.2) 11.5 (4.6; 18.5) 0.001 * 0.67
Physical 53.8 (9.0) 44 .4 (16.0) 9.3 (4.1;14.5) 0.001 * 0.69
Pain 37.7 (10.0) 29.7 (13.1) 7.9 (3.3;12.6) 0.001 * 0.69
Total score 153.0 (30.6) 124.1 (44.1) 28.9 (13.8; 44.1) <0.001 * 0.76
GCPS
Pain 13.7 (5.0) 16.8 (5.9) —-3.16 (-5.3; —0.9) 0.005 * 0.57
Pain interference 11.1 (8.9) 18.1 (11.3) -7.0(-11.0; -2.9) 0.001 * 0.69
Total score 24.8 (13.0) 35.0 (15.3) -10.1 (-15.8; —4.5) 0.001 * 0.72
GCPS = Graded Chronic Pain Scale; CPSS = Chronic Pain Self-Efficacy Scale; * differences statistically significant (p
<0.05).

Table 3. Mean values (SD) and mean differences between groups regarding self-efficacy beliefs, pain
intensity and pain interference at 4-month follow-up.

Four-Month Experimental (n =49)  Control 1 =51)  Group Difference, Value d-Cohen
Follow-up Mean (SD) Mean (SD) Mean (95% CI) P
CPSS
Symptoms 65.4 (14.8) 55.3 (17.9) 10.1 (3.5; 16.6) 0.003 * 0.61
Physical 52.8 (10.7) 45.8 (15.1) 6.9 (1.7,12.2) 0.009 * 0.99
Pain 40.3 (10.3) 29.5(13.8) 10.7 (5.9; 15.6) <0.001 * 0.88
Total score 158.6 (33.1) 130.8 (42.8) 27.8 (12.6; 43.1) <0.001 * 0.73
GCPS
Pain 11.1 (6.9) 15.4 (7.1) -4.3(-7.1;,-1.5) 0.003 * 0.61
Pain interference 6.0 (8.9) 14.4 (12.2) -8.4 (-12.7, -4.1) <0.001 * 0.79
Total score 17.1 (14.5) 29.9 (18.5) -12.7 (-19.4; -6.1) <0.001 * 0.77
GCPS = Graded Chronic Pain Scale; CPSS = Chronic Pain Self-Efficacy Scale; * differences statistically significant
(p <0.05).

3.3. PNE Plus Usual Care (Experimental Group) Versus Usual Care Alone (Control Group), Adjusted for
Pain Duration

As the control and intervention groups were not matched for pain duration (Table 1), an ANCOVA
was conducted, including pain duration (transformed in the dichotomic outcome: more than twelve
months; less than twelve months) as a covariate. The statistically significant difference in the
effectiveness of PNE plus usual care versus usual care alone at increasing self-efficacy beliefs and
reducing pain intensity and pain interference remained after controlling for pain duration (Table 4
and Appendix B). No differences between groups were observed in terms of analgesics consumption
(p =0.07).

Finally, there were no statistically significant differences between groups regarding analgesics
consumption at four-week and four-month follow-ups (p = 0.14). Additionally, no differences were
detected in terms of participants’ changes from one analgesic therapeutic group to another (non-opioid,
minor opioid, major opioid) when the experimental and control groups were compared (Table 5).
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Table 4. Estimated marginal mean values and mean differences between groups regarding self-efficacy
beliefs, pain intensity and pain interference (ANCOVA).

Experimental (n = 49) Control (n = 51) Group Difference,

Estimated Estimated o -Value
Marginal Mean Marginal Mean Mean (95% CI) P
CPSS
Symptoms 60.8 (56.8; 64.8) 50.5 (46.6; 54.4) 10.3 (4.6; 15.9) <0.001 *
Physical 51.9 (48.5; 55.3) 44.2 (40.9; 47.6) 7.6 (2.7;12.5) 0.002 *
Pain 37.1(34.1;40.2) 28.5 (25.5; 31.5) 8.6 (4.3;12.9) <0.001 *
Total score 149.9 (140.4; 159.5) 123.3 (113.9; 132.7) 26.6 (13.0; 40.2) <0.001 *
GCPS
Pain 14.5 (13.2;15.9) 17.6 (16.3; 18.9) -3.0 (—4.9; -1.1) 0.002 *
Pain interference 11.6 (9.0; 14.2) 18.5 (15.9; 21.0) -6.8 (-10.5; -3.2) <0.001 *
Total score 26.2 (22.5; 29.8) 36.1(32.5; 39.7) -9.9 (-15.1; -4.7) <0.001 *

* p < 0.05; GCPS = Graded Chronic Pain Scale; CPSS = Chronic Pain Self-Efficacy Scale. Pain duration was included
as a covariate.

Table 5. Changes in the therapeutic group of analgesic medication.

Experimental (n = 49) Control (n = 51)
Increase No Decrease Increase No Decrease Val
% Change % % % Change % % p-vatue
Four-Week Follow-Up 0.0 77.6 22.4 2.0 88.2 9.8 0.089 *
Four-Month Follow-Up 0.0 75.5 24.5 5.9 78.4 15.7 0.270 *
*p < 0.05.

3.4. Secondary Analysis: Did Knowledge about Pain Neurophysiology Acquired after Intervention
(Experimental Group) Influence the Effects Observed in the Different Outcomes?

The knowledge acquired by participants in the intervention group about pain neurophysiology did
not modify the effects of PNE in any of the outcomes measured at the four-week (CPSS, p = 0.19; GCPS
pain, p = 0.55; GCPS pain interference, p = 0.89; analgesics consumption, p = 0.79) and four-month
(CPSS, p = 0.72; GCPS pain, p = 0.87; GCPS pain interference, p = 0.99; analgesics consumption,
p = 0.80) follow-ups.

4. Discussion

This non-randomized trial evaluated whether the application of PNE plus usual care was more
effective than usual care alone to improve self-efficacy beliefs, assessed with the CPSS in people with
chronic MSK pain. We found statistically significant increases in favor of the experimental group
when compared to the control group at both four-week and four-month follow-ups. Secondly, pain
intensity and pain interference assessed with the GCPS also decreased with statistical significance in
favor of the experimental group when compared to the control group at all the follow-ups. Thirdly,
these results remained stable after controlling for pain duration. Fourthly, no differences were found
between groups in terms of analgesics consumption. Finally, the knowledge acquired by participants
in the intervention group about pain neurophysiology did not modify the effects of PNE in any of the
outcome measures.

To our knowledge, this is the first trial analyzing the effectiveness of PNE plus usual care and
using self-efficacy beliefs as a primary outcome in participants with chronic MSK pain. Contrary to our
findings, a recent systematic review with meta-analyses [14] found that self-management interventions
including educational strategies did not significantly improve pain self-efficacy when compared to
controls after 0-3 months and 4-6 months. This discrepancy can be explained in three different ways.
Firstly, none of the included trials in this systematic review applied PNE as an educational intervention.
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Secondly, the outcome measure in the previous systematic review was pain self-efficacy, while this trial
assessed further dimensions of self-efficacy beliefs rather than pain self-efficacy alone. Thirdly, only
randomized clinical trials were included in the aforementioned systematic review, which is not the case
for our study (non-randomized trial design). The size of the effect on self-efficacy beliefs was medium
at the 4-week and 4-month follow-ups. As far as we know, a minimal clinical detectable change has not
been determined for CPSS; thus, we cannot know whether the findings of this study were meaningful
for the participants. However, we believe that these results are novel in the field and should be
considered. An increase in self-efficacy beliefs is one of the key points in reducing pain, disability
and depressive symptoms [4,5]. Furthermore, they facilitate the engagement of valued activities [8]
and increase the effects produced by cognitive behavioral interventions [9]. Participants in the PNE
group could reconceptualize their pain through a better understanding of it and by recognizing how
threatened they were feeling because of it. Nevertheless, this needs to be evaluated and corroborated
with future randomized controlled trials.

Additionally, the results considering the reduction in pain intensity and pain interference
after applying PNE are in consonance with the latest evidence. A systematic review [19] found
improvements in pain intensity at short term (5.91 mm greater on the 100-mm in Visual Analog
Scale -VAS, than control) and medium term (6.27 mm greater on the 100-mm VAS than control) after
conducting several meta-analyses of nine trials and seven trials, respectively. The same systematic
review showed a decrease in disability (pain interference), with a mean disability reduction in PNE
of 4.09 out of 100 greater than controls at short term and 8.14 out of 100 greater at medium term.
However, comparisons with our results are difficult due to the heterogeneity in the methods used to
assess pain intensity and pain interference. According to the NICE guidelines for back and radicular
pain, which sets the minimal clinically important change in clinical outcomes at 10%, the reported
changes in the previous systematic review in pain intensity and disability are likely to be of little
clinical benefit. In the same manner, our results did not surpass (10.2 points at 4-week follow-up
and 12.8 points at 4-month follow-up) the minimal detectable change for the Spanish version of the
GCPS (17.7 points) [32]. Even though we obtained statistically significant changes, with medium effect
sizes for pain intensity and pain interference after applying PNE, it is plausible that greater changes
in pain can occur in the long term so long as the pain is reconceptualized and that improvements in
self-efficacy beliefs can remain. This should be corroborated in trials with longer follow-ups.

On the other hand, no differences between groups were found in terms of analgesics consumption.
Previous evidence has shown inconsistencies regarding the effectiveness of PNE for the modification
of the levels of analgesics consumption in people with MSK pain [36,37]. In this sense, further trials
testing this issue should be conducted to establish further robust conclusions about this point. Finally,
the knowledge acquired by participants in the intervention group about pain neurophysiology did
not modify the effects of PNE in any of the outcome measures. This finding may suggest that other
relevant factors associated with the development of educational pain sessions, such as exploring the
patient’s context, making sense of the patient’s context and tailoring education, may be involved [38].
However, this finding should be replicated for randomized controlled trials in different samples in
order to facilitate firm conclusions.

4.1. Strengths and Limitations

There are some strengths to this study. Self-efficacy beliefs were evaluated as a primary outcome.
Additionally, the mediating role of knowledge about pain neurophysiology was analyzed. However,
some limitations should be recognized. Firstly, the present trial was a non-randomized study. This type
of design may lead to systematic bias from confounding by clinical indication and, without random
allocation, treatment effects are possibly affected not only by systematic bias but also by increased
uncertainty [39]. Future large randomized controlled trials evaluating the effectiveness of PNE for
the modification of self-efficacy beliefs may reduce these biases. Secondly, all the outcome measures
were assessed using self-report tools. In this sense, the presence of social desirability bias should be
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considered. Future studies that aim at evaluating outcome measures with objective measurements,
e.g., accelerometers, are needed. Thirdly, the blinding of the treatment providers was impossible due
to the nature of the interventions. In this context, future trials are needed that use a similar control
group—for example, another education pain intervention may facilitate the blinding of health providers.
Finally, all the therapists presented similar attitudes and beliefs (pain does not justify disability and
activity limitation), which is experienced in the biopsychosocial framework. Thus, this may have
introduced bias in the control group, as therapists could unconsciously provide information about
pain neuroscience to the participants.

4.2. Clinical Implications

Clinicians are encouraged to use PNE as an optional educational strategy to improve self-efficacy
beliefs in patients with chronic MSK pain. Physiotherapists may help patients to build self-efficacy
beliefs, foster the patients’” ability to attain a goal [13], provide reassurance and guide problem-solving
in order to help patients overcome barriers [40]. This may encourage patients to be more open to
active interventions such as exercise [19]. Despite their potential benefits/advantages, PNE presents
some a priori disadvantages that need to be considered: (I) it implies time-consuming planning
(e.g., elaboration of specific materials for the educational session); (II) it requires special rooms in which
the treatment can be carried out; (III) it is necessary to develop specific skills relating to different groups
dynamics, i.e., to educate people with different ideas and backgrounds about pain neurophysiology.
However, the findings should be interpreted with caution as we do not know whether the differences
found in CPSS between groups were clinically significant for patients.

5. Conclusions

Despite its limitations, the present non-randomized trial found that the application of PNE plus
usual care is more beneficial than usual care alone to enhance self-efficacy beliefs and reduce pain
intensity and pain interference in people with chronic MSK pain. These improvements were maintained
after controlling for pain duration. On the other hand, no differences between groups were found
regarding analgesics consumption. Finally, the knowledge acquired by participants in the intervention
group about pain neurophysiology did not modify the effects of PNE in any of the outcome measures.
These results are promising but need to be confirmed in a larger, methodological sound trial.
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Appendix A

MESSAGE PARTICIPANT | CONTEXT ‘ DEVELOPMENT
Goals Another way of Content Development and Reinforcement/Experiential Evaluation Considerations, practical aspects
expressing the goal resources learning
The meaning of | -Pain is an alarm signal -Nervous system -Pain definition -Reflect if pain is normal -Did they -The group has no 20 -General concepts
feeling pain -Danger sensors, not -Sensory stimuli and signal -Specific images of -What kind of pain is most understand the knowledge about minutes | correcting previous
pain sensors transmission nervous system often felt (mechanical, “alarm system” in | pain (may be concepts
-There is no simple pain physiology thermal and chemical) our body? inaccurate)
centre -False ideas
-Nociception
Pain does not -Pain rarely is related to | -The nervous system is -The “homunculus” -Examples of pain without -Is the group -May be conflict 30 -Provide credible
mean an injury tissue damage emergent -Functional magnetic tissue damage interested? with information minutes | scientist names that
-Pain is a conscious -Systems related to danger resonance images of the -Do participants received from other reinforce the
experience that and pain brain ask questions that | clinicians evidence
necessarily involves -The relevance of motion -Images representing an reflect an -Possible causes of
different brain areas emergent system appropriate disparity of criteria
over time -“The orchestra in the understanding? between clinicians
brain” metaphor (biomedical
model...)
Understanding -Brain is bioplastic -The injured body -Inflammation -Reflect about inflammation | -Was the -The group's ability 30 -Provide
“why” and -Central sensitization -The unconditioned body neurophysiology and swelling process balancing of to understand the minutes understandable
“how” it hurts -Pain experience may -Introduction to the -Survival mechanism -Reflect about any situation | safety-danger concepts is not data to improve
be influenced by sensitization -Changes with a where brain made an understood? homogeneous knowledge
different factors -Context-related pain sensitized brain evaluation of factors to -Did the
-Pain depends on -Your brain concludes that -Pain-related metaphors build a painful or not painful | participants
balancing of safety- there is more credible reality understand this
danger evidence of danger than part as the main
safety related to your body issue?
Negatives -Introduction to “Save -Thoughts and beliefs are -Protectometer -Threatening exercise -Are the -This may create an 20 -Examples
thoughts and in Me”(SIMs) and nerve impulses too participants able uneven opinion minutes
beliefs “Danger in Me” (DIMs) to give examples? | between
participants
You can -We are bioplastics -If brain plasticity underlies -Motion-pain relation -Discussion about active -Are the -The group has 15 -Promote the
promote your -The knowledge hyper-protection, so does -Active strategies strategies and healthy participants able general knowledge minutes participation of
recovery changes the pain recovery -Healthy lifestyle to include a about healthy those who practice
-Alternative to -Coping strategies recommendations healthy activity in | lifestyle (may be healthy lifestyle
medication -Once you understand the -Rhythmic and gradual their lives? inaccurate) habits
pain, it can gradually exposition
change your life
Reinforcement -Internet resources -Web pages to learn more -Web links -How and where to look for | -éWhat are you -The group may be 5 minutes | -Promote the active
tools about pain pain information going to do now? | heterogeneous involvement by a
Discussion regarding ability to family member or
multimedia tools friend in
manage information search
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Figure Al. Curriculum for 120 min of Pain Neuroscience Education, in a group session, for patients with chronic musculoskeletal pain, based on a previous

guideline [41].
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Appendix B

Estimated marginal mean values between groups regarding self-efficacy beliefs, pain intensity
and pain interference (ANCOVA).
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Figure A2. Estimated marginal mean values between groups regarding self-efficacy beliefs, pain
intensity and pain interference (ANCOVA). (A) Symptoms domain of Chronic Pain Self-Efficacy Scale
(CPSS); (B) Physical domain of CPSS; (C) Pain domain of CPSS; (D) CPSS total score; (E) Pain intensity
domain of Graded Chronic Pain Scale (GCPS); (F) Pain interference domain of GCPS; (G) GCPS
total score.
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