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Abstract: Purpose: The main aim of this systematic review and meta-analysis (MA) was to assess
the effectiveness of online behavior modification techniques (e-BMT) in the management of chronic
musculoskeletal pain. Methods: We conducted a search of Medline (PubMed), Cumulative Index to
Nursing and Allied Health Literature (CINAHL), Web of Science, APA PsychInfo, and Psychological
and Behavioral Collections, from inception to the 30 August 2021. The main outcome measures
were pain intensity, pain interference, kinesiophobia, pain catastrophizing and self-efficacy. The
statistical analysis was conducted using RStudio software. To compare the outcomes reported by the
studies, we calculated the standardized mean difference (SMD) over time and the corresponding 95%
confidence interval (CI) for the continuous variables. Results: Regarding pain intensity (vs. usual
care/waiting list), we found a statistically significant trivial effect size in favor of e-BMT (n = 5337;
SMD = —0.17; 95% CI —0.26, —0.09). With regard to pain intensity (vs. in-person BMT) we found
a statistically significant small effect size in favor of in-person BMT (n = 486; SMD = 0.21; 95%CI
0.15, 0.27). With respect to pain interference (vs. usual care/waiting list) a statistically significant
small effect size of e-BMT was found (n = 1642; SMD = —0.24; 95%CI —0.44, —0.05). Finally, the same
results were found in kinesiophobia, catastrophizing, and self-efficacy (vs. usual care/waiting list)
where we found a statistically significant small effect size in favor of e-BMT. Conclusions: e-BMT
seems to be an effective option for the management of patients with musculoskeletal conditions
although it does not appear superior to in-person BMT in terms of improving pain intensity.

Keywords: telerehabilitation; behavioral modification techniques; pain intensity; chronic pain

1. Introduction

The serious health crisis the world is currently experiencing as a result of coronavirus
disease 2019 (COVID-19) is affecting virtually all social and professional spheres [1]. At
the clinical level, conventional rehabilitation consultations have had to be suspended,
and many patients have had to interrupt their standard or conventional therapy (face to
face). A small percentage of patients have begun undergoing therapy through telematic
channels [1]. Although is still too early to determine the actual percentage of clinicians who
have incorporated telerehabilitation (TR) into their portfolio of services, we suspect that
there have been few. TR is defined as the implementation of a virtual, technology-based
clinical-healthcare intervention in order to deliver care at a distance [2].

The person-centered model of care encompasses a number of dimensions in which the
therapist—patient alliance, behavioral analysis, the patient as a whole, patient empower-
ment and finally the therapist’s perspective are included [3]. It involves a range of tools in
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the rehabilitation of patients, with behavior change or modification techniques (BMT) being
one of them [3]. According to Pear and Martin [4], BMT are techniques where learning
principles are systematically applied to assess, change and/or improve people’s covert
and overt behaviors to enhance the solution of practical problems. BMT includes a variety
of psychological techniques, such as: goal and target setting, self-monitoring, cognitive
restructuring, motivational interviewing, dissociation, self-reinforcement, problem solving,
coping skills training, behavior contract, establishment of reinforcement contingencies,
or general instruction on how to perform behaviors [5-10]. The fundamental difference
between BMT and e-BMT is that the latter is carried out through TR, i.e., via telecommunica-
tion in order to be able to intervene remotely. It should be noted that implementing e-BMT
is not just the same intervention as conventional BMT but has a number of considerations
that need to be taken into account. In the scientific literature, barriers to be considered have
been raised and are of great interest: the lack of legal regulations, technical limitations such
as the bandwidth required for the transmission of data, images and sound, training in the
use of new technologies, issues associated with the payment of insurers and significant
changes in the management and redesign of existing care models [11,12].

Patients with chronic musculoskeletal pain have been one of the subsets of pa-
tients most affected by COVID-19 due to lack of access to treatment for their clinical
conditions [13]. Failure to treat these patients can have very serious socio-health con-
sequences [14]. Strategies need to be put in place to curb the impact of the COVID-19
pandemic on patients with persistent musculoskeletal pain. TR could be an effective way to
counteract the burden of the COVID-19 pandemic in patients with chronic musculoskeletal
pain [15,16]. Pain management has been extensively studied in the current state of the
art. We can find different clinical interventions for the management of pain patients. For
example, treatments based on therapeutic exercise [17], manual therapy [18], pharmacol-
ogy [19], combined [20], among many others. Educational interventions aim to change
maladaptive behaviors, dysfunctional thoughts, beliefs, ideas, cognitions in general, as well
as to improve moods and increase motivation levels in order to improve problem solving in
the lives of pain patients [21]. Educational interventions can improve levels of self-efficacy
as well as modify behaviors by increasing levels of therapeutic exercise as well as levels of
adherence to have an impact on the neurophysiology of pain [22], because we know the
full implications of exercise on pain processing [23]. Interventions based on TR offer us
the option of being able to improve indirect aspects in a delocalized manner, which is why
we believe it is important to study and clinically evaluate them. Some previous systematic
reviews have assessed the effect of telerehabilitation based on BMT on variables such as
pain intensity, disability, disease impact, physical function, pain-related fear of movement,
and psychological distress [24-27] showing promising results.

It is therefore that the main aim of this systematic and meta-analysis was to assess
the effectiveness of online BMT (e-BMT) in the management of patients with chronic
musculoskeletal pain.

2. Materials and Methods

This systematic review and meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 2020 statement actu-
alized by Page et al. [28] (Appendix A). This systematic review was registered prospectively
in an international database PROSPERO where it can be accessed (CRD42021276104).

2.1. Inclusion Criteria

The selection criteria used in this systematic review and meta-analysis were based
on methodological and clinical factors, such as the Population, Intervention, Control,
Outcomes, and Study design (PICOS) described by Stone [29].
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2.1.1. Population

The participants selected for the studies were patients older than 18 years with any
kind of chronic musculoskeletal disorder. The participants’ gender was irrelevant. We
excluded patients with musculoskeletal pain due to oncologic or traumatic process.

2.1.2. Intervention and Control

The intervention was e-BMT applied through a technology device (Website, online, tele-
phone or mobile application). The intervention could be applied alone or embedded with
another treatment, only if the control group contains only the additional treatment. Control
group could be usual care, waiting list, no intervention or in-person equivalent BMT.

2.1.3. Outcomes

The measures used to assess the results were pain intensity, pain interference, kine-
siophobia, pain catastrophizing and self-efficacy. Time of measurement was restrained to
post-treatment results.

2.1.4. Study Design

We only included randomized studies (randomized controlled trials (RCTs) or random-
ized parallel design-controlled trials) given the amount of literature available in this area.

2.2. Search Strategy

The search for studies was performed using Medline (PubMed), Cumulative Index
to Nursing and Allied Health Literature (CINAHL), Web of Science, APA PsychInfo, and
Psychological and Behavioral Collections, from inception to the 30 August 2021. The search
strategy used in Medline (PubMed) combined medical subject headings (MeSH) and non-
MeSH terms, adding a Boolean operator (OR and /or AND) to combine them. Several terms
we used were as follows: “ehealth”, “mhealth”, “remote treatment”, “digital treatment”,
“Mobile Applications”, “Web”, “Software”, “Online”, “Telephone”, “Cell phone”, “eTher-
apy”, “Internet”; “Telerehabilitation”, “Interned-Based Intervention”, “Telemedicine”,
“Behavioral Modification Techniques”, “Chronic Pain”, “Pain”, “RCT” or “Randomized
controlled trial”.

The search strategy was adapted to other electronic databases. In addition, we manu-
ally checked the reference of the studies included in the review and we checked the studies
included on systematic review related to this topic. The search was also adapted and
performed in Google Scholar due to its capacity to search for relevant articles and grey liter-
ature [30,31]. No restrictions were applied to any specific language as recommended by the
international criteria [32]. The different search strategies used are detailed in Appendix B.

Two independent reviewers conducted the search using the same methodology, and
the differences were resolved by consensus moderated by a third reviewer. We used Rayyan
software to organize studies, assess studies for eligibility and remove duplicates [33].

2.3. Selection Criteria and Data Extraction

The two phases of studies selection (title/abstract screening and full-text evaluation)
were realized by two independent reviewers. First, they assessed the relevance of the
studies regarding the study questions and aims, based on information from the title,
abstract and keywords of each study. If there was no consensus or the abstracts did not
contain sufficient information, the full text was reviewed. In the second phase of the
analysis, the full text was used to assess whether the studies met all the inclusion criteria.
Differences between the two independent reviewers were resolved by a consensus process
moderated by a third reviewer [34]. Data described in the results were extracted by means
of a structured protocol that ensured that the most relevant information was obtained from
each study [35].
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2.4. Risk of Bias and Methodological Quality Assessment

The Risk Of Bias 2 (RoB 2) tool was used to assess randomized trials [36]. It covers
a total of five domains: (1) Bias arising from the randomization process, (2) Bias due to
deviations from the intended interventions, (3) Bias due to missing outcome data, (4) Bias
in measurement of the outcome, (5) Bias in selection of the reported result. The study will
be categorized has having (a) low risk of bias if all domains shown low risk of bias, (b) some
concerns if one domain is rated with some concerns without any with high risk of bias,
and (c) high risk of bias, if one domain is rated as having high risk of bias or multiple with
some concerns.

The studies” methodological quality was assessed using the PEDro scale [37], which
assesses the internal and external validity of a study and consists of 11 criteria: (1) spec-
ified study eligibility criteria, (2) random allocation of patients, (3) concealed allocation,
(4) measure of similarity between groups at baseline, (5) patient blinding, (6) therapist
blinding, (7) assessor blinding, (8) fewer than 15% dropouts, (9) intention-to-treat analysis,
(10) intergroup statistical comparisons, and (11) point measures and variability data. The
methodological criteria were scored as follows: yes (1 point), no (0 points), or do not
know (0 points). The PEDro score for each selected study provided an indicator of the
methodological quality (9-10 = excellent; 6-8 = good; 4-5 = fair; 3-0 = poor) [38]. We used
the data obtained from the PEDro scale to map the results of the quantitative analyses.

Two independent reviewers examined the quality and the risk of bias of all the selected
studies using the same methodology. Disagreements between the reviewers were resolved
by consensus with a third reviewer. The concordance between the results (inter-rater
reliability) was measured using Cohen’s kappa coefficient () as follows: (1) k > 0.7 indicated
a high level of agreement between assessors; (2) k = 0.5-0.7 indicated a moderate level of
agreement; and (3) k < 0.5 indicated a low level of agreement) [39].

2.5. Certainty of Evidence

The certainty of evidence analysis was based on classifying the results into levels
of evidence according to the Grading of Recommendations, Assessment, Development
and Evaluation (GRADE) framework, which is based on five domains: study design,
imprecision, indirectness, inconsistency and publication bias [40]. The assessment of the
five domains was conducted according to GRADE criteria [41,42]. Evidence was categorized
into the following four levels accordingly: (a) High quality. Further research is very unlikely
to change our confidence in the effect estimate. All five domains are also met; (b) Moderate
quality. Further research is likely to have an important impact on our confidence in the
effect estimate and might change the effect estimate. One of the five domains is not met;
(c) Low quality. Further research is very likely to have a significant impact on our confidence
in the effect estimate and is likely to change the estimate. Two of the five domains are
not met; and (d) Very low quality. Any effect estimates highly uncertain. Three of the five
domains are not met [41,42].

For the risk of bias domain, the recommendations were downgraded one level in the
event there was an uncertain or high risk of bias and serious limitations in the effect estimate
(more that 25% of the participants were from studies with high risk of bias, as measured by
the RoB2 scale). In terms of inconsistency, the recommendations were downgraded one level
when the point estimates varied widely among studies, the confidence intervals showed
minimal overlap or when the 1> was substantial or large (greater than 50%). In regard
to indirectness, domain recommendations were downgraded when severe differences in
interventions, study populations or outcomes were found (the recommendations were
downgraded in the absence of direct comparisons between the interventions of interest or
when there are no key outcomes, and the recommendation is based only on intermediate
outcomes or if more than 50% of the participants were outside the target group). For
the imprecision domain, the recommendations were downgraded one level if there were
fewer than 300 participants for the continuous data [43]. Finally, the recommendations
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were downgraded due to the strong influence of publication bias if the results changed
significantly after adjusting for publication bias.

2.6. Data Synthesis and Analysis

The statistical analysis was conducted using RStudio software (RStudio, PBC, Boston,
MA) according to the guide from Harrer et al. [44]. To compare the outcomes reported
by the studies, we calculated the standardized mean difference (SMD) over time and the
corresponding 95% confidence interval (CI) for the continuous variables. The statistical
significance of the pooled SMD was examined as Hedges’ g to account for a possible
overestimation of the true population effect size in the small studies [45]. The estimated
SMDs were interpreted as described by Hopkins et al. [46], that is, we considered that
an SMD of 4.0 represented an extremely large clinical effect, 2.0-4.0 represented a very
large effect, 1.2-2.0 represented a large effect, 0.6-1.2 represented a moderate effect, 0.2-0.6
represented a small effect and 0.0-0.2 represented a trivial effect. If necessary, CI and
standard error (SE) where converted in standard deviation (SD) using the formulas recom-
mended by the Cochrane Handbook for Systematic Reviews of Interventions version 6.2:
SD = \/(N) * (upper limit — lower limit)/3.92 and SD = /(N) * SE, respectively [47].

We used the same inclusion criteria for the systematic review and the meta-analysis
and included three additional criteria: (1) In the results, there was detailed information
regarding the comparative statistical data of the exposure factors, therapeutic interventions,
and treatment responses; (2) the intervention was compared with a similar control group;
and (3) data on the analyzed variables were represented in at least three studies.

Since we pooled different treatments, we could not assume that there was a unique true
effect. So, we anticipated between-study heterogeneity and used a random-effects model
to pool effect sizes. In order the calculate the heterogeneity variance 12, we used the Re-
stricted Maximum Likelihood Estimator as recommended for continuous outcomes [48,49].
To calculate the confidence interval around the pooled effect, we used Knapp-Hartung
adjustments [50,51].

In order to pool the catastrophizing variable and the different subscales of the Pain
Catastrophizing scale [52], we ran a subgroup analysis using fixed-effects (plural) model [53].
First, we pooled effect sizes in each subgroup (Pain catastrophizing or other catastrophizing
overall score, Helplessness, Magnification and Rumination) using a random-effects model.
Finally, we used a fixed-effect model to pool the pooled effects from the different subgroups.

We estimated the degree of heterogeneity among the studies using Cochran’s Q
statistic test (a p-value < 0.05 was considered significant), the inconsistency index (I?) and
the prediction interval (PI) based on the between-study variance 12 [46]. The Cochran’s
Q test allows us to assess the presence of between-study heterogeneity [54]. Despite
its common use to assess heterogeneity, the I> index only represent the percentage of
variability in the effect sizes not caused by sampling error [55]. Therefore, as recommended,
we additionally report PIs. The Pls are an equivalent of standard deviation and represent
a range within which the effects of future studies are expected to fall based on current
data [55,56].

To detect the presence of outliers that could potentially influence the estimated pooled
effect and assess the robustness of our results, we applied an influence analysis based
on the leave-one-out method [57]. If a study’s results had an important influence on the
pooled effect, we conducted a sensitivity analysis, removing it or them. We additionally
ran a drapery plot which is based on p-value functions and give us the p-value curve for
the pooled estimate for all possible alpha levels [58].

To detect publication bias, we performed a visual evaluation of the Doi plot and the
funnel plot [59], seeking asymmetry. We also performed a quantitative measure of the Luis
Furuya-Kanamori (LFK) index, which has been shown to be more sensitive than the Egger
test in detecting publication bias in a meta-analysis of a low number of studies [60]. An
LFK index within £1 represents no asymmetry, exceeding +1 but within 2 represents
minor asymmetry, and exceeding £2 involves major asymmetry. If there was significant
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asymmetry, we applied a small-study effect method to correct for publication bias using
the Duval and Tweedie Trim and Fill Method [61].

3. Results
3.1. Characteristics of the Included Studies

A total of 58 RCTs were included [62-117]. We included a total of 8199 participants
with a mean age ranging from 33.7 to 65.8 years. The patients were mostly women
(N = 5764, 70.3%) diagnosed with chronic back pain [64,75,82,85,86,95,96], chronic low back
pain [80,91,97,109,116,117], unspecific chronic pain [63,65-67,70,73,76,81,92-94,99,102,106,
108,114,115,118,119], fibromyalgia [69,77,83,98,104,110,111,113], headache [79,100,101,107],
rheumatic disorders [68,74,84,88,89,104,112], or others [71,72,78,87,90,105]. Details of the
participant’s characteristics and studies are shown in Table 1.

The studies compared online cognitive-behavioral therapy [64-69,73,75,85,90,91,94-96,
99,104,116], acceptance and commitment therapy [76,81,92,98,102,119], self-management [83,
93,99,103,106,108,109,111,113], mindfulness therapy [70,76,81,95,101,102,105], or other on-
line behavioral techniques [62,63,71,72,74,77-80,82,84,86-89,97,100,107,110,112,114,115,117,
118] against most frequently waiting list [65,66,69,70,74,79,81,85,90,92,95,96,100,102,103,108,
110,112,113,116,118], usual care [68,73,75,77,82-84,86,91,93,94,98,99,101,104,106,107,109,111,
117,119], or in-person intervention [67,70,76,78,88,89,104,109]. The intervention duration
ranged between a single day [105] and 9 months [84]. The details of the interventions were
described in Appendix C using the Behavior Change Technique Taxonomy (v1) [120].

3.2. Methodological Quality and Risk of Bias Results

The methodological quality of the studies was evaluated with the PEDro scale. The PEDro
scores for each study are shown in Appendix D. In total, 36 were evaluated as having good
quality [62,64,66,68,69,72,74-82,84,87,91,92,94-96,98,99,102-105,107,109-111,113,115,117,119]
and 22 as having fair methodological quality [63,65,67,70,71,73,83,85,86,88-90,93,97,100,101,
106,108,112,114,116,118]. The inter-rater reliability of the methodological quality assessment
between assessors was high (k = 0.901). The risk of bias of randomized trials was evaluated
with the RoB2 tool. All the studies were rated as having a high risk of bias (100%). The
risk of bias summary is shown in Appendix E. The inter-rater reliability of the risk of bias
assessment between assessors was high (k = 0.792).

3.3. Meta-Analysis Results

The overall strength of evidence for each variable and the reason it was downgraded
is detailed in Table 2.

3.3.1. Pain Intensity (vs. Usual Care/Waiting List)

The influence analyses revealed that the study from Hedman-Lagerlof et al. and
Dear et al. were outliers [66,110], so, we ran a sensitivity analysis without them (Appendix F).
The sensitivity analysis showed a statistically significant trivial effect size (38 RCTs; n = 5337;
SMD = —0.17; 95% CI —0.26, —0.09) of e-BMT on pain intensity, with a significant hetero-
geneity (Q = 67.4 (p < 0.01), I? = 44% (18%, 62%), PI —0.48, 0.13) and a low strength of
evidence (Figure 1). Since PI crosses zero, we cannot be confident that future studies will
not find contradictory results. The drapery plot revealed that the statistically significance
of the results is robust through different p-value functions (Appendix F). With respect to
the presence of publication bias, the visual evaluation of the shape of the funnel and Doi
plot shown an asymmetrical pattern, showing a minor asymmetry (LFK index = —1.79)
(Appendix F). When the sensitivity analysis is adjusted for publication bias, there is not any-
more statistically significant effect (Appendix F). Subgroup analyses are detailed in Table 3.
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Table 1. Details of the studies included in the systematic review.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Tailored-plan treatment with
Amorim et al., 2019 N =68 activity tracker and
. ! 58.3 (13.4) yrs L .. Advice to stay active and booklet .. . No significant differences in
Pilot RCT o o monitoring application. . . L Pain intensity: NRS (0-10) L .
- 50%F /50%M about benefits of physical activity pain intensity.
Australia . + Telephone follow-up
Chronic LBP . L
Mobile application
Significant difference in pain
intensity (Self-care: p < 0.01 and
B t al., 2009 N =89 Pain intensity (average, control: p < 0.05) and pain
ermanReC; o 65.8 (N/R) yrs Self-care intervention No intervention worst, least): BPI interference (both p < 0.01), but
USA 87%F /13%M Internet-based Pain interference: BPI without differences between

Unspecified chronic pain

Self-efficacy: PSEQ

group. Small no-significant
improvement in self-efficacy in

both groups (p > 0.05).
Boselie et al., 2018 1\1;1/; i’ris Positive psychology Intervention group effect was
RCT N/R %F/N/R %M Internet-based Waiting list Pain intensity: VAS non-significant for pain intensity
The Netherlands . X . (p=0.16).
Unspecified chronic pain
N =199 . -
Bossen et al., 2013 62.0 (5.7) yrs Behavior graded activity e 1 Pain intensity: NRS (0-10) No significant differences in pain
RCT 65%F /35%M program Waiting list Self~Effi - ASES intensity and self-efficac
The Netherlands ? 0 Internet-based elf-Efficacy: y ¥
Knee and hip OA
Statistically significant time x
N = 66 group interaction in the different
Brattberg, 2008 4 o . . Catastrophizing: PCS subscales of the pain
3.8 (8.8) yrs Emotional freedom techniques o op 8- ..
RCT Waiting list Self- - GSES catastrophizing scale (p < 0.001,
Sweden 100%F Internet-based clf fficacy: p =0.006 and p < 0.001). There
Unspecified chronic pain was no statistically significant
difference in self-efficacy.
They also showed less feeling of
S dbeh h Headache severity (1-4) helplessnfss (r= O.O)()?))lagdll
N =189 tructured behavior changes Self-efficacy: Headache rumination (p = 0.0003), globally,
Bromberg et al., 2012 42.6 (11.5) yrs rogram f-efficacy =T there was a higher improvement
RCT y prog Usual care Management Self-Efficacy g p
USA 89%F/11%M +Usual care Scale of catastrophizing (p = 0.0006).

Chronic migraine

Internet-based

Pain catastrophizing: PCS

There was also a higher
improvement of self-efficacy
(p < 0.0001).
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Table 1. Cont.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Significant effect of intervention
group on catastrophizing
n=>56 Online CBT + Relaxation with Pain severity and Pain . (p < 0'01)'. There Was. no
Buhrman et al., 2004 . significant main effects difference
44.6 (10.4) yrs CDs + Telephone calls P interference: MPI -1 . .
RCT o o Waiting list Y . on multidimensional pain
63%F /37%M about goals Pain intensity: NRS (0-100) :
Sweden . . . inventory. Both groups reduced
Chronic back pain Internet-based Average and Highest . . :
their average and highest pain
intensity (p < 0.05) without
significant differences.
There is a significant interaction
N = 54 for the intervention group
Buhrman et al,, 2011 432 (9.8) yrs Online CBT o Catastrophizing: CSQ (p = 0.0001) on catastrophizing.
RCT 69%F /32%M Internet-based Waiting list Catastrophizing subscale However, there were no
Sweden Pain interference: MPI significant differences between

Chronic back pain

group for multidimensional
pain inventory.

Calner et ?l"l 20210716& Nordin 43 11\g13 g? Multimodal pain rehabilitation + o ) There were no statistically
€ aR‘éT 85.0 "F /l' 50/};/[5 Behavior change program Multimodal pain rehabilitation Pain intensity: VAS significant differences over time
Sweden Unspeci ﬁoe d chn:nic pain Internet-based on pain intensity.
Carpenter et al., 2012 4 é\l(lzolg;l s Interactive self-help intervention ls’ali nlscafustrq;jglézégg: Pcs Both eroups improved
RCT o ) oy (pain education and CBT) Waiting list ef ) jﬁ cacy: _ both group p
83%F/17%M Internet-based Pain intensity: NRS significantly all the outcomes.
UsA Chronic LBP (Average, highest, lower)
Chabbra et al., 2018 N =93 Daily activity goal Both groups showed a significant
abbra e al, 41.2 (14.1) yrs arty activity §0a’s Prescription about medicines and L . Oth groups snowed a sightiica
RCT N/R %F/N/R %M with exercises advice about phvsical activit Pain intensity: NRS decrease of pain intensity
India o ¢ Mobile application phy y (p < 0.001) but without differences.
Chronic LBP PP P
Chiauzzi et al., 2010 46 1N =209 Online CBT and . Pain intensity: BPI ) ljlfl_ere Waf? no stat1stflcaf}1.y
RCT .1(12.0) yrs self-management website Standard back pain management Catastrophizine: PCS significant effect on self-efficacy,
USA 68%F/32%M Internet-based text materials P 8 pain intensity, and pain

Chronic back pain

Self-efficacy: PSEQ

catastrophizing.
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Table 1. Cont.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
N=284 . L
Choi et al.. 2019 545 (x) yrs NSAIDs + Self-Exercise+ There were no significant
RCT" 68° / F/32%M mobile-based guided exercise NSAIDs + Exercise Pain intensity: VAS differences between groups in
I-‘raz:n sho;l der Mobile application any outcomes.
Online group showed a
N =50 . L statistically significant interaction
De Boelr'{ect; 1, 2014 52.1 (11.2) yrs CBT CBT Face-to-Face I;am ga:ustii(;p hléggg ( é) 23) on catastrophizing (p = 0.023),
64%F /36%M Internet-based L riensity: - pain intensity (p = 0.020),
The Netherlands o . . Pain interference: VAS (0-10) : -
Unspecified chronic pain however there was no interaction
in other outcomes.
Duration, severity, location Intervention had a significantly
_ "y ! ¢ higher post-treatment
Dear et al., 2013 N =63 . lmd level of interference of improvement self-efficacy
49.0 (13) yrs Online CBT o pain: WBPQ P .
RCT o 5 Waiting list ) (p < 0.001), kinesiophobia
. 85%F /15%M Internet-based Self-efficacy: PSEQ
Australia i . . O . (p <0.001) and the
Unspecified chronic pain Kinesiophobia: TSK-17 -
Catastrophizine: PRSS catastrophizing subscale of the
prizing: PRSS (p = 0.005).
Intervention groups had
G1: Online CBT + Regular online significanﬂy.a s.ignific.antly lower
N = 490 contact Location, severity and scores of. pain intensity average
Dear et al,, 2015 50 (13) yrs G2: Online CBT + optimal online . duration of pain: WBPQ than waiting list (p < 0.03). All
RCT ‘ 80%F /20%M contact Waiting list Self-efficacy: PSEQ treatment groups, without
Australia Unspecified chronic pain G3: Online CBT Kinesiophobia: TSK-17 control group, showed a
Internet-based significant improvement of
self-efficacy and kinesiophobia
(p < 0.046).
N =133 -
Ferwerdlg é}[‘ al., 2017 56.4 (10) yrs CBT Ustal Pain intensity: Pain subscale ‘ lj?ere was no statlsncalfly ‘
o 5 = sual care of the IRGL significant improvement of pain
The Netherlands 64%F/36%M Internet-based f intensity (p = 0.35).

Rheumatoid arthritis
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Table 1. Cont.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Intervention group had a
Pain intensity and significantly higher improvement
) N =60 interference: BPI of pain intensity (p = 0.037).'
Friesen et al., 2017 48.0 (11.0) yrs CBT + Telephone calls - ) Self—eﬁ‘lcacy: PSE‘Q‘ However, there was not for pain
RCT 95%F /5%M Internet-based Waiting list Pain-related cognitions: interference. There was also a
0. o .. . . . . el .
Canada Fibromyaleia Catastrophizing and coping statistically significant time by
s subscales of PRSS group interaction for
Kinesiophobia: TSK-17 kinesiophobia (p < 0.001). Other
outcomes were not significant.
Both mindfulness group
improved more catastrophizing
than waiting list (p < 0.01)
post-treatment but without
Gardner-Nix et al.. 2008 N =163 significant differences between
RCT M 50.0-55.0 yrs Mindfulness CG1:Mindfulness Face-to-Face Catastrophizing: PCS them. Both mindfulness group
Canada 81%F/19%M Videoconferencing CG2: Waiting list Pain intensity: NRS showed lower pain-intensity

Unspecific chronic pain

than control group
post-treatment (p < 0.01 and
p < 0.05), but face-to-face showed
also lower pain score than online
treatment (p < 0.05).

Both groups had statistically

Gialanella et al., 2017 and 2020 N =94 Exercise + Telephone calls with . . significant lower pain intensity
RCT 58.1 (12.7) yrs a therapist Exercise + Recommendations to Pain intensity: VAS ost-treatment (p < 0.001), but it
89%F/11%M P continue to exercise L P - S
Italy . . Telephone was lower in the intervention
Chronic neck pain
group (p < 0.001).
Both groups significantly
improved pain severity and
N =110 interference, but without
Guarino et al., 2018 51.3 (109) yrs Online CBT + Usual care Pam severity and pain difference bgtween Fhem.
RCT 60%F /40%M Internet-based Usual care interference: MPI However, patients with the
USA : ’ Catastrophizing: PCS online treatment showed a

Unspecific chronic pain

statistically significant reduction
catastrophizing (p = 0.040) in
comparation with control group.
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Table 1. Cont.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
CBT through interactive voice
o . response was noninferior to
Heapy et al., 2017 57 9N =125 Puz'n miensity: NRS (0-10) in-peIr)son CBT in post-treatment
9 (11.6) yrs CBT e Pain interference: - :
RCT 20%F /78%M Interacti ice r o Face-to-Face CBT I beeal pain intensity. There were no
USA o o eractive voice response nterference subscale of significant differences between

Chronic back pain

WHYMPI

e-CBT and face-to-face CBT in
pain interference.

There were statistically

N =140 L . . .
H -L 16f et al., 201 . significant interactions in favor of
edman a%ecr T0 et al., 2018 98%F /2%M Online exposure therapy Waiting list Pain intensity: EIQ g'mtervention sroup on pain
508 (24-77) yrs Internet-based v intensity according to the FIQ
Sweden Fibromyalgia ty (v <00 O% ’
VTC-ACT was noninferior to
N =128 face-to-face ACT on pain
Herbert et al., 2017 o/ T /270 .. interference. Also, there were no
4 18%F/82%M ACT Pain interference: BPI PR .
RCT 52.0 (13.3) yrs Video teleconferencin Face-to-face ACT WHMPI significant differences on any
USA Y 8 other outcomes, except on the

Unspecific chronic pain

activity subscale of the MPI
(p=0.03).

There was a statistically

- do-Gariio et al.. 2021 N =34 Video-guided aerobic training + significant higher improvement
ernando-Garijo et al., 53.4 (8.8) yrs K . Rl . e Pain intensity: VAS of pain intensity (p = 0.021).
RC.T 100%F usual mecllgcallegzescrlptlon Usual medical prescription Catastrophizing: PCS There was no statistically
Spain Fibromyalgia significant difference in
catastrophizing.
N =139 . . o . . There were no significant
Juhlin et al., 2021 Person-centered intervention Pain intensity: Pain subscale .
RCT L;Z)S 1(:1 /01'3)2, /yl\r/f supported by online platform Person-centered intervention of the FIQ dl}if:if?ﬁfsnz?:;\/ (ep e1:1 gr;;;%;m
Sweden Chronic widespread pain Internet-based Self-efficacy: GSES other outcomes.
. N =368 Lo
Kleiboer et al., 2014 43.6 (11.5) yrs Online behavioral training Attack peak intensity There were no significant
RCT 85.0 "oF /l' 5M Internet-based Waiting list Self-efficacy: HMSE differences between groups
The Netherlands . ? except for self-efficacy (p < 0.001).

Migraine
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Table 1. Cont.

Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Intervention group showed no
statisticalfly significan(’; 8191 pain
. . int =0.09).
Krein et al.. 2013 N =229 Pedometer, online goal-setting Pain interference: MOS Intelrr;:ritieéflncfogj show)e da
reineta’, 51.6 (12.6) yrs and feedback platform and Pain intensity: NRS (0-10) . group Shov
RCT o o . Pedometer X . higher exercise self-efficacy
12%F /88%M e-community Self-efficacy for exercise: _
USA Chronic LBP Internet-based Exercise Self-efficacy score post-treatment (p = 0.01) who
Y failed to maintain at 12 months.
There were no more
significant differences.
There was a significant
Lin et al.. 2017 N =201 interaction effect for group x time
RC:F, 51.0 (12.4) yrs Online guided ACT Waiting list Pain interference: MPI on the pain interference (p < 0.01),
German 86%F /14%M Internet-based 8 Pain intensity: NRS but also on pain intensity
nspecific chronic pain < 0.05), in favor o
Y Unspecific chronic pai (p < 0.05), in f f
intervention group.
There was a statistically
N =580 Back pain textbook via e-mail + significant higher improvement
Lorig et al., 2002 455 (I:I JR) yrs videotapes about back pain Usual care + subscription to a Pain int VAS in pain intensity (p < 0.05) in
RCT o o 4 experiences + e-community P . amn o erference: intervention group. There was
38%F/62%M . non-health-related magazine Self-efficacy: N/R L O .
USA Chronic back pain Online textbook and also a significant higher
v videotapes and internet-based improvement of self-efficacy
(p = 0.003).
. N =855 L .
Lorig et al., 2008 52.3 (11.6) yrs Web-based self-management There was a significant time by
RCT 90'0/ F /1' O"/ZM instruction and discussion Usual care Pain intensity: VAS group interaction on pain
USA Fib:omyu Igia Internet-based intensity (p < 0.001).
N =255 . .
Maisiak et al., 1996 60.3 (N/R) yrs . . Patients m the telePhone
RCT 92%F /8%M Telephone counseling strategy Usual Physical aspect, pain scores counselling had higher
USA Hip or Knee OA or Rheumatoid Telephone sual care and affect: AIMS2 improvement in total ATMS2
b Arthritis score (p < 0.01).
N =75 Patients had a statistically
Moessner et al., 2012 o Self-monitoring + Online . o significant lower score of pain
RCT ;31650/9 1:(342037 ;S;[ guided chat Usual care Pﬂ;nsl ? t;zslgty. NRbS (01710) according to the SF536 Pain
Germany y ’ Internet-based and of=ob Faut subscate subscale. However, there were no

Chronic back pain

differences in other outcomes.
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Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Odole and Ojo, 2013 and 2014 N =50 Both groups showed statistically
4 55.5 (7.6) yrs Phone-based Physical Therapy P hvsical th . . conifi . £ thei
RCT 48%F /529M Telephone Face-to-face physical therapy Pain intensity: VAS (0-100) significant improvement of their
Nigeria Knee OA pain intensity.
N = 284 There were significant differences
iy . o in pain catastrophizing and
Peters et al., 2017 48.6 (12.0) yrs G1: Online Positive psychology L o n path ca
RCT 85%F /15%M G2: Online CBT Waiting list Dain infeneity: NS 07100 helplessness. There was no
Sweden Chronic back, neck or Internet-based atastrophizing: statistically signitc 1me,
houlder pain group, or time by group effect on
s pain intensity.
There were no statistically
Petrozzi et al., 2019 N =108 Online CBT+ Self-efficacy: PSEQ significant differences betheen
50.4 (13.6) yrs - the two groups on self-efficacy
RCT o o Usual care Usual care Catastrophizing: PCS L )
New Zealand 50%E/50%M Internet-based Pain intensity: NRS (p = 0.52), pain intensity (p = 0.95)
Chronic LBP Y and catastrophizing (p = 0.89) at
any time-points.
N =113 The intervention group showed
Rickardsson et al., 2021 495 (12.1) yrs Online ACT o Pain interference: PII §1gn1f1cant interaction effects of
RCT o o Waiting list o . time x group for pain interference
75%F /25%M Internet-based Pain intensity: NRS L :
Sweden Unspecific chronic pain (p < 0.001) and pain intensity
P p (p = 0.004).
Pain severity, pain
interference and emotional Intervention group showed a
B . ) burden: PCP-S significant group X time
Ruehlman et al., 2012 4219_ 305 O.nhn.etﬁ) rolgfram about Chl:imcl Prior diagnoses, pain interaction in pain interference
RCT o 09 yrs pamwith seli-management tools Usual care characteristics, pain location, (p = 0.00) and pain severity
USA 64%F /36%M and a e-community medication use and health (p = 0.01). Intervention group

Unspecific chronic pain

Internet-based

care status, coping,
catastrophizing, attitudes and
belief, social responses:
PCP-EA

also showed a significant group
X time interaction in
catastrophizing (p = 0.01)
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Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
N =295 Online training showed small to
Sander et al., 2020 52.8 (7.7) yrs Online CBT + Usual care Usual Care Pain intensity: NRS medium effect sizes in all the
RCT 62%F /38%M Internet-based Self-efficacy: PSEQ outcomes, except for
Germany Unspecific chronic pain pain intensity.
N=76 . . . . . -
Schlickler et al., 2020 50.8 (7.9) yrs Online CBT-based intervention Pain intensity: NRS (worst, There were no statistically
RCT 551;/ F /‘450;’ M Internet-based and Waiting list least and average) significant differences in any
° o mobile-based Self-efficacy: PSEQ other outcome.
Germany Chronic back pain Y
Schulz et al., 2007 N =35 Online social and educational Pain intensity in the treatment
45.3 (N/R) yrs . X . . group has decreased, however,
RCT 29%F /71%M about pain management website No treatment Pain intensity: NRS there was no chanee in the
Switzerland o ° . Internet-based &
Chronic low back pain control group.
There were significant differences
N = 108 post-treatment in favor of the
Shigaki et al., 2013 49.8 (1_1 9) yrs Education and social network Pain intensity: RADAR intervention group in self-efficacy
RCT 10/ /0 4 website + Telephone calls Waiting list am prtensily: (p = 0.000) and quality of life
94%F / 6%M Self-efficacy: ASES _ sl
USA Rheumatoid arthritis Internet-based (p = 0.003), who maintained at
9 months (p = 0.000 and p = 0.004,
respectively).
N =63 Pain i : BPI Pain interf d pai
Scott et al., 2018 45.5 (14.0) yrs Online ACT + Usual care ain interference: BP1 _ -amninierierence and pain
RCT 64%F /36%M Internet-based Usual care Pain intensity and pain intensity shqwed sma}l effect size
UK Unspecific chronic pain distress: NRS in favor of intervention group.
Intervention group significantly
improved, relative to control
roup, kinesiophobia (p < 0.001).
N =67 Pain intensity: SF-MPQ égmal{)effect siz}; for pai’f’l in favor
Simister al., 2018 39.7 (9.4) yrs Online ACT + Usual care Kinesiovhobia: TSK-11 . .
RCT 95%F /5%M Internet-based Usual care phovia: i of intervention group (0.11).
Fibromyalgia Catastrophizing: PCS There was only a tendency to

improvement in favor of online
group on catastrophizing
(p =0.051).
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Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
There were significant
N = 80 Self-efficacy: PSEQ time-by-group interactions on
Smith et al., 2019 450 (15 9) yrs Online self-management and Pain severity and pain pain self-efficacy (p < 0.05), pain
RCT 88.0/ F/ 1-20/}’M CBT-based intervention Usual care interference: BPI severity (p < 0.05), kinesiophobia
Australia Unspeci j;'c chroonic ain Internet-based Catastrophizing: PCS (p < 0.01), in favor of intervention
P P Kinesiophobia: TSK group. However, there were no
interactions for pain interference.
Strom et al., 2000 N =45 Online relaxation and . Th cre was a statistically
36.7 (N/R) yrs L . 1 . . significant difference between
RCT o o problem-solving intervention Wait-list Pain intensity: NRS (0-100) .
Sweden 69%F/31%M Internet-based groups at post treatment for pain
Recurrent headache sufferers intensity (p = 0.009).
N =30 There was a significant difference
Tavallaei et al., 2018 33.7 (9.0) yrs Mindfulness-based Stress between bothg oups in favor of
RCT 100%F Reduction Bibliotherapy Usual care Pain intensity: SF-MPQ - groups . .
L . the online group in pain intensity
Iran Migraine and tension-type Internet-based
(p = 0.035).
headache
There was no significant
Trompetter et al., 2015 N =238 difference in pain interference
p v 52.7 (12.4) yrs Online ACT e Pain interference: MPI P : L
RCT 76%F /24%M Internet-based Waiting list C hizine: PCS however there was in pain
The Netherlands u j:l) h . atastrophizing: intensity (p = 0.35) and
nspectjic chrome pam catastrophizing (p = 0.019).
There were statistically
Trudeau et al., 2015 N =228 Online self-management SeU—eﬁcncy: ASES 51gn1flcan.t interactions
49.9 (11.6) : : PP Catastrophizing: PCS group-by-time in favor of
RCT o o intervention Waiting List . . ; . .
USA 68%F /32%M Internet-based Pain severity and pain intervention group on
Arthritis interference: BPI-SF self-efficacy (p = 0.0293) and
catastrophizing (p = 0.0055).
N = 60 Both CBT groups showed
Vallejo et al., 2015 51.6 (9.9) yrs Online CBT + Usual care G1: Face-to-face CBT + Catastrophizing: PCS improvement in catastroph1z1pg
RCT . Usual care . (both, p < 0.001). Only the online
Spai 100%F Internet-based - Self-efficacy: CPSES .
pain . . G2: Usual care group showed improvement of
Fibromyalgia

self-efficacy (p < 0.001).
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Participants
Authors, Year Sample Size (n) Intervention
Design Age (Mean (SD)) Modality Comparator Outcomes Results
Country Gender Format
Condition
Online Mindfulness showed a
statistically significant higher
Westenberg et al., 2018 N =126 improvement of pain intensity
RCT 54.5 (15.0) yrs Online Mindfulness Attention control Pain intensity: NRS (p = 0.008). However, the difference
USA 50%F/50%M in pain intensity did not reach the
minimal clinically important
difference.
Willi t al.. 2010 N=118 Online self-management + Patients in the intervention group
tiliams et al, 50.5 (11.5) yrs ) L . shown statistically significant
RCT 95%F /5%M Ingiﬁ:i_?;:e d Usual care Pain intensity: BPI improvement of pain intensity
USA Fibromyalgia (p <0.01).
There was not a statistically
significant interaction group by time
. N=114 . . . . . . .
Wilson et al., 2015 493 (11.6) yrs Online pain Pain severity and pain on pain interference and pain
RCT 78."/ F/ l 2°/yM self-management program Usual care interference: BPI intensity. However, there was a
USA Unspeci ;ic chrozlic ain Internet-based Self-efficacy: PSEQ significant interaction group by time
P P on self-efficacy (p = 0.00) in favor of
the online group.
. N =60 . ) . .
Wilson et al., 2018 443 (12.0) yrs Online Self-efficacy: PSEQ Intervention group showed higher
RCT 4 4'0/ E/ 5 6°/yM self-management program Waiting-list Pain severity and pain level of pain interference, and pain
USA Unspeci j:ic chro:u'c pain Internet-based interference: BPI severity, than control group.
Yang et al., 2019 N=8 Online self-management + Current pain intensity: There.w?re 1o Signt ﬁca.r?t differences
40.8 (12.5) yrs : . on pain intensity. Additionally, there
RCT 88%F/12%M Face-to-face Physiotherapy Face-to-face physiotherapy VAS (0-100) 16 1o sienificant interaction
China Pt Mobile application Self-efficacy: PSEQ were no sighutic teractio
Chronic LBP effects on self-efficacy.

Abbreviatures: %F: Women proportion; %M: Men proportion; ACT: Acceptance and Commitment therapy; AIMS2: Arthritis Impact Measurement Scales-2; ASES: Arthritis Self-Efficacy
Scale; BPI: Brief Pain Inventory-Short form; CBT: Cognitive-behavioral therapy; CG: Control group; CPCI: Chronic Pain Coping Inventory; CPSES: Chronic Pain Self-efficacy Scale;
FIQ: Fibromyalgia Impact Questionnaire; GSES: General Self-Efficacy Scale; HMSE: Headache Management Self-Efficacy questionnaire; IRGL: Impact of Rheumatic Diseases on General
Health and Lifestyle; KOOS: Knee Osteoarthritis Outcome Score; LBP: Low back pain; MOS: Medical Outcomes Study; MPI: Multidimensional pain inventory; NRS: Numeric rating scale;
NSAIDs: nonsteroidal anti-inflammatory drugs; PCS: Pain Catastrophizing Scale; PCP-EA: Profile of Chronic Pain Extended Assessment; PCP-S: Profile of Chronic Pain: Screen; PII: Pain
Interference Index; PSEQ: Pain Self-efficacy Questionnaire; PRSS: Pain Responses Self-Statements; RADAR: Rapid Assessment of Disease Activity in Rheumatology; SF-36: 36-Item Short
Form Health Survey questionnaire; SE-MPQ: Short Form McGill Pain Questionnaire; TSK: Tampa Scale of Kinesiophobia; VAS: Visual analogue scale; VIC: Video-teleconferencing;
WHMPI: West Haven—Yale Multidimensional Pain Inventory; WPBQ: Wisconsin Brief Pain Questionnaire.
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Table 2. Summary of findings and quality of evidence (GRADE).

Certainty Assessment No. of Participants Effect Certainty
Outcome (No. of Studies) Study Design Risk of Bias Inconsistency Indirectness Imprecision Publication Bias e-BMT Control Absolute (95% CI)
Pain intensity 017 Low
(vs. Usual care/Waiting list) RCT Serious Not serious Not serious Not serious Serious 2757 2580 N
(n = 38) (—0.26; —0.09) SL&)
Pain intensity
(vs. In person BMT) RCT Serious Not serious Not serious Not serious Not serious 217 269 0.21 Moderate
(0.15; 0.27) SPISPISS)
(n=>5)
Pain interference 024 Low
(vs. Usual care/Waiting list) RCT Serious Serious Not serious Not serious Not serious 791 851 N
(n=13) (—0.44; —0.05) DD
Kinesiophobia
(vs. Usual care/Waiting list) RCT Serious Not serious Not serious Not serious Not serious 201 139 —057 Moderate
(n=3) (—1.08; —0.06) DDD
Catastrophizing _
(vs. Usual care/Waiting list) RCT Serious Not serious Not serious Not serious Not serious 826 787 9'40 Moderate
(n=16) (—0.48; —0.32) DPD
Self-efficacy 0.38 Low
(vs. Usual care/Waiting list) RCT Serious Serious Not serious Not serious Not serious 1407 1404 )
(n = 20) (0.23; 0.54) DD
CI: Confidence interval, e-BMT: Online Behavioral Modification Techniques, RCT: Randomized controlled trial.
Table 3. Subgroup analyses of the pain intensity, pain interference and self-efficacy outcomes.
Outcomes . . . ozo Upper Limit 2
(Contrast—Subanalysis N Studies SMD Lower Limit 95%CI 95% CI Q I
Pain intensity (vs. Usual Care/Waiting List)—Treatment
ACT 5 —-0.33 —0.86 0.19 15.40 74%
CBT 12 -0.18 —0.38 0.02 23.16 53%
Positive Psychology 2 —0.23 —2.96 2.50 2.45 59%
Self-management 8 —0.11 —0.23 0.008 6.48 0%
Mindfulness 2 —0.35 -1.97 1.26 0.58 0%
Other types of treatment 10 —0.11 -0.27 0.05 15.40 74%
Pain intensity (vs. Usual Care/Waiting List) —Chronic Musculoskeletal disorder
Unspecific back pain 6 —0.16 —0.50 0.19 13.21 62%
Fibromyalgia 4 —0.66 —1.06 —0.25 3.28 9%
Headache 3 —0.16 —0.55 0.23 1.79 0%
Low Back Pain 6 —0.12 —0.28 0.04 3.34 0%
Rheumatic disorders 5 —0.09 —0.25 0.07 2.74 0%
Unspecified chronic pain 15 —0.14 —0.29 0.01 27.33 49%
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Table 3. Cont.

Outcomes . . . ogo Upper Limit 2
(Contrast—Subanalysis N Studies SMD Lower Limit 95%CI 95% CI Q I
Pain intensity (vs. Usual Care/Waiting List)—Online Modality
Mobile application 3 —0.04 —-0.57 0.50 1.31 0%
Internet 30 -0.18 —0.26 —0.10 44.29 35%
Multi-device 2 0.33 —1.40 2.07 0.72 0%
Videoconference 2 —0.40 —2.92 213 117 15%
Telephone 2 -0.27 —4.71 4.16 8.08 88%
Pain intensity (vs. Usual Care/Waiting List)—Intervention duration (without Krein et al.)
More than 3 months 11 —-0.16 —-0.32 —0.002 16.60 40%
Between 1 and 3 months 24 —0.18 —0.32 —0.05 48.79 53%
Less than 1 month 3 —-0.21 —0.61 0.20 1.54 0%
Pain interference (vs. Usual Care/Waiting List)—Treatment
ACT 3 —-0.52 —1.07 0.03 3.53 43%
CBT 6 —-0.22 —0.59 0.16 10.89 54%
Self-Management 4 —0.09 —0.32 0.14 2.29 0%
Self-efficacy (vs. Usual Care/Waiting List)—Treatment
CBT 9 0.49 0.17 0.80 33.21 76%
Self-management 6 0.32 0.13 0.50 5.65 12%
Other types of treatment 5 0.27 —0.06 0.59 8.06 50%
Self-efficacy (vs. Usual Care/Waiting List)—Chronic Musculoskeletal disorder
Unspecific back pain 4 0.24 —0.06 0.54 5.37 44%
Fibromyalgia 2 0.63 —0.72 1.97 0.33 0%
LBP 4 0.52 —0.54 1.58 17.75 83%
Headache 1 0.41 0.09 0.73 N/A N/A
Rheumatic disorders 4 0.24 —0.22 0.70 6.93 57%
Unspecified chronic pain 5 0.56 0.09 1.02 9.75 59%
Self-efficacy (vs. Usual Care/Waiting List)—Intervention duration (without Krein et al.)
More than 3 months 3 0.37 —0.13 0.87 2.72 27%
Between 1 and 3 months 13 0.37 0.17 0.56 27.17 56%
Less than 1 month 3 0.74 —1.49 2.97 18.97 90%

Abbreviatures: ACT: Acceptance and Commitment therapy; CBT: Cognitive-behavioral therapy; CI: Confidence interval; LBP: low back pain; N/A: Not Applicable; SMD: Standardized

mean differences.
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Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Yang et al., 2019 5 340 28800 3 B6.00 1.7300 1T -0.88 [[2.44; 067] 02%
Friesen et al., 2017 30 499 16600 30 6.28 1.2800 —— -0.86 [-1.39;-0.33] 1.6%
Simister et al., 2018 33 13.80 8.8100 34 2146 9.1000 —— -0.85 [-1.35;-0.34] 1.7%
Hernando Guarijo et al., 2021 14 492 20000 14 646 1.9200 —— -0.76 [-1.53; 0.01] 0.8%
Rickardsson et al., 2021 o7 3.70 22850 56 540 2.2450 —— -0.75 [-1.13;-0.37] 2.5%
Gialanella et al_, 2017 47 390 1.8000 47 510 1.9000 —i— -0.64 [-1.06;,-023] 22%
Dear et al, 2013 31 468 17000 31 581 1.8500 —&— -0.63 [-1.14;-012] 1.7%
Tavallaei et al., 2018 15 24.03 11.2100 15 28.73 6.3000 — -0.61 [-1.34; 0.12] 0.9%
Boselie et al., 2018 57 55.12 23.2200 35 65.71 20.6300 — -0.47 [-0.90;-0.04] 22%
Williams et al., 2010 59 430 1.6000 59 490 1.5000 —= -0.38 [-0.75;-0.02] 2.7%
Buhrman et al.. 2004 22 34.30 16.8000 29 39.60 16.3000 —— -0.32 [-0.87. 0.24] 14%
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Figure 1. Sensitivity analysis of the pain intensity variable for online behavioral techniques against
usual care or waiting list. The forest plot summarizes the results of included studies (sample size,
mean, standard deviation (SD), standardized mean differences (SMDs), and weight). The small boxes
with the squares represent the point estimate of the effect size and sample size. The lines on either
side of the box represent a 95% confidence interval (CI).

3.3.2. Pain Intensity (vs. In-Person BMT)

The influence analyses revealed no presence of outliers (Appendix G). The statistical
analysis showed a statistically significant small effect size (5 RCTs; n = 486; SMD = 0.21;
95% CI1 0.15, 0.27) of in-person BMT on pain intensity, with no significant heterogeneity
(Q=0.23 (p<0.99), 12 = 0% (0%, 79.2%), P10.14, 0.28)) and a moderate strength of evidence
(Figure 2). Since PI does not cross zero, we can be confident that future studies will not
find contradictory results. The drapery plot revealed that the statistically significance of
the results is robust through different p-value functions (Appendix G). With respect to
the presence of publication bias, the visual evaluation of the shape of the funnel and Doi
plot shown an asymmetrical pattern, showing a major asymmetry (LFK index = —2.36)
(Appendix G). However, the adjustment did not influence the results (Appendix G). When
the sensitivity analysis is adjusted for publication bias, there is no influence of the results
(Appendix G).
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Heterogeneity: 1° = 0%, <* =0, p = 0.99
0.5 0 05

Study

Friesen et al., 2017
Rickardsson et al., 2021
Lin et al., 2017
Trompetter et al., 2015
Buhrman et al., 2004
Buhrman et al., 2011
Lorig et al., 2002
Chiauzzi et al., 2010
Berman et al., 2009
Guarino et al., 2018
Smith et al., 2019
Wilson et al., 2015
Wilson et al., 2018

Random effects model
Prediction interval

Heterogeneity: I° = 58%, t°

Favors e-BMT Favors In-Person BMT

Figure 2. Synthesis forest plot of pain intensity variable of online behavioral techniques against
in-person behavioral techniques. The forest plot summarizes the results of included studies (sample
size, mean, standard deviation (SD), standardized mean differences (SMDs), and weight). The small
boxes with the squares represent the point estimate of the effect size and sample size. The lines on
either side of the box represent a 95% confidence interval (CI).

3.3.3. Pain Interference (vs. Usual Care/Waiting List)

The influence analyses revealed no presence of outliers (Appendix H). The statistical
analysis showed a statistically significant small effect size (13 RCTs; n = 1642; SMD = —0.24;
95% CI —0.44, —0.05) of e-BMT on pain interference, with a significant heterogeneity
(Q=28.78 (p < 0.01), I? = 58% (23%, 77%), PI —0.79, 0.31) and a low strength of evidence
(Figure 3). Since PI crosses zero, we cannot be confident that future studies will not find
contradictory results. We cannot be confident of the significance of our results, the drapery
plot revealed that the statistically significance of the results did not maintain at p = 0.01
(Appendix H). With respect to the presence of publication bias, the visual evaluation of the
shape of the funnel and Doi plot showed a symmetrical pattern, showing no asymmetry
(LFK index = —0.21) (Appendix H). Subgroup analyses are detailed in Table 3.

Experimental Control Standardised Mean

Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
30 546 21100 30 7.32 1.5800 i -0.98 [-1.52;-045] b57%
57 1460 9.0598 56 21.30 8.9800 —— -0.74 [-1.12;-0.368] B1%
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82 28.70 12.0000 77 32.10 11.5000 — -0.29 [-0.60; 0.02] 9.3%
22 320 1.4000 29 350 1.2000 -0.23 [-0.79; 0.33] b5.5%
26 320 1.4000 28 350 1.2000 R — -0.23 [-0.76; 0.31] 5.8%
190 -1.50 26400 231 -1.02 2.8000 -+ -0.18 [-0.38; 0.01] 11.7%
95 470 28266 104 503 26515 —= -0.12 [-0.40; 0.16] 10.0%
41 3.00 24100 37 3.07 2.2400 —— -0.03 [-047;, 0.41] 7.0%
55 432 1.1300 55 428 1.1100 — 0.04 [-0.34; 0.41] B8.2%
31 490 1.9800 34 482 2.0400 —— 0.04 [-045; 053] 6.4%
45 550 2.0000 47 530 2.6000 — 0.09 [-0.32; 049] 7.6%
17 5.50 2.0000 22 520 1.5000 —E 0.17 [-045; 0.80] 4.7%
791 851 - -0.24 [-0.44; -0.05] 100.0%

——— [-0.79; 0.31]
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Figure 3. Synthesis forest plot of pain interference variable for online behavioral techniques against
usual care or waiting list. The forest plot summarizes the results of included studies (sample size,
mean, standard deviation (SD), standardized mean differences (SMDs), and weight). The small boxes
with the squares represent the point estimate of the effect size and sample size. The lines on either
side of the box represent a 95% confidence interval (CI).

3.3.4. Kinesiophobia (vs. Usual Care/Waiting List)

The influence analyses revealed that the study from Friesen et al. was an outlier [69],
so, we ran a sensitivity analysis without it (Appendix H). The sensitivity analysis showed
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a statistically significant small effect size (3 RCTs; n = 340; SMD = —0.57; 95% CI —1.08,
—0.06) of e-BMT on kinesiophobia, with no significant heterogeneity (Q = 2.09 (p = 0.35),
12 = 4% (0%, 90%)) and a moderate strength of evidence (Figure 4). All the subscales of
the pain catastrophizing scale were significantly improved. The drapery plot revealed
that the statistically significance of the results is robust through different p-value functions
(Appendix H). With respect to the presence of publication bias, the visual evaluation of
the shape of the funnel and Doi plot showed an asymmetrical pattern, showing a major
asymmetry (LFK index = —4.12) (Appendix G). When the sensitivity analysis was adjusted
for publication bias, there still was a statistically significant small effect (Appendix H).

Experimental Control Standardised Mean
Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
31 33.14 5.0400 34 37.02 5.1000 —-'-— -0.76 [-1.26;-0.25] 22.9%
31 33.81 7.3000 31 39.42 7.3800 —— -0.75 [-1.27,-0.24] 22.0%
139 34 .48 7.0000 74 37.65 8.6000 == -042 [-0.70;-0.13] 55.1%
201 139 --- -0.57 [-1.08; -0.06] 100.0%
[-2.59; 1.45]

Heterogeneity: 1> = 4%, t° = 0.0111, p = 0.35 [ ' ' '

2 A1 0 1 2
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Figure 4. Sensitivity analysis of the kinesiophobia variable for online behavioral techniques against
usual care or waiting list. The forest plot summarizes the results of included studies (sample size,
mean, standard deviation (SD), standardized mean differences (SMDs), and weight). The small boxes
with the squares represent the point estimate of the effect size and sample size. The lines on either
side of the box represent a 95% confidence interval (CI).

3.3.5. Catastrophizing (vs. Usual Care/Waiting List)

The influence analyses revealed that the studies from Ruehlman et al. and Trudeau
etal. were outliers [93,103], so, we ran a sensitivity analysis without them (Appendix I). The
sensitivity analysis showed a statistically significant small effect size (16 RCTs; n = 1613;
SMD = —0.40; 95% CI —0.48, —0.32) of e-BMT on catastrophizing, with no significant
heterogeneity (Q = 1.76 (p = 0.62) 1> = 31% (0%,56%)) and a moderate strength of evidence
(Figure 5). All the subscales of the pain catastrophizing scale showed statistically significant
improvements. The drapery plot revealed that the statistically significance of the results is
robust through different p-value functions (Appendix I). With respect to the presence of
publication bias, the visual evaluation of the shape of the funnel and Doi plot showed a
symmetrical pattern, showing no asymmetry (LFK index = —0.34) (Appendix I).

3.3.6. Self-Efficacy (vs. Usual Care/Waiting List)

The influence analyses revealed that the study from Kleiboer et al. was an outlier [79]
(Appendix J) so, we ran a sensitivity analysis without it. The sensitivity analysis showed a
statistically significant small effect size (20 RCTs; n = 2811; SMD = 0.38; 95% CI 0.17, 0.60)
of e-BMT on self-efficacy, with a significant heterogeneity (Q = 50.41 (p < 0.01), I? = 62%
(29%, 80%), PI —0.14, 0.91) and a low strength of evidence (Figure 6). Since PI crosses
zero, we cannot be confident that future studies will not find contradictory results. The
drapery plot revealed that the statistically significance of the results is robust through
different p-value functions (Appendix ]). With respect to the presence of publication bias,
the visual evaluation of the shape of the funnel and Doi plot showed a symmetrical pattern,
showing a minor asymmetry (LFK index = 1.78) (Appendix ]). When the sensitivity analysis
was adjusted for publication bias, there was still a statistically significant small effect
(Appendix ]). Subgroup analyses are detailed in Table 3.
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Figure 5. Sensitivity analysis of the catastrophizing variable and the subscales of the pain catastro-
phizing scale (Helplessness, Magnification and Rumination) for online behavioral techniques against
usual care or waiting list. The forest plot summarizes the results of included studies (sample size,
mean, standard deviation (SD), standardized mean differences (SMDs), and weight). The small boxes
with the squares represent the point estimate of the effect size and sample size. The lines on either
side of the box represent a 95% confidence interval (CI).
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Figure 6. Sensitivity analysis of self-efficacy for online behavioral techniques against usual care or
waiting list. The forest plot summarizes the results of included studies (sample size, mean, standard
deviation (SD), standardized mean differences (SMDs), and weight). The small boxes with the squares
represent the point estimate of the effect size and sample size. The lines on either side of the box
represent a 95% confidence interval (CI).

4. Discussion

The aim of this systematic review was to assess the effectiveness of e-BMT in pain-
related variables in patients with musculoskeletal chronic pain. We found a trivial effect
of e-BMT on pain intensity when compared with usual care or waiting list. Subgroup
analyses showed that e-BMT seems to be more effective in fibromyalgia, internet-based or
an application of more than 1 month. However, e-BMT showed a statistically significant
lower improvement in pain intensity than an equivalent in-person BMT. There was a small
effect on pain interference, kinesiophobia, and self-efficacy when compared with usual
care or waiting list. Subgroup analyses showed that e-BMT seems to be more effective
in unspecified chronic pain, CBT or self-management intervention, or an intervention
that lasts between 1 and 3 months. There was a small effect on catastrophizing when
compared with usual care or waiting list, however, when analyzed per item, all the subscales
(helplessness, rumination and magnification and the overall score) showed a small effect in
favor of e-BMT.

Dario et al. reviewed the effect of e-BMT on chronic LBP patients and found no effect
on pain intensity [27]. We found that e-BMT had an overall significant effect on pain
intensity, however, our subgroup analysis revealed no statistically significant effect for
chronic LBP which confirms their results. Unlike us, they included only four studies in
their meta-analysis. Du et al. reviewed the effect of online self-management on chronic
LBP [24]. Unlike us, they found that an online e-BMT has similar effect in pain intensity,
nonetheless, in the present systematic review we add a quantitative analysis to confirm
that in-person BMT is more effective. We want to emphasize that there are no systematic
reviews that provide meta-analyses on the effect of e-BMT, exclusively in adults, compared
to usual care/waiting list on different important variables of the chronic pain patient
(e.g., catastrophizing, pain interference, kinesiophobia, self-efficacy), nor that provide a
quantitative comparison with in-person BMT.

The COVID-19 pandemic has confronted us with an important barrier to the appropri-
ate management of the patient with chronic pain: social distancing [13,14]. Their treatments
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were undermined by this situation, resulting in a worsening of their condition [13,14].
Despite a current improvement of the COVID-19 pandemic situation, it has not concluded
and the future is uncertain [121,122]. This leaves us with a question from which we must
learn to prepare ourselves for the future: how to provide an effective rehabilitation to
chronic pain patients when it is impossible to be physically present? TR and the use of
new technologies appear as a serious answer to this problem and have been recommended
worldwide [14,123]. Patients with chronic pain highlight the importance of health pro-
fessionals to give them the tools to cope with the burden of chronic pain [124]. e-BMT
offers the possibility to give to the patient tools to self-manage its condition through the
different BMT (e.g., CBT, ACT) whatever the patient’s situation: from geographic isolation
to social distancing. In the present systematic review, we found that e-BMT is effective in
the management of the patient with chronic pain.

We found that in-person BMT was superior to e-BMT in improving pain intensity.
Lewis et al. studied how patients perceived the transition from in-person to online treatment
and found that 40% of patients thought the transition to online treatment may have affected
the effectiveness of the treatment, and even more, 68% said they would not want to continue
online when it would be possible to do so in person [125]. Our results could be explained
by some patients’ preference for face-to-face treatment and, therefore, some patients may
have the worst expectations about their treatment. Future studies should evaluate patient
expectations of e-BMT as a possible confounding factor. Finally, the data must be considered
with caution due to the heterogeneity of the sample, although a subgroup analysis was
carried out to assess the effect of each intervention within BMTs and also within each
specific clinical population. One of the things that the authors reflect on the results obtained
is whether they are generalizable to all patients with persistent pain of musculoskeletal
origin. The answer would be that it depends. First, it would have to be seen whether
or not they have the presence of psychosocial variables such as catastrophic thoughts,
movement-related fear or lack of self-efficacy. If these variables are not present, it would
make little sense to implement interventions aimed at improving them. However, if they
are present and can have an impact on the lives of patients with persistent pain, these
tools should be considered. However, future studies are necessary, especially in order to
homogenize the sample, something that is always sought after in the treatment of patients
with pain.

4.1. Practical implication

About clinical implications, the results showed good results in favor of e-BMT. This
gives us an effective treatment window in the COVID-19 era, so we are going to have a
greater impact on patients with persistent pain. In addition, there is a decentralization of
interventions, which may have some positive effects such as improving and increasing
adherence to treatments due to easier accessibility, as well as lowering barriers to access
or facilitating follow-up. Future studies should also focus on longer follow-ups to see
this effectiveness and evaluate variables such as motivation or adherence to chronic pain
treatments. Finally, telemedicine rehabilitation may lead to lower costs for both patients
and therapists, which may reduce waiting lists for clinical treatments.

4.2. Limitations

Despite the use of subgroup analyses to study the heterogeneity between studies, the
difference between the protocols of e-BMT prevents us to offer to health professionals a
specific intervention design to implement. After adjusting for publication bias, our results
on pain intensity versus usual care were no more statistically significant, so our results
should be interpreted with caution. Our results on pain intensity, pain interference and
self-efficacy are supported by only very low to low quality of evidence, true effects might
be or are probably different from our estimated effects [126]. No study showed a low risk
of bias according to the RoB2 scale, future studies should improve their quality to improve
the confidence we can have in their results.
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5. Conclusions

Based on the results obtained, e-BMT seems to be an effective option for the man-
agement of patients with musculoskeletal conditions with chronic musculoskeletal pain,
especially in the era of COVID-19 where social distancing must be privileged. However, it
does not appear superior to in-person BMT in terms of improving pain intensity.
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Appendix B. Search Strategies in the Different Electronic Databases

Pubmed—350 results

((“Web”) OR (“ehealth”) OR (“mhealth”) OR (“remote treatment”) OR (“digital treat-
ment”) OR (“Mobile Applications”[MesH]) OR (“Software”[Mesh]) OR (“Online”) OR
(“Telephone”) OR (“Cell phone”[MesH]) OR (“eTherapy”) OR (“Internet”) OR (“On-
line”) OR (“Telerehabilitation”) OR (“Internet-Based Intervention”[MesH]) OR (“Telere-
habilitation”[MesH]) OR (Telemedicine[MesH])) AND ((“Chronic Pain”) OR (“Chronic
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Pain”[Mesh])) AND (randomized controlled trial[pt] OR controlled clinical trial[pt] OR ran-
domized[tiab] OR placebo[tiab] OR clinical trials as topic[mesh:noexp] OR randomly|tiab]
OR trial[ti] NOT (animals[mh] NOT humans [mh]) NOT (“protocol”) NOT (“Review”))

CINAHL—173 results

(web or internet or online or mobile or remote treatment or digital treatment or
Internet-Based Intervention or Telerehabilitation or Telemedicine) AND (chronic pain or
persistent pain or long term pain or long-term pain) AND (randomized controlled trials
or rct or randomised control trials) NOT (systematic review or meta-analysis or literature
review or review of literature) NOT (pediatric or child or children or infant or adolescent)

Psychology and Behavioral Sciences Collection (EBSCO)—12 results

(web or internet or online or mobile or remote treatment or digital treatment or
Internet-Based Intervention or Telerehabilitation or Telemedicine or) AND (chronic pain or
persistent pain or long term pain or long-term pain) AND (randomized controlled trials
or rct or randomised control trials) NOT (systematic review or meta-analysis or literature
review or review of literature) NOT (pediatric)

APA PsychINFO—75 results

(web or websites or internet or online or Online Therapy or mobile or Mobile Applica-
tions or remote treatment or digital treatment or Digital Interventions or Internet-Based
Intervention or Telerehabilitation or Telemedicine) AND (chronic pain or persistent pain or
long term pain or long-term pain) AND (randomized controlled trials or rct or randomised
control trials) NOT (systematic review or meta-analysis or literature review or review of
literature) NOT (pediatric or child or children or infant or adolescent)

Web of science—49 studies

TI = (Web OR eearth OR melth OR remote treatment OR digital treatment OR Mobile
Applications OR Software OR Online OR Telephone OR Cell phone OR estherapy OR Inter-
net OR Online OR Telerehabilitation OR Internet-Based Intervention OR Telerehabilitation
OR Telemedicine) AND TI = (Chronic pain) AND TI = (randomi?ed controlled trial* OR rct)

Google Scholar

(“web” OR “online” OR “internet” OR “mobile” OR “telerehabilitation” OR “telemedicine”)
AND [allintitle:”chronic pain” OR “persistent pain”] AND (“randomized controlled trial”
OR “randomised controlled trial OR “RCT”)-review
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Appendix C. Details of the Interventions

Intervention

Comparator

Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
Physical exercise, activity
tracker, lessons
- Goal setting (behavior)
- Problem solving 6 mont.hs ) Autonomous increase
qulle application - Act.ion planning . 1 face-to-face interview Recommendations in physical activity 6 months
Amorim et al., 2019 ertten, pedometer - Social support (emotlonal) andROMANIA2 Written., brief advice Benefits of physical N/A
Telephone call, message - Instruction on how to calls/monthROMANIA ! activity Follow-up: N/A
perform the behavior Follow-up: N/A
- Feedback on outcomes of
behavior
- Graded tasks
Self-care. Mind-body exercises
and lessons
- Problem solvin:
Internet-basedr N mg 6 weeks . .
Berman et al., 2009 Images, audio - Achgn Planmng . >1 session/week No intervention N/A E/ﬁ
Brmail - Monitoring of behavior by Follow-up: N/A N/A / /
others without feedback Follow-up: N/A
- Instruction on how to
perform the behavior
Positive psychology exercises
; 8 weeks
. | Intgrnet-based - Problem solving » Call: weeks 1,3, 5,7 Waitin list N/A
Boselie et al., 2018 Online platform . - Social Sl',‘lppOI‘t (unspecified) Email: weeks 2, 4, 6, 8 Ny i N/A N/A
Telephone call, email - Instruction on hOW: to Follow-up: N/A Follow-up: N/A
perform the behavior
Behavior graded activity and
exercises : y
Internet-based - Goal Setting (behavior) Wee S Wﬁitil’lg list N/A
Bossen et al,, 2013 Written, video - Instruction on how to 21 session/week N/A N/A N/A

Email perform the behavior
- Graded tasks

Follow-up: 12 weeks

Follow-up: 12 weeks
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
Internet-based ?felggi??rgg:l ?nltl.elsimotlonal 8 weeks N/A
Brattberg, 2008 Written eendq 1 time/day Waiting list N/A N/A
. Self-monitoring of outcome
Telephone call, email of behavior Follow-up: N/A Follow-up: N/A
Behavior change, physical
activity, lessons 6 months .
Internet-based +usual care - Goal setting (outcome) >2 sessions/week (first Maintain the routine N/A
Bromberg et al., 2012 Written - Monitoring of behavior by - .4 weeks) (el Usual care care and N/A
Email others without feedback - sessuS)ns/mt(})lnt (fina N/A s?flf—management Follow-up: N/A
- Self-monitoring of behavior Foll mon. I\)I /A effort
- Graded tasks orlow-up:
CBT. Physical and psychological
exercises, relaxation
Internet-based - Goal setting (behavior) 6 weeks . . N/A
Buhrman et al., 2004 Slideshow, audio - Problem solving 1 call/week Waiting list N/A
- Instruction on how to . N/A N/A
Telephone call ] Follow-up: 3 months Follow-up: 3 months
perform the behavior
- Self-monitoring of behavior
- Graded tasks
Internet-based CBT. Physical exercise, relaxation, 3 weeks N/A
Buhrman et al., 2011 Written cognitive skills N/R Waiting list N/A N/A
Email - Self-monitoring of behavior Follow-up: 12 weeks N/A Follow-up: 12 weeks
Behavior, change, lessons,
homework
- Goal setting (behavior) Physical therapy (i.e.,
- Problem solving 6-8 weeks exercises),
Internet-based + multimodal - Action planning Internet-based: 1 occupational therapy 6-8 weeks
Calner et al., 2017 and rehabilitation - Instruction on how to lesson/week Multimodal rehabilitation (i.e., functional 2-3 session/week
Nordin et al., 2016 Written, video perform the behavior Multimodal: 2-3 N/A s hol
. . : training), psychology Follow-up: 12 months
No contact - Reduce negative emotions sessions/week

Physical therapy (i.e., exercises),
occupational therapy (i.e.,
functional training), psychology
(i.e., cognitive behavior principles)

Follow-up: 12 months

(i.e., cognitive
behavior principles)
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
CBT and pain education.
Lessons, homework, relaxation
Internet-based - Instruction on how to 3 weeks Waiting list N/A
Carpenter et al., 2012 Written, images, audio perform the behavior 2 lessons/week N /i N/A N/A
Email - Reduce negative emotions Follow-up: 6 weeks Follow-up: 6 weeks
- Framing/reframing
Self-management—
. L Physical exercise Ph h
Mobile application . . 12 weeks Usual - armacotherapy 12 weeks
Chabbra et al., 2018 Written - Goal setting (behavior) N/R sua’ care - Recommendations of N/A
N/R ) Feedback on behavior Follow-up: N/A Written physical activity level Follow-up: N/A
- Graded tasks
CBT and self-management.
Lessons, homework
Internet-based - Goal setting (putcome) 4 weeks R dati - Pain information ) 4 weeks
Chiauzzi et al., 2010 Written - P rob?em' solving ) 2 sessions/week ecomv\r[rrl;?ena 1ons (standard back pain N/A
Email B Monltorlpg of behavior by Follow-up: 6 months management) Follow-up: 6 months
others without feedback
- Self-monitoring of behavior
Mobile application + Physical exercise, NSAIDs Exercise

NSAIDs
Video, audio
N/R

Choi et al., 2019

- Feedback on outcome of
behavior

2 months
2-3 times/day
Follow-up: 3 months

Physical exercise, NSAIDs

Images

Feedback on outcome
of behavior

2 months
2-3 times/day
Follow-up: 3 months

CBT. Lessons, homework and
relaxation

- CBT. Lessons,

7 weeks homework and
Internet-based - Problem solving 1 session/week Face-to-face relaxation 7 weeks
De Boer et al., 2014 Multimedia applications - Feedback on behavior Email: after modules 2, 4,7, Book - Problem solving 1 session/week
Telephone call, email - Graded tasks 8 - Graded tasks Follow-up: 2 months
- Distraction Follow-up: 2 months - Distraction
Framing/reframing Framing/reframing
Internet-based CBT. Lessons, homework 1 8 W;'eliz 4 Waitine li N/A
Dear et al., 2013 Written - Goal setting (behavior) esf?:l{/;veek ays alﬁ?i ist N/A N/A
Telephone call - Graded tasks Follow-up: 3 months

Follow-up: 3 months
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
Internet-based
CBT. Lessons, homework
- G1: CBT + Regular on- . 8 weeks
line contact Problem solving 1lesson/7-10 days N/A
Dear et al.. 2015 G2: CBT + optimal on- Instruction on how to G1: 1 call/week Waiting list N/A N/A
v line contact perform the behz?vwr G2: as-needed calls N/A .
- G3: CBT - Behavioral practice G3: no contact Follow-up: 3 months
Slideshow - Graded tasks Follow-up: 3 months
Telephone call, email
CBT. Lessons, homework
- Goal setting (behavior)
- Problem solving
Internet-based - Action Plannmg 17 to 32 weeks Usual care ) N/R
Ferwerda et al., 2017 Written - Instruction on hOW to 1 email/1-2 weeks N/R - Rheumatological care N/R
Email perform the b'ehavlor . Follow-up: 12 months Follow-up: 12 months
- Reduce negative emotions
- Distraction
- Framing/reframing
CBT. Lessons, homework
- Problem solving
Internet-based - Feedback on perform the 8 weeks Waitineg list N/A
Friesen et al., 2017 Slideshow behavior 1 email and call/week N /i N/A N/A

Telephone call, email

- Instruction on how to
perform the behavior

Follow-up: N/A

Follow up: N/A

. . G1: Face-to-face _ G1: Mindfulness G1: 10 weeks
Gardner-Nix et al., Vldeoctl)\rll/fﬁrencmg Mindfulness lessons 21 %}V‘;Zti N/R lessons 2 h/week
2008 _ N/R o G2: Waiting list _ G2: N/A G2: N/A
N/R Follow-up: N/A N/A Follow-up: N/A
Physical exercise - Physical i
. Telephone call e . 6 months Physical exercise + ysica exeraise 6 months
Gialanella et al., . . - Problem solvin . - Recommendation to
2017 and 2020 Written, images : & . >2 calls/month recommendations continue exercise at N/A
Telephone call B Social support (unspecified) Follow-up: 12 months N/R home Follow-up: 12 months
CBT. Lessons, relaxation
Internet-based + usual care - Problem solving . 12 weeks Usual care 12 weeks
Guarino et al., 2018 Written, images, audio - Feedback on l.)ehavwr. 2 lessons/week - Pharmacotherapy N/A
- Reduce negative emotions N/A

Telephone call, email

- Framing/reframing

Follow-up: 3 months

Follow-up: 3 months
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Intervention

Comparator

Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
CBT. Lessons, relaxation
CTB. Lessons, relaxation _ Goal setting
Inx;;[:;:ei;(;lceesr:g;gse - Goal setting (outcorpe) 10 weeks Face-to-face (outcome) . 10 weeks
Heapy et al., 2017 ,e do ni te’r ! - Feedback on behavior 1 call/day Written, images, audio, - Feedback on behavior 1 session/week
p - Graded tasks. . Follow-up: 9 months pedometer - Graded tasks. Follow-up: 9 months
Telephone call - Reduce negative emotions - Reduce negative
emotions
Lessons, homework, mindfulness
- Goal setting (behavior)
Hedman-Lagerlof et al Internet-based ] Prob@em. solving i 10 weeks Waiting list N/A
20;58 i Written - Momtorl.ng of behavior by 1-3 contacts/week N /i N/A N/A
Telephone call, message others without feedback Follow-up: 12 months Follow-up: 12 months
- Exposure
- Graded tasks
ACT. Mindfulness, lessons ACT. Mmdfuln.ess, lessons
Videoconferencing - Goal setting 8 weeks Face-to-face - Goal setting 8 weeks
Herbert et al., 2017 Written - Information about 1 session/week Written - Informanon about 1 session/week
N/R emotional consequences Follow-up: 6 months emotional Follow-up: 6 months
consequences
Videoconferencing + usual . . 15 weeks 15 weeks
Hernando-Garijo et al., care Aerobic exercise . K Usual care - Maintain A
2021 Video - Low-impact exercise 2 session/wee N/A harmacothera N/
p Follow-up: N/A p 124

Video call

Follow-up: NA

Person-centered intervention.
Physical and psychological
exercises

- Person-centered

Internet-based 6 months Face-to-face intervention. Physical 6 months
Juhlin et al., 2021 Digital platform - Goal setting (behavior) 1 contact/week (1 session) and psychological N/A
Message - Problem solving Follow-up: N/A N/A exercises Follow-up: N/A
- Action planning
Behavioral training. Exercises,
lessons, homework, relaxation Y h
.6 mon n aver
. .Internet-l:)ase.d } Goal setting (behavior) O8 leZs(;nzve e Waiting list N/A
Kleiboer et al., 2014 Written, audio, video - Problem solving 1 lesson/7-10 days N/A N/A N/A

Email

- Instruction on how to
perform the behavior

Follow-up: N/A

Follow-up: N/A
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Intervention

Comparator

Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
E-community. Step-count, lessons
Internet-based + pedometer - Goal setting (outcome)
! ' N/R Step-count N/R
. . ehavior . Follow-up: 12 month Follow-up: 12 month
Message, discussion group - Social support (unspecified)
. Internet-based ACT. Lessons, mindfulness 9 weeks o N/A
Lin et al,, 2017 Written, audio, video - Goal setting (behavior) 1 session/week Waiting list N/A N/A
Email, message - Reduce negative emotions Follow-up: 6 months N/A Follow-up: 6 months
E-community. Physical Maintain usual
Internet-based exercises, lessons . 6 Vgefks e b Usual treatment 6 weeks
LOl‘ig et al., 2002 Written, video - Instruction on how to requenCY € ermlne y sual care Non-health related N/A
Email discussion group perform the behavior user interactions N/A magazine Follow-up: 12 months
Follow-up: 12 months subscription
Self-management. Physical
exercise, lessons, relaxation
Internet-based B Goal setting (,bEhaVior) 6 weeks o 6 weeks
Lorig et al., 2008 Written - ir(il.alem ISOIV}ng >3 sessions/week Usual care Maintain usual N/A
o - ction plannin .
Email, internet chat ) Feedba?k on be%lavior Follow-up: 12 months N/A treatment Follow-up: 12 months
- Reduce negative emotions
- Distraction
Counseling strategy 9 months ]
Telephone call - Problem solving 2 cont;crtr{gl(t)gg? (first Usual care Maintain usual 9 months
Maisiak et al., 1996 Written - Instruction on how to 1 contact/month (final N/A treatment N/A
Telephone call, email perform the behavior 0 a6Cm0nc:hs) a Follow-up: N/A
- Reduce negative emotions Follow-up: N/A
Int t-based Self-monitoring. Lessons
nternet-base B ; 12-15 weeks 12-15 weeks
- Self-monitoring of behavior
Moessner et al., 2012 N/ R i Behavioral & 1 session/week Us;[al ;are N/R 1 session/week
Internet guided chat practice /rehearsal Follow-up: 6 months / Follow-up: 6 months
Odole and Ojo, 2013 Telephone call Physical therapy: exercises 6 weeks Face-to-face Physical therapy: 6 Weeks
and 2014 N/R - Self-monitoring of outcome 3 calls/week /A exercises 3 sessions/week
Telephone call of behavior Follow-up: N/A / Follow-up: N/A
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
G1: Positive psychology.
Psychological exercises
- Goal setting (behavior)
- Graded tasks
- Reduce negative emotions 8 weeks
Internet-based ' 1 lesson/week Waiting list N/A
Peters et al., 2017 Written G2: CB_T‘ Lessons, homework, Call: weeks 1, 3,5,7 N /i N/A N/A
Telephone call, email relaxation Email: weeks: 2,4, 6,8 Follow-up: 6 months
- Problem solving Follow-up: 6 months
- Action planning
- Social support (unspecified)
- Framing/reframing
CBT. Lessons, homework Physical treatment
- Problem solving 8 weeks (manual therapy, 8 weeks
Petronsi et al. 2019 Intemet-b‘e/x\?;iit e-l-nusual care - Self—mor.utormg on behavior 1 lesson/week Usual care exercisg and/or 12 sessions (variable
o lenh 1 - Instruction on hOV\/: to 1 call/week N/A education) frequency)
Telephone ca perform the behavior Follow-up: 12 months Recommendation for Follow-up: 12 months
- Distraction physical activity
ACT. Lessons
- Instruction on how to
i 8 weeks
Internet-based perform the behaVlF)r R re . Maintain usual N/A
Rickardsson et al., 2021 Written, image, audio - Feedback on behavior 7 sessions/week Waiting list treat t N/A
- Graded tasks >2 messages/week N/A reatmen
Telephone call, message > . Follow-up: 12 months
- Non-specific reward Follow-up: 12 months
- Distraction
Self-management +
e-community. Physical exercise,
lessons, homework, relaxation
- Goal setting (outcome)
Internet-based - Action planning 6 weeks Usual care 6 weeks
Ruehlman et al., 2012 Written, image - Self-monitoring of outcome N/R N/A N/R N/A

Email, message

of behavior

- Instruction on how to
perform the behavior

- Reduce negative emotions

Follow-up: 14 weeks

Follow-up: 14 weeks
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
CBT. Lessons, homework,
relaxation 9 K
. . - Medical or weeks
Sander et al., 2020 Interngt based * usgal care - Pro];tlem solV}ng ? w eeks Usual care svchological N/R
Written, audio, video - Action planning 7 sessions/week A psy g Foll .
Telephone call, email, message Feedback on behavi Follow-up: 12 th N/ treatment ollow-up:
, , - eedback on behavior p: 12 months 12 months
- Reduce negative emotions
CBT. Lessons, mindfulness,
relaxation
Internet-based + - Problem solving 9 weeks N/A
Schlickler et al., 2020 mobile-based - Feeftlback on behavior Waiting list N/A
N/R - Social support 7 lessons /week N/A N/A
Email, message - Non-speciﬁc Ijeward . FOHOW-UP: 6 months FOHOW-UP. 6 months
- Reduce negative emotions
- Framing/reframing
Physical exercise, lessons,
Internet-based homework 5 th N/A
nternet-base months
i No treatment
Schulz et al., 2007 Multimedia materials - Problem solving N/R N/A N/A N/A
Email, forum - Instruction on hov\{ to Follow-up: N/A Follow-up: N/A
perform the behavior
ACT. Lessons
- Soa& bsetLing (}l))e}l:avlior) 5 weeks il
Internet-based + usual care - eedback on behavior 2 lesson/week (first - Medical treatment 5 weeks
Scott et al., 2018 Video - Instruction on how to 3 weeks), 1 lesson/week Ust&a/l;are - Instruction on how' to N/A
Telephone call, email perfo.rm.the behav1(?r (final 2 weeks) perform the behavior Follow-up: 9 months
- Monitoring of emotional Follow-up: 9 months
consequences
Internet-based Lessons, homework 10 weeks
s Slideshow 1 lesson/week N/A
Shigaki et al., 2013 - Problem solving Waiting list N/A N/A
Telephone call, message, Self itorine behavi 1 call/week Foll N/A
online chat - elf-monitoring behavior Follow-up: N/A ollow-up:
Internet-based + usual care ~ ACT- Lessons, homework 8 weeks Usual care i Maintain usual 8 weeks
Simister al., 2018 Written, audio, video - Feedback on behavior N/R N/A
N/A treatment

Email

- Non-specific reward

Follow-up: 3 months

Follow-up: 3 months
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
CBT and self-management.
Multidisciplinary program with
physical exercise, lessons,
homework, relaxation
Internet-based ) Goal setting (behavior and 4 months Maintain 1 4 months
. . . . outcome) Usual care aintamn usua
Smith et al., 2019 Written, image, audio, video . 2 lessons/month treatment N/A
R - Problem solving N/A
Telephone call, email . Follow-up: 7 months Follow-up: 7 months
- Instruction on how to
perform the behavior
- Graded tasks
Multidisciplinary program
Physical therapy, psychologist
Lessons, relaxation
- Problem solving
Internet-based - Instruction on how to 6 weeks Waiting list N/A
Strom et al., 2000 Written perform the behavior 1 lesson/week N /i N/A N/A
Email - Feedback on outcome of Follow-up: N/A Follow-up: N/A
behavior
Mindfulness-based stress
reduction bibliotherapy
Internet-based ) 8 weeks Usual care 8 weeks
Tavallaei et al., 2018 Written - Problem solv.mg 1 lesson/week N/A Pharmacotherapy N/A
N/R - A.cnon Planmng Follow-up: N/A Follow-up: N/A
- Distraction
ACT. Lessons, mindfulness
Internet-based N .
. - Self-monitoring of behavior 3 months Waitine list N/A
Trompetter et al., 2015 Wr1tte;1r1 B Non-specific reward >3 h/week N/ i N/A N/A
Emai - Distraction Follow-up: 6 months Follow-up: 6 months
Self-management. Lessons
. 6 months
In.terne':t-based. - Problem solving >2 sessions/week . . N/A
Trudeau et al., 2015 Multimedia materials - Instruction on how to Waiting list
: ' (1 month) N/A N/A
Telephone call, email perform the behavior N/A

- Reduce negative emotions

1 session/month (5 months)
Follow-up: N/A

Follow-up: N/A
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Intervention Comparator
Duration and
Authors, Y i .
uthors, Year . Format Modality and Content Duration and Frequency, qumat Modality and Content Frequency,
Equipment and Contact Form Follow-Up Equipment
Follow-Up
CBT. Lessons, homework, }(1; 1: CBT. lI:essi) ns,t.
relaxation G1: Face-to-face + omework, relaxation 10 weeks
Internet-based + usual care Probl lvi 10 weeks usual care - Problem solving G1: 1 session/week
Vallejo et al., 2015 Written, images, audio ) robem sowmng 1 session/week Written, images, audio - Reduce negative G2: N/A
- Feedback on behavior ) K . .
Message - . Follow-up: 12 months G2: Usual care emotions Follow-up (only G1):
- Reduce negative emotions . .
) . N/A - Framing/reframing 12 months
- Framing/reframing
G2: Pharmacotherapy
Internet-based Mindfulness 60-s video . 60-s read
Westenberg et al., 2018 Written, video ) Reduce negative emotions N/R Attel;/t\};)irtltecgntrol - Health information N/R
N/R & Follow-up: N/A Follow-up: N/A
Self-management. Lessons,
homework, relaxation
- Goal setting (behavior)
- Problem solving
o Intemgt-based + usgal care - Self.-monitoring of behavior 6 months - Maintain usual 6 months
Williams et al., 2010 Written, audio, video - Social supports N/R Usual care treatment from care N/A
No contact (unsp ec%fled) Follow-up: N/A physician Follow-up: N/A
- Instruction on how to
perform the behavior
- Graded tasks
- Framing/reframing
Self-management. Lessons,
Internet-based exercises, relaxation
. . 8 weeks 8 weeks
Wilson et al., 2015 N/R - Goal setting (outcome) Usual care
N/R e N/R N/A N/A N/R
- Self—mon.ltormg or outcome Follow-up: N/A Follow-up: N/A
of behavior
Self-management. Lessons,
Internet-based homework 8 weeks 8 weeks
Wilson et al., 2018 Wr itten o - Self-monitoring of behavior N/R Waltl'ng list - Educational tips 1 email /week
Interactive activity - Behavioral Written

practice/rehearsal

Follow-up: N/A

Follow-up: N/A
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Intervention Comparator
Authors, Year Format . Duration and Frequency, Format . Duration and
Equipment and Contact Form Modality and Content Follow-Up Equipment Modality and Content Frequency, Follow-Up
Self-management. Physical
Mobile application + exercise 4 weeks - Physiotherapy:
face-to-face Exercises: 4 times/week Face-to-face 1 thy 4 weeks
Yang et al., 2019 - Self-monitoring of behavior o manual therapy, N/R
N/R . Physiotherapy: N/R N/A electrophysical Follow-up: N/A
Email Physiotherapy: manual therapy, Follow-up: N/A therapy, traction P

electrophsysical therapy, traction

Abbreviatures: ACT: Acceptance and Commitment therapy; CBT: Cognitive-behavioral therapy; N/A: Not applicable; N/R: Not reported; NSAIDs: Nonsteroidal anti-inflammatory drugs.
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Appendix D. Assessment of the Studies Quality Based on PEDro Scale

Items

Articles

11 Total

[y
[=}

Amorim et al., 2019
Berman et al., 2009
Boselie et al., 2018
Bossen et al., 2013

Brattberg, 2008
Bromberg et al., 2012

Buhrman et al., 2004

Buhrman et al., 2011
Calner et al., 2017

Carpenter et al., 2012
Chhabra et al., 2018
Chiauzzi et al., 2010

Choi et al., 2019
De Boer et al., 2014

Dear et al., 2013

Dear et al., 2015

Ferwerda et al., 2017

Friesen et al., 2017
Gardner-Nix et al., 2008
Gialanella et al., 2017
Gialanella et al., 2020

Guarino et al., 2018
Heapy et al., 2017

Hedman-Lagerlof et al., 2018

Herbert et al., 2017

Hernando-Garijo et al., 2021

Juhlin et al., 2021
Kleiboer et al., 2014
Krein et al., 2013
Lin etal., 2017
Lorig et al., 2002
Lorig et al., 2008
Maisiak et al., 1996
Moessner et al., 2012
Nordin et al., 2016
Odole and Ojo, 2013
Odole and Ojo, 2014
Peters et al., 2017
Petrozzi et al., 2019
Rickardsson et al., 2021
Ruehlman et al., 2012
Sander et al., 2020
Schlicker et al., 2020
Schulz et al., 2007
Scott et al., 2018
Shigaki et al., 2013
Simister et al., 2018
Smith et al., 2019
Strom et al., 2000
Tavallaei et al., 2018
Trompetter et al., 2015
Trudeau et al., 2015
Vallejo et al., 2015
Westenberg et al., 2018
Williams et al., 2010
Wilson et al., 2015
Wilson et al., 2018
Yang et al., 2019
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Notes: 1: subject choice criteria are specified; 2: random assignment of subjects to groups; 3: hidden assignment;
4: groups were similar at baseline; 5: all subjects were blinded; 6: all therapists were blinded; 7: all evaluators
were blinded; 8: measures of at least one of the key outcomes were obtained from more than 85% of baseline
subjects; 9: intention-to-treat analysis was performed; 10: results from statistical comparisons between groups
were reported for at least one key outcome; 11: the study provides point and variability measures for at least one
key outcome. ¥: item 1 does not contribute to the final score.
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Appendix E. Risk of Bias Summary according to the ROB2 Scale
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Appendix F. Statistical Exploration of Heterogeneity, Outliers, Robustness and
Publication Bias for the Pain Intensity Variable

Forest plot with all the studies

Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Yang et al., 2019 5 3.40 2.8800 3 6.00 1.7300 o — -0.88 [-2.44; 0.67] 0.3%
Friesen et al., 2017 30 499 16600 30 628 1.2800 —&— -0.86 [-1.39;-0.33] 1.8%
Hedman-Lagerlof et al., 2018 70 419 32500 70 6.70 2.5700 - -0.85 [-1.20;-0.51] 2.7%
Simister et al., 2018 33 13.80 8.8100 34 21.46 9.1000 —*— -0.85 [-1.35;-0.34] 1.9%
Hernando Guarijo et al., 2021 14 492 20000 14 6.46 1.9200 — -0.76 [-1.53; 0.01] 1.1%
Rickardsson et al., 2021 57 3.70 22650 56 5.40 2.2450 — -0.75 [-1.13;-0.37] 2.5%
Gialanella et al., 2017 47 390 1.8000 47 510 1.9000 —'— -0.64 [-1.06;-0.23] 2.3%
Dear et al., 2013 31 468 1.7000 31 5.81 1.8500 — -0.63 [-1.14;-0.12] 1.9%
Tavallaei et al., 2018 15 24.03 11.2100 15 29.73 6.3000 —'——— -0.61 [-1.34; 0.12] 1.2%
Boselie et al., 2018 57 55.12 23.2200 35 65.71 20.6300 —i -0.47 [-0.90;-0.04] 2.3%
Williams et al., 2010 59 4.30 1.6000 59 4.90 1.5000 —= -0.38 [-0.75;-0.02] 2.6%
Buhrman et al., 2004 22 34.30 16.8000 29 39.60 16.3000 —*—— -0.32 [-0.87; 0.24] 1.7%
Carpenter et al., 2012 70 520 1.5000 71 5.70 1.7000 | -0.31 [-0.64; 0.02] 2.8%
Gardner-Nix et al., 2008 57 560 2.1000 59 6.20 2.0000 —*— -0.29 [-0.66; 0.08] 2.6%
Strém et al., 2000 20 49.78 26.3800 25 56.26 19.5400 — T -0.28 [-0.87; 0.31] 1.6%
Ferwerda et al., 2017 45 1460 4.5000 57 15.68 3.7300 —aN -0.26 [-0.65; 0.13] 2.4%
Peters et al., 2017 112 571 22500 50 6.20 1.9900 —~—- -0.22 [-0.56; 0.11] 2.7%
Sander et al., 2020 149 1.39 0.7400 146 1.53 0.6800 - -0.20 [-0.43; 0.03] 3.3%
Trudeau et al., 2015 113 453 19134 115 4389 1.8230 = -0.19 [-0.45; 0.07] 3.2%
Smith et al., 2019 31 444 15600 34 473 1.6300 —m— -0.18 [-0.67; 0.31] 2.0%
Lin etal., 2017 100 4.65 1.6900 101 4.92 1.6100 - -0.16 [-0.44; 0.11] 3.1%
Lorig et al., 2008 307 577 25300 344 610 2.3500 o -0.14 [-0.29; 0.02] 3.7%
Kleiboer et al., 2014 195 6.20 1.8000 173 6.40 1.7000 L] -0.11 [-0.32; 0.09] 3.5%
Shigaki et al., 2013 44 36.80 28.3000 49 40.20 31.2000 _’._ -0.11 [-0.52; 0.29] 2.4%
Chiauzzi et al., 2010 95 513 1.9494 104 535 1.9376 5.2 -0.11 [-0.39; 0.17] 3.1%
Krein et al., 2013 102 540 22000 105 5.60 2.0000 - -0.09 [-0.37; 0.18] 3.1%
Trompetter et al., 2015 82 540 22000 77 560 21000 _'._ -0.09 [-0.40; 0.22] 2.9%
Berman et al., 2009 41 456 28800 37 4.73 1.8400 —— -0.07 [-0.51; 0.38] 2.2%
Amorim et al., 2019 34 380 24000 34 4.00 3.4000 —e -0.07 [-0.54; 0.41] 2.0%
Bossen et al., 2013 76 350 46702 71 3.80 4.7290 . -0.06 [-0.39; 0.26] 2.8%
Petrozzi et al., 2019 54 280 2.0000 52 290 2.0000 —a.— -0.05 [-0.43; 0.33] 2.5%
Peters et al., 2017 114 6.12 20400 50 6.20 1.9900 - -0.04 [-0.37; 0.29] 2.8%
Ruehlman et al., 2012 162 22.41 4.3100 143 22.34 4.6100 £} 0.02 [-0.21; 0.24] 3.4%
Chabbra et al., 2018 45 330 1.7000 48 320 2.7000 —;— 0.04 [-0.36; 0.45] 2.4%
Maisiak et al., 1996 128 0.20 1.4142 127 0.12 1.4087 ey 0.06 [-0.19; 0.30] 3.2%
Wilson et al., 2015 45 530 1.9000 47 5.10 1.8000 B 0.11 [-0.30; 0.52] 2.4%
Scott et al., 2018 23 6.30 19575 32 590 25975 ——~— 0.17 [-0.37; 0.70] 1.8%
Calner et al., 2017 48 59.40 21.4000 35 54.90 23.0000 e 0.20 [-0.23; 0.64] 2.2%
Guarino et al., 2018 55 441 1.0100 55 4.19 1.0100 ——*— 0.22 [-0.16; 0.59] 2.5%
Schlicker et al., 2020 40 468 1.8600 36 3.81 1.7600 i 0.47 [0.02; 0.93] 2.1%
Dear et al., 2015 139 571 15000 74 4.86 1.7900 i 0.53 [0.24; 0.81] 3.0%
Random effects model 2966 2774 . -0.18 [-0.28; -0.08] 100.0%
Prediction interval ——— [-0.68; 0.32]

Heterogeneity: /% = 62%, 1> = 0.0581, p < 0.01 ' ! ' '
-2 -1 0 1 2
Favors e-BMT Favors Control

Influence analyses of all the studies
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Omitting Dear et al., 2015
Omitting Hedman-Lagerlof et al., 2018
Omitting Rickardsson et al., 2021
Omitting Simister et al., 2018
Omitting Schlicker et al., 2020
Omitting Friesen et al., 2017
Omitting Gialanella et al., 2017
Omitting Guarino et al., 2018
Omitting Dear et al., 2013
Omitting Maisiak et al., 1996
Omitting Calner et al., 2017
Omitting Hernando Guarijo et al., 2021
Omitting Boselie et al., 2018
Omitting Ruehlman et al., 2012
Omitting Williams et al., 2010
Omitting Tavallaei et al., 2018
Omitting Wilson et al., 2015
Omitting Scott et al., 2018
Omitting Carpenter et al., 2012
Omitting Chabbra et al., 2018
Omitting Yang et al., 2019
Omitting Gardner-Nix et al., 2008
Omitting Peters et al., 2017
Omitting Buhrman et al., 2004
Omitting Ferwerda et al., 2017
Omitting Bossen et al., 2013
Omitting Petrozzi et al., 2019
Omitting Peters et al., 2017.1
Omitting Strom et al., 2000
Omitting Sander et al., 2020
Omitting Krein et al., 2013
Omitting Trompetter et al., 2015
Omitting Berman et al., 2009
Omitting Trudeau et al., 2015
Omitting Kleiboer et al., 2014
Omitting Amorim et al., 2019
Omitting Chiauzzi et al., 2010
Omitting Lorig et al., 2008
Omitting Shigaki et al., 2013
Omitting Smith et al., 2019
Omitting Lin et al., 2017
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Contour-Enhanced Funnel Plot (Pain Intensity (vs Usual Care/Waiting List))
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the studies filled to adjust for publication bias
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Experimentdlontrol Standardised Mean

Study TE seTE Total Total Difference SMD 95%-Cl Weight
Yang et al., 2019 -0.88 0.7936 5 3 -0.88 [-2.44; 0.67] 0.3%
Friesen et al., 2017 -0.86 0.2706 30 30 —= -0.86 [-1.39;-0.33] 1.7%
Simister et al., 2018 -0.85 0.2557 33 34 —— -0.85 [-1.35;-0.34] 1.9%
Hernando Guarijo et al., 2021 -0.76 0.3936 14 14 -0.76 [-1.53; 0.01] 1.1%
Rickardsson et al., 2021 -0.75 0.1949 57 56 — -0.75 [-1.13;-0.37] 2.3%
Gialanella et al., 2017 -0.64 0.2118 47 47 — -0.64 [-1.06; -0.23] 2.2%
Dear et al., 2013 -0.63 0.2606 31 31 —= -0.63 [-1.14;-0.12] 1.8%
Tavallaei et al., 2018 -0.61 0.3748 15 15 -0.61 [-1.34; 0.12] 1.2%
Boselie et al., 2018 -0.47 0.2177 57 35 -0.47 [-0.90;-0.04] 2.1%
Williams et al., 2010 -0.38 0.1859 59 59 : -0.38 [-0.75;-0.02] 2.4%
Buhrman et al., 2004 -0.32 0.2846 22 29 — -0.32 [-0.87; 0.24] 1.7%
Carpenter et al., 2012 -0.31 0.1695 70 71 T -0.31 [-0.64; 0.02] 2.6%
Gardner-Nix et al., 2008 -0.29 0.1867 57 59 —T -0.29 [-0.66; 0.08] 2.4%
Strém et al., 2000 -0.28 0.3016 20 25 -0.28 [-0.87; 0.31] 1.5%
Ferwerda et al., 2017 -0.26 0.2003 45 57 -0.26 [-0.65; 0.13] 2.3%
Peters et al., 2017 -0.22 0.1706 112 50 ST -0.22 [-0.56; 0.11] 2.6%
Sander et al., 2020 -0.20 0.1167 149 146 - -0.20 [-0.43; 0.03] 3.1%
Trudeau et al., 2015 -0.19 0.1328 113 115 - -0.19 [-0.45; 0.07] 2.9%
Smith et al., 2019 -0.18 0.2489 31 34 —— -0.18 [-0.67; 0.31] 1.9%
Linetal., 2017 -0.16 0.1413 100 101 . -0.16 [-0.44; 0.11] 2.9%
Lorig et al., 2008 -0.14 0.0786 307 344 o -0.14 [-0.29; 0.02] 3.4%
Kleiboer et al., 2014 -0.11 0.1045 195 173 - -0.11 [-0.32; 0.09] 3.2%
Shigaki et al., 2013 -0.11 0.2079 44 49 — -0.11 [-0.52; 0.29] 2.2%
Chiauzzi et al., 2010 -0.11 0.1420 95 104 - -0.11 [-0.39; 0.17] 2.8%
Krein et al., 2013 -0.09 0.1391 102 105 - -0.09 [-0.37; 0.18] 2.9%
Trompetter et al., 2015 -0.09 0.1588 82 77 5B -0.09 [-0.40; 0.22] 2.7%
Berman et al., 2009 -0.07 0.2268 41 37 — -0.07 [-0.51; 0.38] 2.1%
Amorim et al., 2019 -0.07 0.2426 34 34 —5— -0.07 [-0.54; 0.41] 1.9%
Bossen et al., 2013 -0.06 0.1651 76 71 - -0.06 [-0.39; 0.26] 2.6%
Petrozzi et al., 2019 -0.05 0.1943 54 52 —— -0.05 [-0.43; 0.33] 2.4%
Peters et al., 2017 -0.04 0.1696 114 50 . -0.04 [-0.37; 0.29] 2.6%
Ruehlman et al., 2012 0.02 0.1147 162 143 L] 0.02 [-0.21; 0.24] 3.1%
Chabbra et al., 2018 0.04 0.2075 45 48 N 0.04 [-0.36; 0.45] 2.2%
Maisiak et al., 1996 0.06 0.1253 128 127 ooy 0.06 [-0.19; 0.30] 3.0%
Wilson et al., 2015 0.11 0.2087 45 47 —_— 0.11 [-0.30; 0.52] 2.2%
Scott et al., 2018 0.17 0.2739 23 32 0.17 [-0.37, 0.70] 1.7%
Calner et al., 2017 0.20 0.2229 48 35 0.20 [-0.23; 0.64] 2.1%
Guarino et al., 2018 0.22 0.1913 55 55 0.22 [-0.16; 0.59] 2.4%
Filled: Dear et al., 2013 0.42 0.2606 31 31 ; 0.42 [-0.10; 0.93] 1.8%
Filled: Gialanella et al., 2017 0.43 0.2118 47 47 i 0.43 [0.02; 0.85] 2.2%
Schlicker et al., 2020 0.47 0.2331 40 36 = 0.47 [0.02; 0.93] 2.0%
Filled: Rickardsson et al., 2021 0.54 0.1949 57 56 — 0.54 [0.15; 0.92] 2.3%
Filled: Hernando Guarijo et al., 2021 0.55 0.3936 14 14 0.55 [-0.22; 1.32] 1.1%
Filled: Simister et al., 2018 0.63 0.2557 33 34 —— 0.63 [0.13; 1.13] 1.9%
Filled: Friesen et al., 2017 0.65 0.2706 30 30 = 065 [0.12; 1.18] 1.7%
Filled: Yang et al., 2019 0.67 0.7936 5 3 : 0.67 [-0.88;, 2.23] 0.3%
Random effects model 2974 2845 L -0.11 [-0.21; 0.00] 100.0%
Prediction interval —— [-0.63; 0.42]

Heterogeneity: /7 = 60%, <> = 0.0642, p < 0.01 ' ' ' '
-2 -1 0 1 2
Favors e-BMT Favors Control

Appendix G. Statistical Exploration of Heterogeneity, Outliers, Robustness and
Publication Bias for the Pain Intensity Variable (e-BMT vs. In-Person BMT)
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Contour-Enhanced Funnel Plot (Pain Intensity (e-BMT vs In-Person BMT))
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any study.
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Forest plot of the studies included in the sensitivity analysis and the studies filled to
adjust for publication bias. The Trim and Fill Method did not add any study.
Experiment&ontrol Standardised Mean
Study TE seTE Total Total Difference SMD 95%-Cl Weight
De Boer et al., 2014 0.09 0.3059 20 23 : 0.09 [-0.51;0.69] 9.1%
Gardner-Nix et al., 2008 0.18 0.1666 57 99 T e 0.18 [-0.15; 0.51] 30.6%
Odole and Ojo, 2013 0.23 0.2839 25 25 0.23 [-0.32; 0.79] 10.5%
Herbert et al., 2017 0.24 01774 63 65 T 0.24 [-0.11;0.59] 26.9%
Juhlin et al., 2021 0.24 0.1925 52 57 T 0.24 [-0.14;0.62] 22.9%
Random effects model 217 269 - 0.21 [ 0.15; 0.27] 100.0%
Prediction interval = [ 0.14; 0.28]
Heterogeneity: 1?= 0%, %= 0,p =0.99 ' '
-0.5 0 0.5

Favors e-BMT Favors In-Person BMT
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Appendix H. Statistical Exploration of Heterogeneity, Outliers, Robustness and
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Drapery plot of all the studies
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Appendix L. Statistical Exploration of Heterogeneity, Outliers, Robustness and
Publication Bias for the Kinesiophobia Variable
Forest plot of all studies
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Friesen et al., 2017 30 33.87 6.2500 30 42.73 4.6400 —'— -1.59 [-2.17;-1.00] 22.1%
Smith et al., 2019 31 33.14 5.0400 34 37.02 5.1000 . -0.76 [-1.26;-0.25] 24.2%
Dear et al., 2013 31 33.81 7.3000 31 39.42 7.3800 —ma— -0.75 [-1.27;-0.24] 23.9%
Dear et al., 2015 139 34.48 7.0000 74 37.65 8.6000 - -0.42 [-0.70;-0.13] 29.7%
Random effects model 231 169 ————— -0.84 [-1.62; -0.06] 100.0%
Prediction interval [-2.94; 1.26]

Heterogeneity: /2 = 76%, 1> = 0.1780, p < 0.01 P r
2 A1 0 1 2
Favors e-BMT Favors Control

Influence analyses of all studies
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Omitting Friesen et al., 2017

Omitting Dear et al., 2015

Omitting Smith et al., 2019

Omitting Dear et al., 2013

Sortfad by /2
t 12 = 4%; b. = -0.57 [-1.08--0.06]
t 12 = 65%: 0. =-1.02 [-2.19- 0.16]
t P -0.88 [-2.37- 0.60]
: =gt -0.88 [-2.37- 0.60]
5 1 0 1

Effect Size (Random-Effects Model)

Contour-enhanced funnel plot of the studies included in the sensitivity analysis
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Contour-enhanced funnel plot of the studies included in the sensitivity analysis and
the studies filled to adjust for publication bias
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Forest plot of the studies included in the sensitivity analysis and the studies filled
to adjust for publication bias
Experiment&@ontrol Standardised Mean
Study TE seTE Total Total Difference SMD 95%-Cl Weight
Smith et al., 2019 -0.76 0.2576 31 34 ——— -0.76 [-1.26;-0.25] 17.3%
Dear et al., 2013 -0.75 0.2635 31 31 : -0.75 [-1.27;-0.24] 16.8%
Dear et al., 2015 -0.42 0.1453 139 74 — -0.42 [-0.70;-0.13] 31.9%
Filled: Dear et al., 2013 -0.08 0.2635 31 31 —r -0.08 [-0.59; 0.44] 16.8%
Filled: Smith et al., 2019 -0.08 0.2576 31 34 — -0.08 [-0.58; 0.43] 17.3%
Random effects model 263 204 —— -0.42 [-0.80; -0.03] 100.0%
Prediction interval — [-1.14; 0.31]
| | | |

Heterogeneity: 1° = 41%, t° = 0.0324, p = 0.15

-1 05 O
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Appendix J. Statistical Exploration of Heterogeneity, Outliers, Robustness and
Publication Bias for the Catastrophizing Variable

Forest plot of all studies

Standardised Mean

Subgroup Difference
General

Boselie et al., 2018 —a—
Buhrman et al., 2004 ——
Buhrman et al., 2011 —
Dear et al., 2013 —a—
Friesen et al., 2017 —
Gardner-Nix et al., 2008 ——
Guarino et al., 2018 —s—
Peters et al., 2017_CBT —

Peters et al., 2017_PP —s
Ruehiman et al., 2012 e
Smith et al_, 2019 —
Trompetter et al., 2015 —_—
Random effects model <>

I? = 17% [ 0%; 56%], 1> = 0.0125, 13, = 13.2 (p = 0.28)
Helplessness

Brattberg et al., 2008a ——
Bromberg et al., 2012a -
Carpenter et al., 2012a ——

Chiauzzi et al., 2010a —
Hernando Guarijo et al., 2021a —_—
Petrozzi et al., 2019a ——
Trudeau et al., 2015a ——
Random effects model -

I? = 57% [ 0%; 81%)], t° = 0.0472, 72 = 13.96 (p = 0.03)
Magnification

Brattberg et al., 2008b ——
Bromberg et al., 2012b ——
Carpenter et al., 2012b ——
Chiauzzi et al., 2010b — .
Hernando Guarijo et al., 2021b —_—
Petrozzi et al., 2019b o
Trudeau et al., 2015b D
Random effects model <=t

I? = 59% [ 5%; 82%)], t° = 0.0466, 72 = 14.62 (p = 0.02)
Rumination

Brattberg et al., 2008¢c —_—
Bromberg et al., 2012¢ —e
Carpenter et al., 2012c —_—
Chiauzzi et al., 2010c —B—
Hernando Guarijo et al., 2021¢c e B
Petrozzi et al., 2019¢ P
Trudeau et al., 2015¢ P
Random effects model -

I? = 76% [49%; 89%)], t° = 0.0977, 42 = 24.88 (p < 0.01) f

Fixed effects (plural) model <

I? = 56% [35%; 70%], t° = 0.0428, 32 = 2.29 (p = 0.52) ' ' ' '
Test for subgroup differences: Xg =2.29,df =3 (p =0.52) -1 -05 0 05 1

SMD
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-0.05
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[-0.59; 0.08]
[-0.34; 0.11]
[-0.66; 0.32]
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[-1.32; -0.31]
[-0.44; 0.20]
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[-0.45; 0.07]
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[-1.11;-0.12]
[-0.46; 0.18]
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[-0.66; -0.10]
[-0.85; 0.63]
[-0.34; 0.42]
[-0.15; 0.37]
[-0.48; 0.04]

[-1.24; -0.24]
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[-0.95; -0.25]
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[-0.27: 0.49]
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[-0.60; 0.07]

[-0.43; -0.25]

Influence analyses of all the studies for the Overall score subgroup
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Sorted by I’

Omitting Ruehlman et al., 2012 + = 0%; 0.k -0.44 [-0.56--0.32]
Omitting Boselie et al., 2018 t = 3%,; 6 I -0.36 [-0.49--0.23]
Omitting Friesen et al., 2017 t 1= 12%; 0.k -0.37 [-0.50--0.23]

Omitting Dear et al., 2013 + 1= 13%; 6.k 037 [-0.50--0.23]
Omitting Smith et al., 2019 + 1% =20%; 8.F-0.41 [-0.54--0.27]
Omitting Buhrman et al., 2004 + 1= 21%; 6 F-0.38 [-0.52--0.24]
Omitting Peters et al., 2017.1 t 1?=21%; 8.k -0.41 [-0.55--0.26]
Omitting Gardner-Nix et al., 2008 y 12=21%; 6 F-0.38[-0.53--0.24]
Omitting Peters et al., 2017 .: 1% =23%; 0.F-0.39 [-0.53--0.24]
Omitting Buhrman et al., 2011 r 1% = 24%; 0.F-0.40 [-0.54--0.25]

Omitting Trompetter et al., 2015 + 1% = 24%; 6 F-0.39 [-0.54--0.25]
Omitting Guarino et al., 2018 . = 24%; 6 I -0.39 [-0.54--0.25]

06 i 02 0.0

Effect Size (Random-Effects Model)

Influence Analyses of all the studies for the Helplessness score subgroup
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| Sorted by /2

Omitting Carpenter et al., 2012a t 12=47%; 0.=-0.29 [-0.57--0.01]
Omitting Brattberg et al., 2008a t 12=51%; 0.=-0.30 [-0.57--0.04]
Omitting Petrozzi et al., 2019a t 1% = 56%; B.=-0.41 [-0.71--0.11]

Omitting Bromberg et al., 2012a + 1% = 57%; f.=-0.40 [-0.72--0.09]
Omitting Trudeau et al., 2015a t 1% = 59%; f.=-0.40 [-0.73--0.06]

Omitting Chiauzzi et al., 2010a t 1% = 60%:; 6.=-0.33 [-0.67- 0.01]

Omitting Hernando Guarijo et al., 2021a t 1% = 64%; 8.=-0.37 [-0.69--0.05]

06 03 0.0 03

Effect Size (Random-Effects Model) .

Influence analyses of all the studies for the Magnification score subgroup
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Sorted by /2

Omitting Trudeau et al., 2015b + 1% = 36%; 0.=-0.29 [-0.55--0.04]

Omitting Carpenter et al., 2012b + 1% = 53%; 0.=-0.16 [-0.44-0.12]
Omitting Brattberg et al., 2008b t 1= 57%; 6.=-0.17 [-0.44-0.10]
Omitting Chiauzzi et al., 2010b u 1% = 60%; 6.=-0.19 [-0.50- 0.13]

Omitting Petrozzi et al., 2019b t 2= 61%; 6.=-0.26 [-0.56- 0.03]

Omitting Bromberg et al., 2012b t 1% = 65%; 6.=-0.24 [-0.56- 0.08]
Omitting Hernando Guarijo et al., 2021b + ] 1% = 66%:; 6.=-0.23 [-0.54- 0.08]
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Effect Size (Random-Effects Model)

Influence Analyses of all the studies for the Rumination score subgroup
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Omitting Trudeau et al., 2015¢

Omitting Carpenter et al., 2012c

Omitting Brattberg et al., 2008c

Omitting Chiauzzi et al., 2010c

Omitting Petrozzi et al., 2019¢

Omitting Hernando Guarijo et al., 2021c

Omitting Bromberg et al., 2012¢

Sorted by /?

12 = 56%: 0. = -0.36 [-0.68--0.04]

12 = 74%; 8. =-0.20 [0.58- 0.18]

17 = 75%; 0.=-0.20 [-0.54-0.15]

I? = 76%; 0.=-0.23 [-0.64-0.18]

P =77%; 0.=-0.33 [-0.70- 0.04]

12 = 80%; 0. =-0.26 [-0.66- 0.14]

12 = 80%; 0. =-0.28 [-0.70- 0.13]
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Effect Size (Random-Effects Model)
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Contour-enhanced funnel plot of the studies included in the sensitivity analysis
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Appendix K. Statistical Exploration of Heterogeneity, Outliers, Robustness and
Publication Bias for the Self-Efficacy

Forest plot of all studies
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Cook's Distance Stand. Residual

tau-squared (L-0-0)

Study Total
Schlicker et al., 2020 40
Nordin et al., 2016 55
Chiauzzi et al., 2010 95
Bossen et al., 2013 75
Petrozzi et al., 2019 54
Berman et al., 2009 41
Krein et al., 2013 102
Trudeau et al., 2015 113
Lorig et al., 2002 190
Sander et al., 2020 149
Bromberg et al., 2012 68
Wilson et al., 2015 45
Dear et al., 2015 139
Brattberg, 2008 30
Smith et al., 2019 31
Shigaki et al., 2013 44
Friesen et al., 2017 30
Kleiboer et al., 2014 195
Carpenter et al., 2012 70
Dear et al., 2013 31
Yang et al., 2019 5

Random effects model 1602
Prediction interval

Experimental
Mean SD

36.67 11.8700
50.00 23.4000
34.09 15.6923

4.00 1.5465
45.20 12.0000
45.49 11.7300

6.40 2.6000

594 1.7008

0.56 2.1700
44.76 9.7400
120.16 18.7189
28.60 12.9000
35.94 12.9800
31.60 4.8000
34.13 8.4200
83.90 19.0000
29.99 11.1000
113.60 20.8000

7.00 1.8000
40.81 10.4500
47.60 7.1300

Heterogeneity: /% = 71%, t° = 0.0720, p < 0.01

Mean

36.62
49.30
33.35
3.90
44.30
44.24
5.90
555
-0.12
40.53
112.20
22.50
29.68
28.60
28.14
68.50
22.00
94.80
5.00
26.42
30.70

Control
SD

9.3800
21.9000
15.1951

1.7317
13.8000
11.5300

2.3000

1.7158

2.0300
11.1500
19.7740
13.4000
12.1100

6.2000

8.7700
23.8000
10.1800
23.1000

2.3000
13.2300

5.5100

Standardised Mean
Difference SMD
% 0.00
= 0.03
i 0.05
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