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INTRODUCTION

Chronic pain describes pain persisting beyond the ex-
pected healing times, a duration usually exceeding 
3 months.1 People with chronic, non-cancer pain re-
port poorer health-related quality of life,2,3 affecting 
sleep, exercise, housework, and social relationships.4 
Unsurprisingly, they often experience higher rates of 

depression and anxiety.5,6 From an individual financial 
perspective, the median cost of care for a person with 
chronic pain waiting for treatment at multidisciplinary 
pain treatment facilities in Canada was ~US$1377/month 
in 2010.7 On a societal level, the total financial cost of 
chronic and non-chronic pain, which includes medical 
and loss of productivity costs, ranged from US$560 bil-
lion to $635 billion in America in 2010 dollars.8 With 
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Abstract
Face-to-face pain management programs demonstrate positive clinical outcomes in 
the chronic pain population by improving pain intensity and attitudes, depression, 
and functional disability scores. The effects of this modality carried out online 
is less known, particularly in subgroups of chronic pain. This systematic review 
assessed the effects of online pain management programs in chronic, widespread 
musculoskeletal conditions on pain measurements (intensity, interference, coping, 
and catastrophizing), health-related quality of life, depression, and anxiety scores 
immediately post-intervention. Five electronic databases (Embase, Medline, 
CINAHL, Scopus, and PEDro) were searched with 3546 studies identified. 
Eighteen randomized controlled trials fulfilled the inclusion criteria. Included 
studies had moderate methodological quality (using the Effective Public Health 
Practice Project (EPHPP) quality assessment tool) but high risk of bias (using 
the revised Cochrane risk-of-bias tool for randomized trials (RoB 2)). There were 
significant improvements in pain intensity (11 studies, 1397 participants, SMD 
−0.30, 95% CI −0.50 to −0.10, p = 0.004), health-related quality of life (eight studies, 
1054 participants, SMD 0.41, 95% CI 0.08 to 0.75, p = 0.02), and depression (nine 
studies, 1283 participants, SMD −0.32, 95% CI −0.55 to −0.08, p = 0.008). However, 
effect sizes were small and did not meet their respective measure's minimal 
clinically important change score. Guided interventions (regular interaction with 
an instructor) appeared to be superior to self-completed interventions. Future 
research should standardize outcome measures for assessing pain, use active control 
groups, and analyze other outcome measures such as cost and long-term effects. 
This study was registered with Prospero on August 15, 2021 (CRD42021267565).
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these costs predicted to rise, there is urgent need for 
high-value and effective management options for chronic 
pain.

Recognizing that pain is contributed by physiolog-
ical, psychological, and social factors, management 
approaches need to be interdisciplinary and adopt a 
patient-centered biopsychosocial model.9,10 Pain man-
agement programs involving pain education and/or 
skills-based training is one approach that incorporates 
this model and is increasingly being implemented. This 
encompasses a wide range of interventions such as cog-
nitive behavioral therapies, pain coping skills training, 
and pain neuroscience education. These interventions 
individually may have different focuses. For example, 
pain neuroscience focuses on the biological processes 
of pain, while cognitive behavioral therapy and pain 
coping skills training focus on changing thoughts and 
behaviors. A comprehensive biopsychosocial pain man-
agement program should include all these aspects of the 
biopsychosocial model focuses. Previous systematic re-
views of face-to-face behavioral change interventions 
(in rheumatoid arthritis), cognitive behavioral therapy 
(in fibromyalgia), and pain neuroscience education (in 
chronic musculoskeletal pain such as chronic neck and 
back pain) have shown improvements in some pain 
outcome measures (such as pain attitudes), and health-
care use and functional disability.11–14 Biopsychosocial 
approaches combining biological and psychosocial ed-
ucation of pain was found to be more effective than ed-
ucation and advice in improving function and pain for 
people with chronic low back pain.15

Remote delivery of healthcare is increasingly ac-
cepted and adopted.16,17 The global COVID-19 pan-
demic greatly expedited the uptake of these services. In 
Australia, government subsidized medical telehealth ser-
vices rose from 8% in March 2020, to 20% by June 2021.18 
America experienced a 154% increase in telehealth use in 
March 2020.19 Importantly, people who require regular 
pain management may benefit from remote healthcare 
delivery, which may be cost-effective20,21 and improves 
access to specialist health care professionals.22

There is paucity of high-quality studies investigating 
the effectiveness and acceptability of online pain man-
agement. Moderate quality studies indicate the potential 
of online cognitive behavioral therapy to improve pain 
in a mixed chronic pain population.23 In site-specific 
populations, such as adults with chronic back pain, 
three systematic reviews reported minimal evidence for 
online interventions in reducing pain and disability.24–26 
Conversely, for hip and knee osteoarthritis, online pain 
education reduced pain27,28 and improved physical func-
tion.28 This inconclusive data may be explained by the 
heterogenous populations and relatively low quality of 
studies incepted in existing secondary evidence.

The recent ICD-11 classification29 provides greater 
clarity in the different subgroups of chronic pain. This 
reduces heterogeneity, permits better identification of 

specific pain presentations and increases translatabil-
ity of the evidence into clinical practice through more 
careful treatment selection for a targeted subgroup. As 
defined by the ICD-11, one subgroup is chronic pri-
mary pain and includes conditions such as fibromyalgia. 
Another subgroup is chronic secondary musculoskeletal 
pain syndromes such as rheumatoid arthritis, juvenile 
idiopathic arthritis, and heritable disorders of connec-
tive tissue such as the Ehlers-Danlos syndromes.30–33 In 
this systematic review, we combine these subgroups as 
chronic widespread musculoskeletal conditions. The ra-
tionale for this is that in addition to chronic widespread 
pain, these conditions impact non-musculoskeletal sys-
tems, such as the skin, eyes, lungs, and gastrointestinal 
systems. Affected individuals commonly require regular 
pain management.

The main objective of this systematic review was to 
identify current literature investigating pain, health-
related quality of life, depression, and anxiety outcomes 
following online pain management programs for people 
with chronic widespread musculoskeletal conditions. We 
critically appraised the quality of identified studies and 
summarized the effectiveness, acceptability, and com-
ponents of online pain management resources imple-
mented by researchers, presenting meta-analyses results 
where possible.

M ETHODS

The protocol for this systematic review was registered 
with PROSPERO on August 15, 2021 (CRD42021267565). 
This review followed the Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) state-
ment which sets out a checklist of items for reporting.34

Databases and search strategies

The search terms were developed prior to the database 
search using the Population, Intervention, Comparator, 
and Outcome (PICO) format,35 which is further detailed 
in the next section (eligibility criteria). Five electronic 
databases were searched: Embase, Medline, CINAHL, 
Scopus, and PEDro. Our search strategy contained two 
sets of keywords, one set for population (medical condi-
tion in our case) and one set for interventions. We used 
medical subject headings (MeSH) terms where they 
were allowed and our Boolean search strategy ‘OR’ was 
used to combine within each set, and ‘AND’ for combin-
ing the two sets. An example of our full search terms 
for each database is shown in Appendix S1. A search of 
Google Scholar was performed with search year start-
ing from 2011, sorted by relevance. The top 300 search 
results that appeared were included for screening. 
Handsearching was performed by checking reference 
lists of final selected papers and by searching through 
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relevant online clinical trial registries. The first search 
was completed in July 2021 and a final search was com-
pleted in December 2021.

Eligibility criteria

Full-text, peer-reviewed, and published quantitative 
studies without language restriction from the earliest re-
cord were included. Randomized controlled trials, case, 
and cohort studies were eligible. We included studies of 
people with chronic pain (more than 3 months) relating 
to widespread musculoskeletal conditions that affect 
multiple areas of the body. Management programs that 
included pain education (eg, education on pain neuro-
science, pain management, pain acceptance, cognitive 
behavioral therapy, or mindfulness) and were carried 
out online were included. Studies with a control group 
of either standard care, waitlist with usual care, or other 
generic, non-structured online interventions (eg, a col-
lection of publicly available websites) were included.

We excluded systematic reviews/review papers, qual-
itative trials, and unpublished or non-peer-reviewed 
sources such as books and conference papers. Trials 
incepting participants without chronic widespread 
conditions (eg, low back pain or single-joint osteoar-
thritis), trauma-related disorders, post-surgical pain, 
non-musculoskeletal pain (eg, cancer pain, somatic 
symptom disorder, and neurological conditions) were ex-
cluded. We also excluded interventions not delivered in 
an online or standardized/replicable format (eg, purely 
telephone call interventions, social media posts or fully 
individualized interventions), and studies utilizing inter-
ventions without pain education as a standalone com-
parator and/or a pain outcome measure.

Outcomes of interest

The primary outcome was pain-related measurements, 
and four components of pain measures were included: 
intensity/severity, interference (how pain interferes with 
daily life), coping (how often or how well do partici-
pants use coping strategies), and catastrophizing (extent 
of exaggeration about the pain experience). Secondary 
outcomes were health-related quality of life measures, 
depression, and anxiety measures. Adverse events, com-
pletion rates and participant feedback, and knowledge/
skills acquisitions results were included where available.

Screening process and selection of studies

Database search results were imported into EndNote X9 
(Clarivate, Philadelphia, United States) and Covidence 
(Veritas Health Innovation, Melbourne, Australia). All 
studies were independently screened against the inclusion 

and exclusion criteria. Abstract and title screening, and 
full-text screening were undertaken by the main author 
(MTC) and one other co-author. Disagreements were 
discussed between the authors involved and conflicts 
that could not be resolved were brought to a third author 
for resolution. Where only abstracts were available or 
further information was required from full-text papers, 
we attempted to contact the corresponding authors via 
email to retrieve the full-text article or any necessary in-
formation. A repeat search for any additional literature 
was performed in December 2021, and screening and 
resolution procedures were again undertaken by two au-
thors (MTC and CC).

Data extraction

Data were extracted into a customized Microsoft Excel 
(Version 16.58, Washington, United States) spreadsheet. 
Data collection was performed independently by two 
authors (MTC and LN) with disagreements resolved 
through discussion and consensus. Data extracted in-
cluded authorship information, population, sample data, 
type of intervention, type of control, outcome measures, 
program parameters, and statistical analyses performed 
in each study.

Methodological quality assessment

The quality of each study was assessed independently by 
two authors (MTC and SK) using the Effective Public 
Health Practice Project (EPHPP) Quality Assessment 
Tool for Quantitative Studies, which is a tool used for as-
sessing public health articles.36,37 The EPHPP scores the 
quality of studies on six domains: selection bias, study 
design, confounders, blinding, data collection method, 
and withdrawals, and dropouts. Based on the user dic-
tionary, each component was rated as “strong,” “moder-
ate,” or “weak.” A global rating was derived based on the 
number of weak ratings. A study was rated as “strong” if 
there were no weak ratings, “moderate” if they were al-
located one weak rating, and “weak” if they received 2 or 
more weak ratings. Disagreements were discussed, and 
final consensus was reached between the two authors.

Risk of bias assessment

To assess risk of bias, the revised Cochrane risk-of-bias 
tool for randomized trials (RoB 2) was utilized.38 The 
RoB 2 has 5 bias domains: randomization process, de-
viations from the intended interventions, missing out-
come data, measurement of the outcome, and selection 
of the reported result. Responses to each question were 
“yes,” “probably yes,” “probably no,” “no,” or “no in-
formation.” Each domain yielded a judgment of “low 
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risk,” “some concerns,” or “high risk” and in combina-
tion they provide an overall risk of bias judgment. Two 
authors (MTC and CC) performed the assessments inde-
pendently, and disagreements were resolved by discus-
sion and consensus.

Meta-analyses and data interpretation

Meta-analyses were performed for outcome measures 
that could be pooled from at least three studies. These 
included pain, health-related quality of life, depression, 
and anxiety. All trials included in the meta-analyses 
were randomized controlled trials and there were no 
significant baseline differences between control groups 
and intervention groups based on the RoB 2 assess-
ment. Therefore, post-intervention means and standard 
deviations were used for the meta-analyses using a ran-
dom effects analysis model with 95% confidence inter-
val. Standardized mean differences (SMD) were used 
for comparison due to the different scales used across 
studies for each outcome measure. We standardized all 
outcome measure scales to point in the same direction 
(eg, for health-related quality of life scores, a higher 
score reflects better health-related quality of life). We 
performed subgroup analysis on individual health con-
ditions where the results showed significant difference 
and where there were at least three conditions in the 
meta-analysis. All statistical calculations were com-
pleted using Review Manager (RevMan 5.4) software 

(Cochrane Collaboration, London, United Kingdom). 
Since all our outcomes were continuous measures, the 
SMD was used as effect size (Cohen's d), where 0.2 re-
flects small, 0.5 medium, and 0.8 large effect sizes.39 
Heterogeneity was determined using the I2 value. The 
following ranges classify the extent of the heterogeneity: 
0%–40% not important, 30%–60% moderate, 50%–90% 
substantial, and 75%–100% considerable heterogeneity.40 
Due to overlap in these, a conservative estimate (higher 
range) was used when the I2 value fell into two categories 
(eg, 80% heterogeneity was classified as considerable). 
Publication bias was assessed by analyzing funnel plot 
asymmetry and performing an Egger's test if there were 
sufficient data.

RESU LTS

Study selection and characteristics of included 
studies.

There were 3546 articles identified from the database 
searches with an additional seven from other methods. A 
final 18 articles were included and the selection process 
with exclusion reasons detailed in the PRISMA flowchart 
(Figure 1).41–58 Characteristics of the included studies are 
detailed in Table 1. Majority of participants were female 
(average 83%). Eight studies were performed in the USA, 
five in Canada, three in the Netherlands, and one each in 
Brazil and Sweden, and these results represent countries 

F I G U R E  1   PRISMA flow chart with reasons for exclusion and other sources.
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with different socio-economic status. Seven studies in-
cluded participants with fibromyalgia, five with juvenile 
idiopathic arthritis, three with rheumatoid arthritis, one 
study with both fibromyalgia and rheumatoid arthri-
tis subgroups, and one study each with systemic lupus 
erythematosus and systemic sclerosis. Sixteen studies 
used online web-based interventions, and the remain-
ing two were mobile phone applications. Sixteen studies 
divided their intervention into modules which partici-
pants completed at their own pace (ranging from weekly 
to monthly), one intervention comprised of a video, and 
five self-assessment exercises, while the final interven-
tion provided a phone application that participants were 
encouraged to use daily. Five of the 18 interventions were 
purely self-completed (no interaction with instructors or 
researchers and no online community groups as part of 
the intervention). Ten of the studies used non-educative 
control groups such as usual or standard care (with or 
without being on a waitlist), while the other eight utilized 
some form of non-structured educative control (eg, book 
control or publicly available online health information). 

The duration for intervention completion ranged from 
6 weeks to 6 months.

Methodological quality assessment

Most of the included studies were of at least moderate 
methodological quality. Seven were rated as weak, 10 as 
moderate, and one received a strong rating (Table 1). A 
descriptive table of the EPHPP quality assessment is in-
cluded in Appendix S2.

Risk of bias analysis

Twelve studies were assessed as having an overall high 
risk of bias, two had moderate risk while four were rated 
as low risk of bias using the RoB 2 tool (Figure 2). Ten 
of the studies were rated high risk in one of the domains 
(measurement of outcome domain) due to their use of 
passive control groups (ie, usual care with or without 

F I G U R E  2   Cochrane risk of bias assessment.
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being on a waitlist) instead of active controls (ie, a book). 
This means that the participants had higher likelihood 
of knowing which group they were allocated to, which 
may have influenced their patient-reported outcome 
measures.

Publication bias

We were unable to perform statistical tests of publication 
bias due to insufficient studies and the level of hetero-
geneity in our meta-analyses. One of our meta-analyses 
included 11 studies but performing statistical analysis 
on only one meta-analysis would not provide an accu-
rate representation of all included studies. Therefore, we 
chose to assess overall publication bias for all included 
studies using descriptive analysis.59 Our search spanned 
five major databases and yielded ongoing, unpub-
lished trials and published trials in different languages 
(Mandarin, German, and Spanish). These suggest that 
our search was wide enough to minimize publication 
bias due to language or small database searches. To 
check for selective non-reporting, we cross-checked each 
trial using either clini​caltr​ials.org, trial​search.who.int, 
trialregister.nl or isrctn.com. Seventeen were registered 
prior to implementation and one was registered ret-
rospectively.45 Of the 17, only two revealed differences 
between protocol and published outcomes. One study 
proposed to measure outcomes at 16 weeks and 6 months, 

but the 6 months results were not published.47 However, 
we found the results on the trial registry reporting no sig-
nificant difference at the two time points. Another trial 
proposed measuring outcomes at 3, 6, 9, and 12 months 
but in their published paper, results (which were signifi-
cant improvements in health-related quality of life) were 
only reported for 3 and 9 months.51 The authors did not 
state reasons for non-reporting on 6- and 12-month re-
sults. As such, there may be some reporting bias in this 
paper. All 18 studies declared their funding sources and 
conflicts of interest, and we deemed there to be low risk 
of non-publication bias. Overall, our qualitative analysis 
of publication bias suggests low or acceptable levels of 
bias.

Outcome measures

Pain intensity/severity

Eleven studies (1397 participants) reported pain intensity 
data (Figure 3). A 0–10 visual analog or numeric rating 
scale was used for all except one study.58 Not all stud-
ies reported the timing of the pain rating (eg, worst pain 
over a week or pain at time of assessment) and those 
that did are summarized in Appendix S3. As there was 
no standard time point of measuring pain across the 
studies, we chose to use pain intensity measured over 
at least 7 days if this was an option (as majority of the 

F I G U R E  3   Pain intensity forest plot with subgroup by condition.
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studies included in our pain intensity meta-analysis used 
average pain over at least 7 days) and composite pain 
severity scores (such as the BPI or pain subscale of the 
FIQ). We expected the heterogeneity to be reflected in 
the results. Meta-analysis determined that online pain 
management significantly reduced pain intensity at post-
intervention, compared with control (SMD −0.30, 95% 
CI −0.50 to −0.10, p = 0.004) with small effect size. There 
was substantial between-study heterogeneity (I2 = 68%). 
Subgroup analysis by condition revealed significant im-
provements for the fibromyalgia group (SMD −0.51, 95% 
CI −0.82 to −0.20, p = 0.001) but not for other conditions.

Pain interference

Five studies included measures of pain interference 
(n = 432) (Figure  4). Meta-analysis revealed no differ-
ence between groups (SMD −0.23, 95% CI −0.57 to 0.10, 
p = 0.18). Considerable between-study heterogeneity was 
identified for this outcome measure (I2 = 80%).

Pain coping

Three studies (n = 279) included outcome measures of 
pain coping (Figure 5). No difference was found when 

comparing online pain interventions to the control 
conditions (SMD −0.01, 95% CI −1.21 to 1.20, p = 0.99). 
Considerable heterogeneity (I2 = 97%) was found between 
studies.

Pain catastrophizing

Four studies measured pain catastrophizing (n = 236) 
and analysis revealed no difference between the groups 
(SMD −0.17, 95% CI −0.58 to 0.24, p = 0.42) (Figure 6). 
Substantial between-group heterogeneity was identified 
(I2 = 72%). Several studies reported other types of pain-
related measures (Appendix S3), but we did not analyze 
these results as they were beyond the scope of our aims.

Health-related quality of life

Eight studies reported on health-related quality of life 
(n = 1054). A significant between-group difference fa-
voring online pain management was found in the meta-
analysis (SMD 0.41, 95% CI 0.08 to 0.75, p = 0.02), with 
small effect size and considerable heterogeneity between 
studies (I2 = 85%) (Figure 7). Subgroup analysis revealed a 
significant improvement following the online pain man-
agement in the fibromyalgia group (SMD 0.71, 95% CI 

F I G U R E  6   Pain catastrophizing forest plot.

F I G U R E  5   Pain coping forest plot.

F I G U R E  4   Pain interference forest plot.
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0.16 to 1.26, p = 0.01). We excluded one study in this meta-
analysis as their data and reported results were conflict-
ing.58 The authors used a composite score to estimate 
the overall impact of rheumatoid arthritis on daily life 
(comprising four scales: the self-care and mobility scales 
of the Impact of Rheumatic diseases on General Health 
and Lifestyle, and the RAND-36 role limitations due to 
physical health problems and emotional problems). The 
means of each of the individual scales revealed improve-
ments in the intervention group, but the final composite 
score did not reflect this, which is counterintuitive. The 
authors did not report how they calculated the compos-
ite score and did not respond to our efforts to contact 
them. Consequently, we were unable to include their re-
sults in our analysis.

Depression and anxiety

Nine studies reported on the effect of the interventions 
on depression (n = 1283) (Figure  8). Meta-analysis re-
vealed a significant reduction in depression scores fol-
lowing online pain management compared with control 
(SMD -0.32, 95% CI −0.55 to −0.08, p = 0.008). The effect 
size was small. There was considerable heterogeneity be-
tween studies (I2 = 76%). Subgroup analysis revealed sig-
nificant difference between intervention and control in 
only the fibromyalgia group (SMD −0.55, 95% CI −0.90 
to −0.21, p = 0.002).

Anxiety scores were reported in seven studies 
(n = 1125) (Figure  9). Meta-analysis did not reveal any 

between-group differences (SMD −0.19, 95% CI −0.43 to 
0.05, p = 0.12). There was substantial between-group het-
erogeneity (I2 = 73%).

Type of intervention

To explore which type of intervention contributed to 
the significant findings in the above meta-analyses 
(pain intensity, health-related quality of life, depres-
sion, and anxiety), we performed a post-hoc analysis by 
subgrouping included papers by types of intervention. 
These subgroups were cognitive-behavioral therapy 
(CBT) only, cognitive-behavioral with disease educa-
tion and/or pain neuroscience education (CBT with 
DE and/or PE), behavioral therapy only, disease educa-
tion (DE) only, pain neuroscience education (PE) only, 
and other combined psychological therapy approaches 
(CBT with DE and mindfulness and exposure therapy; 
Acceptance and commitment therapy with DE). This 
analysis showed a significant reduction in pain inten-
sity but only for the CBT with DE and/or PE interven-
tion subgroup (SMD −0.34, 95% CI −0.67 to −0.01, 
p = 0.04). The effect size was small. Even though there 
was significant effect of CBT with DE and/or PE, there 
was high level of heterogeneity (I2 = 74%). This may be 
due to variability in age group and conditions that were 
studied. All other subgroup analyses did not show sig-
nificant results or there were insufficient studies (less 
than 3) to pool the types of intervention together for 
subgroup analysis.

F I G U R E  7   Health-related quality of life forest plot with subgroup by condition.
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Other outcomes

Adverse events

Three studies reported on adverse events experienced 
during their study.43,46,58 In arthritic conditions, adverse 
events included infections, arthritis flares (some requiring 
specialized treatment) and suicidal thoughts that were low 
in incidence and comparable between groups.43,58 In the 
fibromyalgia population, one study reported higher in-
cidence of adverse events in the intervention group (34% 
versus 6% in the control group).46 Their adverse events in-
cluded increased pain (most common), sleep disturbance, 
increased fatigue, migraine, swelling, and weight loss. Four 
(out of 70 in the intervention group) had increased stress, 

anxiety, depressive symptoms, and suicidal thoughts. 
Most of these side effects were reported as short-term, and 
however, two participants in the intervention group had 
ongoing increased pain at 12 months follow-up.

Completion rates

Completion rates (defined as finishing all or a pre-
determined percentage of modules) were reported across 
six studies.44,45,48,52,53,58 Intervention group completion 
rates ranged from 49% to 100%, while the control groups 
ranged from 63% to 100% completion.44,48 Overall, com-
pletion rates varied, but were comparable between on-
line pain management and control groups.

F I G U R E  9   Anxiety forest plot.

F I G U R E  8   Depression forest plot with subgroup by condition.
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Participant feedback (acceptability, 
satisfaction, and helpfulness)

Participant feedback was measured diversely with help-
fulness, satisfaction, and acceptability most commonly 
reported. Using helpfulness rating scales, majority of 
participants in two studies rated their online pain man-
agement intervention as helpful (one used 0–10 rating 
scale and one used a 4-item Likert scale).41,47 Two stud-
ies measured satisfaction with one reporting a 7.4/10 rat-
ing58 and the other reporting 86% of their participants 
being satisfied or very satisfied.45 One study rated their 
acceptability as high using their own Likert scale based 
questionnaire.53 Two studies compared results between 
intervention and control groups. One used a validated 
tool (Acceptability E-scale form with scores from 8 to 
40) reporting the mean score for the intervention and 
control groups as similar (34.7 and 34.6 respectively).49 
The other study used a modified Client Satisfaction 
Questionnaire reporting higher general satisfaction 
(91%) and helpfulness (78%) for the online intervention 
compared with the standard care control group (73% and 
44% respectively).55

Knowledge or skills acquisition

Three studies reported outcomes on knowledge or skills 
acquisition. Two studies of juvenile idiopathic arthritis 
participants used the Medical Issues, Exercise, Pain, and 
Social Support Questionnaire (MEPS).53,54 Both studies 
reported improvements in disease knowledge following 
online pain management, although only one was signifi-
cant (p = 0.001).53 The third study utilized open-ended 
questions and reported that 86% of the intervention 
group improved their self-management skills, 77% had 
increase in self-management skill usage and 76% experi-
enced behavioral change (compared with 42%, 33%, and 
29% in the control group respectively).55

Self-completed versus guided

There were insufficient data to perform a meta-analysis 
comparing self-completed versus guided interventions 
(such as email reminders and online interaction with 
health coaches or psychologists). Overall, guided in-
terventions appear to be more effective. Of the four 
studies45,46,54,55 that reported improvements in pain in-
tensity, three were guided (Figure 3). All studies with 
significant improvements in health-related quality of 
life46,52,57 (Figure 7), depression45,46,52,58 (Figure 8), and 
anxiety46,58 (Figure  9) utilized guided interventions. 
There is a strong indication to suggest that guided on-
line pain interventions are superior to self-completed 
interventions.

Differences between protocol and review

Several modifications were made while we conducted the 
systematic review and meta-analyses and as such, there 
are some differences between our registered protocol 
and final review.

•	 Omission of physical outcomes measures and qual-
itative data. During our article screening stage, we 
realized that there were many diverse physical out-
come measures. This would potentially complicate 
the analysis and interpretation of our results in ad-
dressing our aims. After registering and commenc-
ing database searching for our systematic review, 
we found another registered review with a similar 
research question focused specifically on qualitative 
studies.

•	 Exclusion of case studies, cohort studies, and system-
atic reviews. Our initial protocol included random-
ized controlled trials, case studies, or cohort studies. 
During the title and abstract screening stage, most 
of the search yielded randomized controlled trials 
and we made the decision to only include these, since 
they would yield stronger conclusions and recom-
mendations. We expected to exclude other system-
atic reviews from the onset of the study but neglected 
to state this.

•	 Increasing minimum number of studies required for 
meta-analysis from 2 to 3 as the ratio between RCTs to 
meta-analysis was too high.60

•	 Change in quality assessment and risk of bias tools. 
Given that our final 18 studies were all randomized 
controlled trials with quantitative outcome measures, 
we chose to use the RoB 2 which is specific for such 
trials. After registering our protocol on PROSPERO, 
we were made aware of some of the challenges in using 
the GRADE approach for public health systematic re-
views.61 This led us to the EPHPP quality assessment 
tool, which is used for assessments of public health 
articles.37

DISCUSSION

Main findings and clinical implications

The findings of our systematic review show that online 
pain management is effective in reducing pain inten-
sity, improving health-related quality of life, and reduc-
ing depression particularly in those with fibromyalgia. 
These are encouraging results and validate the use of 
online pain management for improving pain and certain 
psychosocial outcomes for people in this chronic pain 
subgroup.

In our review, the online interventions demonstrating 
significant improvements in pain intensity all adopted 
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the biopsychosocial model to varying extents.45,46,53,55 
Their programs included education about the condi-
tion, symptom management, behavioral coping skills, 
and social/lifestyle skills. Indeed, our post hoc analysis 
provided additional justification for the use of cognitive-
behavioral therapy with disease education and/or pain 
neuroscience education. This suggests that the biopsy-
chosocial model of pain management programs may be 
effective in reducing pain intensity for people with wide-
spread chronic musculoskeletal conditions and can be 
successfully delivered online.

Despite the finding that online pain management 
reduced pain intensity, we recommend caution when 
translating this into clinical practice. Firstly, the effect 
size was small and using the recommended minimal 
clinically important change score of 2/10 for pain inten-
sity,62 only one study came close with a reduction of 1.8 
in their intervention group compared with an increase of 
0.4 in their control group.46 This study uniquely included 
exposure therapy (repeated contact with pain provok-
ing stimuli and learning skills to overcome avoidance). 
There is room for more research into this method as it 
may benefit those with hypervigilance or fear avoidance. 
Secondly, more than half the studies in our pain intensity 
meta-analysis had high risk of bias in the RoB 2 mea-
surement of outcome domain. Most of these studies did 
not have active control groups (eg, waitlisted with usual 
care); therefore, biassing participants self-reported out-
come measures. With these in mind, clinicians should 
be aware that online pain management may not result 
in clinically useful improvements in pain intensity and 
recognize that reduction in pain intensity is not the only 
indicator of success of an intervention.

Reduction in pain intensity does not necessarily 
equate to improvements in ones' perception of well-
being, and therefore, our additional findings of im-
proved health-related quality of life and depression 
increase the value of online pain management in im-
proving multiple aspects of life for patients with a 
chronic widespread musculoskeletal condition. Due 
to the different conditions and various health-related 
quality of life scales used, we are unable to make an 
overall clinical recommendation using a minimal clin-
ically important change score. With respect to depres-
sion, the two most used outcome measures in our trials 
were the Center for Epidemiologic Studies Depression 
Scale (CES-D) and the Patient Health Questionnaire 
(PHQ-9). We are unable to find an accepted mini-
mal clinically important change score for the CES-D. 
However, a paper suggested that a 20% reduction in 
Patient Health Questionnaire score can be used to in-
dicate clinical improvement for moderately severe de-
pression symptoms.63 Two studies in our depression 
meta-analysis used the PHQ-9, with all participants 
starting with depression scores in the severe range.45,46 
Both studies reported greater than 20% reductions 
in mean score (pre versus post) for their intervention 

participants, with less than 5% mean reduction in their 
control participants. From our analysis, online pain 
management is efficacious in improving depression in 
this population. Interestingly, all but one of the trials 
included in our depression meta-analysis included ex-
ternal interaction and guidance. Individuals with de-
pression have less social interaction and difficulty with 
social functioning.64,65 Therefore, having a trainer en-
gage with them during remote treatment may be more 
beneficial than a self-guided program. With our results 
showing improvements in pain intensity, quality of life, 
and depression for individuals with chronic widespread 
musculoskeletal conditions, this trifecta supports pos-
sible clinical use of online pain management. Future 
research into the minimal clinically important changes 
for commonly used outcome measures for different 
conditions is needed to assist researchers in translating 
their research evidence into clinical recommendations.

Our systematic review yielded eight out of 18 studies 
incepted participants with fibromyalgia and the meta-
analyses revealed most positive effects in this subgroup 
compared with others (juvenile idiopathic arthritis, 
rheumatoid arthritis, systemic sclerosis, and systemic 
lupus erythematosus). Indeed, our overall results were 
influenced by a high proportion of fibromyalgia stud-
ies. These findings are supported by another systematic 
review of a mix of face-to-face and remotely delivered 
psychoeducation (education and psychotherapeutic ap-
proaches such as cognitive behavioral therapy) for fibro-
myalgia and found significant reduction in both pain 
intensity and depression.66 However, our preliminary 
results showing that different conditions seem to re-
spond differently to online pain management are inter-
esting. Compared with the other conditions in our study, 
the etiology of fibromyalgia is currently undetermined 
and people often face difficult and prolonged journeys 
to diagnosis and treatment.67 As a result, we postulate 
that they may be more inclined to seek information 
themselves and be more receptive to potential education 
sources, both of which may also help in validating their 
medical experience. Furthermore, the participants of 
this group were predominantly female (~83%). There is 
some research to suggest that women may have higher 
health literacy and women with long-term illnesses were 
more likely to use the internet for health information 
than men.68,69 Therefore, we are unable to generalize our 
findings to males with chronic widespread musculoskel-
etal conditions.

Completion rates and feedback pertaining to online 
pain management programs based on our review indi-
cated that this mode of delivery was generally well ac-
cepted, although there is possibility of more serious 
adverse effects such as an increase in depression, anxi-
ety, and suicidal thoughts. Treatments such as exposure 
therapy may trigger a higher incidence of these severe 
adverse events and is something for future researchers 
to consider. Guided interventions appear additionally 
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advantageous, consistent with another review which 
reported that guided internet-based interventions pro-
vided better management of depression, anxiety, social 
interaction anxiety, and social phobia in adults with a 
mental disorder including depression.70 In contrast, 
a recent randomized controlled trial in a chronic pain 
population compared guided versus self-completed ac-
ceptance and commitment therapy (ACT) on pain inter-
ference and acceptance reported no difference between 
self-completed and guided treatment.71 We postulate 
that their results differ from ours because they used a 
broad cohort of chronic pain population (pain more 
than 6 months, stratified by type and location of pain). 
More high-quality trials and reviews are needed to con-
clude if guided online pain management is more effective 
and whether people with different conditions respond 
differently.

Limitations

There were some limitations in our study. Pain is com-
plex and requires a multi-dimensional measurement ap-
proach to accurately represent one's pain experience. As 
can be seen from our review, the array of pain measures, 
timing of pain ratings, and types of scales used were 
greatly variable. Online pain management programs do 
not have a fixed set of components, and this can be seen 
by the post hoc analysis in our systematic review where 
some included only CBT, some included disease educa-
tion or pain neuroscience education, and some utilized 
other psychological approached such as mindfulness and 
exposure therapy. This diversity in the different types of 
education and/or psychological approaches may have 
also contributed to heterogeneity. Also, the combination 
of standard care and active controls as a comparator 
group aimed to reflect what participants would have re-
ceived in their local context. Though we narrowed down 
our population to subgroups of chronic pain, there was 
still variability in the resultant conditions in our study. 
These factors contributed to the high heterogeneity in 
our results even after utilizing standardization methods. 
Lastly, we did not include any physical outcome meas-
ures, long-term results, or cost analysis due to the poten-
tial scale of the study.

Strengths and future recommendations

Our systematic review aimed to provide evidence of 
the efficacy of online pain management for people 
with chronic widespread musculoskeletal conditions. 
This was achieved firstly by including only randomized 
controlled trials, the highest level of primary evidence 
available. Secondly, these studies included only specific 
subgroups of chronic pain participants, allowing clearer 
translation of this evidence to these clinical populations. 

This is exemplified by the improvements in pain intensity, 
health-related quality of life and depression for partici-
pants with fibromyalgia more so than those diagnosed 
with other chronic widespread musculoskeletal condi-
tions. More research is needed to confirm our findings 
in other chronic, widespread musculoskeletal conditions 
such as heritable disorders of connective tissue.

Another strength was our ability to perform meta-
analyses for several outcome measures. Sufficient stud-
ies measuring the more common components of pain 
(ie, intensity, interference, coping, and catastrophizing) 
allowed us to pool data and rigorously investigate the as-
pects of pain most affected by online pain management. 
This may help direct future studies on what components 
to include in online pain management programs.

We recommend the implementation of common data 
elements in the assessment of chronic widespread mus-
culoskeletal pain with consensus on which outcome 
measures possess the best clinimetrics for the task. In 
addition, standardizing length of time to follow-up will 
improve comparison across future studies. Long-term 
follow-up will determine whether the immediate posi-
tive effects of online pain management are maintained. 
Similar issues and recommendations apply for measur-
ing completion and participant feedback of online pain 
management programs. Another trial component we rec-
ommend is the use of active control groups to minimize 
the risk of bias, especially when using patient-reported 
outcome measures which can be biased by unblinded 
standard care control groups. Some other recommenda-
tions for future reviews are to include physical outcome 
measures and cost analysis of online pain management 
programs. These additional areas are extremely relevant 
to the individual and to society as they affect healthcare 
planning and expenditure. Future studies could investi-
gate these areas to determine whether online pain man-
agement has any effect on these outcome measures and 
on the cost-efficacy of implementing online programs.
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Additional supporting information can be found online 
in the Supporting Information section at the end of this 
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