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Abstract

Background: Digita health solutions can provide populations with musculoskeletal pain with high-reach, low-cost, easily
accessible, and scalable patient education and self-management interventions that meet the time and resource restrictions.

Objective: The main objective of this study was to determine the effectiveness of digital health interventions for people with
muscul oskeletal pain conditions (ie, low back pain, neck pain, shoulder pain, knee pain, elbow pain, ankle pain, and whiplash).
Methods: A systematic review and meta-analysis was conducted. We searched PubMed and Cochrane Central Register of
Controlled Trials (from 1974 to August 2021) and selected randomized controlled trials of digital health interventionsin thetarget
population of patients with musculoskeletal pain with a minimum follow-up of 1 month. A total of 2 researchers independently
screened and extracted the data.

Results: A total of 56 eligible studieswereincluded covering 9359 participants, with a mean follow-up of 25 (SD 15.48) weeks.
In moderate-quality evidence, digital health interventions had a small effect on pain (standardized mean difference [SMD] 0.19,
95% CI 0.06-0.32), disability (SMD 0.14, 95% CI 0.03-0.25), quality of life (SMD 0.22, 95% CI 0.07-0.36), emotional functioning
(SMD 0.24, 95% CI 0.12-0.35), and self-management (SMD 0.14, 95% CI 0.05-0.24).

Conclusions: Moderate-quality evidence supports the conclusion that digital health interventions are effective in reducing pain
and improving functioning and self-management of musculoskeletal pain conditions. Low-quality evidence indicates that digital
health interventions can improve the quality of life and global treatment. Little research has been conducted on the influence of
digital health on expenses, knowledge, overall improvement, range of motion, muscle strength, and implementation fidelity.

Trial Registration: PROSPERO CRD42022307504; https.//tinyurl.com/2cd25hus

(J Med Internet Res 2022;24(9):€37869) doi: 10.2196/37869
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Introduction

Musculoskeletal conditions are considered the leading cause of
global morbidity and have substantial individual, societal, and
economic implications[1]. Muscul oskeletal conditions account
for one-fifth of the world's total number of years lived with
disability [1]. The burden of musculoskeletal conditions is
predicted to increase dramatically in the coming years because
of the aging population in Western countries. Muscul oskeletal
conditions include a broad range of health conditions affecting
the bones, joints, muscles, and spine, aswell asrare autoimmune
conditions. Common symptomsinclude pain, stiffness, and loss
of mobility and dexterity, which often interfere with people’s
ability to perform daily activities. In the global research on the
burden of disease, low back and neck pain were responsible for
70% of impairments [2]. The management of muscul oskeletal
pain conditions requires an evidence-informed innovative care
model that stimulates self-management, including daily
activities, self-care, patient-professional collaboration, and a
collaborative practice model [3].

For musculoskeletal pain conditions, there has been increasing
interest inintegrating digital health interventionsto accomplish
the triple aim of better health outcomes, better patient
experiences, and smarter use of health service resources. Various
studies have found moderate-quality evidencethat digital health
interventions have apositive clinical benefit in the management
of musculoskeletal conditions leading to pain and functional
disability [4-7]. However, owing to differences in content,

Figure 1. Rainbow model for digital health interventions [14].
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duration, and delivery, it is difficult to draw strong conclusions
about the effectiveness of digital health interventions. Hence,
little is known about which type or combination of digital health
solutions is superior [5,8-10]. This lack of information serves
as a barrier to identifying key characteristics aligned with
effective and ineffective digital health solutions and their wider
implementation. Recently, the World Health Organization
(WHO) published ataxonomy for the standardization of various
digital health interventions and vocabulary [11]. Although
taxonomy is a useful tool to differentiate between the different
types of digital interventions, it cannot distinguish between the
micro, meso, and macro factors that influence digital health
innovation and implementation [12]. This calls for a broad
overview of the evidence by outlining digital health solutions
at the patient, professional, provider, and system levels, as
described by the Rainbow Model (Figure 1) [13]. Itisimportant
to identify the most effective type of digital health intervention
and, in turn, the most efficacious combination of components
(eg, patient, provider, organizational, and system level) for
clinical and managerial responses to the evidence, as well as
for policy decision-making.

Following the Rainbow Model of Integrated Care (RMIC) and
WHO digital health taxonomy, we comprehensively analyzed
the effectiveness of digital health interventions for
musculoskeletal pain conditions in published randomized
controlled trials (RCTs) and assessed the extent to which
differencesin outcomes may be explained by the different types
of interventions.
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Methods

A systematic review was conducted according to a protocol
registered on PROSPERO (International Prospective Register
of Systematic Reviews; registration number 307504) and the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines [15].

Literature Search

We searched the el ectroni ¢ databases PubM ed and the Cochrane
Library using musculoskeletal pain condition—specific and
digital health—specific text wordsand Medical Subject Headings
(Tables S1 and S2 in Multimedia Appendix 1 [16-71]) from
their inception to August 2021.

Study Selection

Overview

A total of 2 researchers (LT and MAA) worked separately on
study selection, eligibility criteria evaluation, risk-of-bias
assessment, and data extraction, and disagreements were
resolved through iteration and discussion. If thisfailed, athird
arbitrary resolution was performed by a third author (PPV).
Studies were considered eligible if they were RCTs with a
follow-up of =1 month; included participants aged >18 years
with a muscul oskeletal (chronic) pain condition (ie, low back
pain, neck pain, shoulder pain, knee pain, elbow pain, ankle
pain, or whiplash); and comprised an evaluation of a digital
health intervention in the clinical, professional, organizational,
or system domains of the RMIC [13]. Each intervention had to
describe >1 digital health service according to the description
of the WHO digital health taxonomy [11] (Table S3 in
Multimedia Appendix 1 [16-71]). Non-English studies were
excluded from this review.

Data Extraction and Risk-of-Bias Assessment

For each included study, 2 researchers (LT and MAA)
independently extracted the data using a standardized data
extraction form. Any inconsistency was resolved through
iteration and discussion. When the required data were not
reported in the article, the researchers contacted the authorsfor
the missing information. If the required data could not be
provided, the study was included only for qualitative review.
The following methodological risks of bias were assessed for
each selected study: sequence generation; allocation
concealment; blinding of outcome assessors, care providers,
and participants, completeness of outcome data;
intention-to-treat analysis; and sponsor involvement in
authorship [72]. The Covidence software was used to manage
data extraction and risk-of-bias assessments [ 73].

Data Synthesisand Analysis

The primary outcomes included pain, functioning, and quality
of life, as assessed using recognized and validated measures
[74]. Cost, emotional functioning, overall progress, range of
motion, muscle strength, knowledge, self-management, and
process-related outcomes were all secondary outcomes of
interest.

https://www.jmir.org/2022/9/e37869
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A 3-step method was used to identify distinct subgroups of
digital health interventions according to the domains of the
RMIC. Firgt, the appropriate number of clusterswas determined
through a hierarchical agglomerative clustering analysis using
the Euclidean distance and average silhouette methods, which
measuresthe quality of acluster. Wetested for outliersby using
the cluster membership of the distance method, which indicates
how well an observation fits into the cluster that it has been
assignedto [ 75]. No outlierswereidentified based on the results
of thisanalysis. Second, anonhierarchical cluster analysisbased
on the k-means al gorithm was performed to validate the results
of the hierarchical procedure by using theinitial cluster centroid
number from hierarchical clustering as astarting point [76,77].
This method establishesthe presence of clusters by determining
the average of all the data pointsin a cluster.

The grouping of the clusters was evaluated by performing a
principal component analysis (PCA), which required data
normalization, and the eigenval ueswere cal culated and analy zed
in abiplot graph [78,79]. Assumptions of the PCA were tested
following the procedure described by Kassambara [80] (ie,
linearity of thedata, level of measurement, and outliers). Finally,
the clusterswerevisually evaluated using cluster plotsand PCA.
To provide an interpretation of the cluster, the cluster means of
the digital health interventions were applied.

We used DerSimonian and Laird random-effects models to
summarize the treatment effects and expressed the results as
standardized mean differences (SMDs) for continuous outcomes
using different scales together with 95% Cls. The SMD
calculations were based on the effect differences between the
baseline and last follow-up assessment [81]. In the systematic
review, weincluded rel evant studies; for the meta- and subgroup
analyses, at least three independent studies were required to
justify the meta-analysis[82].

Heterogeneity in treatment effects between studies was assessed
using the restricted maximum likelihood method (1?) statistics,

with 12 values of 25%, 50%, and 75% corresponding to low,
moderate, and high levels of heterogeneity, respectively [83].
Potential sourcesof stetistical heterogeneity were explored using
apriori subgroup analysisto determine whether theintervention
duration (1-12 months or >12 months) or setting (clinic or
home-based) affected heterogeneity. Evidence of small study
effectswas assessed through visual examination of funnel plots
[84]. We conducted a sensitivity analysis of primary outcomes
by excluding studies according to the following criteria: (1)
highrisk of bias, (2) long follow-up (=12 months), and (3) large
sample size (>200 participants). We used a minimum of 10
independent studies [81].

Descriptive statistics were used to summarize the data, where
mean and SD were reported for continuous dataand frequencies
and percentages for categorical data. The distribution of all
continuous variables was checked. The statistical significance
for subgroup and sensitivity analysis was calculated using the
test for subgroup differences provided in the R Studio (version
2021.09.01) package meta. All analyses were performed using
the statistical software R Studio (Build 372), and libraries
dmetar, esc, tidyverse, meta, grid, robvis, pvclust, and
factorextra were used [85].
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Quiality of Evidence

The quality of evidence was rated for each pooled analysis by
using the Grades of Recommendation, Assessment,
Development, and Evaluation approach [86]. The quality of
evidence was not downgraded for performance or detection bias
asperfect blinding is considered problematic for complex digital
health interventions [82]. For each comparison, 2 researchers
(LT and MAA) independently rated the quality of evidence for
each outcome as “high,” “moderate” “low,” or “very low.”
Discrepancies were resolved through iteration and discussion.

Figure 2. Flowchart of search strategy and study selection process.
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Results

Search Resultsand Study Characteristics

A total of 983 publications of potential interest were identified.
Of the 983 publications, after removing 18 (1.83%) duplicates,
965 (98.17%) publications were selected for title and abstract
screening. Subsequently, of the 965 publications, 64 (6.63%)
were selected for full-text screening, and 56 (5.8%) RCTswere
considered eligible for inclusion, assessing 9359 participants.
Approximately 6% (4/64) of studies reported incomplete
outcomes; therefore, they were excluded from the effect analysis
(Figure 2).

Intervention Characteristics

The characteristics of the interventions in the included studies
are summarized in Tables S4 and S5 in Multimedia Appendix
1. All studies performed interventions in the home base of the
participants, and in some cases, the setting of the study was a
combination of the home base of the participants and the primary
care clinic (26/56, 46%). In addition, of the 56 studies, we
included 30 (54%) studies targeting musculoskeletal pain
conditions, 10 (18%) studiestargeting chronic pain conditions,
9 (16%) studiestargeting postsurgery rehabilitation participants,
and 7 (13%) studiesfocusing on patientswith arthritis. Most of
the interventions focused on patient conditions, such as target
client communication (42/56, 75% studies; 6806/9359, 72.72%
participants) and personal health tracking (38/56, 68% studies;
5881/9359, 62.84% participants). Digital health interventions
at the professional level included telemedicine (55/56, 98%
studies; 9331/9359, 99.7% participants), client information and
registration (47/56, 84% studies, 8041/9359, 85.92%
participants), health care provider decision support (23/56, 41%
studies; 4520/9359, 48.3% participants), health care training
(23/56, 41% studies; 4569/9359, 48.82% participants), health

https://www.jmir.org/2022/9/e37869
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care provider communication (12/56, 21% studies; 2901/9359,
31% participants), and referral coordination (4/56, 7% studies;
52719359, 5.63% participants). None of the studiesincorporated
health care providers in a scheduled activity planning
intervention. Only 9% (5/56) of studies were targeted at the
organizational level. All of these studies included health
financing interventions (2363/9359, 25.25% participants).
Furthermore, some studies were targeted at the system level
and included data coll ection, management, and useinterventions
(23/56, 41% studies; 4648/9359, 49.66% participants). The
duration of theinterventionsranged from 2 weeksto 12 months
(median 12 weeks). Two distinctive subgroups of digital health
interventions were identified in the 56 articles.

The first cluster (32/56, 57% studies; 4565/9359, 48.78%
participants) included interventions mainly in professional and
client domains, mostly performed (23/32, 72%) in the home
base of the participant. The second cluster (24/56, 43% studies,
4794/9359, 51.22% participants) comprised interventionsin the
organizational, professional, and client domains, mostly
performed (17/24, 71%) in the home base and clinic settings.
Four statistically significant differences across the subgroups
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for digital health interventions were identified through the data collection, management, and use. The 2 clusters were
cluster differences analysis. targeted heath care provider named based on the characteristics of their digital health
decision assistance; referral coordination; health finance; and  interventions (Table 1).

Table 1. Clusters of digital health interventions (N=56).

Rainbow model intervention characterization ~ Total studies, n  Cluster 1: patient- Cluster 2: patient-provider-orga-  Cluster differ-
(%) provider—level digital health nizational—evel digital health ences (P value)
interventions (n=32), n (%) interventions (n=24), n (%)

Organizational domain
Health financing 5(9) 0(0) 5(21) .0062
Data collection, management, and use 23 (41) 3(9) 20(83) <.001P

Professional domain

Client identification and registration 47 (84) 25 (78) 22 (92) .18
Health care provider decision support 23 (41) 7(22) 16 (67) <.001¢
Telemedicine 55 (98) 32 (100) 23 (96) .25
Health care provider communication 12 (21) 8(25) 4(17) 46
Referral coordination 4(7) 0(0) 4(17) 02°
Health care provider training 23 (41) 13 (41) 10 (42) .94
Client domain

Targeted client communication 42 (75) 26 (81) 16 (67) 22
Personal health tracking 38 (68) 21 (66) 17 (71) .69

gignificant at level .01.
bSignificant at level .001.
CSignificant at level .05.

theitems, an unclear risk for 8.7% (34/392), and ahigh risk for

Quiality of Included Studies 10.7% (42/392).

Therisk of biasin theincluded studiesis summarized in Figure
3. Overall, there was alow risk of biasfor 80.6% (316/392) of

Figure 3. Summary of therisksof biasin included studies. For each quality item, low risk meansthat sufficient datawere reported in the study to allow
the assessment of quality, and the study fulfilled the criteriafor the quality item; high risk means that sufficient data were reported in the study to assess
quality, but the study did not fulfill the criteriafor the quality item; and unclear risk means that incomplete data for the quality item were reported. N/A:

not applicable.
Sequence generation (selection bias]:_
Allocation concealment (selection bias]:_
Blinding of outcome assessment (detection biasl—
Blinding of participants and personnel (detection biasl—
Incomplete outcome data (attrition biasl_
Selective outcome reporting (reporting biz<) [N
Other sources of bias [

I i 1 1 ]
I 1 i T 1
25% 75% 100%

0% 50%
I:]N/A DUnclear .LOw -High

L . interventions had asmall effect on pain compared with standard
Effect of Digital Health Interventions care management (SMD 0.19, 95% CI 0.06-0.31; Figure 4).
Pain However, there was evidence of high heterogeneity between

Of the 56 studies, 37 (66%; 5323/9359, 56.88% participants)  Studies (1°=81%). There was evidence of different effects on
reported the treatment effects on pain. Digital health Pan based on different types of digital health interventions
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(petient-provider: SMD 0.07, 95% ClI -0.04 to 0.19; P vaue for subgroup difference=.05). The quality of the
patient-provider-organization: SMD 0.34, 95% CI 0.08-0.60; evidence for pain was rated as moderate (Table 2).

Figure 4. Effect of digital health on pain. SMD: standardized mean difference.

Study ID Experimental Control SMD SMD 95%Cl Weight
Cluster =1
Irvine 2015 199 398 - 045 [[063;-028] 36%
Buhrman 2004 22 29 — 026 [[082; 0.30] 22%
Hordam 2010 68 93 026 [[057; 0.05] 31%
Bennell 2018 73 71 — 005 [[0.38; 0.27] 3.0%
Ang 2010 17 15 003 [[0.73; 066] 18%
Hauser-Ulrich 2020 38 23 — 003 [054; 049 23%
Carpenter 2012 70 71 — 000 [-0.33; 0.33] 3.0%
Calner 2017 55 44 — 000 [-0.39; 040] 28%
Berman 2009 41 37 — 002 [[042; 047] 26%
Kohns 2020 51 53 — 003 [-035 042] 28%
Peters 2017 226 50 — 004 [[027; 0.34] 31%
McCurry 2019 163 164 — 007 [-014; 029] 34%
Shigaki 2013 44 49 — 008 [[032; 049 27%
Ruehlman 2012 162 143 — 008 [-014; 0.31] 34%
Amorim 2019 34 34 — i — 011 [[0.36; 059] 25%
Lam 2020 7 14 i 012 [[079; 1.02] 13%
Dear 2013 397 74 —— 0.14 [0.11; 0.38] 3.3%
Blixen 2004 16 16 " 026 [-044; 095] 18%
Williams 2010 59 59 — 035 [[002; 0.71] 29%
Chiauzzi 2010 95 104 —— 045 [0.16; 0.73] 3.2%
Brattberg 2008 30 36 L 050 [0.01; 1.00] 24%
Mecklenburg 2018 101 61 —— 063 [031; 096] 31%
Random-effects model 1968 1638 = 0.07 [-0.04; 0.19] 60.5%
Heterogeneity: I* = 67%, ©° = 0.0465, p < .01
Cluster=2
Russell 2011 31 34 —— 033 [082; 0.16] 24%
Bini 2017 13 15 L 024 [[098; 051 17%
Piqueras 2013 72 70 —— 016 [[049; 017] 3.0%
Johnston 2010 6 8 003 [-1.03; 1.09] 11%
Petrozzi 2019 54 54 4;; 006 [-032; 043] 29%
Bennell 2017 74 74 — 015 [[017; 047] 31%
Allen 2018 112 192 — 025 [001; 048] 34%
Kristjansdottir 2013 69 66 —— 026 [-0.08; 060] 3.0%
Toelle 2019 42 44 |8 026 [-016; 069 27%
Kosterink 2010 36 35 L 048 [0.01; 095] 25%
Naylor 2008 26 25 L 049 [-0.07, 1.04] 22%
Pozo-Cruz 2012¢ 46 44 - 050 [008; 092] 27%
Chhabra 2018 45 48 ——— 051 [009; 092] 27%
Shebib 2019 113 64 —il— 099 [066; 1.31] 31%
Moffet 2015 104 101 —— 144 [113;175] 31%
Random-effects model 843 874 = 0.34 [0.08; 0.60] 39.5%
Heterogeneity: I° = 84%, t° = 0.1816, p < .01
Random-effects model 2811 2512 = 0.19 [0.06; 0.31] 100.0%
Heterogeneity: /° = 81%, t2= 01115, p < 01 ' as j 05 ' 5
Test for subgroup differences: 3| =4.00, df = 1 (p = .05)
Favors control Favors experimental
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Table 2. Summary of findings and assessment of the quality of evidence for outcomes (N=56).

Outcomes Studies, Certainty assessment Effect Certainty
n (%)
Study design  Risk of  Inconsistency  Indirect- Impreci-  Other  Individuals  g\p®rate
bias ness sion oonsde" (n=9359), n (95% Cl)
aions (%)
Pain (follow- 37 Randomized ggjgud Not serious Not serious Not serious None 5323(56.9) 0.19(0.06t0 Moderate
up: mean 25 (66.1) trids 0.31)
weeks)
Disabilityand 30 Randomized ggigud® Notserious  Notserious Notserious None — 4849 (51.8) 0.14(0.03to Moderate
function (fol- (53.6) trids 0.25)
low-up: mean
27 weeks)
Quality of life 24 Randomized Notseri- Not serious Not serious Notserious None 3995 (42.5) 0.22(0.07to High
(follow-up: (42.9) trids ous 0.36)
mean 25 weeks)
Emotiond func- 24 Randomized ogigud  SeriousS Not serious Not serious None 3814 (40.8) 0.24(0.12t0 Low
tioning (follow- (42.9)  trids 0.35)
up: mean 29
weeks)
Self-manage- 21 Randomized ggjgud® Not serious Not serious Notserious None 2857 (30.5) 0.14(0.05to Moderate
ment (follow-  (37.5)  trias 0.24)
up: mean 26
weeks)
Globa improve- 4 (7.1)  Randomized ggigud Not serious Not serious  gerjgusd None 795 (5.5) 0.25(-044 Low
ment (follow- trials t0 0.93)
up: mean 42
weeks)

8SMD: standardized mean difference.
BMost of the studies had a high frequency of other bias.
°L arge heterogeneity between studies (12>50%).

49596 CI includes the possible benefits from both control and digital health interventions.

Disability and Function

Of the 56 studies, data on disability and function were reported
in 30 (54%) studies (4849/9359, 51.8% participants). Digital
health interventions slightly improved the functioning of people
with musculoskeletal conditions (SMD 0.14, 95% Cl 0.03-0.25);
however, there was considerable heterogeneity among studies

https://www.jmir.org/2022/9/e37869

RenderX

(1%=66%:; Figure5). Therewaslittle evidencethat different types
of digital health interventions affected treatment effectiveness
(patient-provider: SMD 0.11, 95% CI -0.06 to 0.28;
patient-provider-organization: SMD 0.17, 95% CI 0.02-0.32;
P value for subgroup difference=.58). The quality of the
evidence for disability and functional outcomes was moderate.
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Figure5. Effect of digital health on disability and function. SMD: standardized mean difference.

Study ID Experimental Control SMD SMD 95% Cl Weight
Cluster=1 ’

Li 2014 100 137 —i— 0.58 [-0.84;-0.32] 4.3%
Chiauzzi 2010 95 104 025 [[0.53; 0.03] 42%
Blixen 2004 16 16 L -0.06 [[0.76; 063] 18%
Shigaki 2013 44 49 — -0.04 [-045; 0.37] 32%
Hordam 2010 68 93 — 001 [0.32; 031 39%
Bennell 2018 73 71 — 0.00 [-0.33; 0.33] 38%
Amorim 2019 34 34 — 0.03 [-045;, 050] 28%
Ang 2010 17 15 0.04 [0.65 074 18%
Williams 2010 59 59 — 0.04 [-0.32; 040] 36%
Peters 2017 226 50 — 0.08 [-0.22; 0.39] 4.0%
Calner 2017 55 44 — il — 009 [-0.30; 049] 33%
Irvine 2015 199 398 i 0.10 [0.07; 027] 5.0%
McCurry 2019 163 164 —l— 0.30 [0.08; 0.52] 46%
Dear 2013 397 74 —E— 046 [0.21; 0.71] 4.4%
Lam 2020 7 14 = 051 [041; 1.44] 12%
Mecklenburg 2018 101 61 —il— 056 [024; 088] 38%
Carpenter 2012 70 71 : —— 076 [042; 110] 37%
Random-effects model 1724 1454 = 0.11 [-0.06; 0.28] 59.5%
Heterogeneity: I~ = 76%, t~ = 0.0824, p = .01 :

Cluster=2

Piqueras 2013 72 70 —E— 0.33 [-0.66; 0.00] 3.8%
Russell 2011 Y 34 B -0.07 [-0.56; 0.41] 28%
Petrozzi 2019 54 54 —_— 0.06 [-0.31; 044] 35%
Bini 2017 13 15 LF 0.08 [-067;, 082] 16%
Toelle 2019 42 44 — i 0.08 [-0.34; 050] 31%
Kristjansdottir 2013 69 66 — 013 [[0.21; 046] 37%
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Random-effects model 799 872 = 0.17 [0.02; 0.32] 40.5%
Heterogeneity: I~ = 34%, t~ = 0.0232, p = 11

Random-effects model 2523 2326 == 0.14 [0.03; 0.25] 100.0%

Heterogeneity: I° = 66%, t° = 0.0583, p < .01
Test for subgroup differences: ;{T =0.31,df =1(p = 58)
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. . Figure6). Therewaslittle evidencethat different typesof digital
Quality of Life health interventions had differing effects on quality of life
Digital health interventions had a dlightly positive effect on  (patient-provider: SMD 016, 95% Cl  0.02-0.30;
health-related quality of life (24/56, 43% studies; 3995/9359,  patient-provider-organization: SMD 0.35, 95% Cl —0.04 0 0.75;
42.69% participants; SMD 0.22, 95% CI 0.07-1.36). Therewas P value for subgroup difference=.30). The quality of evidence
evidence of high-level heterogeneity between studies (1=63%;  for the quality of life was graded as high.
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Figure 6. Effect of digital health on quality of life. SMD: standardized mean difference.

Study ID Experimental
Cluster=1

Skolasky 2015 63
Odole 2014 25
Shigaki 2013 44
Bennell 2018 73
Buhrman 2013b 38
Janevic 2020 28
McCurry 2019 163
Irvine 2015 199
Wiliams 2010 121
Haordam 2010 68
Sharareh 2014 34
Braftberg 2008 30
Li 2014 100
Buhrman 2011 26
Random-effects mode[ 1012

Heterogeneity: I? = 45%, 2 = 0.0244, p =03

Cluster=2

Russell 2011 3
Leveille 2009 121
Moffet 2015 104
Lorig 2002 190
Allen 2018 112
Buhrman 2013a 36
Bennell 2017 74
Shebib 2019 113
Johnston 2010 6

Maylor 2008 26
Random-effects model_ 813

Heterogeneity: I° = 76%, 1- = 0.2022, p < .01

Random-effects model 1825
Heterogeneity: I° = 63%, t~ = 0.0496, p < .01

Control

2170

Test for subgroup differences: ;{T =1.10,df=1(p = .30)

Emotional Functioning

Of the 56 studies, 24 (43%; 3814/9359, 40.75% participants)
reported data on emotional functioning. Digita health
interventions had a positive effect on emotional functioning
compared with usual care (SMD 0.24, 95% CI 0.12-0.35);
however, there was evidence of heterogeneity between studies
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(1>=71%; Figure 7). There was little evidence of different
different types of

treatment

(patient-provider:

effects for

SMD  0.21,

95%

Cl

interventions
0.12-0.30;

patient-provider-organization: SMD 0.32, 95% Cl —0.27t00.92;
P value for subgroup difference=.60). The quality of evidence
for emotional functioning was low.
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Figure7. Effect of digital health on emotional functioning. SMD: standardized mean difference.
Study ID Experimental Control SMD SMD 95% Cl Weight
Cluster=1
Blixen 2004 16 16 0.04 [[065073] 22%
Hordam 2010 68 a3 — 004 [[027,035] 49%
Berman 2009 41 37 — 0.06 [-0.39;050] 37%
Krein 2013 111 118 — 007 [[019;033] 54%
Buhrman 2013b 38 38 — 0.07 [-0.38;052] 36%
McCurry 2019 163 164 = 008 [013;030] 59%
Chiauzzi 2010 95 104 — 0.08 [-0.19;036] 52%
Shigaki 2013 44 49 | 0.09 [-0.32;049] 40%
Buhrman 2004 22 29 ] 0.11 [-045,066] 29%
Ruehlman 2012 162 143 i 0.15 [0.08;0.37] 5.8%
Lam 2020 7 14 = 016 [-0.75,1.06] 14%
Wiliams 2010 121 120 —— 0.16 [0.09;0.41] 5.5%
Bennell 2018 73 71 —_—B— 021 [012;054] 47%
Calner 2017 55 44 —— 0.22 [0.18;0.61] 4.1%
Buhrman 2011 26 28 — & — 0.30 [[024;083] 30%
Brattberg 2008 30 36 —— 0.32 [0.17:0.80] 3.3%
Peters 2017 226 50 ——— 042 [011;072] 49%
Dear 2013 397 74 —— 0.53 [0.28:0.78] 5.5%
Carpenter 2012 70 71 —i— 068 [034,102] 46%
Random-effects model 1765 1299 = 0.21 [0.12; 0.30] 80.5%
Heterogeneity: 1 = 18%, t° = 0.0114, p = 24
Cluster=2
Petrozzi 2019 54 54 | 011 [049,027] 42%
Buhrman 2013a 36 36 — 0.04 [-043;050] 35%
Kristjansdottir 2013 69 66 —— 0.16 [-0.18;050] 46%
Johnston 2010 6 8 & 056 [-0.53;164 11%
Lorig 2002 190 231 —- 1.00 [0.80;120] 60%
Random-effects model 355 395 e 0.32 [-0.27; 0.92] 19.5%
Heterogeneity: I° = 90%, > = 0.2073, p < .01
Random-effects model 2120 1694 . : : i : : . 0.24 [0.12; 0.35] 100.0%
Heterogeneity: I” = 71%, t* = 0.0533, p < .01 s P 28 o 05 1 s

Test for subgroup differences: ;{T =0.28,df =1 (p = .60)

Favors control Favors experiments]

Sdlf-management usual care (SMD 0.14, 95% Cl 0.05-0.24; Figure 8) with

moderate quality of evidence. There was little evidence that
Of the 56 studies, 21 (38%) reported treatment effects on different types of interventions affected treatment effectiveness
self-management behavior (2857/9359, 30.5% participants).  (patient-provider: SMD  0.19, 95% Cl  0.07-0.30;

Evidence suggeststhat digital heathinterventionshaveasmall  patient-provider-organization: SMD 0.14, 95% CI -0.13t0 0.26;
positive effect on self-management behaviors compared with P value for subgroup difference=.19).
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Figure 8. Effect of digital health on self-management. SMD: standardized mean difference.

Study ID Experimental Control SMD SMD 95% Cl Weight
Cluster =1

Krein 2013 111 118 — -0.06 [-0.32;0.20] 75%

Shigaki 2013 44 49 — 000 [[040;041] 41%

Carpenter 2012 70 71 — 001 [[032;034] 55%

Buhrman 2004 22 29 ; 003 [[052;059] 25%

Berman 2009 41 37 — 0.06 [-0.38,051] 3.6%

Buhrman 2013b 38 38 — 009 [[036;054] 35%

Buhrman 2011 26 28 i 015 [[0.39;068] 26%

Brattberg 2008 30 36 i 015 [[0.33;064] 31%

Bennell 2018 73 71 —— 016 [-0.17;048] 56%

Blixen 2004 16 16 — 028 [-042;098] 17%

Peters 2017 114 50 T 029 [-0.05,062] 55%

Chiauzzi 2010 95 104 ——— 031 [0.03;059] 69%

Irvine 2015 199 199 —— 042 [022;062] 98%

Dear 2013 31 31 = 069 [017;120] 28%

Random-effects model 910 877 = 0.19 [0.07; 0.30] 64.6%
Heterogeneity: I° = 20%, ©° = 0.0134, p = 24 5

Cluster=2

Naylor 2008 25 25 & -045 [[1.01;011] 24%

Leveille 2009 121 120 —— -0.10 [-0.35;0.15] 7.7%

Petrozzi 2019 54 54 — 0.02 [-0.36,040] 46%

Buhrman 2013a 36 36 :Flr— 004 [-042;050] 34%

Bennell 2017 74 74 — 018 [[0.14;051] 57%

Lorig 2002 190 231 —— 020 [0.01;039] 10.1%
lles 2011 15 15 : = 045 [028;117] 15%

Random-effects model 515 555 == 0.06 [-0.13; 0.26] 35.4%
Heterogeneity: I~ = 29%, t~ = 0.0101, p = .21 :

Random-effects model 1425 1432 < 0.14 [0.05; 0.24] 100.0%
Heterogeneity: I* = 26%, 1> = 0.0133, p = .13 p s . s '

Test for subgroup differences: ;{T =175 df=1(p=.19)

Qualitative Synthesis

The qualitative analysis showed that digital health interventions
have little or no effect on global improvement compared with
standard care management (4/56, 7% studies, 795/9359, 8.49%
participants; SMD 0.25, 95% CI -0.44 to 1.93). There was

evidence of heterogeneity between studies (12=87%), with alow
quality of evidence. In addition, data on the range of motion
were provided from 4% (2/56) of investigationsinvolving 2.24%
(210/9359) of participants, however, the treatment effectswere
highly ambiguous (Table S6in Multimedia Appendix 1[16-71]).
Furthermore, 4% (2/56) of studies reported no effect of digital
health on muscle strength (Table S6 in Multimedia Appendix
1 [16-71]). Of the 56 studies, the effects of digital health
interventions on knowledge were reported in 2 (4%) studies
(77419359, 8.27% participants), and 1 (2%) study reported a
significant effect (Table S6 in Multimedia Appendix 1 [16-71]).
One of the studies reported an effect on satisfaction scores
among participants, and another reported recovery expectation
rates during the intervention (Table S6 in Multimedia A ppendix
1[16-71]). A cost analysis of digital health interventions for
individual swith muscul oskeletal pain conditionswas presented
in 4% (2/56) of studies (349/9359, 3.73% participants). In both
investigations, digital health interventions were cost-effective
and efficient (Table S6 in Multimedia Appendix 1 [16-71]).

Publication Bias, Subgroup, and Sensitivity Analyses

Therewaslittle evidence of funnel plot asymmetry intreatment
effects for pain, disability and function, quality of life, and
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emotional functioning (Figures S1-S5 in Multimedia Appendix
1 [16-71]). In addition, there was little evidence that digital
health interventions had different effects on pain, disability and
function, quality of life, emotiona functioning, and
self-management based on the duration of intervention (pain
P=.66; disability and function P=.94; quality of life P=.45;
emotional functioning P=.42; and self-management P=.66) or
study setting (pain P=.80; disability and function P=.05; quality
of life P=.63; emotiona functioning P=.06; and
self-management P=.06). The sensitivity analysis showed that
restricting analyses to studies with lower risks of bias (pain
P=.15; disability and function P=.58; quality of life P=.26; and
self-management P=.39), follow-up <12 months (pain P=.22;
disability and function P=.66; quality of life P=.31; emotional
functioning P=.85; and self-management P=.48), or a small
sample size (pain P=.88; disability and function P=.74; quality
of life P=.62; emotiona functioning, P=.19; and
self-management P=.85) provided no different treatment effects
for pain, disability and function, quality of life, and
self-management (Table S7in MultimediaAppendix 1[16-71]).
However, the risk of bias resulted in different results for
emotional functioning (P=.01).

Discussion

Principal Findings
To the best of our knowledge, this meta-analytic review is the

first to systematically assess the effectiveness of digital health
interventions among people with musculoskeletal pain
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conditions. Pain, functioning, quality of life, emotional
functioning, and self-management were all found to have small
positive effects on a diverse set of digital health interventions.
There was evidence that multicomponent interventionstargeted
at the client, provider, and organization levelshad greater effects
on pain than interventions targeted only at the client and
provider levels. There was little evidence that different types
of digital health interventions had different effects on other
outcomes. The lack of high-quality evidence on global
improvement, range of motion, muscle strength, and knowledge
reinforces the need for further research on digital health for
muscul oskeletal pain conditions.

Comparison With Existing Evidence

Previous reviews have al so reported evidence on the effects of
digital health interventionsfor reducing pain in muscul oskeletal
conditions[4,5,87-89]. However, most of these studiesfocused
solely on chronic pain [87,88] or generic musculoskeletal
conditions [5,7]. Further research is needed to corroborate our
findings linking compound digital health treatments at the
patient, provider, and organizational levels to reduced pain
symptoms.

Our findings highlighting that digita health interventions
improve function are consistent with earlier reviews of studies
involving patientswith generic muscul oskeletal conditions|[5,7].
Reviews focusing on chronic and nonspecific low back pain
populations have reported limited evidence on the effects of
digital health interventions on improving function [4,88]. The
complexity of (chronic) pain management and the small number
of RCTs included in earlier evaluations could explain the
disparity in results.

Thisreview indicatesthat digital health interventions havelittle
effect on hedth-related quality of life. Previous systematic
reviews have been inconsistent in this regard. For instance, 2
reviews suggested nonsignificant quality of life effects on
muscul oskeletal and chronic pain conditions [7,87], whereas 1
review reported a significant improvement in quality of life
among people with nonspecific low back pain [4]. The
variability of results may be explained by the differences in
target populations, quality of the study design, and number of
RCTsincluded in previous studies.

Similarly, this study has shown favorable outcomes for the
emotional functioning of digital health interventionsfor people
with musculoskeletal pain [87,88]. However, the sensitivity
analysis provides evidence of the risk of bias confounding the
effects, which requires further investigation. In line with other
studies, this review found that digital health interventions may
increase self-management behavior [88].

In all the reviewed studies, there was only aminimal reference
to the cost-effectiveness of digital health interventions for
musculoskeletal pain conditions. We could only include 2
studies reporting a significant cost reduction of digital health
interventions compared with usual care [16,17]. Future trials
should further explore whether digital health interventions can
improve health outcomes related to musculoskeletal pain at
lower costs than usual care. Data reporting for global
improvement, range of motion, muscle strength, knowledge,
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and the delivery process of digital health were notably
underreported, as has been observed in other reviews
[4,5,87-89].

Strengthsand Limitations

Thisisthe first review to synthesize the types of digital health
interventions reported in the literature and quantify their
effectiveness and confidence in treatment effects across abroad
range of outcome measures. The strength of thisreview is that
it was theoretically grounded in the WHO taxonomy [11] and
the RMIC[13] to classify ambiguousdigital health interventions
reported in the literature. However, some limitations of this
study must be acknowledged. First, it must be noted that
confounding factors carry an inherent risk of bias, as evidenced
by the large statistical heterogeneity across the pooled results
for pain, function, quality of life, and self-management. In
addition, the effects found in this study could have been
influenced by differencesin measurement scales and not by real
differencesin variability among study populations[90,91]. This
should be further investigated in future studies. Moreover, the
content of digital health interventions, diagnostic groups, and
control conditions varied considerably, potentialy biasing the
results. Therefore, generalizing the overal findings to the
management of musculoskeletal pain conditions should be
treated with caution. Second, although we used a broad search
technique, this eval uation could have been hindered by language
bias, as we only included English-language literature. This
means that our search may not reflect all availabledigital health
interventions for musculoskeletal pain conditions. Third, we
did not find any evidence of publication bias. It should be noted
that the Egger test could potentially be misleading when used
with continuous outcome measures [92]. Finally, although we
abstracted and summarized the essential components of the
interventions, there was minimal information on the type and
intensity of digital health interventions offered.

Relevancefor Clinical Practice and Research

A major finding was that digital health interventions targeted
at theclinical, provider, and organizational levelswere effective
in reducing pain for muscul oskeletal conditions. To date, most
studies have focused on isolated digital interventions targeted
at the patient-provider level, such as telemedicine or targeted
client communication. Future research should focus on
improving the longitudinal design and on different types of
interventions, drawing on the recent WHO taxonomy and the
RMIC. Our findings should encourage interest in implementing
real-world evaluation designs of digital health models to
improve health care delivery as digital health interventions
become more prevalent. Moreover, none of the studiesincluded
in this review covered the full breadth of the triple aim of
assessing health, quality of care, and cost outcomes in
conjunction. Thisemphasizestheimportance of creating acore
triple-aim result set for digital health interventions, which
includes adefined set of outcomesthat measure user experience,
intervention quality, and costs.

Conclusions

This review provides moderate-quality evidence that digital
health interventions are effectivein reducing pain and improving
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functioning and self-management of musculoskeletal pain  implementation fidelity are limited, these findings point to the
conditions. Low-quality evidence indicates that digital health need for more primary research into the particular combination
can improve the quality of life and global treatment. Although of digital interventions that health care providers could use
evaluations of the effects of digital health on costs, knowledge, effectively.

global improvement, range of motion, muscle strength, and
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