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Abstract

Background: Musculoskeletal diseases affect 1.71 billion people worldwide, impose a high biopsychosocial burden on patients,
and are associated with high economic costs. The use of digital health interventionsis a promising cost-saving approach for the
treatment of muscul oskeletal diseases. As physical exerciseisthebest clinical practicein the treatment of musculoskeletal diseases,
digital health interventions that provide physical exercises could have a highly positive impact on musculoskeletal diseases, but
evidence islacking.

Objective: Thissystematic review aimsto evaluate theimpact of digital physical health exercises on patients with muscul oskel etal
diseases concerning the localization of the muscul oskeletal disease, patient-reported outcomes, and medical treatment types.

Methods: We performed systematic literature research using the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. The search was conducted using the PubMed, BISp, Cochrane Library, and Web of Science
databases. The Scottish Intercollegiate Guidelines Network checklist was used to assess the quality of theincluded original studies.
To determine the evidence and direction of theimpact of digital physical health exercises, a best-evidence synthesiswas conducted,
whereby only studies with at |east acceptable methodological quality were included for validity purposes.

Results: A total of 8988 studies were screened, of which 30 (0.33%) randomized controlled trials met the inclusion criteria. Of
these, 16 studies (53%) were of acceptable or high quality; they included 1840 patients (1008/1643, 61.35% female; 3 studies
including 197 patients did not report gender distribution) with various muscul oskel etal diseases. A total of 3 different intervention
types (app-based interventions, internet-based exercises, and telerehabilitation) were used to deliver digital physical health
exercises. Strong evidence was found for the positive impact of digital physical health exercises on musculoskeletal diseases
located in the back. Moderate evidence was found for diseases located in the shoulder and hip, whereas evidence for the entire
body was limited. Conflicting evidence was found for diseases located in the knee and hand. For patient-reported outcomes,
strong evidence was found for impairment and quality of life. Conflicting evidence was found for pain and function. Regarding
the medical treatment type, conflicting evidence was found for operative and conservative therapies.

Conclusions.  Strong to moderate evidence was found for a positive impact on muscul oskeletal diseases located in the back,
shoulder, and hip and on the patient-reported outcomes of impairment and quality of life. Thus, digital physical health exercises
could have a positive effect on a variety of symptoms of muscul oskeletal diseases.

(IMIR Mhealth Uhealth 2024;12:€50616) doi: 10.2196/50616
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Introduction

Background

A total of 1.71 billion people are affected by musculoskeletal
diseasesworldwide[1]. They are characterized by chronic pain,
functional disability, impairment, and reduced quality of life
[1,2]. The most commonly affected body regions are the lower
back and neck, with a period prevalence over thelast 12 months
of up to 61.3% and 45.7% [3], respectively, and a common
disease is osteoarthritis, with a prevalence of up to 17.9% [4].
In addition to the high biopsychosocial burden [5], the evident
increase in the incidence of musculoskeletal diseases over the
last decades [6] results in high economic costs because of lost
workdays and conservative or operative medical treatments[5].
To overcome such undesirable consequences, evidence-based,
effective, and cost-saving health interventions are required.
Therefore, the use of digital health interventionsisapromising
approach.

Digital health interventions aim to manage a wide range of
diseases and hedth issues using digital devices such as
smartphones, tablets, computers, or wearables, including mobile
apps, telerehabilitation and web-based physician visits,
web-based interactive programs, or tracking tools[7]. The use
of mobile apps isincreasing, with common intervention types
categorized as physical exercise and fitness, lifestyle and stress,
diet and nutrition, or medication reminders and educational
materials [7]. In some countries, such as Germany, so-called
digital health applications are also supported by health insurers
after being evaluated as medical devices [8]. However, owing
to their cost-saving potential and the increasing number of
commercialy available digital health interventions [7], further
research is needed to evaluate the impact of different types of
digital health interventions on specific diseases.

Previous systematic reviews have extensively evaluated the
impact of digital health interventions on internal diseases.
Positive effects have been demonstrated in treating chronic
obstructive pulmonary disease[9], cardiovascular disease [10],
and diabetes [11]. These effects encompass improvements in
clinically relevant outcomes such asquality of life, health-related
impairments, amelioration of risk factors and their conseguences,
as well as the control and management of HbA1c levels. For
musculoskeletal diseases, only 2 previous systematic reviews
have evaluated the impact of digital health interventions as a
primary outcome. One review [12] showed that there are
substantial  clinical benefits in  the management of
musculoskeletal diseases for the patient-reported outcomes of
pain (9 out of 19 studies) and functional disability (10 out of
16 studies). The results show that digital health interventions
as adjuncts and as stand-alone treatments are not inferior but
partly superior compared with interventions based on standard
therapy, nondigital self-management, noninteractive digital
measures, or o intervention. However, in this previous review,
no evidence synthesis was performed. In addition, a further
review [13] conducted a meta-anaysis and showed
moderate-quality evidence that digital health interventions are
effective in reducing pain and improving function and
self-management in patients with muscul oskeletal disease. The
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included studies considered digital health interventions as
interventions that are to be used only at home and as adjuncts
to standard clinical care, compared with standard care,
noninteractive digital interventions, or no intervention. Taken
together, the use of digital health interventions as an adjunct to
regular therapy could have positive health-related effects for
both internal and musculoskeletal diseases, although less
evidenceis available for the latter.

However, little is known about the relationship between
clinicaly relevant factors, such as the localization of the
muscul oskeletal diseases, patient-reported outcomes, or thetype
of applied conservative or operative medical treatments, and
the effects of different types of digital health interventions in
the treatment of musculoskeletal diseases. In terms of
evidence-based medicine, such relationships must first be
clarified when using digital health interventions as a regular
treatment option for specific muscul oskel etal diseases. Because
of the increasing number of original studies, more systematic
research is needed to review and assess the existing evidence.
Previous systematic reviews [12,13] have included all types of
digital health interventions, providing a comprehensive overall
result acrossall biopsychosocial domains. Asphysical exercise
isthebest clinical practicefor the treatment of muscul oskel etal
diseases [14], digital physical health exercises could have a
highly positive impact on musculoskeletal diseases. However,
little is known about how the effects of digital physical health
exercises are related to the aforementioned clinically relevant
factors.

Objective

Therefore, this systematic review aimed to evaluate the impact
of digital physical health exercises on patients with
musculoskeletal diseases concerning the localization of the
muscul oskel etal disease, patient-reported outcomes, and medical
treatment types. In addition, a best-evidence synthesis was
conducted to estimate the direction and strength of the existing
evidence.

Methods

Research Design and Eligibility Criteria

The systematic review was conducted according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [15]. Eligibility criteria according
to the population, intervention, comparison, outcome, study
design (PICOS) scheme[16] were applied. Table 1 presentsthe
inclusion criteria according to the PICOS scheme. Textbox 1
presents the search line.

The corresponding keywords are also presented. Studies were
not reviewed if they did not report on a specific muscul oskel etal
diseasg, if the digital health intervention included no physical
exercises, if no control group was considered, or if none of the
included patient-reported outcomes were assessed as a primary
outcome. All methodol ogical stepswere performed by 1 author
and validated by a second author. Uncertainties were discussed
until consensus was reached. Because of the literary nature of
this study, ethics approval was not required.
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Table 1. PICOS? scheme for the definition of the inclusion criteria and the presentation of the corresponding keywords.
Population Intervention Comparison Outcome Study design

Inclusion

criteria?

Keywords

Patients with any muscu-
loskeletal disease according
to the definition of the

WHO*

“Musculoskeletal disease”
OR “Muscul oskel etal disor-
der” OR “Muscul oskeletal
pain” OR “Chronic pain”
OR “Acutepain” OR
“Overusepain” OR“Chron-
icinjury” OR “Chronicin-
juries” OR “Acute injury”
OR “Acuteinjuries’ OR
“Overuseinjury” OR
“Overuseinjuries’ OR
“Chronic disease” OR
“Acute disease” OR
“Overuse disease” OR “Os-
teoporosis’ OR “Osteoarthri-
tis’ OR “Rheumatoid arthri-
tis” OR “Tendinopathy” OR
“Tendinopathies’ OR “Rota
tor cuff” OR “Lower extrem-
ity” OR“Lower extremities’
OR “Upper extremity” OR
“Upper extremities’ OR
“Hip” OR “Knee” OR
“Foot” OR “Hand” OR
“Ankle” OR “Wrist” OR
“Elbow” OR “Low back”
OR “Neck” OR “Back” OR
“Sping” OR “Shoulder” OR
“Arm” OR“Leg” OR
“Muscle’ OR “Tendon” OR
“Ligament”

Any digital health intervention
using home-based physical ex-
ercises

“Digital movement therapy”
OR “Digital movement thera-
pies’ OR “Mobile health” OR
“€Therapy” OR “€eTherapies’
OR “Web-based intervention”
OR “Digital intervention” OR
“ Computer-based intervention”
OR “App-based intervention”
OR“Digital hedth application”
OR “Technol ogy-assi sted ther-
apy” OR “Technology-assisted
therapies’ OR “Internet-based
intervention” OR “Computer-
assisted therapy” OR “ Compuit-
er-assisted therapies” OR
“health app” OR “mobile appli-
cation” OR “Smartphone” OR
“Mobile phone” OR “ehealth”
OR “mhealth” OR “telerehabil -
itation” OR“ Telemedicine” OR
“onlineintervention” OR “inter-
net-delivered intervention”

Any conventional or no
therapy

“Osteopathy” OR “move-
ment therapy” OR “move-
ment therapies” OR
“physical therapy” OR
“physical therapies’ OR
“therapeutic exercise” OR
“medical gymnastic’ OR
“traditional therapy” OR
“traditional therapies’ OR
“manual therapy” OR
“manual therapies’ OR
“physiotherapy” OR “No
therapy” OR “No thera-
pies’ OR “conventional
therapy” OR “conventional
therapies’ OR “no treat-
ment” OR “no interven-
tion” OR “watch-and-
wait” OR “wait-and-see’
OR “watch and wait” OR
“wait and see”

Randomized con-
trolled trials

Patient-reported out-
comes pain, func-
tion, disability, and
quality of life as-
sessed by estab-
lished and validated
clinical question-
naires or scales

“Randomized
controlled trials’

N/Ad

3PICOS: Population, intervention, comparison, outcome, and study design.
POthers: Studiesin English or German language with free full access were included.
SWHO: World Health Organization.
dN/A: Not applicable.

Textbox 1. Search line.

“(Muscul oskel etal disease OR muscul oskeletal disorder OR musculoskeletal pain OR chronic pain OR acute pain OR overuse pain OR chronicinjury
OR chronic injuries OR acute injury OR acute injuries OR overuse injury OR overuse injuries OR chronic disease OR acute disease OR overuse
disease OR osteoporosis OR osteoarthritis OR rheumatoid arthritis OR tendinopathy OR tendinopathies OR rotator cuff OR lower extremity OR lower
extremities OR upper extremity OR upper extremities OR hip OR knee OR foot OR hand OR ankle OR wrist OR elbow OR low back OR neck OR
back OR spine OR shoulder OR arm OR leg OR muscle OR tendon OR ligament) AND (digital movement therapy OR digital movement therapies
OR mobile health OR etherapy OR etherapies OR web-based intervention OR digital intervention OR computer-based intervention OR app-based
intervention OR digital health application OR technology-assisted therapy OR technology-assisted therapies OR internet-based intervention OR
computer-assisted therapy OR computer-assisted therapies OR health app OR mobile application OR smartphone OR mobile phone OR ehealth OR
mhealth OR telerehabilitation OR telemedicine OR online intervention OR internet-delivered intervention) AND (osteopathy OR movement therapy
OR movement therapies OR physical therapy OR physical therapies OR therapeutic exercise OR medical gymnastic OR traditional therapy OR
traditional therapies OR manual therapy OR manual therapies OR physiotherapy OR no therapy OR no therapies OR conventional therapy OR
conventional therapies OR no treatment OR no intervention OR watch-and-wait OR wait-and-see OR watch and wait OR wait and see) AND
(randomized controlled trials).”
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Literature Search, Study Selection, and Risk of Bias

Theliterature search was performed on July 21, 2022, using the
PubMed (MEDLINE), BISp (Federa Institute of Sport Science),
Cochrane Library, and Web of Science databases. The search
line included terms presented in Table 1. The “outcomes”
category was not included in the search strategy but was
considered in the subsequent study inclusion and selection
process. Nofiltersor other restrictionswere used. Theretrieved
records were exported to a reference manager (EndNote 20,
Clarivate). All duplicates were identified using the software
and were removed after a manua review. On the basis of the
defined eligibility criteria, studies were included or excluded
by reviewing the titles, abstracts, and full texts. Full texts were
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accessed via public or open access and university accounts. If
the full texts were not accessible, the authors were contacted.
The study quality and the associated risk of bias were assessed
using the Scottish Intercollegiate Guidelines Network checklist
for randomized controlled trials [17]. The checklist consisted
of 10 items related to the internal validity and 2 items related
to the overall assessment of the studies. For each included study,
all items were answered with “yes,” “no,” “can't say,” or “not
applicable.” The study quality wasthen finally rated throughout
the “ Scottish Intercollegiate Guidelines Network checklist for
randomized controlled trials: Notesfor completion of checklist”
as “not acceptable,” “borderline,” “acceptable,” and “high,” as
previously done [18]. The definitions of these quality
classifications are presented in Textbox 2.

Textbox 2. Definitions for ratings of the overall methodological study quality.

High quality

Acceptable quality

Borderline quality

acceptably sound with respect to other possible biases.

Not acceptable quality

Note: Definitions according to Asker et a [18].

« Most criteriamet. Little or no risk of bias. Results unlikely to be changed by further research.

. Most criteriamet. Some flaws in the study with an associated risk of bias. Conclusions may change in the light of further studies.

«  Crude effect estimates have been presented or have been calculated (thus no confounders have been considered), but the study is otherwise

»  Either most criterianot met, or significant flawsrelating to key aspects of study design. Conclusionslikely to changein thelight of further studies.

Data Extraction and Synthesis of Results

Data extraction was performed according to the PICOS scheme.
A best-evidence synthesiswas conducted to clarify the evidence
for digital physical health exerciseson clinically relevant factors
clustered as (1) localization of the musculoskeletal diseases, (2)
patient-reported outcomes (according to the eligibility criteria),
and (3) medical treatment types (conservative vs operative).
Within these clusters, the study results were individually
classified as positive, negative, or equal for each clinically
relevant factor. In accordance with a previous study [14], the

Table 2. Criteriaof best-evidence synthesis according to Asker et a [18].

study results were classified as positive or negative if the
intervention or control group showed satistically better
significant study results than the other group for >50% of the
outcome parameters that were used to examine the respective
clinicaly relevant factors. If no satisticaly significant
differences were reported between the intervention and control
groups, the study results were classified as equal. With regard
to the best-evidence synthesis, the established criteria[18] are
summarized in Table 2, and to increase the vaidity, only studies
with at least acceptable study quality wereincluded [19].

Rating Study quality

Criteria

Strong evidence >2 high-quality studies
Moderate evidence

Limited evidence

Conflicting evidence

No evidence No admissible studies were found

1 high-quality study and/or =2 acceptable-quality studies
1 acceptable-quality study and/or =1 borderline-quality study

Conflicting resultsin several studies of any quality

>75% consistent findings in these studies
>75% consistent findings in these studies
N/A?

<75% of studies reported concordant results

N/A

aN/A: Not applicable.
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Results

Literature Search, Study Selection, and Risk of Bias

Figure 1 shows the flowchart of the literature search including
the study selection process according to the PRISMA guidelines.
On the basis of the eligibility criteria, of 10,441 records, 30
(0.29%) studies were finaly included in the risk of bias
assessment. Although 1453 studieswere identified as duplicates,
8958 studies that did not meet the inclusion criteria addressed

Nagel et a

no musculoskeletal diseases, were not randomized controlled
trials, or addressed other outcomes. Table 3 summarizes the
results of the risk of bias assessment.

Therewere 10 studieswith high quality [20-29], 6 studieswith
acceptable quality [30-35], 10 studies with borderline quality
[36-45], and 4 studieswith not acceptable quality [46-49]. Thus,
because of the not acceptable and borderline qualities of 14
studies, 16 studies were further analyzed and finally included
in the best-evidence synthesis.

Figure 1. Flowchart of the literature search including the study selection process according to the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analyses) guidelines. RCT: randomized controlled trial.

- Records identified (N=10,441)
= from:
g
= * PubMed (n=7947)
s « BISp (n=0)
= * Cochrane Library (n=0)
* Web of Science (n=2494)
Records removed before screening
p . y 1 - Duplicate records (n=1453)
Records screened by title and
abstract (n=8988)
Records excluded (n=8887):
* Other diseases (n=4038)
v * No diseases (n=319)
20 * NoRCT (n=2411)
- Reports sought for retrieval * No exercise therapy (n=1903)
§ (n=101) + Not digital (n=113)
2 * Other outcomes (n=31)
* Others (n=72)
.| Reports not
v | retrieved (n=0)
Reports assessed for eligibility
by full text (n=101) Reports excluded (n=71):
L ) * Other outcomes (n=26)
* Not home based (n=6)
{ * No exercise therapy (n=8)
* No full-text access (n=6)
= * Different study design (n=9)
§ Studies included in the review * Others (n=16)
] (n=30)
=
Studies excluded (n=14):
* Borderline quality (n=10)
A J * Not acceptable quality (n=4)
2 Studies included for final
.E analysis (n=16)
E Number of participants
E * Intervention group (n=823)
= « Control group (n=1017)
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Table 3. Results of the 30 studies checked for the risk of bias assessment using the Scottish Intercollegiate Guidelines Network checklist.

Study 11 12 13 14 15 1.6 1.7 18 19 110 21 2.2 2.3 Total Study

(%) quality
Yes No CS* NAP

Abadiyan Yes Yes Yes No Yes Yes Yes 3 CS NA 4, Yes Yes 8 1 1 1 High

et a [20]

Allenet Yes Yes Yes No VYes VYes VYes 131 Yes N/A ++ Yes Yes 9 1 0 1 High

al [21]

Blan- Yes Yes Yes No Yes Yes Yes O Yes N/A ++ Yes Yes 9 1 0 1 High

quero et

a [22]

Choietal Yes Yes Yes CS Yes Yes Yes O Yes N/A ++ Yes Yes 9 0 1 1 High

(23]

Fatoyeet Yes Yes Yes No Yes Yes Yes 16 CS NA ++ Yes Yes 8 1 1 1 High

al [24]

Fleis- Yes Yes Yes No VYes VYes Yes 166 Yes N/A ++ Yes Yes 9 1 0 1 High

chman et

al [25]

Moffetet Yes Yes Yes No VYes Yes Yes 63 Yes Yes ++ CS Yes 9 1 1 0 High

al [26]

Nelligan Yes Yes Yes VYes Yes Yes Yes 126 Yes Yes ++ Yes Yes 11 0 0 0 High

eta [27]

Nelsonet Yes Yes Yes No CS VYes VYes 1 Yes N/A ++ Yes Yes 8 1 1 1 High

al [28]

Ozdenet Yes Yes Yes Yes Yes Yes Yes 7 CS NA ++ Yes Yes 9 0 1 1 High

al [29]

Bennell Yes Yes Yes No Yes Yes Yes 101 Yes NA d Yes Yes 9 1 0 1 Accept-

et a [30] able

Chhabra Yes Yes Yes No No Yes Yes O Yes N/A + Yes Yes 8 2 0 1 Accept-

etal [31] able

Hardtet Yes Yes Yes No Yes CS Yes 10 Yes N/A + Yes Yes 8 1 1 1 Accept-

a [32] able

Hermman- Yes Yes Yes No Yes Yes Yes 18 Yes N/A + Yes No 8 2 0 1 Accept-

do-Garijo able

etal [33]

Ro- Yes Yes Yes No No Yes Yes 16 Yes NA + Yes Yes 8 2 0 1 Accept-

driguez able

Sanchez-

Laulhé et

al [34]

Tousig- Yes Yes Yes CS Yes Yes Yes 15 CsS Cs + Yes Yes 8 0 3 0 Accept-

nant et al able

[39]

Ananet Yes Yes Yes No Yes CS Yes 256 Yes NA _e CS Yes 7 1 2 1 Border-

a [36] line

Backeret Yes Yes Yes No Yes Yes Yes 42 No NA - Yes Yes 8 2 0 1 Border-

a [37] line

Bossenet Yes Yes Yes No VYes Yes Yes 246 Yes NA - Yes Yes 9 1 0 1 Border-

a [38] line

Correilaet Yes Yes Yes No Yes Yes Yes 36 No NA - Yes Yes 8 2 0 1 Border-

a [39] line

delPozo- Yes CS CS No Yes Yes Yes 10 Yes Yes - Yes CS 7 1 3 0 Border-

Cruzeta line

[40]
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Study 11 1.2 1.3 1.4 15 1.6 1.7 18 1.9 1.10 21 2.2 2.3 Tota Study
(%) quality
Yes No CS* NAP
Gohiret Yes Yes Yes No Yes Yes Yes 281 Yes NA - Yes Yes 9 1 0 1 Border-
a [41] line
Kloeket Yes Yes Yes No Yes Yes Yes 3B1 Yes CS - Yes No 8 2 1 0 Border-
a [42] line
Piqueras Yes Yes Yes No No Yes Yes 265 CS NA - Yes CS 6 2 2 1 Border-
et a [43] line
Puntetadd Yes Yes Yes No Yes Yes Yes 21 Yes N/A - CS Yes 8 1 1 1 Border-
[44] line
Sandadlet Yes Yes Yes No Yes Yes Yes 236 Yes CS - CS Yes 8 1 2 0 Border-
a [45] line
Laraetd Yes CS CS No Yes Yes Yes 4 Yes NA __f Yes No 6 2 2 1 Not ac-
[46] ceptable
Loriget Yes CS CS No Yes No Yes 239 Yes CS —- No No 4 4 3 0 Not ac-
a [47] ceptable
Shebibet Yes Yes Yes No No No Yes 407 Yes CS —— CS Yes 6 3 2 0 Not ac-
a [48] ceptable
Toelleet Yes No No No Yes Yes Yes 149 No N/A  — CsS Cs 4 4 2 1 Not ac-
a [49] ceptable
8CS: Cannot say.

BN/A: Not applicable.
“Low or no risk of bias.
dAssociated risk of bias.
€Crucial risk of bias.
"High risk of bias.

Study Characteristics

Table 4 presents the study characteristics of the 16 included
studies according to the PICOS scheme.

The publication period ranged from 2011 [35] to 2022 [29,34],
whereby 3 studieswere published each in 2018[21,31,32], 2019
[22,23,25], and 2021 [ 20,27,33]. The most common publication
country was Australia, with 3 studies [27,28,30], followed by
2 studies each published by Spain [22,34], Canada[26,35], and
the United States [21,25]. Across the 16 studies, 1840 patients
were investigated, and the sample sizes ranged from 34 [33] to
350 patients [21]. The reported dropout rate was up to 18%
(6/34) [33]. The average age of the patients varied from 38.5
[20] to 66 years [26,35], and the average female proportion
across all studies reported was 61.35% (1008/1643) and varied
from 51% (148/290) [25] to 100% (34/34) [33]. Regarding the
localization of the musculoskeletal diseases, 7 studies were on
knee-specific diseases such as total knee arthroplasty
[25,26,32,35], knee osteoarthritis[21,27], and chronic knee pain
[30]. Thiswas followed by 4 studies on back-specific diseases

https://mhealth.jmir.org/2024/1/€50616
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such as low back pain [24,29,31] and chronic neck pain [20].
A total of 2 studies were on hand-specific diseases [22,34],
whereas only 1 study was found for each full body [33],
shoulder-specific diseases [23], and hip-specific diseases [28].
Regarding the patient-reported outcomes, 14, 12, 6, and 5 studies
investigated pain [20-23,25-27,29-35], function
[21,23,25-30,32-35], disahility [20,22,24,29,31,34], and quality
of life [20,27-30], respectively. In the 16 included studies, 26
different patient-reported outcomes were investigated. With
regard to the digital health interventions, 7, 5, and 4 studies
used app-based [20,22,23,28,31,32,34],  web-based
[21,25,27,29,30], and tel erehabilitation-based physical exercises
[24,26,33,35], respectively, whereby the duration of the digital
health interventionsranged from 7 days[32] to 12 months[21].
As control groups, 9 studies wused physiotherapy
[20,21,23,25,26,28,31,32,35]; 4 studies used paper-based
exercises [22,25,29,34]; 2 studies used internet-based
information material [27,30]; and 1 study each used global
postural re-education [20], waiting list [21], clinic-based
McKenzie therapy [24], and no therapy [33].
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Table4. Summary table of all study characteristics according to the population, intervention, comparison, outcome, study design (PICOS) scheme.

Study Population and setting Intervention and assessment Outcomes
Abadiyanet « Samplesize: n=60 © 12(“Seeb” app+ GPRb): n=20 .  Dropout: 3%
a [20] « Averageage: 385y o |:5%, C1: 5%, and C2: 0%

. Femde 55% *  CI°(GPRaone): n=20

.  Disease: chronic neck pain + ¢ (conventional PT®) n=20
«  Country: Iran e  Duration: 8 wk
«  Survey dates: basdline, 8 wk

Allenet al o Samplesize: n=350 . (IBETf): n=142

[21] . ﬁver:lge ?23;55-3)/ «  Cl(conventional PT): n=140
. emae: 71.7% . o
«  Disease: knee osteoarthritis Cc2 (WL ): n=68
. Duration: 12 mo

- Country: United States «  Survey dates: baseline, 4, and 12 mo

Bennelleta «  Samplesize: n=148 o |:internet-based education materia
[30] « Averageage 61.2y supported by videoconferences with
« Femade: 56.1% physiotherapist for home exercises
«  Disease: chronic knee pain (n=74)
«  Country: Australia «  Control group: internet-based educa

tion material only (n=74)
o Duration: 9 mo
«  Survey dates: basdline, 3, and 9 mo

Blanqueroet «  Samplesize: n=50 « |: ReHand app for physical home

a [22] « Averageage: 50.0y training (n=25)
« Femade 82% «  Control group: paper and home-based
« Disease: carpal tunnel release physical exercise program (n=25)
«  Country: Spain «  Duration: 4 wk

«  Survey dates: basdline, 4 wk

Chhabraet .« Samplesize: n=93 « |: Snapcare app for physical home
al [31] « Averageage: 41.2y training (n=45)
« Femae: not reported «  Control group: conventional therapy
«  Disease: chroniclow back pain (n=48)
«  Country: India o Duration: 12 wk

«  Survey dates: basdline, 12 wk

Choi et d « Samplesize: n=84 « |: app (no name given) for physical
[23] « Averageage: 545y home training (n=42)
« Femae 68% «  Control group: conventional home-
«  Disease: frozen shoulder based self-exercises (n=42)
«  Country: Korea o  Duration: 3mo

o Survey dates: basdline, 4, 8, and 12 wk

Fatoyeetad « Samplesize n=56 o | telerehabilitation home-based
[24] + Averageage: 48.7y McKenzie therapy (TBMT'; n=24)
«  Female: not reported «  Control group: clinic-based McKenzie

o  Disease: chroniclow back pain

j. e
«  Country: Nigeria therapy (CBMT"; n=32)

«  Duration: 8wk
o Survey dates: baseline, 4, and 8 wk

Pain:
o app+GPR>GPR
o app+GPR>PT

Neck disability index:
e app+GPR>GPR
o app+GPR>PT

« GPR>PT
Quiality of life:
o app+GPR>PT
« GPR>PT

Drop out: 13.1%
I: 21.1%, C1: 7.9%, and C2: 7%
Western Ontario and McMaster Universities

Osteoarthritis Index (WOMACh) and other
functional tests
IBET=PT=WL

Drop out: 10.1%

I: 11% and C: 10%

Pain and function: education+PT>education
Quiality of life: education+PT>education

Drop out: 0%
Hand disability and pain: app based>paper
based

Drop out: 0%

Pain: app based=conventional

Disability: app based>conventiona

Current Symptom Score: app based>conven-
tional

Drop out: 0%
Pain and range of motion: app based=conven-
tional

Drop out: 16%
I: 13% and C: 19%
Disability: TBMT=CBMT
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Study Population and setting Intervention and assessment Outcomes

Fleischman «  Samplesize: n=290 o |: web-based PT at home (n=96) «  Dropout: 15.9%

et a [25] o Averageage: 65.0y o  C1: paper-based PT at home (n=97) « 1:17%, C1: 27%, and C2: 6%
« Femae 51% o C2: formal outpatient PT (n=97) «  Kneeflexion and KneeInjury and Osteoarthri-
+  Diseasetotd kneearthroplasty «  Duration: 6 mo tis Outcome Score (KOOSY):
«  Country: United States «  Survey dates: baseling, 46wk, 6mo |, \yep PT=paper PT=PT

Hardtetal «  Samplesize: n=60 o |: PT+"GenuSport” app (PT+app; o Dropout: 10%

[32] « Averageage: 659y n=33) e |:15%and C: 7%
« Femade 57% «  Control group: PT (n=27) « Activerange of motion, pain, function, KOOS,
» Disease tota kneearthroplasty «  Duration: 7d and Knee Society Score: PT+app>PT
«  Country: Germany «  Survey dates: daily for 7d

Hernando- « Samplesize: n=34 o |: telerehabilitation with home-based «  Drop out: 18%

Garijoetal « Averageage: 53.4y aerobic exercises (n=17) e 1:18%and C: 18%

[33] « Femae 100% «  Control group: no additional interven- «  Pain: telerehabilitation>nothing
« Disease fibromyalgia tion (n=17) «  Physical function: telerehabilitation=nothing
«  Country: Mexico o Duration: 15wk

«  Survey dates: basdline, 15 wk

Moffetetal «  Samplesize: n=205 o |: home-based telerehabilitation «  Dropout: 6.3%

[26] « Averageage 66.0y (n=104) e 1:9.6%andC: 2.9%
« Femde 51.2% «  Control group: home-visiting PT «  WOMAC, KOOS, function, and range of mo-
»  Disease tota kneearthroplasty (n=101) tion: telerehabilitation=PT
«  Country: Canada o  Duration: 2 mo

«  Survey dates: basdling, 2, and 4 mo

Nelliganet «  Samplesize: n=206 o |:webste (information+activeexerciss «  Drop out: 12.6%

a [27] « Averageage: 60.0y es) and text messages (n=103) « 1:12.6% and C: 12.6%
« Femade 61.2% «  Control group: websitewithinforma- «  Pain, WOMAC, KOOS, quality of life: web-
«  Disease: knee osteoarthritis tion only (n=103) siteinformation+exercise>websiteinformation
«  Country: Australia o Duration: 24 wk only

«  Survey dates: basdline, 24 wk

Nelsoneta «  Samplesize n=70 o |: telerehabilitation and technology- «  Drop out: 1%

[28] « Averageage 645y based home exercise (n=35) e |:3%andC: 0%
« Femae 63% «  Control group: PT and paper-based o Quality of life and function: telerehabila-
« Disease: total hip replacement home exercise (n=35) tion+exercise=PT+exercise
o Country: Australia «  Duration: 6 wk

«  Survey dates: basdline, 6 wk, 6 mo

Ozdenetal « Samplesize: n=50 o |: telerehabilitation with Fizyoweb « Dropout: 7%

[29] « Averageage: 41.3y software (n=25) e |1 7%andC: 7%
« Femae 60% «  Control group: same exercises with «  Pain, function, disability, and qudlity of life:
o Disease: low back pain paper-based instructions (n=25) telerehabil ation>paper based
«  Country: turkey o Duration: 8wk

«  Survey dates: basdline, 8 wk

Rodriguez  « Samplesize: n=36 o |:CareHand appfor exercisesand self- «  Drop out: 16%

Sanchez- « Averageage: 59.8y management and monitoring tools e |1 7%andC: 22%

Laulhéetal « Femae 61% (n=14) «  Function: app based>paper based

[34] o  Disease: rheumatoid arthritis «  Control group: paper-basedhomeexer- «  Pain and disability for upper extremity: app
«  Country: Spain cises (n=22) based=paper based

«  Duration: 3mo
«  Survey dates: baseline, 1, 3, and 6 mo

Tousignant «  Samplesize: n=48 o |:telerehabilitation by videoconference «  Drop out: 15%
et d [35] « Averageage: 66.0y with a physiotherapist (n=24) e 1:12%and C: 17%
«  Female: not reported «  Control group: conventiona PT (n=24) «  Disahility: telerehabilation=conventional PT
« Disease tota kneearthroplasty «  Duration: 2 mo «  Function: telerehabilation>conventional PT
«  Country: Canada o Survey dates: baseling, 2,and6mo .  Functional activity, physical functioning, and
physical pain: conventional PT>telerehabila-
tion

3 : Intervention group.
bGPR: Global postural re-education.
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€cC1: Control group 1.

dc2: control group 2.

€PT: Physiotherapy.

fIBET: Internet-based exercise traini ng.
OWL: Waitlist.

Nagel et a

PWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

'TBMT: Telerehabilitation home-based McKenzie therapy.
JCBMT: Clinic-based McKenzie therapy.
KkoOS: Kneel njury and Osteoarthritis Outcome Score.

Synthesis of Results by Best - Evidence Synthesis

Tables5, 6, and 7 show the results of the best-evidence synthesis
with regard to the cluster of the localization of the
musculoskeletal diseases, patient-reported outcomes, and
medical treatment types, respectively.

Regarding the localization of the muscul oskel etal diseases, there
was strong evidence that digital physical health exercises had
apositiveimpact on the musculoskel etal diseases|ocated inthe
back. Although moderate evidence was obtained for diseases

located in the shoulder and hip, evidence for fibromyalgia (the
entire body) is limited. Conflicting evidence was found for
diseases located in the knee and hand. For the patient-reported
outcomes, there was strong evidence that digital physical health
exercises had apositiveimpact on disability and quality of life.
Conflicting evidencewasfound for pain and function. Regarding
themedical treatment types, operative and conservative therapies
both achieved conflicting evidence. Figure 2 showsthe evidence
found across the 3 defined clusters for studies included in the
best-evidence synthesis.

Table 5. Best-evidence synthesis for the localization of the muscul oskeletal diseases.

Localization Study Musculoskeletal disease Results Study quality Evidence
Back Abadiyan et a [20] Chronic neck pain 4+a High Strongb
Back Chhabraet al [31] Chronic low back pain + Acceptable Strongb
Back Fatoye et al [24] Chronic low back pain —C High Strongb
Back Ozden et al [29] Chronic low back pain + High Strongb
Shoulder Choi et al [23] Frozen shoulder = High Moderate
Hip Nelson et a [28] Total hip arthroplasty = High Moderate
Full body Hernando-Garijo et a [33] Fibromyalgia = Acceptable Limited
Knee Allenet al [21] Knee osteoarthritis = High Conflicti ngb
Knee Bennell et a [30] Chronic knee pain + Acceptable Conflicti ngb
Knee Fleischman et al [25] Total knee arthroplasty = High Conflicti ngb
Knee Hardt et a [32] Total knee arthroplasty + Acceptable Conflicting®
Knee Moffet et a [26] Total knee arthroplasty = High Conflicting?
Knee Nelligan et a [27] Knee osteoarthritis + High Conflicting?
Knee Tousignant et a [35] Total knee arthroplasty + Acceptable Conflicti ngb
Hand Blanquero et a [22] Carpal tunnel release + High Conflicti ngb
Hand Rodriguez Sdnchez-Laulhéet al [34]  Rheumatoid arthritis = Acceptable Conflicti ngb

8550% of the outcomes were significantly better in the intervention group than in the control group.
PThe level of evidence was determined from all studiesin the same localization.
®No statistically significant difference between the intervention and control groups.
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Table 6. Best-evidence synthesis for the patient-reported outcomes of the muscul oskeletal diseases.

Nagel et a

Outcomes Study Assessment tools Study quality Evidence
Disability Abadiyan et al [20]  Neck Disability Index High Strong?
Disability Blanquero et a [22] Di_mbiliti&of Arm, Shoulder and Hand Question- High Strongb
naire
Disability Chhabraet al [31] Modified Oswestry Disability Index Acceptable Strongb
Disability Fatoye et a [24] Oswestry Disability Index High Strongb
Disability Ozden et a [29] Oswestry Disability Index High Strongb
Disability Rodriguez Sanchez- Di_&abilitiesof Arm, Shoulder and Hand Question- = Acceptable Strongb
Laulhé et al [34] naire
Quiality of life Abadiyan et d [20] Short Form Health 36 Questionnaire High Strongb
Quiality of life Bennell et a [30] Assessment of Quality of Life-2 Acceptable Strongb
Quiality of life Nelliganetal [27]  Assessment of Quality of Life-6D High Strongb
Quiality of life Nelson et al [28] Short Form Health 12 Questionnaire/European High Strongb
Quality of Life5 Dimensions 5 Level Version
Quality of life Ozden et a [29] Short Form Health 36 Questionnaire High Strongb
Pain Abadiyan et al [20] Visual analog scale High Conflicting®
Pain Alleneta [21] woMmAcH High Conflicting®
Pain Bennell et al [30] Numeric rating scale Acceptable Conflicting®
Pain Blanquero et al [22] Visual analog scale High Conflicting®
Pain Chhabraet al [31] Numeric rating scale, Current Symptom Score Acceptable Conflictingb
Pain Choi et al [23] Visual analog scale High Conflictingb
Pain Fleischman et a KOOSE High Conflictingb
[25]
Pain Hardt et al [32] Numeric rating scale Acceptable Conflicting®
Pain Hernando-Garijoet  Visual analog scale Acceptable Conflicting®
al [33]
Pain Moffeteta [26] ~ WOMAC High Conflicting?
Pain Nelliganeta [27]  Numeric rating scale High Conflicting®
Pain Ozden et al [29] Visual analog scale High Conflicting?
Pain Rodriguez Sdnchez- Visual analog scale Acceptable Conflictingb
Laulhé et al [34]
Pain Tousignanteta [35] WOMAC Acceptable Conflicti ngb
Function Allen et d [21] WOMAC/30-s chair stand test/Timed up and go High Conflictingb
test/2-min step test, single-leg stand
Function Bennell et a [30] WOMAC Acceptable Conflictingb
Function Choi et al [23] Range of motion High Conflicting®
Function Fleischman et a KOOS High Conflicting®
[25]
Function Hardt et a [32] Range of motion/Timed up and go test/10-mwalk  + Acceptable Conflicting®
test/30-s chair stand test/Knee Society Score
Function Hernando-Garijoet  Arm curl test, 6-min walk test Acceptable Conflicting®
al [33]
Function Moffetetal [26] ~ KOOS/Stair test/6-min walk test High Conflicting?
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Outcomes Study Assessment tools Results Study quality Evidence
Function Nelliganeta [27] WOMAC, KOOS + High Conflictingb
Function Nelson et al [28] Timed up and go test = High Conflictingb
Function Ozden et al [29] Timed up and go test + High Conflicting®
Function Rodriguez Sanchez-  Michigan Hand Outcome Questionnaire + Acceptable Conflicting®
Laulhé et al [34]
Function Tousignantetal [35] WOMAC/Timed up and go test/Functiona Auton- - Acceptable Conflicting®
omy Measurement System

8550% of the outcomes were significantly better in the intervention group than in the control group.

PThe level of evidence was determined from all studiesin the same outcomes.

®No statistically significant differences between the intervention and control groups.

YWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

€KOO0S: Knee Injury and Osteoarthritis Outcome Score.

f>500% of the outcomes were significantly better in the control group than in the intervention group.

Table 7. Best-evidence synthesis for the medical treatment types.
Therapy Study Muscul oskeletal disease Results Study quality Evidence
Operative Blanquero et al [22] Carpal tunnel release 4a High Conflicti ngb
Operative Fleischman et al [25] Total knee arthroplasty = High Conflicting?
Operative Hardt et al [32] Total knee arthroplasty + Acceptable Conflicting?
Operative Moffet et al [26] Total knee arthroplasty = High Conflicting?
Operative Nelson et a [28] Total hip arthroplasty = High Conflicti ngb
Operative Tousignant et al [35] Total knee arthroplasty + Acceptable Conflicti ngb
Conservative Abadiyan et al [20] Chronic neck pain + High Conflicti ngb
Conservative Allenetal [21] Knee osteoarthritis = High Conflicting?
Conservative Bennell et a [30] Chronic knee pain + Acceptable Conflicting?
Conservative Chhabraet al [31] Chronic low back pain + Acceptable Conflicting?
Conservative Choi et al [23] Frozen shoulder = High Conflicting?
Conservative Fatoye et al [24] Chronic low back pain = High Conflicti ngb
Conservative Hernando-Garijo et a [33] Fibromyalgia = Acceptable Conflicti ngb
Conservative Nelligan et a [27] Knee osteoarthritis + High Conflicting?
Conservative Ozden et al [29] Chronic low back pain + High Conflicting®
Conservative Rodriguez Sanchez-Laulhé et al  Rheumatoid Arthritis = Acceptable Conflicting?

(34

8550% of the outcomes were significantly better in the intervention group than in the control group.
bThe level of evidence was determined from all studiesin the same therapy.
“No statistically significant difference between the intervention and control groups.
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Figure 2. Visudlization of the evidence found across the 3 defined clusters for studies included in the best-evidence synthesis. 1 1 1: strong evidence,

1 1: moderate evidence, 1 : limited evidence, and 1 | : conflicting evidence.

Study characteristics

General information

Included studies: n=16

Sample size: n=34 to n=350

Total patients: n=1840 (female 61.35%)
Patient age: 38.5 to 66.0 years

Digital health interventions

Duration: 7 days to 12 months
Tvpe: App-based interventions (n=7)

Internet-based exercises (n=5)
Telerehabilitation (n=4)

Evidences for intervention effects

Pathology localization

Shoulder 11
(n=1) K
Entire body *
(1) y Back 11!
(n=4)
Hand ™!

(n=2) Hip ™1

(n=1)
Knee ™

(n=7)

Discussion

Principal Findings

This systematic review aimed to evaluate the impact of digital
physica health exercises on patients with muscul oskel etal
diseases concerning the localization of the musculoskeletal
disease, patient-reported outcomes, and medical treatment types.
In addition, abest-evidence synthesiswas conducted to estimate
the direction and strength of the existing evidence. The main
findings were that (1) strong evidence was found for a positive
impact on muscul oskeletal diseases located in the back and on
the patient-reported outcomes of disability and quality of life
and (2) moderate evidence was found for a positive impact on
muscul oskeletal diseases located in the shoulder and hip.

https://mhealth.jmir.org/2024/1/€50616

Investigated outcomes
= Disability 1 (n=6)
= Quality of life 117 (n=5)
= Pain " (n=14)

* Function ! (n=12)

Medical treatment type
» Qperative ¥ (n=6)

» Conservative ™ (n=10)

The first main finding was that strong evidence was found for
a positive impact on musculoskeletal diseases located in the
back and on the patient-reported outcomes of disability and
quality of life (Figure 2). Our findings are partly supported by
aprevious systematic review with ameta-analysis[13] showing
moderate-quality evidence for the positive impact on the
patient-reported outcome of disability. In contrast to the previous
review [13] and to another systematic review [12], conflicting
evidence for the patient-reported outcomes of pain and function
was found. It should be noted that 1 study [12] found some
clinical benefits for pain and function but did not conduct an
evidence synthesisor ameta-analysis. In addition, the outcomes
of pain and function represent health-rel ated outcomes, and the
outcomes of disability and quality of life are the resulting
consequences. Therefore, pain acts as a protective mechanism
and can lead to disability [50]. With appropriate exercises,
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patients learn to compensate for their disabilities [20,30],
whereas exercise aone can provoke pain [51]. As disabilities
are part of the concept of health-related quality of life[52], these
outcomes are mutually dependent, and identical strong evidence
isplausible.

In addition, it should be mentioned that both previous systematic
reviews included all types of digital health interventions, and
we explicitly focused our systematic review on the impact of
digital physical health exercises. Regarding this, our findings
add that thistype of intervention shows strong evidenceto have
an overall positive impact on the musculoskeletal diseases
located in the back, independent of the investigated outcomes
[20,24,29,31]. Back-related musculoskeletal diseases usually
arise because of muscular causes and are often caused by alack
of physical activity [53]. Participants recruited in back
pain—related studies are often middle-aged and have an office
occupation [20]. The use of digital physical health exercisesin
such patients can be considered highly effective because of the
increased physical activity targeting muscle strengthening and
the teaching of exercise techniques [20,24,29,31]. Overal, the
application of digital physical health exercise in patients with
musculoskeletal diseases shows versatile positive effects,
especially for musculoskeletal diseases located in the back and
for theimprovement of disabilitiesand quality of life. However,
the type of digital health interventions seems to influence the
effects on the specific patient-reported outcome, and more
studies to investigate this relationship are needed.

The second main finding was that moderate evidence wasfound
for a beneficia effect on musculoskeletal diseases of the
shoulder and hip (Figure 2). As this systematic review is the
first to evaluate the association between digital physical health
exercisesand different localizations of muscul oskel etal diseases,
no evidence levels from previous research is available for
clarification. There is only 1 other systematic review on the
effectiveness of digital health interventions for total hip
arthroplasty [54]. Thereview found no significant improvements
in the studied patient-reported outcomes. For the shoulder,
another systematic review examined the effectiveness of
telerehabilitation for musculoskeletal diseases compared with
normal in-person physiotherapy [55] and found very low to low
evidence. In this context, our findings suggest that digital
physical health exercises may also be effective in treating
muscul oskeletal diseases of the shoulder and hip. However, it
should be noted that only 1 study each was found for shoulder-
and hip-specific musculoskeletal diseases, whereas several
studies were found for back- or knee-specific muscul oskeletal
diseases (Table 5). Therefore, our results must be interpreted
with caution, as a small number of high-quality studies may
result in stronger evidence, according to the definitions of the
best-evidence synthesis [18], than the presence of many
lower-quality studies. Overall, the results demonstrated that
digital physical health exercises could have a positive effect on
a variety of hedth-related outcomes, regardless of the

https://mhealth.jmir.org/2024/1/€50616
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localization of the musculoskeletal diseases. However, the
number of studies investigating the relationship between the
effectiveness of digital health interventions and the localization
of musculoskeletal diseases is small, and more studies are
needed, especialy for localizations other than the knee and
back.

An additional interesting finding is the conflicting evidence in
the medical treatment types concerning operative and
conservative approaches (Figure 2). Although the underlying
reasons remain unknown, it can be stated that the operative
treatment (ie, carpal tunnel release and total knee arthroplasty)
has no impact on the overall stimulus-response mechanism of
thedigital intervention, requiring further studiesfor clarification.

Limitations

Although this systematic review increases knowledge of the
positive impacts of digital physica headth exercises on
musculoskeletal diseases, there are a few limitations. Because
of the heterogeneity of the included studies (eg, different
numbers of patients, interventions, body regions, and control
groups), a meta-analysis could not be performed. Instead, and
asan established alternative approach, a best-evidence synthesis
[18] was used. A strength of this approach isthat it is possible
to estimate an evidence level for various categories despite the
large study heterogeneity. However, a limitation is that no
guantitative analysis (eg, in terms of statistical significance)
can be conducted [56]. An additional limitation of our review
isthat we did not register the study planin PROSPERO apriori.
The reason is that according to the PRISMA guidelines,
registration is currently recommended but not mandatory [15].
Furthermore, all studiesthat included digital health interventions
beyond active exercises were not included. Therefore, some
studies could be lost, but the aspect of physical exercise as an
established clinical treatment for muscul oskel etal diseases could
be focused on for the first time.

Conclusions

Thereis strong to moderate evidence for the beneficial impact
of digital physical health exercisesfor musculoskeletal diseases
located in the back, shoulder, and hip. There is limited or
conflicting evidence for other localizations. In addition, strong
evidence was found for the patient-reported outcomes of
disability and quality of life, whereas conflicting evidence exists
for other commonly investigated patient-reported outcomes
such as pain and function. Thus, digital physical health exercises
could have a positive effect on a variety of heath-related
outcomes of musculoskeletal diseases. To implement digital
physical health exercises in evidence-based medicine for
musculoskeletal diseases, more high-quality randomized
controlled trials are needed to clarify the relationship between
the impact of digital physical health exercises and clinically
relevant factors such aslocalization, patient-reported outcomes,
and medical treatment types.
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