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The burden of infl ammatory rheumatic diseas-
es (IRD) especially  Rheumatoid arthritis (RA) and 
 Spondyloarthritis (SpA) increased signifi cantly, af-
fecting millions of patients worldwide [1, 2]. They are 
responsible of chronic pain, joint damages with os-
teoarticular destructions, and deterioration of physi-
cal functioning which may reduce the  health related 
quality of life (HRQoL) (less autonomy and depen-
dence) and decreasing the work productivity [3]. In 
association with musculoskeletal diseases, IRD are 
estimated to be the second cause of functional dis-
ability [4]. This impairment reduces physical activity 
and increases sedentariness. 

Physical activity is defi ned as “any bodily move-
ment produced by skeletal muscles which results in 

energy expenditure. Exercise is a subset of physical 
activity in that it is planned, structured, repetitive and 
purposive in the sense that improvement or mainte-
nance of one or more components of physical fi tness 
is an objective” [5]. The  World Health Organization 
(WHO) recommends “at least 150-300 minutes of 
moderate-intensity aerobic physical activity or at 
least 75-150 minutes of vigorous-intensity aerobic 
physical activity; or an equivalent combination of 
moderate- and vigorous-intensity activity through-
out the week” [6]. It is commonly recommended 
as non-pharmaceutic intervention. Physical activity 
plays a crucial role in general population and espe-
cially in patients with IRD. In this context, the Eu-
ropean League Against Rheumatism (EULAR) rec-
ommends physical activity for patients with IRD [7]. 
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For that, health care professionals should actively 
promote physical activity at diagnosis of infl amma-
tory arthritis and throughout the disease course [8]. 
However, authors estimate that 60% of patients with 
IRD are away from those recommendations [9].

Physical activity may have an important pre-
ventive eff ect, as well as therapeutic and rehabili-
tative ones. It is associated with a decrease in car-
diovascular risk, pain, and infl ammation [10, 11]. A 
meta-analysis published by Billet et al. emphasizes 
that exercise improved HRQoL, function, and pain 
among patients with RA [12]. Moreover, sedentary 
behavior is associated with poor HRQoL in patients 
with SpA [13].

In fact, the promotion of physical activity and 
rehabilitation function for patients with IRD is a key 
challenge faced by medical professionals. Those in-
terventions can be performed individually or in groups 
and should include behavioral change techniques in 
order to promote long-term adherence [14]. Howev-
er, in addition to the lack of motivation, there is a lack 
of access to supervised community-based centers 
because of the important number of patients suff er-
ing from disability. This matter was raised during the 
COVID-19 pandemic because of restricted access to 
health care services, self-isolation and home quar-
antine [15]. Therefore, the need to develop other 
methods providing home-exercises and rehabilita-
tion programs was identifi ed to improve patient’s ad-
herence and motivation. It was necessary to found 
accessible tools to reduce sedentary behavior at 
home, to encourage patients to be more active in 
their daily life, continue their rehabilitation programs, 
and self-manage their disease [16]. Recently, mod-
ern technologies have revolutionized the health fi eld 
worldwide. Connected devices such as Smartphone 
applications, web-interventions, and wearable devic-
es have been widely used for health care promotion 
especially in cardiovascular diseases and recently in 
IRD [17-19]. Activity trackers were used to promote 
or to monitor physical activity, performance-based 
physical and rehabilitation. Recently EULAR pub-
lished guidance on important aspects that should 
be considered for the development, evaluation and 
implementation of applications for self-management 
of IRD [20].

In fact, many studies including a meta-analysis 
have shown that home-based physical activity inter-
ventions and telerehabilitation were as effi  cient as 
specialized center interventions and conventional 
rehabilitation [21-23]. 

However, scarce information and limited evi-
dence about the eff ectiveness of wearable devic-

es in promoting physical activity and rehabilitation 
among IRD patients are available. Therefore, there 
is a better need to summarize information about de-
vices, diff erent protocols, and their outcomes for this 
specifi c population. To the best of authors’ knowl-
edge, there is no systematic review assessing the 
eff ect of wearable devices on physical activity and 
rehabilitation among patients with IRD.

Therefore, the aim of the current study was to 
perform a systematic review on the effi  cacy of wear-
able devices on promoting physical activity and 
rehabilitation among patients with IRD. Secondary 
outcomes were to assess their eff ects on disease 
activity, fatigue, and quality of life. 

Mඍගඐ඗ඌඛ

The updated version of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis 
(PRISMA) statement was used for the structure of 
this systematic review [24]. Ethical approval was not 
required, since this research was a systematic re-
view of published articles.

Eligibility criteria
 Intervention trials published as articles and ab-

stracts involving rheumatic disease patients (RA, 
SpA, psoriatic arthritis) were included. Scientifi c 
texts published in a diff erent language than English 
and French were excluded. No restrictions were ap-
plied in terms of publication date.

 Interventions consisting of connected devic-
es (games, smartphone applications, websites …) 
used for promoting physical activity and rehabilita-
tion were included.

Studies reporting outcomes regarding physi-
cal activity measurements (steps per day, physical 
activity questionnaires…) and rehabilitation eval-
uation: function of a limb region (mobility indexes, 
range of motion, muscular strength…), and perfor-
mance-based physical function tests were included. 
Studies reporting only disease activity outcomes or 
only evaluating feasibility of connected programs 
were excluded. 

Information sources
A research on MEDLINE, Web of Science, Sco-

pus, American College of Rheumatology (ACR) ab-
stract archive and EULAR abstract archive for rele-
vant studies was performed. These databases were 
last searched on January 31st, 2024.

Search strategy
 The search strategy consisted in intersecting 

key words related to the concepts of interest: con-
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nected elements, physical activity and rehabili-
tation, and rheumatic disease. The search terms 
were chosen after discussion within the research 
team. A MeSH search in MEDLINE and a manual 
search in all the previously mentioned databases 
were performed. The following search terms were 
used for the identifi cation of studies including the 
use of connected elements: Mobile Applications 
[MeSH], Software [MeSH], Smartphone [MeSH], 
Exergaming [MeSH], Virtual Reality Exposure 
Therapy [MeSH], Virtual Reality [MeSH], Telereha-
bilitation [MeSH], Telemedicine [MeSH], Wearable 
Electronic Devices [MeSH], Wearable technolo-
gy, Telehealth, smart healthcare, and Connected 
healthcare. To identify studies targeting physical 
activity and rehabilitation, we used the search 
terms Exercise [MeSH], Warm-Up Exercise 
[MeSH], Physical Conditioning, Exercise Therapy 
[MeSH], Physical Fitness [MeSH], and physical 
activity questionnaire. Studies targeting rheumat-
ic disease population were identifi ed using the 
following search terms: Spondylarthritis [MeSH], 
Spondylitis, Ankylosing [MeSH], Spondyloarthrop-
athies [MeSH], Arthritis, Psoriatic [MeSH], Arthri-
tis, Rheumatoid [MeSH], and spondyloarthritis. 
Afterwards, reference lists of the included studies 
were screened for relevant publications.

Selection process
Search results were extracted into a Mic-

rosoft Excel spreadsheet. Study selection was 
performed by two independent researchers (HE, 
BDS). If there was a disagreement, the record 
was assessed by a third investigator (BTA). After 
removing duplicate articles, the fi rst step of the 
selection process was title screening, followed by 
abstract screening, and fi nally full-text screening. 
Abstracts derived from the same study as a se-
lected article and reporting similar results were 
excluded in favour of the article.

Data collection process and data items
Data from each report were extracted by two 

researchers independently. The following data were 
extracted from the included studies: authors, coun-
try of the study, year of publication, study design, in-
clusion and exclusion criteria, population, numbers 
of IRD patients and control groups, age, and sex of 
participants. As for rehabilitation, the following were 
collected: target, type of intervention, frequency, 
setting, duration of the intervention, follow-up, out-
comes, and fi ndings. The device of connected inter-
vention was described.

Study risk of bias assessment
Quality assessment of included studies was per-

formed using the Eff ective Public Health Practice 
Project (EPHPP) Quality Assessment Tool for Quan-
titative Studies [25]. This tool evaluates 6 diff erent 
domains: Selection bias, Study design, Confounders, 
Blinding, Data collection methods, and Withdrawals 
and drop-outs. Each domain is rated as strong, mod-
erate, or weak. Based on the rating of each domain, 
an overall study quality was assigned to each study 
( strong, moderate, weak). The rating “Strong” was 
assigned to studies having no weak-rated domain. 
Studies having one weak-rated domain were rated 
as “Moderate.” Studies were rated as “Weak” if they 
had two or more weak ratings. Each study was rated 
by two authors independently. In case of disagree-
ment, consensus was reached through discussion 
within the research group.

Synthesis methods
A meta-analysis was not conceivable because 

of the disparity of the included studies in terms of 
intervention characteristics, and outcome measures. 
As a result, the obtained data were narratively sum-
marized.

Rඍඛඝඔගඛ

Study selection
The initial electronic search yielded 584 articles 

through the following databases: MEDLINE, Scopus, 
Web of science, and the international congresses. 
After removing duplicates from the initial search, a 
total of 196 articles were screened by two indepen-
dent medical doctors. Screening based on title and 
abstract excluded 176 articles and left 19 articles to 
be screened in full text. Of those 19 articles, 15 stud-
ies that met the inclusion criteria of this systematic 
review were identifi ed. Reasons for exclusion are 
shown in the fl ow diagram (Figure 1). The list of el-
igible studies was sent to an expert in the fi eld for 
verifi cation.

Risk of bias in studies
Two studies were rated as “strong,” eight as 

moderate, and fi ve as “weak”. The highest number 
of weak ratings was found in the “selection bias” and 
the “blinding” domains. The “Study design,” “con-
founders” and “data collection methods” domains 
had the highest number of strong ratings. The details 
of the methodologic assessment of included studies 
are described in Table 1.
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Figure 1. Flow diagram for systematic review
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Table 1. Methodologic quality assessment with EPHPP tool for quantitative studies

Study
Selection bias Study design Confounders Blinding Data collection 

methods
Withdrawals and 

drop-outs Global rating

Pani D et al. (2014) Italy [19] Weak Moderate Not applicable Moderate Weak Strong Weak
Zernicke J et al. (2016) Germany  [17] Moderate Strong Strong Moderate Strong Strong Strong
Wang Y et al. (2022) China [26] Weak Strong Strong Weak Strong Strong Weak
Rodríguez Sánchez-Laulhé P et al. 
(2022) Spain  [27] Moderate Strong Strong Moderate Strong Moderate Strong

Tierney M et al. (2015) Ireland  [28] Weak Moderate Not applicable Weak Weak Strong Weak
Li LC et al. (2020) Canada [16] Weak Strong Moderate Weak Strong Strong Weak

Jacquemin C et al. (2018) France [29] Moderate Moderate Strong Moderate Weak Strong Moderate
Katz P et al. (2018) USA [30] Moderate Strong Strong Weak Strong Strong Moderate
Haglo H et al. (2021) Norway [31] Weak Strong Strong Moderate Strong Moderate Moderate
Piga M et al. (2014) Italy [32] Weak Strong Strong Weak Strong Moderate Weak
Allam A et al. (2015) Switzerland [33] Strong Strong Strong Weak Strong Strong Moderate
Lorig KR et al. (2008) USA [34] Weak Strong Strong Moderate Strong Moderate Moderate
Tada et al. (2022) Japan [35] Strong Moderate Not applicable Weak Strong Strong Moderate
Labat et al. (2022) France [36] Moderate Strong Strong Weak Moderate Moderate Moderate
Paul et al. (2024) UK [37] Strong Moderate Not applicable Weak Moderate Moderate Moderate

Study characteristics
The included studies were published between 

2008 and 2024. Ten of them were conducted in Eu-
rope (France, Spain, Italy, Germany, Norway, Ire-
land, and United Kingdom) [17, 19, 27-29, 31-33, 
36, 37], two in USA [30,34], one in China [26], one 
in Japan [35], and one in Canada [16]. Of the includ-
ed studies, nine were randomized controlled trials 
(RCT), three were non-randomized intervention tri-
als, one was a cross-sectional study, one was a pro-
spective observational study, and one was a case 
control study.

At the end of follow-up, the total study population 
size was 1769. The mean age was specifi ed in 11 ar-
ticles and ranged from 31.20 to 61.86 years [16, 17, 
19 ,26, 27, 29, 30, 32, 33, 36, 37]. One study speci-
fi ed the median age that was 66 years (Inter-Quartile 
Range (IQR) : 59-74) [35]. The mean disease dura-
tion was specifi ed in 8 articles and ranged between 
6.7 and 14.8 years [17, 26, 29-33, 37]. One study 
specifi ed the median disease duration that was 5.3 
years (IQR: 1.1-11.5) [35].

Twelve studies included RA patients with a pop-
ulation size of 900, a mean/median age ranging from 
53 to 66 years, and a mean/median disease duration 
ranging from 5.3 to 14.8 years [16, 17,1 9, 27-35]. 
Five studies included SpA patients (n = 308) of which 
two studies included axial SpA (axSpA) patients (n = 
124) [29, 37], two studies included ankylosing spon-
dylitis (AS) patients (n = 163) [26, 36], and one study 
included 21 SpA patients with no precision of the dis-
ease subtype [31]. The mean age and disease dura-

tion of SpA patients ranged from 31.2 to 52.3 years 
and from 10.1 to 16.2 years, respectively. Three 
studies represented outcome results of a combined 
population regardless of the diagnosis; 

Lorig et al. included 866 patients with at least 
one of the following diagnoses: RA, fi bromyalgia 
(FM) and osteoarthritis (OA) [34], Jacquemin et al. 
included 157 patients with RA (n = 83) and axSpA 
(n = 74) [29], and Haglo et al. included 40 patients 
with RA (n = 12), SpA (n = 21), and systemic lupus 
erythematous (SLE) (n = 7) [31].   

Physical activity was targeted by 8 studies [16, 
28-30, 33, 35-37] while 10 studies focused on per-
formance-based physical function [17, 19, 26-28, 31-
35] and 4 studies targeted mobility [19, 26, 32, 37]. 
Two studies targeted both physical activity and per-
formance-based physical function [28, 35] and one 
study targeted both physical activity and mobility [37].

The used connected elements were smartphone 
applications in 4 studies [26, 27, 29, 31], a web-
based intervention in 3 studies [33, 34, 37], a sense-
wear armband (SWA) device in 2 studies associated 
with a web application [16, 28], an activity tracker in 
two studies [29, 36], a Fitbit and a Fitbiz in one study 
[16], a novel telemonitoring device in 2 studies [19, 
32], a Wii console in one study [17], a wearable triax-
ial accelerometer in one study [35], and a pedometer 
with a brochure in one study [30]. The intervention 
period lasted from one week to 12 months. 

Characteristics of the included studies and the 
description of the wearable devices were detailed in 
Table 2.
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Results of individual studies and synthesis 
of results

Results of the intervention studies on primary and 
secondary outcomes are summarized in Table 3.

Primary outcomes
Primary outcomes consisted of the physical ac-

tivity outcomes and rehabilitation outcomes, which 
included mobility, physical function, and perfor-
mance.

Physical activity
All the 8 studies targeting physical activity fo-

cused on overall physical activity. The study pop-
ulations included patients with RA in 4 studies, AS 
in two studies, axSpA in one study, and RA and 
axSpA in one study. Assessment tools to evaluate 
the eff ectiveness of wearable devices in promoting 
physical activity were: number of daily steps, inten-
sity and daily time of activity, gait speed, duration 
of moderate/vigorous physical activity (MVPA), and 
the International Physical Activity Questionnaire 
(IPAQ). Connected elements were: Fit Bit Flex and 
SWA, Withings Activity Pop, wearable activity track-
er (Garmin Vívofi t 4), a wearable triaxial accelerom-
eter, Pedometer, and a web-based intervention. 

Wearable devices revealed positive outcome in 
the study of Katz et al. [30]. These researchers re-
ported signifi cantly step increased counts in RA pa-
tients using pedometer (PED)-based intervention 
compared with RA patients receiving therapeutic 
education. 

Li LC et al. showed signifi cantly higher mean time 
spent in MVPA and daily steps at week 9 in RA pa-
tients using Fitbit Flex2 and a SWA device compared 
to control group but not signifi cantly higher at weeks 
17 and 26 [16]. Likewise, Jacquemin et al. demon-
strated similar number of steps per day in RA and 
axSpA patients using an activity tracker compared to 
healthy controls at 3 months [29]. Alam et al. found 
an increase in mean minutes spent on exercise over 
time for RA patients with access to the social support 
sections and gaming using a web-based intervention 
[33]. However, Tierney et al. did not identify correla-
tions between all items of the short form IPAQ after 
7 days of ordinary daily activity of RA patients moni-
tored by a SWA armband [28].

Rehabilitation
There were 9 studies interested in rehabilitation 

for improving performance-based physical function 
via wearable devices among rheumatic disease pa-
tients. Diff erent studied fi elds were: hand strength, 
cardiorespiratory fi tness, and muscle endurance.
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 – Muscle Strength
There were 4 studies targeting mus-

cle strength performance among patients 
with IRD. There were 3 case-controlled 
studies, and one was a single arm inter-
vention. Three studies focused on hand 
strength and one study targeted nine 
groups of muscles of the neck, shoulders, 
elbows, grips, hips, and knees. Wearable 
devices used were: care hand application 
available on smartphones, sphygmoma-
nometer, telerehabilitation device with 
remote monitoring capabilities, and Wii 
console. There were 2 studies that have 
employed performance-based physical 
function questionnaires assessing hand 
strength [19, 27].

A signifi cantly increase in muscle 
strength was noted in all studies [19, 27, 
32]. Indeed, Piga et al. reported a signif-
icant increase in grip and pinch strength 
measured through a sphygmomanome-
ter in experimental group than controls 
[32]. As for the single arm study, Hand 
algofunctional Dreiser’s index of patients 
with RA and grip strength have shown a 
signifi cant improvement after a 12-week 
of hand rehabilitation program [19].

In the study conducted by Zernicke 
J et al., there was a signifi cant improve-
ment of strength in nine groups of mus-
cles (neck, shoulder, elbow, grip, hip, 
knee) at 12-week with no signifi cant 
diff erence between both RA groups re-
ceiving home-based animated physical 
activity program using a Wii console ver-
sus conventional home-based physical 
exercise program [17]. 

Similarly, Rodríguez Sánchez-Laul-
hé et al. noted a signifi cant time-group 
eff ect for the total Michigan Hand Out-
come Questionnaire (MHQ) score (p = < 
0.01) and especially for his following sub-
scales: overall hand function (p = 0.04), 
work performance (p = 0.006), pain (p < 
0.001), and satisfaction (p = 0.06) [27]. 
However, there was no signifi cant time-
group eff ect for pinch strength and grip 
strength after 3 months of hand rehabili-
tation programs with no signifi cant eff ect 
for the shortened version of the Disabil-
ities of the Arm, Shoulder, and Hand 
questionnaire (QuickDASH) [27].
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 – Cardiorespiratory fi tness
Cardiorespiratory fi tness among IRD patients 

was investigated in 3 papers. Assessment tools 
were maximal oxygen uptake (VO2max), respiratory 
tests, and 6-minute walk test (6-MWT).

Following home-based programs targeted by 
mobile applications resulted in a signifi cant improve-
ment of respiratory tests and VO2max in 2 studies 
[26, 31]. In fact, Wang et al. found a signifi cant be-
tween-group diff erences for change from baseline 
of VO2max favoring the intervention group of Anky-
losing Spondylitis (AS) after 16 weeks [26]. Howev-
er, after 6 supervised high-intensity interval training 
(HIIT) sessions guided by an application for RA and 
SpA patients, the increase of VO2max from baseline 
was not signifi cant compared to control groups [31].

Walk tests were also improved in a RA group 
using a home-based animated physical activity pro-
gram via a WII console without a signifi cant diff er-
ence between experimental and control group [17].

 – Muscle endurance
Improving muscle endurance has been re-

searched in 4 studies. Connected devices were: 
web-based interventions (two studies), smartphone 
application (one study), and a SWA armband (one 
study). The eff ectiveness of a connected program 
was proven in two studies.

Wang et al. found signifi cant improvement in 
back extensor endurance test favoring the interven-
tion group of AS patients undergoing a home-based 
physical activity program guided by a smartphone ap-
plication for 16 weeks [26]. The same result was con-
cluded by Allam et al. [33] who showed that the mean 
time spent on self-training was higher for RA patients 
with access to social support and gaming (p = 0.02) 
compared to control group with no website access. 

However, Kate et al. did not fi nd a signifi cant 
diff erence between exposed and non-exposed RA 
patients on time spent on aerobic, stretching, and 
strength exercises monitored by internet self-man-
agement program for exposed patients [34]. Tier-
ney et al. published closed negative fi ndings in RA 
patients regarding the total energy exposures as-
sessed by a SWA armband during ordinary daily ac-
tivities for a week [28].

 – Mobility
Mobility was assessed in 3 studies including 

range of motion (ROM) of cervical spine, hip joints, 
ROM of the hand, the fi ngers, and the wrist. In the fol-
lowing study, there were signifi cant diff erences for the 
ROM of cervical lateral fl exion and hip abduction be-
tween-group, favouring the intervention group of AS 
patients undergoing a home-based physical activity 

program guided by a smartphone application for 16 
weeks [26]. Similarly, there was a signifi cant improve-
ment in ROM of fi ngers and wrist of patients with RA, 
after a 12-week hand rehabilitation program using a 
novel telerehabilitation device with remote monitoring 
capabilities [19]. However, in the study conducted by 
Piga et al, there was an improvement in hand ROM 
for RA patients monitored by portable device without 
a signifi cant diff erence with controls [32]. 

Secondary outcomes
An overview of the studies examining secondary 

outcomes such as disease activity, fatigue, and func-
tional impairment is presented in Table 2. 

Disease activity
Six studies were interested in searching the im-

pact of wearable devices on disease activity among 
rheumatic disease patients: RA (n = 3), AS (n = 2) 
[26, 30, 32, 35, 36]. Diff erent wearable devices were 
Pedometer, triaxial accelerometer, a wearable ac-
tivity tracker, telemonitoring portable device, and 
a smartphone application. The follow-up duration 
ranged from 12 weeks to 36 weeks. The used dis-
ease activity scales were the Disease Activity Scale 
28 (DAS 28), and the Rheumatoid Arthritis Disease 
Activity Index (RADAI) for RA patients and the An-
kylosing Spondylitis Disease Activity Score using 
C Reactive Protein (ASDAS-CRP), the Bath Anky-
losing Spondylitis Disease Activity Index (BASDAI), 
and number of fl ares for SpA patients.  

In RA, the use of wearable devices improved 
the disease activity in two studies. Devices were a 
Pedometer and a telemonitoring portable device. In 
fact, Katz et al. showed that the RADAI improved 
in Pedometer group and Pedometer + step targets 
group after 10 and 21 weeks of intervention [30]. 
In the other study, authors noted a reduction in the 
DAS 28 in RA patients using telemonitoring portable 
device for hand rehabilitation (1.8 at baseline to 1.4 
at week 12) [32]. However, authors did not fi nd a sig-
nifi cant diff erence with controls.

Regarding AS, the use of a wearable device 
improved disease activity parameters in one study 
without a signifi cant diff erence with controls. Indeed, 
disease activity parameters decreased signifi cantly 
for patients with AS undergoing wearable assisted 
home based exercises from baseline to 16-week 
follow-up (p = 0.03 for ASDAS, p = 0.004 for BAS-
DAI) [26]. Labat et al. found a signifi cant decrease 
in number of fl ares after a 12-week physical activity 
program assisted by a wearable activity tracker [36]. 
However, there was no signifi cant diff erence com-
pared to the non-tracker group.
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Health-related quality of life, fatigue, and pain
Five studies were interested in assessing the 

impact of wearable devices on health-related qual-
ity of life for patients with RA. In fact, in the study 
conducted by Katz et al., the  Health Assessment 
Questionnaire (HAQ) improved signifi cantly in the 
experimental group compared to controls after 21 
weeks of physical activity program monitored by a 
pedometer [30]. Similarly, there was a statistically 
signifi cant improvement of the HAQ after 12 weeks 
of home rehabilitation exercises for the hand using 
a telemonitoring portable device but without a signif-
icant diff erence with control group [32]. Unlike Zer-
nicke et al. who have not found a signifi cant change 
after 24 weeks of physical activity targeted by a Wii 
console [17]. In axSpA patients, Paul et al. found a 
signifi cant improvement of quality of life indexes 6 
and 12 months after an exercise program guided by 
a website [37].

According to fatigue, there was a statistical trend 
for the Pedometer group to reduce fatigue scores 
more than the Educational group by 21 weeks in the 
study conducted by Katz et al. [30]. For Li LC et al., 
there was not a signifi cant improvement between 
both RA groups (delayed and immediate group) after  
the use of a SWA [16]. 

As for pain, there were 3 studies assessing the 
improvement of pain via wearable devices using the 
 Visual Analogue Scale (VAS).There was a statisti-
cally signifi cant adjusted mean diff erence in the VAS 
in one study [16]. However, pain decreased in exper-
imental arm without a signifi cant diff erence with con-
trols in one study [32], and there was no signifi cant 
eff ect on pain and stiff ness intensity in another [27].

Dඑඛඋඝඛඛඑ඗ඖ

Our systematic review investigated whether 
wearable devices could promote physical activity 
and rehabilitation in patients with IRD. There are 
few studies in the literature investigating the eff ect of 
those tools on IRD patients. For that, in this paper, 
we tried to summarize diff erent studies in order to 
draw a conclusion. 

The fi ndings showed the increase of physical 
activity parameters with a signifi cant diff erence be-
tween interventional and non-interventional groups 
in only one study. Regarding performance-based 
physical function, there were improvements of hand 
strength, cardiorespiratory fi tness, and muscle en-
durance for most exposed groups to wearable devic-
es. As for mobility, joints motions were also improved 
after the exposed period. Wearable devices had also 

positive outcomes on disease activity, pain, fatigue, 
and on health-related quality of life.

Disability and functional impairment are frequent 
among patients with IRD [38, 39]. They are caused by 
pain and limitation of joint mobility [40, 41]. They lead 
to alteration of work productivity and to dependence 
[42]. Physical therapy and exercises are recommend-
ed for patients with IRD except fl ares and are often 
prescribed in order to improve the physical function 
[43]. However, following a well-defi ned physical ther-
apy intervention program and adhering to physiother-
apist sessions are not always obvious [44].

In this context, wearable devices were devel-
oped to promote physical function and to encourage 
patients with rheumatic diseases to apply to at-home 
exercises in order to enhance their quality of life. 
There are some controversies regarding the gain 
obtained from these interventions.

Indeed, a recent review showed signifi cant ef-
fi cacy of eHealth-supported home exercise inter-
ventions on improvements of pain, physical activity, 
and quality of life in patients with osteoarthritis of the 
knee [45]. Another one showed the effi  cacy of phys-
ical therapy given by telerehabilitation on shoulder 
pain and disability [46]. 

Telematic behavioral modifi cation techniques 
were also eff ective options for the management of 
anxiety and depressive symptoms in patients with 
chronic musculoskeletal pain [47]. 

However, a meta-analysis of Randomized Con-
trolled Trials conducted by Xie et al. did not fi nd evi-
dence of internet-based rehabilitation to improve phys-
ical function among patients with osteoarthritis [22].

The application of those devices has certain 
limitations, which can reduce their eff ect. There are 
diff erent conditions related to the patient such as co-
morbidities or to the device himself. In fact, in a re-
cent Systematic Review and Meta-Analysis, telem-
atic behavioral modifi cation techniques did not seem 
to be eff ective on reducing the stress among patients 
with chronic musculoskeletal pain [47]. As for adher-
ence, a recent systematic review with meta-analyses 
showed that digital rehabilitation programs were ef-
fective at improving therapeutic exercise adherence 
for patients with musculoskeletal conditions at inter-
mediate follow-up, but not at short- and long-term 
follow-up [48]. Patient satisfaction is also an import-
ant condition that may infl uence patients’ adherence 
to wearable devices. Indeed, Amin et al. provided in 
their systematic review some evidence of satisfac-
tion with Telerehabilitation among patients with mus-
culoskeletal disorders [49]. The cost is considered 
as another condition related to the use of wearable 
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devices. In fact, home-based exercises using wear-
able devices may be expensive for some ones. How-
ever, some studies showed cost saving per patient 
of £38.57 related to telehealth and telerehabilitation 
services for physical therapy for people with mus-
culoskeletal conditions [50, 51]. But those results 
were not linked to long-term cost-benefi t. However, 
the application of wearable devices use in physical 
activity and rehabilitation of IRD patients should be a 
part of a multidisciplinary management for these pa-
tients, including sports medicine and physical med-
icine and rehabilitation specialists. This helps set 
up adequate protocols and choose the appropriate 
evaluation tools and questionnaires to improve the 
uniformity of outcome evaluation.

Limitations
There are several potential limitations related 

to our study that should be considered. First, the 
number of studies regarding this topic is limited. 
This can be explained by the novelty of this area 
of focus. However, we included only English and 
French papers; there are possibly interesting stud-
ies in other languages. Besides, most of random-
ized controlled trials included a little number of par-
ticipants which may infl uence results. Furthermore, 
the follow-up duration was not long enough. There 
was only one study, which has been extended at 
12 months. There was a lack of assessment on the 
prolonged eff ect of wearable devices in promoting 
physical function. Finally, even though our system-
atic review showed positive results, it is important 
to keep in mind that the selected studies included a 
heterogeneous population in terms of disease du-
ration as exercise can be more diffi  cult in patients 
with longstanding IRD. 

C඗ඖඋඔඝඛඑ඗ඖ

 Physical activity and rehabilitation via wearable 
devices are a promising method for patients with 
IRD to enhance their physical function at home. The 
main purpose of this review is to identify the effi  cacy 
of wearables that provide rehabilitation programs for 
this vulnerable population that still exposed to dis-
ability. The results of this study indicate that there 
is always a benefi t of wearables tools. Their utiliza-
tion is simple and safe. They could improve physical 
activity and diff erent fi elds of rehabilitation, perfor-
mance-based physical function, and mobility without 
harming patients’ health. However, further studies 
with large population sizes and long-term follow-up 
are needed to make reliable conclusions. 
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