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Abstract:

Background: Hip osteoarthritis generates very often musculoskeletal pain causing functional impairment and decreasing
mobility, autonomy and quality of life. Patients are then often offered specific telerehabilitation care to provide them with the
possibility to practice painless and supervised adapted physical and functional activities. But what about effectiveness of these
telerchabilitation programs? Objectives: The aim of this scoping review is to list and highlight different telerehabilitation
currently offered during hip OA care in order to assess their effectiveness in programs care. Methods: 5 databases were screened
for "osteoarthritis", "hip osteoarthritis", "pre-operation", '"rehabilitation", "tele-rehabilitation", "digital health",
"telecommunication" in accordance with PRISMA-ScR guideline. Results: 19 articles were selected according to inclusion
criteria. The telerchablitation was offered in 6 different ways (video call, applications smartphones, website, etc.). The
assessments were mainly quality of life questionnaires, the perceived effort after exercises, field surveys on the tool experience,
physical tests to assess motor functions and interviews to measure acceptability before use. Conclusion: This review highlights
the importance and relevance to evaluate contributions and limitations of new healthcare technologies in order to improve
patient follow-up and thus enable better remote clinical care.
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L. INTRODUCTION

Osteoarthritis (OA) is the most common joint
disease, affecting about 240 million people
worldwide, including more than 10 million in France
[1], becoming a major public health problem [2].
According to INSERM (2022), 10% of cases in
France are affected by coxarthrosis. Hip OA is
characterised by a progressive degeneration of joint
that affects cartilage, bone, and periarticular soft
tissues [1]. Several studies have showed that hip OA
is characterised by severe musculoskeletal pain and
limitation of articular movement gradually
decreasing autonomy and quality of life of OA
patients. Pain and stiffness directly impact mobility
and the ability to be physically active [6-8]. Indeed,
the hip OA impacts negatively the functional activity
and the global mobility of the patient. For exemple,
the gait is then illustrated by abnormal patterns [9-
12] associated with a reduced walking speed [ 13-14],
a reduction of the hip muscle strength [9, 15-16] and
higher cardiac and energetic costs of gait [13-14]
relative to asymptomatic adults. (e.g. walking,
climbing stairs) [6,11-14]. Patients with hip OA are
commonly prescribed exercise-based rehabilitation
programs that focus on reducing pain and improving
physical function [15-18].

In recent years, and with the deployment of public
health budget strategies, new information and
communication technologies (NTIC) are
increasingly used in the monitoringand clinical care
of patients, especially in pre- and postoperative
orthopaedic management. These new e-health
devices are indeed proving to be a relevant solution
for a distance care of people with reduced mobility
[19]. Indeed, the term e-health, with its equivalents:
telehealth, digital health, connected health, refers to
all areas where TICs are used for health purposes
[20]. General sense, digital health is defined as the
use of digital information, data and communications
to collect and analyse health information to improve
patient care and health and the delivery of care [21-
30]. Moreover, digital health tends to reduce costs
for therapists and patients and offers a health service
to patients living in rural areas who have, for
example, difficulties in moving around (reduced
mobility, medical desertification, geographical
isolation, etc.) [31-41].

In the rehabilitation context, these new practices are
based in particular on the principles of
telecommunication, and more specifically on tele-
rehabilitation [42]. Tele-rehabilitation can be defined
as a creative way of providing rehabilitation services
from a distance using a wide variety of devices such
as smartphones, digital tablets, videoconferencing,
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specific applications, embedded virtual reality, data
transmission by video and photos or by electronic
message sent by the health care provider and/or the
patient [36,43,44]. The usefulness of digital devices
in the short- and medium-term follow-up of
neurological patients [45] or post orthopaedic
surgery patients [46] has been demonstrated. Indeed,
the use of NTICs by patients has been shown to
improve cognitive function in patients with multiple
sclerosis [47-50], and to be more available and
accessible than with conventional methods.
Furthermore, it has been shown that assessments by
face-to-face professionals compared to tele-
rehabilitation provided the same results [51], with
similar clinical outcomes on pain care, fatigue,
motor function, physical activity assessments
between traditional and tele-rehabilitation [52-56].

However, many technological and societal barriers
remain and limit the deployment of tele-
rehabilitation. For example, the devices used to
deliver therapeutic services (e.g., smartphone or
digital tablet with applications) are unfortunately
currently not sufficiently adapted and flexible to be
delivered from a distance, which reduces their use
and especially the engagement of patient and
clinician users.

The aim of this scoping review is to highlight the
technological used in digital health over the last 10
years in patients with pre-operative hip OA, more
particularly in the tele-rehabilitation care.

1I. METHODS
A. Protocol

This scoping review was performed according to the
PRISMA-ScR (Preffered Reporting Items for
Systematic reviews and Meta-Analyses extension
for Scoping Reviews) [57].

B.  Search strategy and article selection

This scoping review search was carried out using the
following electronic data bases: MEDLINE,
PubMed, Scopus, PEDro and Web of sciences; and
using a combination of keywords related to «
"osteoarthritis", "hip osteoarthritis", "pre-operation",
"rehabilitation", "tele-rehabilitation", "digital
health", "telecommunication". The search strategy
was between the years 2013 to 2023, namely over 10
years.

Only publications in which the participants were
seniors adults and elderly (40-80 years) with hip OA
were included. Other eligibility criteria were:
observational or experimental studies (e.g.
randomised controlled trials, before/after studies),
articles published in English. The articles were
excluded if they were not available as full text
commentaries or conference abstracts, or if the

patients had undergone hip replacement surgery / hip
arthroplasty. The exclusion criteria were: not
complete articles, study of patients with OA other
than the hip and those, although, there is the use of
telecommunication tools, studies on patients with
hip arthroplasty, patients under 40 years (Fig.1).

| 1282 titles identified |

|

\ Review of titles and abstracts H 1154 excluded (did not meet criteria)

l 128 remaining |

109 excluded (85 did not meet criteria, 24

‘ Full Article Review/Team Consensus F» d
duplicates)

}

‘ 19 selected for inclusion ‘

Figure 1. Flow Diagram.
C. Data extraction and analyses

The research on the various databases was carried
out by a member of the research team (NO). Any
duplications were removed with the software Zotero.
Titles and abstracts were then reviewed by two
independent members (NO and LW) of the research
team, based on the inclusion and exclusion criteria
(Fig.1). For all studies that met our inclusion criteria,
the full text was retrieved, analyzed and evaluated by
the same two authors. Any conflict was resolved by
discussion.

For all publications meeting the inclusion criteria,
two authors (NO and LW) independently extracted
information using PICOT criteria (Table I). These
criteria consist of five points: Population (P),
Intervention (I), Comparison (C), Outcomes (O),

Temporality (T).
Table 1. PICOT criteria.
Population Elderly with hip osteoarthritis
Intervention Therapeutic and clinical care with NTICs,

implementation of physical activities
programs with NTICs

e.g., conventional therapies vs. therapies
with NTICs, only NTICs (before-after
care)

Outcomes e.g., clinical evaluations (questionnaires,
scores, mobility and activity scales, etc.),
user feedback (satisfaction
questionnaires)

pre-surgery, before stade 4 of hip OA or
before hip arthroplasty.

Comparison

Temporality

All extracted information was validated between the
two authors (NO and LW) confirming that the data
extracted was accurate and complete. Studies
presenting the results from the same group of
participants were considered a single study and the
results were extracted together.

In order to assess the relevance of proposed therapies
for telereadaptation in elderly with hip OA, the
following variables were extracted.
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Self-report measures of function
assessment: Western Ontario and McMaster
(WOMAC index) [58], [60], [64], [71], [72],Hip and
Osteoarthritis Outcome Score (HOOS)
[62],[631,[68],[69],[711,[74]1,[751,[76], Assessment
of Quality of Life (AQoL) [60], [65], [68], [69], [71],
[74], Visual Analogic Scales (VAS — Pain) [58],
[60], [62], [65], [66], [67], [68], [71], [72], [76],
Arthritis ~ Self-Efficacy Scale (ASES) [60],
[68],Physical Activity Scale for the Elderly (PASE)
[60], [62].

Functional Tests: test 30 chair stand test
(30CST) [65], [67], [71], [72], [73]. Short Physical
Performance Battery (SPPB) [72], Senior Fitness
Test (SFT) [72], Number of steps with accelerometer
wrist [58], [69],[73], on hip [68].

Telerehabilitation assessment: semi-
structured interviews assessing acceptability and
acceptance face-to-face or virtually interviews with
content analysis. Characteristics and indicators of
the studies were collected and analysed. [65], [75],
System Usability Scale (SUS) [63], [68], [74], The
Telemedicine Perception Questionnaire (TMPQ)
[591, [70].

D.  Study validity assessment

Two authors (NO and LW) independently analysed
the methodological quality of each study using the
Newcastle-Ottawa scale for non-randomised
controlled trials (n=6) and cohort studies (n=1)
(Table Ila) and finally the PEDro scale for
randomised controlled trials (n=11) (Table IIb). For
the Newcastle-Ottawa scale, each study could obtain
a maximum of nine stars: 4 stars for study group
selection, 1 star for group comparability and 3 stars
for exposure or outcome of interest. For the
randomised crossover studies included in this
scoping review, the PEDro scale was used. This tool
consists of 11 questions that are answered with "yes"
or "no", with a higher number of "yes" answers
representing a better reliability of the article.

[l RESULTS

A.  Search results

The electronic database search produced 128
publications for the selection. Twenty-four
duplicates were removed from the selection using
Zotero, leaving 104 articles to be processed (Fig. 1).

Of the 104 articles, 85 were excluded because they
did not meet the inclusion criteria: either the study
only involved patients with knee OA, or the patients
had undergone arthroplasty, or they did not
correspond to the themes of our aim study. Articles
with a focus on digital health in general have been
removed from the selection. In summary, 19 articles
[58-76] were processed in full text (Fig. 1).

Of the 19 articles included (Fig. 2), 5 from the
Netherlands [62], [63], [64], [69], [74] (i.e. 26%), 4
from Sweden [65], [66], [67], [73] (i.e. 21%), 3 from
Australia [59], [60], [70] (i.e. 16%), 2 from Norway
[68], [71] (i.e. 11%), 2 from the USA [58], [75] (i.e.
11%), and 1 from Chile [72] (i.e. 5%), from
Germany [76], from Italy [61].

The
netherlands
26% ‘

u tes

Italy
Zhile

orvey 5
11 5%

Figure 2. Distribution of articles in the countries.

Fourteen of the selected articles were research
articles (i.e. 74% of the selected articles), 5 were
research protocols (i.e. 21%), and 1 was a short paper
of 4 pages (i.e. 5%).

Of the 19 selected articles, all were about hip OA and
digital health monitoring for patients aged between
40 and 80 years depending on the study. The sample
size also varied from 19 to 330 users. From the point
of view of study characteristics, 5 were observational
studies, and 14 were interventions or experimental
studies. Different means of communication were
used: video calls with professional and video
exercices (n=8) [65-67], [69], [70], [72], [73], [75]
applications (n=4) [71], [73], [74], [76], website
(n=10) [58], [60], [62-69] phone calls (n=3) [58],
[65], [70], social networks (n=2) [65], [72], emails
(n=6) [58], [63-67]. As we can see above, in some
studies more than one means of communication was
used by the researchers (Fig. 3).

Means of
communication

Figure 3. The different means of communication used.
B.  Intervention

The selected articles show that physical exercise
have been implemented in different ways. For
example, [58], [60], [62], [63], [68] used explanatory
cards with a representation of the exercises that
could be printed out by the patients; [65], [66], [67],
[69], [72], [73], [75] used explanatory videos for the
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implementation of a PA program. Others, such as
[71], used text, audio and video instructions for each
exercise in their program. In addition to providing a
library of textual exercise information, [74] used a
"small habit method", e.g. "after lunch, I get up from
my chair 12 times to train my leg muscles".

The exercise program were mainly based on
functional/balance exercises (i.e., standing weight
transfers, one-legged stance), muscle strengthening
(i.e., hip abduction, i.e., hip extensors, i.e.,
quadriceps) and stretching/flexibility (i.e., standing
hip flexors), and exercises such as seated knee
extension, partial squats, isometric partial wall
squats, sit-to-stand, etc.

The evaluation questionnaires on their perception of
effort or pain after performing the exercises were
offered to patients in order to assess their physical
feelings. Moreover, the evaluation of the motor
function, the reduction of pain in patients, the
improvement of the quality of life or the evaluation
of the acceptability and feasibility of a digital
monitoring program were proposed in their clinical
care follow-up. All the variables analyzed are
explained and illustrated in the methodology section.

C. Evaluations

The (Fig.4) shows us that 15 studies used self-report
measures of function such as questionnaires or scales
[58],[60], [62], [65], [66], [67], [68], [69], [71], [72],
[73], [74], [76].

Eight studies used functional tests [58], [65], [67],
[68], [69], [71],[72], [73]. And finally, 7 studies used
assessments  of  tele-rehabilitation  through
interviews, or questionnaires as well [59], [63], [65],
[68], [70], [74], [75].

Indeed, as we can see some studies have used several
assessments in their methods.[58], [60], [62], [65],
[66], [67], [68], [69], [71], [72], [ 73], [74].

20
0
L
515
17}
—
© 10
g 15
E 5 3
=}
z =

0

Functional test Questionnary Telerehabilitation
assessment
Variables

Figure 4. Variables and assessments implemented.

Eight [60], [62], [63], [64], [65], [69], [72], [73], [76]
studies used a protocol with a control group and an
experimental group, 6 studies [58], [66], [67], [68],
[71], [74], compared outcomes within a single group.
The aim of studies was either to assess the
acceptance and feasibility of implementing a follow-
up program in patients (n=4) [59], [68], [70], [75]

and, a study [61] to inform the implementation of
telemedicine in people with hip OA. (Fig.5).

inform
assessment of

acceptability;
4

case control
study; 8

Figure 5. Pie chart representing the distribution of items.

As mentioned in the methodology section, quality
assessment scales for the articles were made. These
scales illustrate the methodological quality of the
studies set up.

The Newcastle Ottawa Scale (Table I1a) results show
that 3 articles [59], [70], [75] have 5 stars. One article
[66] has 6 stars. And finally, 3 articles have 7 stars
[58], [67], [68].

TABLE Ila: Methodological appraisal of studies with Newcastle-
Ottawa Scale — quality assessment scale for no-randomized
controlled trials.

Selection Comparability | Exposure Total
Crit1 | Crit2 | Crit3 | Crit4 | Critl Crit1 | Crit2 | Crit3

[58]Allen ctal. X X E X X X X X 7

2020

[59] Lawford ctal.. E E X X X - X X 5

2017

[66] Dahlbess ctal. X X X B X X 6

2016

[67]Dahlberg etal, | X X X X b X X 7

2020 (cohort study)

[68] Joseph et al X X X X X X X 7

2022

[70] Lawford et al., X X X X - X X 5

2017

[75] Sterm etal.. X X X X - X 5

2022

Moreover, according to PEDro scale (Table 11b), one
article [74] is at level 5, 4 articles at level 6 [65], [71],
[73],[76], 3 articles had a level 7 [62], [63], [72], and
finally 3 articles with a score of 8 [60], [64], [69].

TABLE IIb: Methodological assessment of studies with the
PEDro scale - a scale for assessing the quality of randomised
controlled trials.

References Cil. | Crit | it | Crt. | Cit | G | Cdt | Car | Crit | Crl | Crt. | TOTAL
1 2 3 1+ s s 7 s ) w |u
[50] Bennell ctal, | ¥ ¥y v ¥ N N Y v v |y Y |8
2015
v ¥ ¥ v N N N | v v v ¥ b
hd N ¥ Y v N N e 'y Y Y 7
2013
[64] Classen etal, | ¥ ¥ |[¥Y (¥ Y Y |¥ ¥ |¥Y |¥ [N %
2020
[65] Cronstrém et | ¥ ¥ o[y [y | ~w |n§ ¥ ¥ |[¥v |[¥v s
al. 2019
169] Kloskc et al. Y ¥ ¥ Y Y N [N [N ¥ |¥ S
2018
Y [N [¥ |¥Y [§ N [N [N Y [¥Y [¥Y |6
Y Y [N Y NN N | ¥ Y Y Y |7
Y Y N Y N N N N Y Y Y L]
2022
[74] Pelle et al ¥ N ¥ N N N N | N 3 3 Y B
[76] Strahl et al_, Y ¥ Y Y N N N N N Y Y L]
2022

Finally, a comparison between the means of
communication used in the articles (cf. tele-
rehabilitation, tele-consulting, etc.) and the
evaluation scores of the Newcastle Ottawa Scale and
PEDro scales, the results show that the care quality
is higher for those that used a method of
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communication with textual and/or graphs
exchanges on the physical activity program.
Iv. CONCLUSION AND

PERSPECTIVES

The aim of this scoping review was to highlight the
technologies used in the field of digital health over
the last ten years in patients with hip OA, more
particularly in the context of tele-rehabilitation care.
Indeed, our scoping review shows that the majority
of articles (12 out of 19, i.e. 60%) [58], [60], [63],
[64], [66], [67], [68], [69], [71], [72], [74], [75] from
a distance assessed symptoms, motor function and
quality of life due to hip OA. In addition, these
studies used many of the same variables, including
the assessment questionnary which measures
fatigue, pain, and quality of life.

The questionnaires used (WOMAC, HOOS,
EuroQol, etc.) are recommended by the International
Consortium for Health Outcomes Measurement to
allow a standard assessment, based on
biopsychosocial approach as the use of International
Classification of Functioning, Disabil-ity and Health
model [79]. Namely, the main objective of these
questionnaires in research is to obtain relevant
information in the most reliable and valid way [80].

In 2016, [81] proved to us that rehabilitation in
orthopaedics has been defined as any non-
pharmacological or non-surgical intervention aimed
at improving symptoms (pain, deformity, stiffness),
motor function and/or quality of life.

The results of the studies seem to be consistent with
other authors, such as [82] where the authors showed
that technologies can provide exercise therapy,
encourage adherence to physical activity [83] and
support distance rehabilitation [84,85].Moreover,
these results are confirmed by some authors [71]
have stated that distance monitoring programming is
more comprehensive as a complement to
conventional therapy.Furthermore, some studies [70]
have shown that distance monitoring allows a
reduction in intervention and medication costs,
compared to usual therapy.

Despite the positive results and the potential
acceptability of TICs by patients in the articles
included, some limitations remain in the literature.
Indeed, the complexity of integrating technology
into rehabilitation interventions and research has
been highlighted by these authors [86]. According
to them, it may be useful to consider that in most
situations, individual technologies are used as a
mechanism to deliver, promote or monitor the active
ingredient (i.e. exercise therapy) in an intervention.
It will also be essential to find ways to monitor and
improve the fidelity of interventions and/or
implementation. Moreover, it is important to

recognize that technological aids may be less
appropriate in lower socio-economic communities
unless they can be adapted to the local context.

These contexts pose rise to numerous problems in
terms of ergonomics (e.g., interface ergonomics),
use (centred on the adaptation of clinical and
rehabilitation care towards patient autonomy) and
finally, the reduction of social diversification (e.g.,
short-, medium- and long-term follow-up care).
These problems must therefore be assessed and
characterized specifically to propose digital devices
adapted and in line with the demands of users
(patients and clinicians).

In conclusion, our study was able to provide a
summary of the effective care of patients with
preoperative hip OA using biomedical devices and
digital health technologies. This work highlights the
importance and relevance to evaluate the
contributions and limitations of new health
technologies in order to improve future patient
follow-up and thus enable recommended standard
care. This also highlights the importance of
considering the needs of users by adopting a user-
centric approachce when designing new health
technologies. Indeed, it seems relevant to us that
future studies be based in particular on specific
models such as the model of the International
Classification of Functioning, Disability and Health
[85], used as a guide for setting rehabilitation
objectives, planning interventions and follow-up; but
also ergonomic analysis models used to quantify user
needs.
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