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Preface

The International Workshop on Gerontechnology (IWoG) aims to promote research
and scientific exchange related to Gerontechnology and to bring together
researchers and practitioners from various disciplines of the academia, public
administrations and industry in order to tackle emerging challenges in the
Gerontechnology applications and associated technologies, as well as to assess the
impact of these technologies on society, media and culture.

This volume collects the full research papers (field, statistics, technical and
vision works) and short research papers presented at the Fourth International
Workshop on Gerontechnology (4th IWoG), held in Caceres (University of
Extremadura, Spain) and Evora (University of Evora, Portugal) during November
23-24, 2021.

The fourth edition of IWoG accepted contributions related to different dimen-
sions of Gerontechnology: use of technology to improve functional ability and
promote healthy aging; health interventions to support caregivers of elderly people;
the effectiveness of public health initiatives and clinical interventions for prevent,
reverse or mitigate decreases in physical and mental abilities; solutions for active
aging, social integration and self-care; monitoring and management of chronic and
non-chronic diseases in ambient assisted living; learning, training and coaching
systems to promote healthy life in ambient assisted living environments; smart
homes and sensor networks for ambient assisted living; context awareness in
ambient assisted living environments; use of context and location information in
user interfaces; elderly nutrition; health, wellness and disease monitoring; knowl-
edge management for health (context, cognition, behavior and user modeling);
health ecosystems (frameworks, models and methodologies); smarts technologies
and algorithms for health.

This workshop was organized by the program committee (PC), with a senior PC
composed of well-known experts from the field in charge of monitoring the work
and animating the discussions of the broader regular PC. This made it easier to run
the virtual PC meeting of the full research papers track and the discussion about
each paper.
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The program for IWoG 2021 was versatile and multifaceted. In this workshop,
there were only full papers, and we selected 40 out of 135 submissions, resulting in
an acceptance rate of 33 %.

This excellent and comprehensive program would not have been possible
without the help of those who contributed to the success of the event. We would
like to thank all the different chairs for their hard work. Our thanks also go to
Helianthe Kort, Sumi Helal and David Mendes who imparted the main talks of the
workshop.

We are grateful to our local organizers 4IE team of University of Extremadura
and University of Evora for their logistical support and to Springer for publishing
this volume. In addition, we want to thank the PC members, the additional
reviewers and the student volunteers for their effort to make IWoG 2021 a very
special event, both in terms of academic ambition and practical arrangements.

Finally, we want to thank you, authors and the IWoG community, for taking the
time and effort to participate in IWog 2021.

January 2022 José Garcia-Alonso
César Fonseca
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Contigo: Monitoring People’s Activity
App for Anomalies Detection

Daniel Flores-Martin®) @, Sergio Laso®, Javier Berrocal®,
and Juan M. Murillo

University of Extremadura, Badajoz, Spain
{dfloresm, slasom, jberolm, juanma.mu}@unex .es

Abstract. The pandemic situation produced by COVID-19 has made
access to medical services and personal treatment difficult. For the older
adults, this has been a major problem because they often need assistance
to facilitate their daily lives. Different types of solutions have been put
into place very quickly to alleviate this problem, such as telemedicine or
telecare. However, most of these solutions require people to perform some
actions manually. This paper presents a solution to monitor people’s
activity in a way that is transparent to them. This solution is based on a
mobile application that records their movements and estimates a certain
amount of activity, and a web platform that allows authorized personnel
to request this information by using different type of microservices. This
application offers a simple and easy-to-access solution that allows the
monitoring of the activity of the older adults to know their status and
to be able to act accordingly in case of unusual situations.

Keywords: Older adults - Healthcare -+ Mobile devices - Monitoring -
Microservices

1 Introduction and Motivations

Social isolation and loneliness have become increasingly relevant problems. This
is of particular importance among older adults because the type of social rela-
tionships tend to be subject to close-knit groups of people and family members.
This can lead to an increased risk of loneliness and isolation as these social
relationships disappear or diminish [1].

Technology results useful for avoiding these situations and favoring the care
of the older adults. Whether through smart devices, voice assistants, or robots,
practically any technological development focused on the older adults can make
their day-to-day life a little bit easier [2,3]. Some of the main benefits of technol-
ogy in the lives of the older adults, such as reduction of social isolation, depen-
dency or improved sense of security; and limitations such as physical impair-
ments, cost of devices, or lack of interest in learning, were also indicated. The
use of technology at the service of the older adults is also useful in nursing homes
where, thanks to the use of different smart devices, their daily life becomes a

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
J. Garcia-Alonso and C. Fonseca (Eds.): IWoG 2021, LNBE, pp. 3-14, 2022.
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little bit easier [4-6]. However, technology acceptance by older people is also the
subject of study in [7], where the authors analyzed different theoretical models
that provide the basis for building new applications and technologies targeted
at older people. One of the factors that determine the perception that the older
adults have about the use of technologies is influenced by the social factor. In
a study conducted in [8], the authors observed that the older adults had been
isolated and separated from their families during the pandemic in the COVID-
19. In this sense, they realized the need and usefulness of new technologies and
even appealed to the need to learn to use technological devices to help maintain
the relationship with their loved ones without the need to resort to a person to
facilitate this contact.

To mitigate these problems, different technological solutions have been devel-
oped that favor the recognition of people’s activities to detect incidences related
to the pandemic state [9,10]. However, there are also many barriers to these
people coming into contact with new technologies, such as the difficulty of use,
the need for supervision by third parties, or simply fear and mistrust.

In this paper we propose a solution based on the development of a mobile
application called Contigo, which only by installing it on the mobile device of
the older adults, can monitor their activity and detect possible anomalies in a
completely passive way for the users.

The rest of this paper is structured as follows. After this introduction, Sect. 2
details the application structure. Then, Sect. 3 shows a real example of using the
application. Next, in Sect. 4, some related work are detailed. Finally, in Sect. 5,
the conclusions and future work are drawn.

2 Contigo App

The application, called Contigo, was developed during the initial phase of the
COVID-19 pandemic to monitor older adults during this pandemic. Contigo is
particularly aimed at older adults who live alone and therefore, in situations of
isolation it is more difficult to know their state of health.

Contigo passively monitors whether a person has used their smartphone and
what physical activities they performed over the last few hours via the mobile
app. The activity and personal information (necessary for possible direct contact)
is stored only on the mobile device and is provided through microservices. This
information is aggregated and securely coordinated in the web application and
is available for family members and healthcare personnel to be consulted.

2.1 Mobile Application

The mobile application is the main element of Contigo, which is responsible for
the passive monitoring of the users’ status. To quantify the status of the users,
the application stores, on the one hand, the time with the screen active (the user
is actively using the phone) and on the other hand, the time that the user is active
without using the phone (sitting, standing up, walking, etc.). These activities
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are identified by means through the accelerometer and gyroscope sensor. The
sum of the times is called activity time, which will be used to determine whether
a person is active. Personal information is also stored in the mobile application
in case it is necessary to contact the user directly.

Figure la shows the main interface of the application, where the user name

and the activity time during the last 24 h are displayed. It is a very simple
interface as the user does not have to interact with it, as explained above, the
application automatically takes care of the monitoring.

I

Laura Baena Garcia
You can edit your name

Avda. Ricardo Carapeto, N°: 77, 5° C

You can edit your address
10003
You can edit your ZIP Code

000000000

You can edit your phone

Laura

Your activity in the last 24
hours is:

1 hour and 18 minutes

(a) Main screen (b) Preferences screen

Fig. 1. Contigo mobile app

To work properly, the application is composed of a set of permissions and

requirements that must be fulfilled. These are detailed below:

Compatibility: the application is developed for Android devices with oper-
ating OS version 6.0 (Marshmallow) or higher.

Location permission: in order to obtain the location from the GPS sensor,
it is necessary to accept the location permissions.

Background permission: in order for the application to monitor and cal-
culate the activity time correctly, it must run in the background. while the
user has the phone locked or is using other apps, it has to monitor activity
correctly. Therefore, it is essential to accept the background running permis-
sions or in other cases, disable the device’s power-saving limitations for the
application.

Initial registration: the phone stores personal information to be contacted
by healthcare staff in case of low activity detection. This information is regis-
tered through a simple form when starting the application for the first time.
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Figure 1b shows the settings section accessed from the main interface that
allows editing the contact information once the initial registration is com-
pleted.

Microservices. To store and provide user data securely, the mobile application
has been developed through Human Microservices [11,12]. These microservices
provide accurate and up-to-date information about individuals (their owners)
through embedded sensors or virtual profiles built and stored on their mobile
devices. They allow greater control over data by not storing all this information
in a remote environment, thus enhancing users’ privacy. They can be consumed
directly by other Internet-connected devices as if they were deployed in the
cloud through APIs. It also has a standards-based framework that facilitates its
development.
The mobile application is composed of the following microservices:

— Get Status: this microservice provides user up-time calculated and stored
by the mobile device.

— Post Status: the microservice allows receiving push notifications for an
active check where the user has to respond. If a user has been detected as
having low activity, the user is asked and can answer yes/no.

— Get User: this microservice provides the user’s contact information, which
is stored only on the mobile device.

— Get Location: this microservice provides the user’s current location. This is
obtained directly from the GPS sensor of the mobile device, without having
to store it beforehand.

For the implementation of these microservices, the development process of
the Human Microservices has been followed. Firstly, the API has been defined
with the microservices proposed above. For this, the OpenAPI standard [13],
which is widely used in the industry for the design and implementation of APIs
in the cloud, has been used. Secondly, with the design of the API, the skeleton of
the mobile application has been automatically generated. The APIGEND tool!
allows us to generate the API for Android mobile devices. Thirdly, before being
able to deploy the API/mobile application, we had to finalize the implementation
of the application. This includes the user interface, the business logic of each of
the microservices, i.e. the behaviour of the different defined endpoints (obtaining
the GPS location, the stored contact data, or the calculation of the activity),
etc. For communication with the microservices, the MQTT protocol [14] is used,
in this case, encrypted so that communication is secure. Finally, the application
would be ready for deployment and installation on users’ mobile devices.

2.2 Web Platform

For the development of the web platform, we followed a stack composed by
Spring MVC, Spring Security, Spring Data JPA, JSP, and MySQL. These tech-

! https://openapi-generator-spilab.herokuapp.com/.
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nologies allow the platform to be used in a secure and agile way while safe-
guarding user data. Currently, the platform is deployed for research purposes on
a virtual machine with 2 cores and 4GB of Ram memory at the University of
Extremadura?.

This platform allows caregivers, healthcare staff, or management staff to keep
track of the people who have installed the mobile application. In this way, it is
possible to know in real-time if any person had little recent activity and, if nec-
essary, send them a notification to find out their real status. For this purpose, it
is possible to perform searches that return the status of different people, aggre-
gating their data and displaying the information on an interactive map. Thanks
to this, it is possible to detect which people were using their mobile devices
with a certain degree of normality and which have been behaving unusually.
In addition, the microservices used by the platform can also be consumed by
authorized persons, such as neighbors or relatives of an older adult. The main
features offered by the web platform are specified below:

Login. Caregivers, medical staff, or authorized people wishing to use the web
platform must register. To do so, the access must be requested by justifying the
reason for use (Fig. 2a). Since this is sensitive information about people, it has
been decided that user registration will be supervised by a person and access will
only be granted to those who really need it, whether to monitor a neighborhood,
a nursing home, or a specific person. Once access is granted, the user can create
a username and password to start using the platform (Fig. 2b).

CONTIGO CONTIGO

Request access - For you for everyone -

1 accept the torms and conditions

fm nota robot

 DESCARGAR
9 PSANDROID

RonUast aEoees Terms and conditions - info@spilabes

(a) Request access screen (b) Login screen

Fig. 2. Web platform register/access

2 https://spilapps.unex.es/contigo.
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Searching. Once the user has accessed the platform, he/she can perform dif-
ferent types of searching. To do so, the platform requests the user’s location to
position the map in the area where he/she is located, thus facilitating a possible
search in the surrounding area. In this sense, several parameters were developed
to allow the most precise searches possible. These parameters are:

— Radius (meters): this allows us to define the search radius on the map. In
this way, only the data of people within this radius are received. For instance,
500 m.

— Minimum activity (hours): it sets the minimum time that people must
have performed different activities for the results to return normal or anoma-
lous behavior. For example, 3 h.

— Activity in the last hours: this parameter works as a complement to the
previous one, defining the interval where the minimum activity performed
must be fulfilled. It is possible to set 24 h, 12 h, and 8 h. Continuing with the
previous example, it is possible to set the activity performed to be 3 h within
the last 24 h.

Once the parameters have been set, the platform allows the user to configure
the options for displaying the results. For this, it is possible to show only the
answers that meet the configured parameters and therefore of the people who
have performed the minimum recommended activity; the answers of those who
do not meet the parameters and who, therefore, are likely to require attention
in the event of a possible anomaly; or both answers. In addition, the results can
be grouped for more convenient viewing. Finally, it is possible to create heat
maps that allow users to see at a glance those areas where people are more
likely to return anomalous answers, or on the other hand, the answers where
the parameters are met. All these visualization options allow the user of the
web platform to quickly and easily check the answers obtained. The figure below
(Fig. 3) shows all this visualization options.

Contigo SAEE

Results:

(o]
Parameters Showol

®  Only "OK" answers h e niversidgaid
®  Only Alert!"
L

Radius (meters):

! 3
Universidad d' :

500 Hide all ardia Civ Q Extremadura ool
T {52 | 9 : *El Cuartillo’
Minimum activity (hours): ot esidencial Asistida =y

——e
L o » i
itenciano) de Minirm
—— -y e (o e Cacate A alt
Activity in the last: o -
Heat map: ; &
©24h ®12h @38h
® showall
searchl ® JustOK" +

® Just "Alert!" —

O None

Fig. 3. Contigo web main searching screen
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When a search is performed, a summary of the search is provided with the
results obtained: number of responses, responses that meet the search parame-
ters, and those that do not. In addition, an alert notification can be sent to all
those who do not meet the search parameters entered.

Reports. The platform also allows different types of reports to be generated.
These reports can be created in PDF and XML format and the information can
be sorted by name, address, and postcode. In this way, the information obtained
can be printed or analyzed easily.

In this section we detailed the main functionalities of both the mobile appli-
cation and the web platform. The following section shows a complete example
from when a user performs a search until a person receives a notification on their
mobile device to inquire about their status.

3 Use-Case: Laura’s Activity Time

In a real scenario, people downloaded the mobile application and installed it on
their device. In addition, healthcare staff with access granted to the platform can
perform different types of searches. In this example, the user MedicalStaff1 set
the following parameters to perform a search and check Laura’s activity time:

— Radius: 500 m
— Minimum activity: 3 h

— Performed in the last: 24 h.

Once the parameters are set, the request return all the results (Fig. 4).

= summary (44) ERFNEEE(L)] Help MedicalStaffl
Map  satelite oD\uLesh Coria Caceres > ! or-C £

Plaza Luis

Palacio De Moctezuma
Plazuela
def Socorro @

9 Plaza Mayor
Fundagi@is Femando =
9 Valhotig@palaff Q
Martes P} Mayor Q
@ Oficina de Turismo
s Caceres

Ayun(xm\m@rca:eles
* ral de las Ci
Plazade!2s piaza de los
\ Caidereros

Plaza Publio ‘i KHQ © def,
Hurtado Lol o,

Retales Mano\oo Ch

Hotel Alfonso \xo
Ortopedia Orlo: rvuro

i6n Provincial

Dipu
De Caceres

Exe Agora Céceres

Plaza de
San Jorge

(111} @

Iglesia San

. s ol Casa Mudejar dee
Joyerias C fiise
N oyeris Caymo

0 e 8. 99

Fig. 4. Search results in the interactive map
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|Z| & Search Summary

B am Alerts list

* Radius: 500 meters
* Minimum activity: 3 hours
* During the last: 24 hours
* Number of responses: 15

Sort by:
* Number of responses: 44
o Ok:29 Postal Code v
o Alert:15
B Generate PDF
Generate EXCEL
Send 15 notification / s
Close Close

(a) Search summary (b) Alert list (reports)

Fig. 5. Search results

The platform allows the user to visualize the information on the interactive
map, offering a summary (Fig. 5a) and allowing reports to be generated (Fig. 5b).

In this way, MedicalStaff! can check the status of the people who are within
the parameters of the search he has performed. For this example, MedicalStaff1
performs a search within the environment of the city of Caceres to check the
status of a specific person, Laura, who due to the pandemic situation can not go
regularly to the health center for her check-ups, and therefore the healthcare staff
must check if she is performing the minimum recommended activity. Thanks to
the reports generated, MedicalStaff! can check Laura’s condition (Fig. 6)3.

3 '
Contigo's Alert Report
Date: Fri Oct 22 10:19:28 UTC 2021 - User: MedicalStaff1
Search location: 39.476900002187705,-6.373897270080559

(X )
A

Radius: 500 meters - Minimum activity (hours): 3.0 hours - In the last: 24 hours Contigo
___IName JAddress ZIP C Phone ctivity ti
1 Laura Baena Garcia Avda. Ricardo Carapeto, N°: 77, §° C [10003 000000000 [t hour and 18 minutes
2 |Antonio Chacén Pérez C/ Alazan, N°: 50, 2° A 10003 000000000 |1 hour and 3 minutes
3 Africa Olmeda Suarez Avda. Ricardo Carapeto, N°: 165, 4° 10003 000000000 |1 hour and 21 minutes
o]
4 Luis Manuel Nufiez Rivero Ctra. de la Corte, N°: 22, 3°E 10003 000000000 1 hour and 35 minutes
5 Esther Fernandez Galvan Avda. Sabas Arias, N°: 151, 2° F 10003 000000000 1 hour and 55 minutes
6 Luis Manuel Diez Ayuso Calle Salvador Dali, N° 2, 4° E 10003 000000000 1 _hour and 46 minutes
7 Mari Luz Pérez Fernandez Avda. Ricardo Carapeto, N°: 119, 1° (10003 000000000 20 minutes
E
8 Beatriz Flores Martinez Ctra. de la Corte, N°: 86, 4° D 10003 000000000 2 hours y 50 minutes
9 Angela Galvan Fernandez Ctra. de la Corte, N% 31, 2°A 10003 000000000 42 minutes
10 \Esther Rodriguez Diez Plaza Francisco Bosh. N°: 142, 5°B [10003 000000000 1 minute

Fig. 6. Search report with Laura’s information

3 The data generated in the report are simulated.
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In view of the results, MedicalStaff! sets out to locate Laura in the area
where she has her usual residence. Once located, her information can be checked
and the activity performed analyzed. By clicking on Laura’s marker, all her data
are displayed on the interactive map (Fig. 7).

Status: Alert!

X ‘
Send notification

Activity: 1 hour 18

Fig. 7. Laura’s information

In this case, Laura did not met the target requested in the search, so Medical-
Staff1 can send her a push notification to check her status (Fig. 8). In addition,
Laura can reply to this notification to indicate that she is indeed well and that
it may have been a specific anomaly of that day or, on the contrary, if she does
not reply, MedicalStaffl can take the necessary actions for specialized staff to
contact her personally at home.

Are you OKAY?
Low

ty detected

Laura

Your activity in the last 24
hours is:

1 hour and 18 minutes

Fig. 8. Laura’s Contigo app notification
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This example demonstrates the usefulness of Contigo in detecting possible
anomalies caused by the lack of activity of older adults, thanks to the combina-
tion of the mobile application and the platform.

4 Related Work

There are different mobile applications for monitoring different aspects of health.
For example, Moodflow [15] is a mobile application that captures emotions,
moods, thoughts, and general well-being, Ada [16] allows us to perform a small
medical check-up through simple questions with an Al or Wave [17], an appli-
cation to facilitate the maintenance of a record of physical and emotional well-
being in patients with chronic diseases to track symptoms, medications, steps
and other activities. All of them have in common the need to interact with them
constantly, manually recording different information, answering questions, and
so on. Therefore, those who are not familiar with and skilled in the use of mobile
applications are not suitable for them. They need apps that monitor different
aspects of their health with as little interaction as possible.

Some applications record different aspects of health passively without the
user having to interact with them. For example, Google Fit [18] or Health Moni-
tor [19] allows us to monitor different health parameters such as steps, heart rate,
blood pressure, etc. However, for most of the parameters, it needs the help of
other external devices. Moreover, these data are not reviewed by medical staff, so
good use depends on the knowledge and interpretation of the users themselves.

A good example is Radar COVID [20], an application that uses the bluetooth
sensor of the device itself to identify possible close contacts with people who have
been diagnosed positive for COVID-19, alerting us when we have been near a
COVID-positive person. In our case, we use the accelerometer and gyroscope
sensors and the active screen detection of the devices themselves to detect the
activity time of a person in a passive way, in which the user has minimal inter-
action with the application. In addition, the activity information is reviewed by
healthcare professionals for quick action.

5 Conclusions and Future Work

Loneliness in the older adults is a widespread problem in our society. This, added
to the pandemic situation we have experienced due to COVID-19, has generated
truly alarming situations that have prevented the verification of the welfare
status of our older adults. To counteract this, different types of solutions have
been developed, such as those centered on telecare or telemedicine. However,
the use of these solutions in most cases depends on people having to perform
some action manually. This can be a barrier for people who are dependent on
technology or do not have sufficient knowledge to use it.

In this paper, a mobile application has been presented that allows the mon-
itoring of people’s activity. This application uses different sensors of the mobile
device to estimate the person’s activity. All this is done in a transparent way
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for people and does not require any manual action. The security of the data has
also been prioritized since, as it is personal and sensitive information, it is only
stored in the person’s device. In addition, as a complement to this mobile appli-
cation, a web platform has been developed that allows customized searches to
detect those people who have not performed a specific activity time and, there-
fore, could be considered as an alarm situation. In this case, a notification can
be sent to the person’s mobile device and, if necessary, a family member or the
responsible medical staff can be contacted. As future work is intended to sup-
port other mobile operating systems such as IOs, since the mobile application is
currently only available for Android. The application is also working on creating
a history of people’s activity to create statistics and schedule tasks and activities
to encourage activity among the older adults, if necessary. Work is also being
done to produce periodic queries of a specific person’s activity, so that a family
member or healthcare staff will have a record of the activity without having to
perform a specific search.
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Abstract. People with Mild Cognitive Impairment (MCI) often expe-
rience a slight -but noticeable- decrease in their mental abilities, greater
than other people of the same age, but not so severe as to interfere with
their normal daily life and activities. MCI currently affects between 8
and 37% of people over 65 and, according to the latest findings, people
with MCI are more likely to develop dementia. This paper introduces
SAMoA: a self-adaptive framework aimed at helping elderly people suf-
fering from MCT and their caregivers. SAMoA includes two self-adaptive
mobile applications allowing to monitor the mobility of MCI elderly peo-
ple, warning their caregivers when they leave their (previously defined)
safe zones or change their daily mobility routines.

Keywords: Self-adaptive systems - Mobility monitoring - Mild
Cognitive Impairment (MCI)

1 Introduction

Nowadays, more and more elderly people have a smartphone and use it in their
day-to-day tasks, such as reading the news, talking with family and friends, or
annotating reminders not to forget relevant information such as the pills they
have to take or the appointments with their doctors.

Research shows that elderly people are more at risk of accidents, such as
falling to the floor or getting lost or confused in certain situations. However,
having a mobile phone with them would allow their relatives or caregivers to
monitor their location at any time (of course, with their prior consent), for
example when they go shopping or when they have to travel.

Monitoring the mobility of elderly people in order to identify potentially risky
situations, may require using different sensors (e.g., GPS, accelerometer, etc.),
communication networks and infrastructure (e.g., based on mobile data, WiFi or
Bluetooth) and, eventually, external services (e.g., regarding weather forecast).
The energy consumption associated with these devices and services may vary
depending on their configuration (sample rate, precision, frequency and amount
of data to communicate, etc.). Thus, in order to adequately manage the limited
© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
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battery and computational resources available on smartphones, it is essential to
adapt the mobility monitoring process so that it can work for as long as possible
and, in particular, in the most risky situations.

The use of Information and Communication Technologies (ICT) has demon-
strated to be very useful both for getting data from the elderly [1] and for making
information more accessible to them [2]. In this vein, this paper presents SAMoA
(Self-Adaptive Mobility Monitoring App): a monitoring framework based on
MoRES [3], which aims at identifying unusual mobility behaviours to help the
elderly prevent risky situations, while keeping their relatives and caregivers
informed about them. This goal can be divided, in turn, into the following sub-
goals:

— Provide elderly people in general, and those affected by MCI in particular,
with an easy-to-use mobile app allowing them:
e to receive relevant news based on their profile;
e to send an SOS message to their relatives or caregivers in case they get
lost or feel in trouble.
— Provide the elderly relatives and caregivers with a mobile app allowing them:
e to define the elderly profile and mobility patterns (e.g., times when he/she
usually gets out or should be at home);
e to define different mobility zones according to their risk;
e to define their notification preferences (e.g., according to their availabil-
ity); and
e to watch out the current location of the elderly person and his/her last
movements when he/she sends an SOS message, gets into a risky area or
exhibits a strange behavior (e.g., getting out late at night or under bad
weather conditions);

The rest of the paper is organised as follows. Section 2 overviews related
works; Sect. 3 outlines the architecture of the SAMoA framework and describes
the behavior of each of its components; and, finally, Sect. 4 draws some conclu-
sions and future works.

2 Related Works

The widely spread use of smartphones allows, among other increasingly com-
plex tasks, to monitor people’s mobility. Nowadays, it is possible to find many
different applications that make use of this information in an aggregated (anony-
mous) way, for instance, for traffic estimation or crowded places identification.
A good example of this kind of applications is Google Maps [5], which not only
provides information about the best routes possible to reach any given destina-
tion, but also instant information about traffic jams, accidents or sections under
construction. Google Maps also allows their users to share their instant location
with a given person (or group of persons), for instance while traveling, and to
register their mobile devices so that, if they get lost, it is possible to retrieve
their current (and historical) location. Similarly, Find my iPhone [7] allows users
to locate their iOS mobile devices just by logging in their Apple Account.
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Among the personal mobility monitoring apps, it is possible to find
SOS/rescue applications frequently used by hikers who want to be located in
case they get lost. A good example of this kind of applications is Alpify [6],
which allows hikers in trouble to send an SOS message to the local rescue ser-
vices, indicating their location and personal information so that they can help
them.

It is also possible to find tracking devices such as collars, bracelets or tags,
which allow finding lost objects or persons (e.g., children). These devices are
typically placed inadvertently and they allow tracking people location without
their prior consent. Furthermore, some applications like Spyzie [4], also allow to
instantly access, not only the current location of a device, but also additional
personal information such as contacts, calls, messages or photos. Installing this
kind of software on a mobile device without the consent of its owner is, of course,
not only reproachable but illegal.

All the applications mentioned above allow to monitor the location of mobile
devices (and thus the location of their owners) but, not being oriented to elderly
people, they lack some valuable features such as enabling the definition of
safe/risky areas or take into account their personal routines and potential visual
or hearing impairments. Among the mobile apps specifically oriented to elderly
people, it is worth mentioning the following ones:

— LoPe [8] is a service developed by Cruz Roja aimed at monitoring elderly
people. LoPE is based on two main components: (1) a smartwatch application
intended for elderly people, that sends the user location every 10 minutes
and allows notifying emergency situations to caregivers; and (2) a mobile
application intended for the caregivers allowing them to define secure/danger
zones, setting alert preferences, and monitoring the current person location
and distance covered;

— Safe365 [9] is a mobile app for elderly monitoring. Safe365 notifies the care-
givers whenever the user enters or leaves a given area, or when a deviation in
the daily routines (learnt using artificial intelligence techniques) is identified.

Although these two applications allow to monitor elderly people they are
more oriented to caregivers than to end-users, and they are not self-adaptive in
any sense. SAMoA aims at coping with these limitations by (1) offering added-
value features specifically targeted to the elderly users, e.g., offering them rele-
vant information according to their profile and routines, allowing them to easily
manage reminders, and providing them with an interface adapted to their spe-
cific needs or impairments; and (2) supporting transparent, smart adaptation
mechanisms the make the best out of the limited resources available in nowa-
days smartphones, in particular, to guarantee that they are available when really
needed (e.g., in an emergency situation).

3 The SAMoA Framework

Before detailing the architecture of SAMoA, it is worth mentioning that it is
based on the MoRES framework [3], aimed at helping elderly people to under-
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stand and comply with the mobility restrictions associated to the COVID-19
pandemic.

MoRES includes three applications: (1) a mobile app allowing end-users
to identify allowed and forbidden places in their area (according to applica-
ble restrictions) and crowded areas to be avoided; and (2) two web apps, one
for politicians (allowing them to set up restrictions in a hierarchical way) and
another one for the public security forces (allowing them to identify strange or
forbidden mobility patters). MoRES builds on several software components, two
of which have been fully reused in SAMoA: (1) a RoQME component [12,13],
aimed at gathering real-time information from the smartphone sensors (e.g.,
GPS, accelerometer, etc.) and from some external APIs (e.g., a weather forecast
service) and identifying relevant context patterns (situations) in it; and (2) an
information storage and visualization component. Both the MoRES and the
SAMoA frameworks rely on a loosely coupled architecture in which components
are connected using a publish-subscribe middleware.

The SAMoA framework includes two apps aimed at covering the different
needs of each kind of user in the system: a mobile app for the elderly people, and
another mobile app supporting their caregivers. These apps provide customised
functionalities and views, targeted to each user profile, and share data with each
other. Figure 1 outlines the main components of the SAMoA framework and
how they relate to each other. Each of these components are briefly described
next.
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em
Engineer
Producer Layer l — =
= RoRME =
OpenlWeather % I =
= Relatives Mobil
o = EsperTech s
Real-ti
proc"esls';::; RoQME module
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~B ] —=
9 Local DB - - L}ocnl DB
Q = o
Elderly Mobile Server
Application Information storage module

Fig. 1. Architecture of the SAMoA framework.

— Elderly mobile app. The main purpose of this application is, on the one
hand, to provide the current location of the elderly person to the caregivers
application and, on the other hand, to monitor the elderly mobility, checking
how safe/risky is the area that person is in. High-safety areas are typically
defined around the elderly person’s home; medium-safety areas include the
zones where they typically move through on a daily basis (e.g., for shopping,
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Fig. 2. Left. SAMoA zone range definition map, where green zones are associated to
high-safety and orange zones to medium-safety. All other zones are considered unsafe.
Right. Elderly person profile definition.

attending medical centers, or visiting close relatives and friends); and risky
zones, which include unusual places or zones far away from their home. Note
that these areas might be defined either by end-users themselves or by their
caregivers (when end-user suffers from some cognitive impairment). Similarly,
end-users (or their caregivers) may define (1) their personal profile (name, age,
gender, blood type, preferred news categories, etc.); (2) the time intervals
when they typically stay at home or go out; and (3) punctual or regular
reminders (e.g., for taking their medicines, visiting their doctor, etc.). Finally,
the application provides end-users with an SOS button they can press in case
they feel lost or at risk, shows them relevant news based on their profile
and location and displays how safe is the area in which they are (using a
simple traffic-light color convention). It is worth mentioning that the risk
level is not only based on the person location, but also on deviations from
predefined behaviors and on the weather conditions (e.g., it is considered a
risk if the person goes out late at night or under a heavy rain). It is also
worth mentioning that the mobility monitoring process is zone and battery
level dependent, that is, the safer the zone and the lowest the battery, the less
frequently the location is sent to the caregivers application. However, if the
user gets into a risky zone or if he/she presses the SOS button, the location
is sent at the highest supported rate (every 2 min), regardless of the battery
level.

— Caregiver mobile app: this application provides elderly caregivers with
the following main features: (1) profile definition, including the time intervals
when they are available for attending notifications; (2) when needed, defini-
tion of the elderly behavior routines and mobility zones (indicating their risk
level); (3) setting up notification preferences (e.g., notifying all the caregivers
or only those closest to his/her current position); (4) receiving notifications
in a clear way; (4) visualizing the current location of the elderly person on a
map; and (5) reviewing his/her routes and locations during the last 24 h.
Some of the functionalities supported by SAMoA are illustrated in Fig. 2.
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4 Conclusions and Future Works

This paper has introduced SAMoA: a mobility monitoring framework for elderly
people with MCI, aimed at helping them and their caregivers when they get lost
or feel at risk. The framework architecture and its main components have been
outlined, and its main features have been compared with similar applications
currently available in the marketplace.

Among the extensions planned to be supported in SAMoA in the future, it
is worth highlighting the following ones: (1) monitoring additional information
obtained, e.g., from smart watches or other IoT devices, in order to provide
end-users with additional functionalities (e.g., stress detection based on pulse
alteration); (2) adding some “intelligent” features, e.g., allowing the mobile apps
to adapt their behaviour according to the perceived situation, in line with some
of our previous works on model-driven self-adaptive system development [10,11];
(3) supporting the integration with external services provided by some hospitals
or by the Red Cross, and (4) using artificial intelligence techniques to learning
elderly behavior patterns and detect deviations from their regular routines.
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Abstract. The digitalization of health processes is a reality. Each time,
there are more services and institutions generating and interacting with
the health data of a patient. This put in manifest some deficiencies of
actual health systems, such as the need for data no longer revolve around
the institutions that generate them and start to revolve around the users
or patients to whom they belong. Otherwise, patients will end up losing
focus and control of their data, which is distributed among different
information systems. To address this, many researchers around the world
have proposed software solutions that integrate a patient’s data into a
global view, even though it is still stored in a distributed way in the
systems that generate it. However, the mere integration of data does
not allow a patient to have real knowledge of the entire life cycle of her
different records. To this end, data integration solutions must go a step
further and convert the structure that maintains the overall view of a
patient’s health, her Personal Health Trajectory, into a registry ensuring
the traceability of the patient’s health. As a result, patients will have a
real understanding of everything that surrounds their health data and
true patient-centered healthcare systems will be one step closer.

Keywords: Data integration - Data interoperability - eHealth -
Blockchain - Health traceability

Introduction
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Today’s society is a digitalized one. All being susceptible of be digitalized is
translated to electronic support that processes and store the attached informa-
tion. In this context, health processes, as well as their input and output data,
are being digitalized [8,21]. Concepts such as Electronic Health Records (EHRs)
[11] and Personal Health Records (PHRs) [16] have arisen in the last few years.
Particularly, the lasts have been widely employed recently to store any kind
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of health information about patients—including those generated by intelligent
health devices such as Internet of Medical Things (IoMT) [4,6,19] or Web of
Medical Things (WoMT) devices [15].

The broader capability of each new electronic support to store more diverse
sources’ health information highlights the need to offer mechanisms to patients in
order to collect all their health information provided by different agents [9,18]—
understanding by agents different types of healthcare entities or connected smart
devices generating health data. Moreover, it can even arise data-ownership’s
doubts in the patients, who are not confident about which systems store infor-
mation about their health, as well as each of them does not have full knowledge
about the interactions involving their data [22].

Due to all this, the advantages of digitalizing health processes are mitigated.
Not having a way to access all her health data makes it difficult for a patient to
manage it and apply its ownership’s rights—since she is the real owner of her
health data [18]. Health data can be generated, but they can also be modified in
case there is an error in them and even deleted [12]—if requested by the patient
to whom they belong. For any of these actions, the patient should have a way
to keep track of and be aware of all the changes that occur in her health reality.

The first step to obtain empowers patients and allowing them to be aware
of all concerning their data is to obtain a complete vision of their health trajec-
tory [20]. In this sense, the most promising proposals in the literature are the
ones using blockchain to obtain a data structure referencing where each health
record of the user are stored [1,17]—due to its distributed nature, as well as its
guarantees on data security and privacy [2,12]. Authors of this paper has con-
tributed to it with previous works [18]. However, although these proposals offer
unified access and the integration of each patient’s health data, none of them
take advantage of having a structure per patient to employ it as a registry of
changes in the patient’s health reality, rather than just as a directory to access
their data.

It is clear that having this registry would help the patient to have greater
control over their data, to validate the authenticity of the test data—detecting
addictions, modifications or undue deletions of data—and to have complete
traceability of the patient’s health reality—as is done in other domains, such
as food’s traceability [3]. That is the reason why this paper makes efforts in the
definition of this registry and proposes a theoretical implementation of it.

The obtainment of this registry contributes to the achievement of the Per-
sonal Health Trajectory of patients, proposed by the authors of this paper in
previous works [20]. In addition, having a data structure such as the one pro-
posed in this paper, new patient-centered health systems—instead of current
institution-centered ones—come to a step closer [20].

The rest of the paper is structured as follows: Sect. 2 shows the motivations
of this work and related work. Section 3 presents the concept of Personal Health
Trajectory and its relationship to the health’s registry presented in this paper.
Then, Sect. 4 deeps on how to obtain this registry by means of their implemen-
tation with blockchain. Section 5 brings a brief discussion over the consequences
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and real applications of this registry. Finally, in Sect. 6 the conclusions of this
work and some future lines of research are exposed.

2 Motivations and Related Works

In the current health systems, the data about its patients is stored in an isolated
way. Data stored in the information system of a health system—or in cloud
services from smart devices—for a patient is not aware of data stored in other
health systems’ information systems for the same patient [9]. Therefore, if a
patient interacts with many of these health systems or uses smart devices to
monitor her health, multiple, fragmented representations of her health reality
are generated [18]. Further the duplicity and inconsistencies problems concerning
these multiple, fragmented representations, this also makes difficult for patients
to manage their health reality and be aware of all operations involving it.

As a first step to achieve it, each time more proposals try to integrate the
patients’ health data in a unique, global vision. On the one hand, proposals
such as that of Spil et al. [23] or that of Kyazze et al. [13] advocate for the
integration of health data physically integrating it on the same storage system.
On the other hand, proposals such as that of Zhang et al. [24], advocate for the
interoperability of data stored in a distributed way—reducing the intrusiveness
of the first type of proposals—even using the same technology of the first ones.
In this line, proposals using blockchain as support to enable this interoperability
have arisen—being this one of the main suggested applications of this technology
on health domain in last years[2,12]. Proposals such as that of Roehrs et al. [17]
or that of Chen et al. [1] present the creation of a blockchain-supported data
structure per patient that stores in their blocks references to where it is stored
each of their health records. Jalali et al. [10] propose the Personicle concept, a
chronicle of live events related with health of users. To generate it, they propose
a framework integrate, store, and analyze data from heterogeneous data streams.

Moreover, the authors of this paper had been working on their own proposal
defining the blockchains’ federation concept [18], having a blockchain per patient
with access to all their records and another upper blockchain that allows health
professionals to locate the blockchains of patients sharing their data.

Although all these proposals achieve a solution to the problem of the mul-
tiple, fragmented visions of the health reality of a patient, all of them are only
considering operations of the addition of new records. Some of them even affirm
that health data does not need to be modified or deleted after their addition [1],
so only the addition of data must be registered in the global vision. Despite this,
as some studies on blockchain for eHealth affirm [12], these others operation can
be necessary for some situations. This is solved by proposals that do not integrate
physically records, but they make them interoperable through an additional data
structure. Nevertheless, this has other implications, such as the global vision is
not aware of what is happening in records—i.e., blockchain’s security properties
are applied to the global vision, but not to the records referenced by it.

Proposals generating this global vision could take advantage of having a data
structure with all patient’s health data to offer new mechanisms that empower
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patient with the control on her data—and even that improve the security of
t [14]. This single, global view, in which the all health data of a patient are
integrated, could offer users greater control over what is happening at any given
moment in their medical history: the traceability of their health data.

Achieving this traceability, beyond the simple integration of health data, can
be useful for the patient for multiple reasons. It will give the user complete
control over what happens to his health data: when it is added, when it is
modified, or when it is deleted—as well as where and by whom these actions
are performed. In addition, it also allows verification of the authenticity of the
records. For example, by saving a value computed with the content of a record
at the time of adding or modifying it, it is possible to check whether its content
has been maliciously altered at the time of accessing it. Likewise, it is possible
to check whether a record has been deleted without the patient’s consent or, at
least, without the patient’s knowledge. All this leads to greater empowerment of
the data on the part of the patient and greater security for the records.

The fact of using a blockchain to perform traceability is not new. There are
already many proposals in other fields where blockchain is used as a registry
to ensure the traceability of elements such as food. In the case of alimentary
traceability, public blockchains—where anyone can read—are employed to share
the different stages by which a concrete aliment has passed since it was collected
until it is on the hand of consumer [5]. Even within the health domain, no
proposal talking about health traceability are found, in the field of smart health
and eHealth there are already proposals that talk about the need to offer a
certain grade of security in health data that could be achieved by means of health
traceability [7,25]. Specifically, the works found claims for the need to ensure
personal health data provenance, as well as right confirmation, by means of smart
contracts, and the control of who is performing changes in health information to
prevent malicious activity by means of the control of access keys’ sharing.

Other proposals such as that of Li et al. [14] limit their application only to
the insurance of health data security and not to the complete traceability of it.
From the analysis of these works, it can be concluded that health traceability
required a private approach where only patient to which health data belongs and
their authorized users can access their health data traceability—in contrast to
the public approach followed in alimentary traceability. This analysis reveals also
that none of the proposals found trying to offer a full traceability solution such
as this offered in other domains—e.g., the commented alimentary traceability.
Each proposal faces only concrete parts of this traceability: data provenance,
content validation, malicious accesses, among others.

The authors of this article believe that providing health data traceability
and providing mechanisms for integrating distributed health data are intimately
linked—as they have been trying to illustrate throughout this section. That
is why they want to take advantage of the data structure already generated
by many proposals—including their own—to integrate or make interoperable
distributed data and enable it to perform the tasks of health data traceability.
To this end, it is proposed to refocus the information to be stored, obtaining
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a solution that solves both problems. In this way, the aim is to bring closer
the arrival of patient-centered health systems that are more complete without
complicating their integration into current information systems.

3 Extending Personal Health Trajectory for Traceability

Personal Health Trajectory is a concept that arises in the minds of this paper’s
authors in previous researches [20], when they try to offer a solution to the prob-
lems of actual institution-centered health systems from the patient perspective.
Among others, this concept implies the creation of new patient-centered health
systems, where the information revolves around and in virtue of this, and not
of the institutions—as it has up to now. In order to make this possible, the
need to the creation of a data structure where all the patient’s distributed data
are aggregated into a complete view of the patient’s health throughout her life
arises—see Fig. 1.
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Fig. 1. Personal Health Trajectory concept

However, as motivated in the previous section, this structure does not have to
remain just a system of links to patient records. It can take advantage of them
to record all the changes that occur in the patient’s health reality. Following
the scheme of CRUD operations (create, read, update, and delete) that can
be performed on the data, these would be: read (GET), add (POST), modity
(PUT), and delete (DELETE).

Moreover, next to each operation associated with a health record, a value
can even be stored to reflect the status of that record at the time a written
operation—the creation or updating of the record—is recorded in its Personal
Health Trajectory. In this way, it can be guaranteed that, if the state of the
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record is not the same as the one saved the last time this record was referenced
in the Personal Health Trajectory, someone has spoiled it.

On the other hand, all this leads to empowerment of their health data by the
patient. By belonging to the Personal Health Trajectory, the patient can control
who has access to it and who does not. Thanks to traceability mechanisms, such
as the one mentioned above, all those who interact with or generate patient
health records without going through their Personal Health Trajectory can be
considered unidentified users. Therefore, the authenticity and purpose of this
data cannot be verified. Thus, this data may be treated with a different level of
caution than data written by recognized agents—those to whom the patient has
allowed access to the Personal Health Trajectory to write their changes.

4 Blockchain as Physical Support for Personal Health
Trajectory Traceability

One of the most widely used technologies for the creation of the data structure
that integrates patient health data is blockchain. Specifically, this is the main
technology used in the proposal of the authors of this paper to create their
Personal Health Trajectory [18].
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Fig. 2. Blockchain-based registry for Personal Health Trajectory

Blockchain as a technology to perform traceability on the Personal Health
Trajectory allows the generation of a blockchain with the changes in the patient’s
health records. In this way, each block is associated with a CRUD operation on
one of the patient’s records—see Fig. 2. So, those records that do not have any
associated block in the chain may be treated as data from untrusted sources, as
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discussed above. For records with blocks that store transactions on them, all the
advantages discussed in the previous section can be applied.

In addition, the fact of using blockchain to obtain traceability over the Per-
sonal Health Trajectory allows not only to obtain the advantages already men-
tioned in the previous section, but also offers another series of extra advantages.
For example, saving in the Personal Health Trajectory the status of a record
when it is referenced from a block is more secure with blockchain. If the status
of a record is obtained by calculating a hash associated with the content of the
record, this hash should be stored in the block of the operation on the record.
This block has the advantages of being stored in a blockchain, such as being
part of an immutable chain, protected by a hash associated with the content of
the block that does not allow anyone to change the content of the block with-
out breaking and invalidating the chain—this is one of the security principles of
blockchain. Therefore, it could be said that the integrity of the content of the
record is guaranteed by the use of a double-hash. If someone were to maliciously
attempt to alter the contents of the record, the hash associated with its contents,
stored in the last block of a write operation on the blockchain record, would have
to be rewritten. If someone tried to do this, it would invalidate the blockchain
chain and the attack would be detected.

On the other hand, blockchain technology already offers advanced mecha-
nisms to secure other aspects such as who accesses a blockchain and the permis-
sions they have over it, among others. Therefore, every interaction that takes
place in the Personal Health Trajectory is recorded by the blockchain technology
itself. In this way, it can be controlled who registers each record—by knowing
who and when generates the block—or who accesses this blockchain to regis-
ter and visualize changes in traceability—even formalizing procedures through
smart contracts.

Figure 3 shows what a base architecture that uses blockchain to integrate
distributed stored data would look like if it is extended to maintain traceability
of records. As can be seen, the records are stored outside the blockchain and
only a reference to them is stored from the blockchain. To perform traceability,
along with the reference to the record—which can be stored with any type of
attribute, as is done in this case with the attributes URL Resource and Key
resource—, new attributes are stored such as the action on the record that is
represented by that block and the hash of the record content—in case of a write
operation, as a create or modify operation.

The data that may be referenced, as in many data integration proposals, is
data generated by healthcare institutions or data generated by IoMT or WoMT
devices.

Similarly, it can be seen how the user’s smartphone maintains a copy of the
blockchain that it integrates and provides traceability over its Personal Health
Trajectory. However, this blockchain can be shared with institutions for them
to read or write to their Personal Health Trajectory, maintaining the integra-
tion and traceability of records at all times. How this sharing is done is more
dependent on the data integration proposal than on this proposal on traceability.
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Fig. 3. Blockchain registry working on records from institutions and IoT services

Some proposals perform this step through the user, who shares a key for institu-
tions to access their blockchain. Other proposals, such as that of the authors of
this paper, seek more complex mechanisms, such as blockchains’ federation [18],
but which allow verified institutions associated with a data-sharing program to
access the data of any of the verified institutions without the user’s explicit con-
sent for each access—something interesting for treating emergency patients, for
example.

To finish, from the above it is intuited that creating such a proposal implies
the use of private blockchains with permissions, where it is controlled who can
read and generate new blocks in the blockchain of each user.

5 Discussion

As it has been manifested during all the manuscripts, the advantages of having
a health registry that maintains the traceability of health records are clear. The
achievement of this registry is closely linked to the existence of health data
integration proposals. Despite this, the usage of other different structures to
obtain this registry could be proposed, having a structure that maintains data
integration and another one that maintains data traceability. However, to have
real traceability of a patient’s health, the need to having a global vision of all
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patient’s health data becomes necessary. If no data integration structure is taken
into account as starting point to access this global vision, the data integration’s
task must be replayed once again by new proposals to obtain the traceability
structure.

Even being convinced that the obtaining of health traceability is an extension
of health data integration proposals, the details about how to obtain it are not
free of discussion, since different topics emerge around it.

The clearest example is about if real traceability can be provided only by
maintaining the last version of records in the health system, or if it is become
necessary to have stored—and referenced in the different blocks about a record—
the different versions of a record across the time—at least until the record is
solicited to be deleted—if done. In the proposal presented, it is known that
various blocks reference the same record because their pointers refer to the same
point. If different versions of a record become to be stored, each of the pointers
referring to the same record will have references to different points. So, the
inclusion of a common identifier to all records being versions of a unique real
record is necessary. Taking as a premise that all the versions of a record are
generated by the same institution—something that has so much sense—makes
easier the task of managing the identifier of records.

In addition, another topic to be discussed is how the patient—being the real
owner of this data structure—grant access to her health registry to institutions
and ToT services to begin writing and/or read on it. In the case of IoT services,
a possible solution is that patient’s smartphone—having a copy of the registry—
perform the writing tasks associated with records of IoT devices. However, in
the case of health institutions, this is not so simple. The health professionals
must access the registry not only for writing but also to read on it when the
patient is under treatment. How to achieve this is discussed by several proposals
on data integration, and their solutions can be applied in this case also—since
on our approach architecture under data integration is the same under data
traceability. Some issues arise around this, such as how access is granted in case
of emergency if the user is the one granting it. In this sense, the authors of this
paper are already working on solving problems of this type with other proposals
such as the blockchain federation [18]. With all this, it is still up in the air that
access to all patient health data traceability, and not only to their integrated
data, will be given to them.

6 Conclusions and Future Work

This paper has discussed how distributed health data integration processes can
be improved and taken into account to provide traceability of patient health
data—as is already done in other fields. Specifically, the concept of Personal
Health Trajectory—on which the authors of this paper have worked—has been
presented and it has been shown how it can be extended to guarantee traceability.

Finally, efforts have been focused on showing a more pragmatic proposal—
although without reaching its implementation—of how the traceability of the
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Personal Health Trajectory could be achieved by implementing the latter as a
registry of changes of the patient’s health reality in blockchain. Different security
mechanisms have been proposed around this registry, which takes advantage of
the traceability offered to achieve levels of security that mere data integration
does not achieve.

However, this proposal have already work to do. What is proposed here is
to highlight the need for this traceability and its relationship with existing data
integration proposals. There is still work ahead in terms of its implementation
and the inclusion of new security techniques around the blockchain registry—
some of which are already mentioned in the discussion, such as the use of smart
contracts.
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Abstract. Drug treatment is necessary to treat most illnesses, maintain
health or prevent further deterioration. Above all, medication in the
ageing population is a very important aspect because a large number
of hospital admissions in this age group are due to adverse reactions
caused by the misadministration and misprescription of medicines. So
it is an area where medical experts need to take special care. However,
inappropriate prescribing is a major and constant problem for this sector
of the population. This is one of the principals reasons that both the
relationships between genetic determinants and variables in the health
trajectory of the aging people throughout their lives are involved. In this
paper propose a graph-based system that, using a quantum simulation,
will allow medical experts to predict the possible adverse effects that a
particular drug may have on the health of an aging person, based on
their history of taking drugs, the described effects of these drugs and
the physiological and genetic determinants of the patient. In this way,
with the use of this system, health professionals will be able to prescribe
in a personalized way for each patient, avoiding, as far as possible, the
inappropriate prescription of drugs.

Keywords: Aging - Quantum computing + Pharmacogenetics * Drug
treatment - Architecture

1 Introduction

In recent times the concept of health is changing and adapting to multidimen-
sional approaches, one of the factors being the transition from infectious to
chronic diseases and the prescription of drugs to treat them [1,2].

Currently in Spain, one of the largest expenditures in healthcare budgets is
pharmaceutical costs. 65% of people over 65 take at least one drug per week, more
than 40% take at least 5 drugs per week, and 12% take more than 10. Adverse
effects of these drugs account accounts for 7% of emergency hospitalizations
for these patients. In studies of hospitalized patients, between 12% and 58.5%
receive an inappropriate drug [3]. This is why, in order to solve these problems,
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ICT tools could be used to support healthcare professionals, and also eHealth
applications for treatment have been advocated for many years as a promising
tool to improve treatment prescriptions.

The current software is useful in identifying potential problems and facili-
tating the individualization of the administration of certain drugs [4]. However,
providing safe and effective drug therapy with this software is a rather complex
problem due to several reasons. Reasons such as the data to be considered, which
is of such magnitude that with current tools it is unmanageable [5]. This is why,
unfortunately, the adjustment of medication in the aging people is a complex
and still unresolved challenge, and is currently done on a trial and error basis
[6,7].

The possibility of having models that can handle a large amount of data, vari-
ables, and relationships between them could allow healthcare experts to choose
the most optimal combination of drugs for each patient, the most appropri-
ate prescribing regimen, and to model scenarios over time, thus allowing them
to establish a strategy appropriate to the context [5]. In this way, therapeutic
optimization would improve the health of patients and their evolution, avoiding
the development of diseases and preventing potential adverse reactions. Thus
improving the quality of life and the dependency of the aging people [8].

Therefore, prescribing medicines for the aging people is a challenge, which
requires adaptation to their genetic and environmental characteristics, and to
the pathophysiological changes that occur as a consequence of these and of aging
[9,10].

To solve the problems mentioned above, we propose a system that will serve
as a technological support for health experts for the preparation of data sets and
the extraction of the relationships between the different variables. Providing a
dashboard that will allow complex queries and facilitate the visualization of
the information in a useful way. They will thus be able to predict the possible
adverse effects that a given drug may have on a person’s health based on their
drug-taking history and genetic condition.

In order to present our proposal, the rest of the paper is structured as follows:
Sect. 2 presents the motivations of this work. Section 3 describes our proposal in
which we will highlight the architecture. And finally, Sect. 4 shows the conclusion
and future works.

2 Motivations

Software engineering is making great progress in almost every field, and in every
aspect of life. But with the increasing number and complexity of problems, soft-
ware engineering requires more and more computing power, greater speed, and
better results. To overcome these computational barriers, one of the most promis-
ing options is Quantum Computing [11,12].

The arrival of Quantum Computing has brought about a new paradigm in
computing and software engineering, opening the door to new horizons in the
applications of computing to solve problems [13]. Quantum computing not only
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allows problems to be solved in much less time than classical computers, but it
also enables the use of its computational power to tackle problems beyond the
scope of classical computing as we know it. In this way, the Theory of Com-
putation is generating new categories of problems to classify those that cannot
be reasonably solved with classical computing, and which can be solved with
quantum computing [14]. In particular, the power of quantum computers makes
it possible to segregate a new category within the class of P-SPACE problems
called BQP [15]. The existence of this class of problems is very important because
although we know that the benefit of quantum computing will not come from
doing faster what classical computers can already solve efficiently, they will offer
better and more efficient solutions [16].

The interaction of a new molecule with existing molecules in a person’s organ-
ism, which in itself determines its own rules of behavior according to its genetic
markers, is a quantum process in which a series of scenarios coexist, each with
its own probability, recognized as a BQP-COMPLETE problem [15], one of the
most complexes within the BQP class [17]. Given the characteristics of the prob-
lems in the BQP-COMPLETE class, some research work is already pointing to
the usefulness and necessity of quantum computing in the life sciences and in
particular in the health sector [18].

3 Graph-Based Healthcare System for Quantum
Simulation of Medication Administration

We propose an architecture of a graph-based system with which we intend that
health experts can analyze the relationships between genetic conditioning factors
and other variables in the health trajectory of aging people throughout their
lives, including the reaction that drugs can cause them. In this way, with this
system, which uses quantum computing techniques, we intend to be able to
predict the possible adverse effects that a particular drug may have on the health
of an aging people person based on their history of taking drugs, the effects of
these drugs and their physiological and genetic factors.

The proposed architecture is divided into two layers: front-end and back-end
[19]. The front-end is the layer that is responsible for receiving user requests,
invoking the business logic, and returning the results to the user. It controls the
navigation of screens, opening, and closing of the web session, etc.

On the other hand, the back-end is where the business logic itself resides
and consists of various modules or components, as will be discussed below. This
division of the architecture has been established following the principles defined
for the development of architectures based on microservices, where the need to
decouple these two layers for a better design and development of the systems is
established.

The components for the architecture detailed in Fig. 1 are as follows:

Microservices
Set of microservices that will contain the back-end of the system. Microser-
vices are an architectural and organizational approach to software development
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Fig. 1. General architecture of the proposed system

where the software is composed of small independent services that communicate
through a well-defined application programming interface (REST API) [20,21].
By designing our architecture with this approach, it will allow it to be easier
to scale, faster to develop, and, being composed of independent modules, it will
be simpler to deploy and operate. Thus, the proposed back-end is composed of
several modules, where its functions will be to make the necessary connections
to the database, process the data to display them in the graphical interface,
provide a REST API to invoke the services, and the transformation of the data
represented in the graph so that they can be used by the quantum algorithm.

They will be implemented in the Python programming language, using an
OpenAPI specification. OpenAPIT is a standard for the description of program-
ming interfaces, which will be used, therefore, for the description and documen-
tation of the microservices. With this, the visual documentation is created and
facilitates the implementation of the back-end.

Finally, they will be published through a REST API using the Flask frame-
work. Flask is a Python library that provides useful tools and functions that allow
you to create Python web applications in a simple way. Its use will facilitate col-
laboration between developers because it adapts to each project by installing
project-specific extensions and includes its own web server for testing.
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Therefore, this back-end microservices will be in charge of the following:

— Perform the operations/connections with the database, both reading, writing,
modifying, or deleting.

— Serialize the data obtained from the database to be compatible with the
visualization library used in the front-end of the system.

— Deserialize the data sent by the front-end for further modification in the
database, or for quantum simulation.

— Offer the web services to be queried by the web application.

Quantum Algorithm

Once all the knowledge relating to the variables and relationships of the stored
data has been extracted, a quantum algorithm will be used to run the quantum
simulation process (using these data relationships to feed the algorithm). The
study and design of this algorithm will be based on Machine Learning techniques
to predict how a certain drug will act given specific characteristics of the patient
and will be based on the principles stipulated by the quantum platform to be
used.

Database

A database where the information of interest on pharmacogenetic variables and
their relationships will be stored. The data storage tool selected is ArangoDB.
It is an open-source NoSQL database that allows the use of graphs to store the
information apart from the other NoSQL data models. It was chosen because it
allows the use of graphs to store the information, thus offering the best model
design that considers the relationships between the data.

On the other hand, to determine the typology and structure of the data to be
stored in ArangoDB, the variables considered being determinant in the response
to a drug by a patient, in this case, an aging people patient, were defined. The
variables considered to be determinants of variability in drug response were as
follows:

— Pharmacogenetics (dependent on the individual genetic endowment)

— Pharmacogenetic interactions (dependent on the treatment set)

— Clinical and physiological conditioners (physiology and pathophysiology
dependent)

Once the variables that will be part of the data model were selected, the design
of the data model was carried out in the selected data storage technology, taking
into account the different fields in each of the variables presented in the previous
enumeration. It was decided that the data model will be based on the use of the
ArangoDB document graph.

‘Web APP. Web module developed with NodelJs that will act as the system’s
front-end. This framework supports the development of dynamic websites, web
services, and web applications, as is the case of our system, providing libraries for
accessing databases, template structures, session management, etc. NodeJs has
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been selected because it is the Javascript-based runtime environment that best
allows applications to have scalability, excellent performance, optimized costs,
and because it is one of the most widely used tools for web development today,
such as Netflix or PayPal [22].
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Fig. 2. Web APP module of the system
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So, the function of this module will be to provide to the user a graphical
interface with which to manipulate the graph with the pharmacogenomic vari-
ables of a patient, add new variables, and invoke the quantum simulation with
the data represented.

A visualization tool will be used to manipulate and visualize the graph. This
visualization technology has been selected after analysis and evaluation of differ-
ent Hypergraph technologies that allow visualization of the information and rela-
tionships between the variables involved. By this way, the visualization tool that
has been selected is the JavaScript library CystoscapelJS, as it has been the best
value from a quantitative scale. In addition, this library is capable of natively offer-
ing events on the canvas where the data is represented and will allow operations
to be performed on the nodes or arcs, which is essential in this work.

As can be seen in Fig. 2, the development of the Web APP module using
Node.js allows the use of a non-blocking, asynchronous I/O model that is event-
driven. This makes the adaptation of Javascript easier, providing a much higher
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code execution. Thanks to Javascript and Node.js, code runs faster in the server-
to-client direction. This will improve the performance of the application. Another
important dependency is libuv, a C library used by Node to abstract non-blocking
I/0 operations to a consistent interface on all supported clients.

As discussed above, being event-driven and using the CytoscapelJS library
will allow the graph to be created from the selected data and allow it to be
manipulated and visualized by the health experts.

4 Conclusion and Future Work

In this paper, we have presented a healthcare solution that uses quantum com-
puting to optimize medicine administration. In this way, it is a hybrid classi-
cal/quantum system, which is able to perform optimizations and simulations to
predict the possible adverse effects of a given medicine on the aging people.

However, it is an emerging work that will bring a technological revolution in
the health sector. There is still work ahead because the quantum software field
is recent, with new quantum technologies for computing are emerging day by
day. Also, it will be necessary to test quantum software and apply the different
techniques of quantum software engineering.
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Abstract. Loneliness among ageing people has become a significant
issue for society. Its impact on health can even be exacerbated in isolated
rural areas. Furthermore, the lack of Internet connection is common for
these areas, contributing to such isolation. Considering this, it is impor-
tant to proactively detect ageing people who experience loneliness. In
this work, we propose a distributed Internet of Things (IoT) architecture
to detect loneliness among elderly population living in isolated villages.
The solution is based on the identification of encounters of elderly peo-
ple, tracing a graph of the recurrent contacts they have. Then, this graph
reflects ageing people as nodes and the social encounters as links between
the nodes. Hence, it is possible to identify nodes with few contacts, revel-
ing potential candidates to suffer unwanted loneliness. For this, the archi-
tecture draws on the collaboration between smartwatches, smartphones
and Bluetooth beacons. Then, ageing people are provided with smart-
watches which may store all the encounters they experience with other
ageing people and neighbours in the village. Once smartwatches registry
this information, it is transmitted to Bluetooth beacons. The proposed
architecture aims to address the lack of communication infrastructure
with a sustainable solution, exploiting the autonomy of the devices. For
this, a consumption model is estimated to study the viability of the pro-
posal, achieving successful results at power sustainability.

Keywords: Loneliness + Distributed architecture + Internet of Things -
Smartphones - Sustainable

1 Introduction

Loneliness have become a concern for society. In recent years, many works have
addressed how social isolation and solitude impact on health and well-being [1].
In this context, loneliness among ageing people has been identified as a high
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priority problem, which is connected to other factors like their health but also
with the place they live. Thus, rural areas become challenging contexts for ageing
people who feel alone. In these cases, loneliness can be aggravated by the limited
possibilities of interactions and the difficulties to relate with others. Many of
these rural areas count with a very low population density and a significant
proportion of ageing people. This is the case of the so-called “empty” Spain,
where many small villages fit with these definitions. In this scenario, feelings
of loneliness and social isolation have become normal. Then, it is necessary to
tackle the problem and develop effective public policies.

However, obtaining loneliness information can become difficult. Many works
are based on quantitative approaches which make use of scales and question-
naires to evaluate loneliness [2]. They provide reliable results, however, these
approaches are not always able to reflect the reality and the whole context of
solitude [3]. The problem of solitude, especially for ageing people, requires a
more detailed qualitative perspective. Considering it, technology could notably
enrich the way these works approach the problem.

Nevertheless, many of the existing technological approaches are not applica-
ble for isolated rural areas where there are no communication infrastructures.
Factors like the lack of interest of companies due to economic budget or the
difficult geographical conditions derive in the absence of Internet coverage [4].
Then, these conditions motivates the application of alternative communication
mechanisms.

In the present work, a distributed sustainable Internet of Things (IoT) archi-
tecture for studying loneliness is presented. The approach aims to provide a
solution to identify potential candidates to suffer solitude among the elderly
population in an isolated rural area. For this, the architecture draws on the
collaboration of autonomous devices to detect the encounters of ageing people
to recognise a contact map with the most recurrent contacts. Thus, a graph of
relationships is provided, displaying ageing people as nodes and contacts as links
between these nodes. Therefore, encounters among the population can be iden-
tified, including those nodes which are mostly isolated. As a result, it is possible
to know potential candidates of suffering unwanted loneliness, propitiated by the
lack of social contacts.

Our work proposes equipping ageing people with smartwatches which detect
surrounding devices. Thus, storing social contacts is possible. For this, Bluetooth
is used to perform the detection and the data transmissions. Therefore, Internet
connection is not required to perform data sends, drawing on the physical move-
ment and proximity to communications. Considering this collaboration between
autonomous devices demands very concrete power needs, the energy consump-
tion becomes a relevant factor in the technical viability [5,6]. For this, this work
also details a consumption model to assess the sustainability of the approach.

The rest of the paper is organised as follows: Sect. 2 details the state of the art.
Then, Sect. 3 describes the proposed algorithm and its implementation. In Sect.
4, a performance evaluation is provided. Finally, Sect. 5 draws the conclusion
and details the future works.
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2 State of Art

Loneliness has become a relevant field of study in the recent years. Multiple stud-
ies analyse how solitude affects people and their mood [7]. Then, this situation
involves largely elderly population [7]. In many cases, ageing people experience
how their social life is reduced as years pass. As a result, there is a large percent-
age of elderly people who live alone and use to spend their day-to-day with no
companion. In this scenario, the identification of the situation is critical in order
to provide a response. However, detecting loneliness can be difficult if there are
not effective mechanisms to identify it [3].

Studies like [8] manifest how the traditional methods for identifying and
recruiting ageing people at risk of isolation are hard to interpret. Furthermore,
works like [9] also manifest how the lack of evidences question many experiments.
As a response for some of these considerations, technology can become a suitable
allied for loneliness detection.

Internet and social networks are a relevant domain to analyse loneliness. The
work in [10] shows how approaches focused on communication technologies result
to be positive on social support, social connectedness and social isolation. Works
like [11] show how the use of technological devices and the inclusion of Inter-
net in the routines of the elderly people become favourable for their well-being.
In some cases, the interactions through social networks and the use of digital
platforms can contribute to mitigate the feeling of loneliness. Thus, the com-
munication between ageing people even though geographical or health obstacles
become a strong incentive. However, these solutions raise two considerations: i)
the lack of Internet in many isolated rural areas make these applications hard
or impossible to use; and ii) the approaches are not centred on identifying lone-
liness since they are focused on providing mitigation and a response to it. In
this way, our proposal adopts a different position in the loneliness topic and
aims to detect solitude in rural areas. In fact, we propose a system based on
Bluetooth and local communication for loneliness detection in rural areas with
no Internet infrastructure. For this, physical encounters and movements in the
village are used to perform communications. Next section details the insights of
the proposal.

3 Detecting Loneliness with a Distributed IoT
Architecture

In order to monitor and detect loneliness patterns, our approach is based on
the collaboration between Internet of Things (IoT) devices and wearables, while
exploiting social behaviour. The proposal is aligned with the works introduced
in [12,13] and it is designed to be applied in specific rural areas such as small
villages. In many of these contexts, Internet connection is not available or it
is restricted to particular points. Considering the limitations of connectivity,
the proposed solution makes use of Bluetooth to perform data transmissions
in a local environment. Then, three main entities collaborate in the solution:
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Fig. 1. Elements and relations in the proposed architecture.

ageing people, volunteer neighbours of the village, and the destination Bluetooth
beacon.

1.

Ageing people are equipped with smart bracelets which register all encoun-
ters they have with other ageing people and neighbours. Thus, the bracelets
are able to constantly scan the context and detect other surrounding devices.
The gathered information will be transmitted to a Bluetooth beacon which
aims to build a contact graph of the inhabitants to detect potential candidates
of suffering loneliness.

Volunteer neighbours are inhabitants of the same village who are recog-
nised by the smartwatches. Thus, it is possible to identify encounters of the
elderly with the rest of the population.

The destination node represents the entity which receives the information
about the encounters and companion patterns of the elderly. The destina-
tion node, which is connected to the Internet, is able to transmit the data
remotely or to process it locally. Finally, a graph of the encounters is obtained,
providing a set of potential candidates of suffering loneliness.

As Fig. 1 represents, the system draws on an architecture based on the col-

laboration between three different devices: smartwatches, smartphone and Blue-
tooth beacon. In the case of the smartwatches, they make use of Wear OS [14] to
execute Tracer App, a Kotlin [15] application which scan the context using BLE
to detect and to registry surrounding devices. For this, the smartwatch requires
the user ID of the entities and monitors the contact time. This way, the device
stores internally the registered encounter, keeping the time it occurs and the
user ID associated to the recognised device.
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The smartphones are useful to identify those encounters which involve people
who are not seniors. Thus, volunteers in the place collaborate in the architecture
with the application Tracer App. This solution makes use of BLE to provide a
service to listen petitions of the associated user ID. Thus, when a smartwatch
requires this data, the smartphone provides it.

Finally, the Bluetooth beacons are in charge of obtaining the encounter data
from the smartwatches. Hence, a graph of contacts can be stored, enabling the
management and check of the registered information. For this, an interface pro-
vided with Python and Angular [15] is implemented.

The full architecture is focused on the collaboration of heterogeneous devices
to perform context-aware communications. Therefore, the autonomy and inde-
pendent behaviour of the components is critical to the solution operative. Con-
sidering this, the energy consumption becomes a substantial factor to study the
technical viability of the work. Then, next section provides a detailed analysis of
the power consumption of the architecture, studying estimations and extracting
conclusions from these values.

4 Power Consumption Evaluation

The proposed architecture relies on the performance and autonomy of the devices
to implements the encounters detection and the contacts graph. This way, the
limitations at energy and power capabilities become critical factors for the poten-
tial implementation of the solution. As a response for this, this section details
a theoretical power consumption model, analysing the potential threshold for
the devices involved. Thus, it is possible to assess the technical viability of the
work. This section introduces two parts: the energy consumption model and the
estimation of energetic cost in hypothetical scenarios.

4.1 Energy Consumption Model

The devices in the architecture draw on BLE to perform the communications
and data transmission. This way, depending of the operation executed, the power
requirements vary. Following the states shown in Fig. 2a and the metrics defined
in work [16], the stages involved in the BLE communication can be simplified into
six: sleeping, waking-up, scanning, receiving and sending. These phases count
with an estimated cost in battery which can be extracted from the work [16].
Next, these stages are explained:

1. Sleeping. This is the first state of the BLE communication. It refers to the
period that the device is not available to perform operations such as scanning,
receiving or sending. This interval is useful to save battery and to reduce the
impact of BLE on the device operative. The energetic cost of sleeping, S, is
insignificant, then it is estimated with S, = 0.001 mA.

2. Waking-up. This stage is the previous step to scan the context. This way, this
phase prepares the resources required to perform the scanning operation. The
energetic cost associated to waking-up, Wu,, is Wu, = 6.0 mA.
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3. Scanning (Pre-Rx-Tx). This step turns on in preparation to receive and to
send data with BLE. For this, the device scans the context, becoming available
for the other devices and recognising surrounding elements. The consumption
of this operation, Prt., is Prt. = 7.4 mA.

4. Receiving (Rx). The device listens for incoming packets from surrounding
devices. This stage is fundamental to answer petitions and provide response.
The energetic cost associated to receiving, Rz., is Rr. = 17.5 mA.

5. Sending (Tx). This stage involves the transmission of data to another device.
The cost of sending information, Tz, is Tz, = 17.5 mA.

After the operations of sending or receiving, the device performs an inter-
mediate task before sleeping in which a pre-processing is done. Considering the
main objective of the study is assessing the viability of the proposed architec-
ture, these stages are assumed as not critical and they are not considered in the
analysis. This way, the average cost for each task is provided on Table 1, which
also provides the average time of the actions: average time to sleep, Av,; average
time to wake-up, Av,,; average time to scanning, Avy,,; average time to receive,
Av,y; and average time to send, Avik. Considering the metrics associated to
each task of the BLE operative, the estimation of energetic requirements of the
devices in the architecture can be calculated. For this, the power consumption
varies between a set of potential variables. These conditions involve the opera-
tions that the device performs and the defined connection interval, I. Also, the
battery capacity is a significant factor, B.

Table 1. Operational cost with BLE

Operation | Cost (mA) | Average time (ps)
Sleeping | 0.001 Connection interval (I)
Waking-up | 6.00 400

Pre-Rx-Tx | 7.4 160

Rx 17.5 190

Tx 17.5 115

The operations that devices performs are defined on Figs. 2a, 2b, 2c. Each of
these tasks involve a concrete set of operations with BLE. For example, when a
device does not recognise any surrounding element, Rx and Tx are not required,
so consumption decrease. Considering this, the Eq. 1 defines the energy required
for a single interval (E;), i.e. an unique iteration with BLE,

_ (Se x Avs) + (Wue x Ave) + (Prte X Avprt) + (1 X Rze X Avp) + (5 X Txe X Ave)
A'Us + A'Ue + AUprt + A'Ur + A'Ue
(1)

where r refers to the number of received messages and s refers to the number
of sent messages. Considering the value in E;, the absolute duration of a battery

E;
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can be calculated. For this, the connection interval, I, has to be defined. This
variable specifies the sleeping time of the device. This way, if I = 1000 ms,
the device will wake-up, scan and communicate every 1000 ms. Hence, this is a
critical factor to calculate the average consumption in a device, E,. Equation 2
shows how this average is calculated, dividing the cost of an interval F; between
the length of an interval T'.

Ey=— (2)

As a result, the average current consumption is obtained. Thus, the length of
the battery of the device, B can be calculated. For this, Eq. 3 reflects the length
in hours of the battery,

L
B=— 3
7 3)
where L is the capacity of the battery in mAh and E, is the average con-
sumption of BLE. As a result, B reflects the duration in hours of the battery
that runs the BLE communication continuously. However, these numbers may
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not be applied to all devices in the proposed architecture since they perform
different tasks in the scenario.

The devices in the architecture share three main context: 1) the device scans
but none contact is detected; 2) the device scans, finds a contact and receives
data; and 3) the device scans, finds a contact and provides data. Additionally,
in the case of the smartwatch, scenario 3) and 4) may happen simultaneously.
Considering this, the power requirements are not the same for every device.
Then, it is necessary to detail the consumption for each one, so next subsections
provide this summary about the corresponding estimation (Fig. 2).

Smartwatch. These devices follow the states defined in Fig. 2a. Then, the
three explained contexts may occur. However, in the case of the smartwatches,
contexts 2) and 3) can happen at the same time. Thus, the required energy
is potentially the highest in the scenario. As a result, the current requirement
becomes a relevant issue for these devices because of the battery limitations.
Currently, the average battery capacity for smartwatches, By, is about Bgy, =
400 mAh [14]. Smartphone. The smartphones follows the states defined in
Fig. 2b in the architecture. This way, the communication operations it performs
are mainly scanning and transmitting the stored User ID. This way, the energy
required is limited. Also, the average battery capacity for a smartphone, By, is
By, = 5000 mAh [14]. Bluetooth Beacon. This element performs the reception
of information from smartwatches (Fig. 2c). Bluetooth Beacons are fed with
energy by a solar panel. Thus, a battery of B, = 2300 mAh is considered to
provide power to the device [17].

Considering this, it is possible to perform estimations about the energy
requirements and the power consumption, following an equation which relates
the varibles. As a result, the equations provides potential calculation of the
energy model. In the next subsection, an energetic cost estimation is done, com-
paring the potential outcomes under three different scenarios.

4.2 Energy Consumption Estimation

The architecture proposed in this work draws on the collaboration of a set of het-
erogeneous devices. However, this distributed approach requires the autonomous
operation of the elements. Therefore, the battery and energy consumed for the
different tasks become critical to the working of the solution. Thus, based on the
energy consumption model detailed in the previous subsection, a set of potential
scenarios are applied to the formulated equations.

The consumption model provides a relation between the tasks, the energy
required and the communications that the devices perform. This way, the con-
sumed power varies, depending on the interactions. Therefore, the number of
considered devices are defined following a realistic proportion of inhabitants in a
rural village: the number of smartwatches is 50, the smartphones are 30 and only
one Bluetooth Beacon is defined. Considering the potential interactions that the
devices can perform, three main scenarios can be identified: 1) a context where
a large number of interactions takes place, C1; 2) a context where the number of
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Fig. 3. Estimated results for the energy consumption model

interactions is moderated, Cs; and 3) a context with few transmissions are per-
formed, C3. These distributions allows the identification of the impact between
the battery consumption requirements and the estimated interactions. There-
fore, it is possible to identify the viability of the proposed architecture. Also, the
numbers for each scenario are estimated considering the potential encounters in
the given population during an ordinary day.

The first scenario, C7, defines a context where the interactions in a day are
low. For this, the considered number of scanning, transmitting and receiving
operations for each device are minimum. Therefore, the smartwatches receive an
average of 13 encounters while transmit an average of 3 messages. This setup
supposes that every smartwatch performs at least three data transfers and expe-
riences 13 information receptions from other smartwatches or smartphones. In
the case of the smartphones, only 10 messages are sent as average whereas the
Bluetooth beacon receives an average of 25 messages. This reflects that at least
the 20% of the smartwatches communicate with destination. In the second sce-
nario, Cy, the average of encounters for the smartwatches is 30, defining a delivery
rate of messages of 10. For the smartphones, the average number of transfers is
30 and, in the case of the beacon, it receives an average of 25 messages. Thus,
this scenario reflects a context where a half of smartwatches have been able to
communicate with destination. Finally, in the third scenario, C3, the consump-
tion values are the highest. For the smartwatches, an average of 120 encounters
are defined, with 50 data transfers. In smartphones, a total of 60 data sends are
set and, for the beacon, 60 messages received.

These explained estimations allow the assessment of the potential energy
requirements associated to each device. In order to resume the variables, Table 2
includes the details of these scenarios, whereas Fig. 3 provide the obtained
results.
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Table 2. Variables considered for estimations

Variable Value
Length of estimations (h) | 24
# Smartwatches 50
# Smartphones 30
# Bluetooth Beacon 1
Bsw (mAh) 415
Bsp (mAh) 5000
By, (mAh) 2500
I (ms) 1000

Figure 3a shows the energy requirements of the devices as function of the
three considered scenarios. As can be seen, the intensification of the interactions
in the third scenario reflects how the consumption increases. The smartwatches
experiences the highest impact in the requirements, since they perform sending
and receiving operations while the other entities do not implement both. Thus,
it is important to consider this consumption in smartwatches as a key factor in
the potential viability of the architecture. Besides, these results can be crossed
with the life estimation of the batteries for each device given in Fig. 3b.

Figure 3b reflects the average battery life in hours as function of the three
considered scenarios. As can be seen, the expected length for the battery in the
smartwatches is very low respecting the smartphones and the beacon. This is
mainly due to the high requirements in energy and the limited battery capacity.
Thus, the average duration finds special limitations to provide services during a
complete day. In the case of smartphones and the beacon, the technical viability
is solid since the estimated length for the batteries is reasonable for the consid-
ered scenarios. Nevertheless, the Bluetooth beacon faces limitations to satisfy
the energy requirements of scenario three. However, considering the device is fed
by a solar panel, it may provide energy to the battery during continuous periods.

Considering the estimations calculated from the proposed energy consump-
tion model, the architecture finds relevant limitations at the power consumption,
concretely in the smartwatches. The average consumption for these devices in an
intense scenario disgorges into a very limited battery life which may endanger
the architecture performance and operability. This event is mainly caused by the
short capacity of the current batteries for the smartwatches. However, consid-
ering a future potential improvement in the life for these devices will enhance
the duration and will enable the deployment of the proposed architecture. As
a response for this, we have estimated the consumption in a smartwatch if the
battery capacity would increase up to Bgy, = 1500 mAh. Thus, Fig. 4 shows this
hypothetical calculus for the previous described scenarios.
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As Fig. 4 describes, smartwatches would provide a sustainable operability
if they are equipped with a larger battery length. Thus, contexts as C; and
C5, where the number of interactions are limited, the devices would perform
succesfully. In conclusion, the architecture achieves a technical viability which
allows the distributed interaction of the different IoT devices involved in the
solution. Then, the proposal satisfies the raised requirements and provides a
potential tool to detect loneliness among ageing people in a rural area. For this,
Internet is not required, finding on BLE an useful resource to perform data
transmissions while detecting encounters. In the next section, these conclusions
are extended with the future works opened in the research line.

5 Conclusions and Future Works

Loneliness among ageing people has become a significant issue for society, spe-
cially on isolated rural areas that lack of Internet connection. In this work, we
propose a distributed sustainable IoT architecture to detect potential candidates
of suffering loneliness among elderly population of a rural area. The proposal is
based on the identification and registration of encounters of elderly people, trac-
ing a graph of the contacts they have. For this, ageing people are equipped with
a smartwatch which is able to recognise devices such as other smartwatches and
smartphones. Thus, it is possible to store in the individual smartwatches the his-
torical encounters that the elderly has experienced. Finally, a Bluetooth beacon
is in charge of receiving the contacts to build a social graph of encounters.

As the collaboration between autonomous devices become essential, it is
important to study the technical viability of the proposal. For this, a section
with an estimated energy consumption model is provided, analysing the impact
of the architecture operation in the battery of the involved devices. As a result,
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the study manifests how, under certain conditions, the solution is currently viable
and deployable in a real context. Then, the work achieves successful results at
power sustainability but finding some limitations at the battery life of smart-
watches. Then, considering a future increase in these parameters, the architec-
ture may find plenary operability. The presented paper opens an interesting
research line which enables a significant enhance in the study of loneliness. For
this, next works will be focused on developing a realistic implementation of the
architecture, aiming to analyse the real requirements of the solution before a
real-life deployment.
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Abstract. Software reuse approaches in industrial robots are little
exploited by industry, which often leads programmers to continue coding
the same solutions, wasting time, effort, and cost. This paper describes
the construction of a Software Product Line (SPL) to determine the fea-
sibility of this approach as a reuse strategy for industrial robots. For the
definition of the SPL, we followed the fundamental activities of domain
engineering and application engineering. In addition, we identified its
limitations and possible future work. As a result, it was got that the
SPL approach is viable because a derivation of a product was made from
the SPL applying some software reuse metrics, where it was found that
33% of the code needed for the operation of the robot was generated by
the proposal, which represents a potential improvement in the time that
developers take to program industrial robotics solutions with Arduino.
In addition, it identified the potential of this approach in solutions to
support the elderly in their homes and care centers, as well as some
limitations related to the SPL and the domains involved.

Keywords: Software product lines + Arduino - Gerontechnology

1 Introduction

Aging is a natural and irreversible process in human beings. In recent years,
the population aging figures have increased in most regions of the world. It is
expected that one in five inhabitants of the planet in 2050 will be over 65 years
old [1]. In this context, ensuring that older adults enjoy the best possible living
conditions becomes a challenge for society [2]. Technologies are expected to play
a fundamental role in the efforts to ensure a better quality of life for older adults
[3]. Industrial Robotic Systems (IRS) in the domain of gerontechnology have
been employed as service robots that support basic tasks such as manipulation
and transportation of objects at the request of older adults [4]. These types of
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electromechanical devices are multipurpose, automatically controlled, and re-
programmable devices that can perform various tasks in different domains [5].
For this reason, these types of robots are becoming more and more complex as
they play an increasingly important role in society [6].

It is now widely accepted that traditional methodologies for building software
in industrial robots are reaching their limits [7] and have not been adopted as
expected in the industry [8]; therefore, neither hardware nor software needs are
being met, recognizing that novel approaches and strategies must ensure that
these types of robots meet current and future societal expectations [9]. Software
Engineering (SE) and specifically software reuse approaches have emerged as
tactics to improve the development of this type of system at the application
level, having punctual approaches but without extending the use of these tech-
niques [10]. Therefore, specific proposals that try to solve specific problems of
a punctual domain could generalize the use of reuse in IRS [11,12]. One of the
reuse alternatives that could help to remedy the above is the SPL’s because
this strategy systematically defines a set of software products that share com-
mon and variable assets, which are configured and reused in a planned way to
meet the needs of a specific domain [13]. Finally, the correct implementation of
these methodologies would allow building better software applications for differ-
ent domains, as is the case of gerontechnology, allowing developers to address
other problems specific to these devices, and facilitating the fulfillment of the
expectations that are held about this type of robot.

To the best of the authors’ knowledge, SE has not been widely adopted to
improve the construction of gerontechnology applications, so specific proposals
to support or optimize software development in industrial robots would affect
the domain and thus robotic assisting technologies to improve the quality of life
of older adults. Considering the above, it becomes clear the need to reward and
apply reuse approaches that allow improving the software development process
for industrial robots, so that developers can benefit from its advantages. There-
fore, this paper aims to expose, through a proof of concept, the feasibility of a
software reuse proposal based on software product line engineering on IRS with
Arduino, called IRArduino-SPL.

2 Related Work

To the authors’ knowledge, there have been limited approaches between IRS
and gerontechnology using SE as a means of improvement in the construction
of applications or technologies for this type of device. A work that relates these
fields is that of Alves-Oliveira et al. [14], in which they propose an activity man-
agement framework that specifies when older adults require a robot to achieve
independent living, allowing setting goals and challenges for future research. It
shows that one-off situations such as medication management and nutritionally
adequate may be scenarios where industrial robots can play a key role.
Another relevant research is by Takeda et al. [15], where they show that
most robots proposed to assist elderly people are unreliable and programmed for
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very specific situations, so they propose a design architecture for learning-based
robotic support systems. They implement the proposal using an autonomous
robot, getting positive results and exposing that the architecture is functional.

Chen et al. [16] focus on Alzheimer’s disease, showing that Chinese chess is
a good measure to strengthen neural links and preserve cognitive functions in
the elderly. Therefore, they propose a robotic chess system that uses elements
of computer vision and neural networks to work collaboratively with this pop-
ulation group. This system helps people to train their thinking and to have a
distraction, elements accepted as conducive to prevent the onset of this disease.

In [17] they report a framework for the evaluation and design of assistive
robots to improve the quality of life of people in disadvantaged situations. For
this, they implement the framework in industrial robots that work as assistants
to reach objects.

A wider range of results is found, as with Anzari et al. in [18] where a help
manipulator robot is proposed to automate the personal bathing tasks of senior
citizens. Another important research is that of Jardon et al. in [19], where they
propose an autonomous robot with an arm, which allows performing the main
tasks of daily life in patients admitted to hospitals.

Finally, previous works show different perspectives and implementations of
software reuse to improve the development of gerontechnology applications in
IRS, but none of them report SPLs to materialize reuse, so there is a knowledge
gap that this article aims to fill.

3 Materials and Methods

To determine the potential of the proposed SPL approach, it applies to a proof of
concept in the context of IRS construction with Arduino. We follow the activities
proposed in the process Small-SPL [20] and we use some guidelines suggested
by the SPL framework of the Software Engineering Institute to perform domain
engineering and application engineering [21]. The percentage of reuse was used
as a metric for measuring the reuse level achieved (Eq. 1) as is proposed by
Frakes and Terry [22], was used; where LR is the number of reused Source Lines
of Code (SLOC), TL is the total lines of code in the system, and R is the software
reusability of the proposal in terms of a percentage of the total lines of code.

R = (LR/TL) %100 (1)

The main materials used in the strategy’s construction were IRS source codes
with Arduino, software similarity analysis tools such as Code Compare, Seman-
ticMerge, and a Python script. We used the S.P.L.O.T tool [23] for variability
modeling and analysis, and Arduino as the underlying technology.

3.1 Domain Engineering

Domain Modeling. For SPL building, it is essential to analyze its application
domain to determine the scoping, the relevant abstractions, and variability. From



58 A. F. Solis Pino et al.

the programming viewpoint of IRS with Arduino, we determine the main pro-
gramming idioms. We used Code Compare, SemanticMerge, and a customized
Python script configured with reserved words of the Arduino environment pro-
posed by the Arduino language [24]. With these tools, a lexicographic analysis of
10 IRS source codes was carried out. We identified that the syntax for Arduino
is organized in structures, values (variables and constants), and functions. More-
over, we found the most used statements, allowing us to establish which are the
recurring programming idioms in Arduino for IRS.

The analysis performed allowed us to verify that a template-based software
reuse strategy in Arduino is called BareMinimum, which is the minimum Source
Code (SC) to compile a program on the platform. This template uses abstrac-
tions, function calls, and a hardware abstraction layer that provides a foundation
for developers to work with. This template is insufficient, as it omits important
elements that structure programming for IRS and is not adaptable to the domain.
Templates focused on these devices could facilitate reuse in the domain.

In the semantic analysis carried out with Code Compare and SemanticMerge,
we found that there are three blocks of frequent statements in the analyzed
codes. The first block contains the variable declarations, libraries, and headers;
these statements are found before void setup(). In the second block, we found
all those related to the initialization of variables and ports, the declaration of
library objects. This block of code is usually inside void setup(). The third block
is related to the logic adjacent to the operation of the IRS in Arduino; the
code in this section determines the trajectories, motion planning, and operation
of the sensors and actuators; its position in the SC is inside wvoid loop(). We
also determined that the codes of the IRS refer to two important blocks of
programming statements, the first related to the algorithms that govern the
robot (called, algorithm block), and the other referring to the control hardware
devices (called, hardware block).

The algorithm block contains statements related to the logic adjacent to
the operation of the device, expressed through an action and reaction pattern.
For each stimulus perceived by the sensors, there is an action by the actuators.
This block of statements lacks important software elements as kinematics or user
interface. The second block of statements belongs to the hardware drivers, which
is the code implemented for the correct functioning of the physical devices; Here,
the developers strive to make the sensors and actuators work in accordance and
sync with the algorithm block. In the semantic analysis, it was found that the
most used electronic elements in IRS with Arduino are sensors and actuators.
These allow the robot to perceive the environment (sensors) and acting (actua-
tors). They dictate its operation based on software premises. Therefore, a specific
abstraction process was carried out on these devices to limit the variability in
the programming of these elements. For this, we carried a lexicographic analysis
of the SC of 10 types of sensors and 5 types of actuators, constituting the study
of almost 40 codes to determine which common software elements can be mod-
eled on these elements. According to the analysis, it was established that most
sensors have four main and common code blocks in their programming. The first



Software Product Lines for Industrial Robots: A Pilot Case with Arduino 59

block of statements (called header) is related to the declaration of variables,
constants, and libraries. The second block (named body) contains all the actions
related to the initialization of the internal and external Arduino modules, the
initialization of variables, the determination of the input pins, and exit. The
third block (called footer) identified, has the statements that send the sensing
signals to determine the current state of the robot functions. Finally, the fourth
block (named logic) contains all those decisions and actions that the sensor per-
forms after receiving information from the environment. The robot developer
will implement these logics, such as actuator operations or orders to internal
modules to continue the normal operation of the system.

As for the actuators, they use different statements but the same methods as
the sensors in header, body, and logic since they base their operating instructions
on the same programming structures. The main difference lies in footer because
the sensors in this abstraction have the logic related to signaling the environment,
while the actuators do not perform this function, but execute actions that are
usually preceded by a change in the environment. For sensors and actuators,
we based the determination of the attributes in the class diagram on what was
proposed by Adafruit Industries, which structures the software development in
its sensors in Vaut et al. [25]. Finally, Fig. 1 shows a class diagram in the Unified
Modeling Language, as a result of the domain model abstracted.
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Fig. 1. A conceptual model of IRS with Arduino through a class diagram.

Identification of the Common and Variable Characteristics. The char-
acterization of the SPL was carried out by identifying the variability, where the
variable elements and the common characteristics. A common characteristic is
an element that all SPL-derived products must consider. In this case, the oper-
ating platform of all the derivatives of the SPL is Arduino, so the elements that
compose the proposal have a similar operating logic. All industrial robots have
in common that they use sensors, actuators, and end effectors. The programming
idioms collected in the IRS with Arduino have in common that they are struc-
tured under three main blocks of SC. Now, the products that will be generated
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from the SPL have different characteristics and configurable elements (sensors,
actuators, or functionalities), but within these several common characteristics
were found in the software that can be abstracted and facilitate code creation.
In the sensors, there are four sections of code, while in the actuators, three code
blocks were determined. The establishment of abstractions for sensors and actu-
ators facilitates the construction of the software in the SPL because it structures
and simplifies the transformation from abstraction to text.

The elements that can vary in the domain are numerous because IRS are
complex and comprise multiple components and configurations. These comprise
different types of actuators, sensors, and end effectors, so it is necessary to limit
the variability. Another variant element in the domain is the algorithms that
govern the robot because the use or not of direct and inverse kinematics are
decisions that affect the development and operation of these systems. It was
found that in the domain the developers of IRS with Arduino do not make use
of this type of equations or algorithms, which controlling the motion planning
of the robot. Finally, other elements that vary in the domain are the functions
that these types of systems have, because the jobs to which they can be adapted
are diverse, being difficult to abstract and cover the robot tasks for the proposed
software reuse proposal. This is also reflected at the programming level of the
electronic devices, by the case of, once they fulfill their function, it is complicated
to determine what is the next step to follow with the information collected with
sensors, or what is the subsequent action of an end effector once it’s the task
has been fulfilled.

Definition of the Feature Model. The first version of the IRArduino-SPL
feature model was defined using FeatureIDE [26]. In Fig. 2, rectangular nodes
represent the features and lines symbolize the relationships between them. The
Features can be categorized as mandatory, optional, or alternative. An empty cir-
cle on the rectangle represents optional features. Black circles represent manda-
tory features and are part of all products generated from the SPL. The alterna-
tive features are the leaf nodes of the model that denote that at least one must
be selected as part of a product.

The scoping of IRArduino-SPL was supported in S.P.L.O.T. [23]. For the
feature model defined above, we found that there are 36 features in the dia-
gram, of which 8 are mandatory, 3 are optional and 6 are alternatives, while 24
are grouped. S.P.L.O.T. validates that the proposed feature model is consistent.
Furthermore, 9 core assets make up the most important reusable elements of the
proposal. Also, the tool allowed us to determine 58,590 valid product configu-
rations derivable from the feature model. Also, it was found that it must make
a minimum of 36 decisions to have a functional product. Finally, 6 constraints
were defined for the proposed model.



Software Product Lines for Industrial Robots: A Pilot Case with Arduino 61

Mega
$Arduing <=

Nang

Uno

Legend
# Mandatory | Four
¢ Optional | $Degrees_of_freedom — Five
A, OrGroup g lzceesd §
A\ Altemative Group / Six
Abstract Feature I/
Concrete Feature I/ | Uttasonic

I Infrered
) ———
SR
¢ Hardware_companent
/ Generic_S
\ Motors
|\ $Actustors|=——{Serves
| Steppers
Gripper

| End_effectar (< Magnetic

Industrial_Robot | Generic_EF

| Config_cv
SEnergy._control < Config_v
Config_c

| Inverse
#Kinematics ==
g —{Free

@ Software_companent <——OMultitasking

_|eo
SGUI—=——""_
—{Leo

Fig. 2. The feature model proposed for the SPL developed for IRS with Arduino.

3.2 Application Engineering

Code Generation in IRArduino-SPL. Once the domain model was mate-
rialized, we identified, built, cataloged, and applied the software components
developed in the SPL domain. IRArduino-SPL is based on the abstractions and
the domain model conceived, therefore, as a tool for creation and reuse a code
generator was defined. The generator supports the core asset development and
product development. This generator implements the class model in Fig. 1 using
the programming language Python, because of its versatility and successful track
record for the development of this type of tool.

The internal code generation process comprises two principal activities. In
the first one, the user’s needs are established according to a workflow, presenting
some decisions for resolving the variability. The second activity is the transfor-
mation of user requirements into code for the Arduino platform, through the
Object-Oriented Programming (OOP) paradigm. The classes are a description of
the domain model, where the attributes that capture the behavior of its instances
are implemented. There are also derived classes that allow for extending the pos-
sibilities of the objects instantiated with new attributes and methods, as well as
inheriting other pre-existing ones. The objects created can manipulate the input
data in the function of obtaining specific output data. This is important because
once the objects are instantiated, it must transform them into a programming
format that can be readable by Arduino. For this, we use templates based on
the programming idioms found in the domain analysis process. Finally, it should
be noted that the code generator can assign pins to avoid conflicts between sen-
sors and actuators, for this a representation of the development boards (Arduino
Uno, Nano, and Mega) was conceived as dictionaries in Python, where each dic-
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tionary key corresponds to a pin on the board, and its equivalent value is the
state of this so that the tool each time you assign a pin changes the state of the
value so that it is not assigned in more opportunities.

The code generator can create software for ultrasonic sensors, infrared sen-
sors, and photoresistors, as well as a generic template or exoskeleton for generic
sensors, regardless of the number of pins on the development board. It also sup-
ports the generation of code for actuators such as servos and motors, as well as
end effectors such as robotic grippers or electromagnets. The attribute logic in
both sensors and actuators has been expressed in such a way that, if the user
chooses this option, the program generates code that allows checking whether
the selected device is functional. Finally, once it completes the code generation
process, the tool creates a text file containing the source code with all the user’s
specifications. Figure 3 shows a representation of the code generation process.

Code
generator

Industrial Robot

Fig. 3. Reference architecture for source code generation process in IRArduino-SPL.

For the user to generate the code, a command-line menu is used where you
can choose the Arduino board to be used. For now, the tool supports the Arduino
Uno, Nano, and Mega 2560. We made this choice because each of the boards has
different PINs, so the tool needs to assign them correctly. Afterward, the user is
asked if he/she wants the created elements to have code to determine if the oper-
ation of the element is correct, as part of the mentioned logic attribute. Then,
choose among the supported actuators, sensors, and end effectors, remembering
that there is no limit number for the creation of the software for these devices.
Finally, the program will generate the SC in a text file. It then transferred this
to the Arduino IDE to be compiled on the platform.

Proof of Concept. We develop a proof of concept for illustrating and evalu-
ating the implementation of an IRS with Arduino with 5 degrees of freedom, 2
types of sensors, and 1 robotic gripper, derived as a product through the defined
reuse strategy. We performed the test in an experimental environment to verify
the feasibility of IRArduino-SPL. First, we built the robot (Fig. 4a) then we gen-
erated code by the SPL (composed of the determination of robot requirements,
the transformation of abstractions to code through templates, adaptations to the
code to adjust the operating logic, and compilation on the development board).
To calculate the percentage of reusability, we use the metrics proposed in [22].
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Fig. 4. (a) IRS with Arduino employed in the proof of concept. (b) A snippet of SC
generated by IRArduino-SPL.

Based on Eq. 1, it was determined that IRArduino-SPL provides the devel-
oper with 33.3% reusable software code (in terms of SLOC) by using the domain
model (Fig. 4b). The remaining 66.7% were developer construction concerning
the robot operation, filling the code got for the IRS to perform a concrete action.
Here, we programmed the transport of an object from one place to another,
depending on an ultrasonic sensor and a limit switch. It can be highlighted
that reused Source lines of code in header, body, and footer account for 86% of
the total SLOC used in these attributes, the remaining 14% being programmed
by the robot developer. Now, concerning the logic attribute, the reused SLOC
accounts for 17% of the total lines in this section, while the programmer develops
the remaining 83%. This is an obvious example that better abstractions should
be made on this specific attribute, to increase the possibilities of reuse. It can
access here a video of the proof of concept and the materials used in the research
(https://cutt.ly/jIk8AmV).

4 Discussion

In the development of the proof of concept, we established that IRArduino-
SPL assets are compatible and work coherently, generating a functional product
by reusing them. Thus, we verified that conceptually the reuse proposal in the
context of an IRS with Arduino has a lot of potentials and is viable. During the
execution of the proof of concept, an IRS with Arduino was got, including the
task programming for which it was built (transporting an object from one place
to another). Furthermore, IRArduino-SPL achieved a correct synergy between
hardware and software, facilitating to the developer implement specific activities
such as robot task logic or kinematics. With the reuse materialized in the proof
of concept, we found that the code provided by the tool allows the programmer
to save development time.

As it is the first version of implementing a reuse proposal in a little-explored
domain, some shortcomings can be corrected. There are limitations related to
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the generation of SC for programming robot functions, so the developer must
take care of this task. In future versions, it can make abstractions in the behavior
of IRS, so that it can integrate the main functionalities offered by these systems
using some patterns such as template method, strategy, and method factory. For
complex aspects such as the planning and control of the robot’s movement, they
require a detailed study to adapt them and incorporate them into the model,
because each robot is different with different equations and algorithms.

IRArduino-SPL in the domain of gerontechnology is a contribution that facil-
itates the creation of software for different hardware elements (sensors and actu-
ators) so that developers can focus on other topics related to industrial robots
and elderly people. However, in future iterations of the proposal, proposing high-
level abstractions that do not focus on hardware, but on the functionalities that
industrial robots can perform would be an interesting contribution, as reposito-
ries of common functions (grasping items or bipedetation help) that occur when
elderly people and industrial robots interact could be created, so that developers
can save time in creating these functionalities and worry about other common
issues in the domain of robots.

This proposal is in an initial state, there are some limitations. The first
is the code generator and its scalability because the tool was developed with
the OOP, which makes it difficult to create and develop software assets for
specific elements (actuators or sensors), since this paradigm is not focused on
this aim, unlike the Model-Driven Engineering which enabling automatic code
generation, providing customization and interoperability capabilities using more
reflexive models (metamodels). Finally, using tools such as Acceleo or Telosys in
the proposal would facilitate the creation of software for specific elements, thus
increasing the possibilities of the SPL.

5 Conclusions

This work presents IRArduino-SPL as a software reuse proposal based on the
concept of software product lines. For the proposal definition, we followed domain
and application engineering activities applied to the context of IRS. First, we
defined fundamental assets, such as the domain model, the feature model, the
scope, and a production strategy based on the generation of code. Furthermore,
we developed an IRS with Arduino with 5 degrees of freedom, 2 types of sensors,
and 1 robotic gripper for the Arduino platform. As a main result, IRArduino-SPL
is a coherent, viable, and implementable and with great potential reuse strategy.
The major contribution of this research is to generate empirical evidence of a
specific reuse proposal, such as SPLs, in a domain little explored from the point
of view of software reuse. IRArduino-SPL implementation contributes to the
Arduino domain, bringing knowledge and experience where evidence is limited
and unclear. Allowing the researcher to establish the foundations for future and
more complete reuse strategies in the context of IRS with Arduino. Also, this
work shows the software reuse for IRS in a field in which there are no solid
foundations, so the first version of IRArduino-SPL must be refined to help the
maturation of the area in this specific context.



Software Product Lines for Industrial Robots: A Pilot Case with Arduino 65

IR Arduino-SPL faces challenges in how to achieve the abstraction of common
robot functions or includes new software elements, such as motion control or user
interfaces. These challenges may have arisen from the abstraction done in the
domain, which perhaps focused more on hardware and did not consider core
software elements such as trajectories, cinematics, conceptual and particular
elements own of its domain. The first domain abstraction helps to materialize
reuse but does not incorporate important elements (functions, robot control, and
variability limitation) that should be considered for future versions of IRArduino-
SPL. Also, better management of variability over SPL needs to be done, as there
are too many configurations, which could make it difficult to develop and support
core assets in the future.
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Abstract. The relationship between the characteristics of physical environments
with the characteristics of older people facilitates or limits social participation and
optimal occupational performance.

The ageing process produces a series of anatomical, physiological and func-
tional modifications that lead to changes in the daily occupational performance of
older people. This makes it more necessary to assess and adapt environments to
support the adaptation process of older people and to facilitate their independence
and safety in their usual environment.

Keywords: Adaptation of the environment - Accessibility - Ageing -
Occupational performance - Older people

1 Introduction

Ageing is a universal biological process that accompanies us throughout life, resulting
from the accumulation of a variety of molecular and cellular changes over time, leading
to a gradual decline in physical and cognitive abilities, an increased risk of disease,
and ultimately death [18, 19, 28]. Common conditions of old age include hearing loss,
decreased visual acuity, back and neck pain and osteoarthritis, diabetes, depression and
dementia [19]. As people age, the likelihood of experiencing several conditions at the
same time increases.

Old age is also characterised by the emergence of several complex health conditions
that usually occur only in the later stages of life and do not fall into specific morbidity
categories. These health conditions are commonly referred to as geriatric syndromes
[21]. They are usually the result of multiple underlying factors including, but not limited
to: frailty, urinary incontinence, falls, delirium, and pressure ulcers [2].

But it should not be forgotten that this ageing process is also clearly influenced
by how the person is; their physical condition, their psychological characteristics, the
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level of social participation, the support that the person has [15, 19]. Older people’s
occupational performance is affected as the person ages, occupations, roles and activities
to be performed on a daily basis change [26, 27]. While some of the variations in older
people’s health are genetic, the physical, social and economic environments in which
they live can also influence how they participate in society. These environments are of
great importance, in particular housing, neighbourhoods and communities. Each person
with his or her specific abilities and each dwelling, building or neighbourhood makes
different occupational performance and functional demands according to its design and
existing access barriers [17].

From the characteristics of the ageing process and from the point of view of the
musculoskeletal system and specifically during walking, in which there is an increase in
kyphosis, a decrease in the base of support and stride length, an increase in instability
in balance and postural alignment, a decrease in braking, etc., there are alterations in
walking that lead to instability and the possibility of producing falls and accidents [11,
12]. In addition to other characteristics that originate in the decline of the cardiovascular,
respiratory, digestive, nervous and sensory systems, among others, which make it difficult
for older people with greater fragility to adapt to the characteristics of the environment.
Therefore, it is necessary that the environment facilitates their functionality, adjusted to
these characteristics, and it is essential for the reduction of risks to achieve simplicity in
the use and handling of the environment; simplifying the demand for tasks, favouring
safety, thus promoting interaction and relationship with the environment and increasing
their performance in daily activities [17]. The adaptation of the person to the environment
and the use of the environment in a safe way is a fundamental feature that an accessible
environment must offer to older people [9]. From the Occupational Therapy point of
view, it is important to accompany the person in this process in order to detect the
person’s needs and how to find solutions to them [14, 19, 24].

2 Definition of Occupational Therapy

Occupational Therapy is defined by the European Committee of Occupational Therapists
as follows [33] as the health profession that is based on knowledge and research into
the relationship between health, occupation and environment in the well-being of the
person in the presence of physical, cognitive, social, affective and/or environmental
limitations that alter their development potential and their occupational performance; that
uses meaningful activities for the person with the ultimate aim of restoring, maintaining
and/or developing the skills necessary to integrate and participate in their biopsychosocial
sphere”.

Theoretical and practice models of Occupational Therapy, as a model of human
occupation, [13] Biopsychosocial model. A. Mosey [23], Personal adaptation through
occupation, [29] among others, include as a fundamental part of the Occupational Thera-
pist’s intervention the physical environment, which is an essential part of the person, and
in accordance with the Framework for the Practice of Occupational Therapy: Domain
and Process 4th edition of the American Occupational Therapy Association [5] assuming
the context and environment aspects of the Occupational Therapy Domain interact with
the; areas of occupation, person factors, skills and performance patterns, and activity
demands that make up the person dimension for the Occupational Therapist.
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3 Universal Accessibility

Universal accessibility is the condition that environments, processes, goods, products
and services, as well as objects or instruments, tools and devices, must meet in order to be
understandable, usable and practicable by all people in conditions of safety and comfort
and in the most autonomous and natural way possible. It presupposes the “design for
all” strategy and is without prejudice to reasonable accommodation” [22].

When an environment is accessible it provides a number of benefits to the people
who use it, comfort and safety in use will help people by improving the conditions of
use and habitability of buildings [17].

4 Environmental Assessment as a Tool for Performance
Improvement

The Occupational Therapy discipline aims to understand the needs for adaptation of
environments and simplification of tasks. It is essential to carry out an analysis of the
activities, characteristics and functional needs of the person [31]. As well as assessing
the different environments in which the elderly person develops in order to be able to
conclude with both in a process of intervention that may be aimed at:

— Improving occupational performance: the way and manner in which older people
carry out tasks that cause interaction with the environment [3].

— Adaptation of the environment: Physical, cognitive and sensory, as well as use of
assistive technologies and products.

— Simplification and adaptation of activity requirements.

These actions will compensate for the small and/or large limitations that the elderly
person may have when carrying out their daily activities. Increasing, therefore, the skills
and abilities that the person retains, and carrying out an intervention in the environment
that facilitates the execution of activities in an independent and safe manner [20].

The Occupational Therapist is the professional trained and qualified to carry out
these functions, having extensive training in the physiology and biomechanics of the
human being, and of the ageing process in particular. They also have knowledge of the
aspects of occupational performance, in order to evaluate the interaction of the person
with the environment [25, 30].

Through the knowledge and analysis of the activity, the Occupational Therapist
carries out the occupational assessment by means of which he/she will determine the
factors that influence the functioning of the person and sets intervention objectives to
promote his/her independence in daily activities and occupations.

Focusing on the assessment aspect of the environment, it is necessary for the therapist
to be able to analyse the different steps that are necessary in each of the activities of
daily living, while analysing the influence of the environment: furniture and products,
analysing the functionality and correspondence of these in the independence of the
person [16]. Starting with the environment close to the home, analysing the layout of
pavements, studying the possibilities of access to establishments, and reviewing the
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means of signposting and orientation in the area, auditory, visual, etc. Proposing actions
that allow the independence of the person, with the aim of promoting their autonomy
and independence in their community environment and facilitating participation with
the people and activities that take place in their immediate environment [10].

The access portal to the building must be free of architectural barriers, allowing
for easy access and movement, but it is also necessary to take into account the integral
characteristics of the environment, bearing in mind universal accessibility. To this end,
we can use the DALCO requirements to facilitate accessibility to the environment, these
requirements are: Ambulation, Apprehension, Localisation, Communication, and they
are included in the UNE standard 170001-1:2007 of Universal Accessibility [1]. Each
of the requirements is made up of different elements which are briefly described below:

— Wandering: The action of moving from one place to another, including the analysis
of: maneuvering spaces, pavements, circulation area, changes of plane.

— Grasping: The action of picking up or grasping an object. It includes the analysis of:

reach, actuating elements, grasping and transport of the object.

Localizations: The action of identifying a place to be reached. It includes signaling,

lighting and location.

— Communication: The action of exchanging information, consisting of: verbal, written,
audio, visual and other means of communication through graphics, symbols and signs.

By means of a descriptive study where the observation and analysis of each of these
actions and the way in which they interact with the elderly stands out, it can be affirmed
that the elderly usually present the following difficulties in the accessibility of the portal:

— Difficulties in manipulation with the door lock, in the action of inserting the key, due
to limitations in fine coordination, in the execution of the gripper, in the precision of
the action due to some symptomatology associated with tremor, vision difficulties,
etc.

— Restrictions due to the provision of steps in the doorway, and/or stairs, which limit
access to people with hip fractures, who are afraid of previous falls, people who lack
sufficient strength to lift the lower limb, gait disorders, etc.

— Limited access to the letterbox area, as it is located in poorly lit and/or inaccessible
spaces, or with designs that are difficult to handle.

— Difficulty in circulation, due to the arrangement of furniture in inadequate spaces, or
mats that are not flush, which can cause falls, trips and blows in people with insecure
walking, vision problems, etc.

Some of the possible solutions to these difficulties consist of adapting the environment
to the performance characteristics of people, trying to implement universal accessibility
measures that allow the greatest number of needs and characteristics to be considered.
These include facilitating access to the doorway without unevenness; card-operated
opening systems; automatic and/or easy-to-open doors; aligned placement of furniture
to allow free movement; indicative signs and posters, with legible, contracted lettering
and pictograms that allow location and orientation inside the doorway; access to a barrier-
free lift. These actions cannot always be carried out, so in these cases the objective will
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be to provide the person with support products that allow them to be as independent as
possible. An assistive product is any product (including devices, equipment, instruments,
technologies and software) specially manufactured or available on the market to prevent,
compensate for, control, mitigate or neutralize impairments, activity limitations and
participation restrictions [8].

Since training in the use of these products is necessary in order to make the adaptation
as functional as possible, some of the support products that can be of great use in accessing
the doorway are: Key aid, a support product that facilitates gripping and clamping of the
key; Stair climber; Platform lift; Portable ramp.

The person’s home must be carefully analysed, as it is the space where they carry out
their daily life activities and those that provide them with a greater sense of autonomy
and value [7]. Therefore, it is essential to carry out a diagnosis of the different rooms and
the activities that the person carries out in them, analysing occupational performance
[4].

We will now define some of the main rooms: bathroom and kitchen, which are
where the greatest number of accidents occur and where we must focus a large part of
our intervention in order to prevent possible risks.

Bathroom: the space where the greatest number of accidents occur, which can some-
times be fatal, and in the smallest of cases disabling, so we must evaluate the room and
especially:

— Flooring, avoiding slippery floors that can cause precipitation.

— Bathtub/shower, in many cases the elderly still has a bathtub, so in addition to trying to
guide them towards changing to a flush shower, it will be necessary to place bars and
handles at different points to facilitate support and safety. Shower seats are also a very
stable alternative for anyone who may be unstable. In the event that this modification
is not possible, there are different support products that facilitate safe access to the
bathtub, such as: transfer benches, transfer chairs, swivel chairs. In addition to these
adaptations, it is necessary to train with the person the different steps to be taken, in
order to facilitate the basic techniques of safe transfers.

— Toilet, the height of the toilet must be appropriate to the person’s abilities, so a toilet
seat can be included to facilitate the act of sitting down and getting up. Likewise,
and to ensure safety and facilitate incorporation, handholds and support bars can be
installed at the appropriate height for the person’s grip.

— Washbasin. Depending on the needs and characteristics of the elderly person, a space
below the washbasin will be provided to enable them to access and position themselves
appropriately to carry out the activities. On some occasions, a chair, handholds, a
single-lever mixer tap, etc. will be provided.

— Arrangement of furniture and utensils. A space for passage and maneuverability of
the person free of obstacles shall be provided, as well as the placement of utensils
in spaces within reach, allowing access to them without the need to make unsafe
gestures.

— Other issues to be analysed are the thermal capacity of the person and the possibility
of installing automatic water temperature regulators, which prevent burns.
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Depending on the specific needs of each person, which must be analysed, some of
the existing products that facilitate the performance of the different activities can be
proposed in order to achieve maximum independence for the person and prevent possible
risks during the activity: soaping brushes, long reach brushes, suction brushes, soap
dispensers, etc.

Kitchen: Like the bathroom, this is one of the spaces in the house where the greatest
number of accidents and injuries occur, so it is important to evaluate this space and
the activities that take place in it, making a diagnosis of the difficulties encountered
and proposing improvements in functionality. Some of the issues to be analysed in the
environment are as follows:

Non-slip and even flooring.

— Arrangement of objects and design features to facilitate their reach, use and handling.
Trying to place them in easily accessible spaces and prioritising the placement of the
heaviest items in the closest spaces.

— Use of gas-induction cooker, among the many benefits provided by the induction
cooker, is the advantage of not having carbon monoxide leakage in case of forgetting
to turn off the tap, therefore, we will always try to modify it.

— Possibility of introducing contrast in handles and knobs, as it facilitates the location
of the different mechanisms.

— During the different kitchen activities, there are a series of recommendations that we
can use depending on the needs of each person, such as:

— In people with cognitive impairment, it may be advantageous to use reminder systems,
alerts, lists, etc., with a description of the different steps for carrying out the activities.
Likewise, the use of signs with the name and/or images, pictograms of the utensils
found inside the cupboards.

— -For people with impaired vision, audio systems can be introduced, voice announcers,
kitchen robots, which allow them to interact with the different utensils and electrical
appliances. As well as the maintenance of the order and placement of the products
that allows them to remember their location at all times.

— For people with motor and/or mobility limitations, the use of support products that
make it easier for them to carry out the activities, such as automatic peelers, different
plastozote grips, can openers, non-slip tablecloths, etc. As well as passageways and
obstacle-free spaces that allow them the necessary mobility and manoeuvrability, such
as: free space under the worktop to allow them to approach, etc.

— For people with hearing difficulties, the sound systems should be replaced by pilot

lights and light indicators.

Once the areas of the environment and the person’s performance have been analysed,
an intervention will be carried out, comprising a series of proposals personalised to the
abilities and needs assessed, on an individual basis, including some of those listed above
and training them for safe, satisfactory and secure performance, always with the aim of
maintaining the person’s autonomy and independence and preventing accidents in the
home.
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5 Instruments

Occupational therapists use their theoretical/practical knowledge of their profession,
scientific evidence, experience, as well as the tools inherent to their professional profile,
which are the analysis and understanding of the activity, the evaluation of occupational
performance and knowledge of the principles of the relationship between the person and
the environment. The occupational therapist has extensive knowledge of the adaptation
of tasks and environment, of universal accessibility, and has the necessary skills to
prescribe and train in the use of assistive products and technologies that facilitate the
execution of the activity.

In order to carry out the assessment of the home environment, different measur-
ing instruments are necessary, as well as a photographic camera, which facilitates the
collection of data for subsequent analysis. By means of observation, measurement and
interview, data will be collected to enable the development of an intervention proposal,
and the therapist can use different standardised assessment scales such as Romero’s
Occupational Therapy Home Assessment [32] or Safety Assessment of Function and
the Environment for Rehabilitation [6] among others.

For the assessment of the person’s capabilities, the occupational therapist relies
on standardised scales to evaluate the person’s dimensions in a holistic manner. To
evaluate the performance of activities of daily living, he/she can use: Barthel Index,
Katz, FIM, etc., as well as those evaluation scales necessary to evaluate other areas
such as: cognitive, social and affective, such as Mini Mental, Pfeiffer SPMSQ, Goldberg
Anxiety and Depression Scale, OARS, etc.

6 Conclusions

The accessibility of the elderly person’s home environment allows and facilitates the
continuity of the development of their life project in their usual environment, this being
one of the main concerns of the elderly. Therefore, the evaluation of the spaces, activities
and performance of the person in their environment is one of the main objectives of the
Occupational Therapist, as the basis of the principles that underpin the principles of
their profession; attending to the quality of life and promoting autonomy and personal
independence.
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Abstract. The fast evolution in the implementation of new technologies in the
healthcare environment has created a wide range of new tools for applying patient
care and their pathologies’ control. In the hospital background, this implementa-
tion has been continuous and adapted to each category, easing the learning and
acceptance. It has not happened likewise in the Primary Care environment because
the degree of acceptance of the new digital tools and their use being ignored. By
this narrative review of the literature, the aim is to objectify the need to carry
out research studies for assessing the attitudes and skills of Nursing professionals
in the primary care setting in the acceptance of new technologies by means of
validated tools, for, with their correct implantation, apply nursing care that facili-
tates healthy aging for patients through new digital tools. The limited literature on
research previous to the implementation of new digital tools focused on health for
professionals makes it necessary to evaluate the health population to identify facil-
itators and barriers in the implementation of new tools. This seems to be a previous
step for a correct implementation in favor of quality nursing care for the population
attended through the new information and communication technologies.

Keywords: Nurse acceptance - IT acceptance - UTAUT - Information
technology

1 Introduction

The implementation of new digital technologies has been regular in the last 10 years,
where they have come to be implemented in different areas such as work, communica-
tions, administration and management, and also health and care space [1]. The process
is online with the recommendations of the United Nations through its agency for infor-
mation and communication technologies [1, 2]. It is a transformation that is part of a
global digitalization framework that has reached most professional sectors, including
healthcare.

The WHO has shown that is necessary a health digital transformation to improve
their outcomes [5]. Likewise, the European Commission has opted for training people,
the transformation of companies and the digitization of public services, including health
services [6]. Because of that, the health systems reality in general and care practices in
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particular are increasingly directed towards the use of technology. Medicine is closer
and closer to diagnoses based on technological evidence. Nurses have at their disposal
a wide and growing range of tools to provide care: applications to control therapeutic
adherence [7], mental health applications [8], barcode medication administration [11],
sensor-based medication systems [12], use of automated storage and distribution systems
for medication by units [13]. Also the efforts that being made for professionals to acquire
digital skills are remarkable [14], for example in the use of digital medical records,
telehealth, videoconferences or the application of virtual assistants. The training plans
for nurses also seem deficient in this regard, requiring an assessment and adaptation
to the current situation [15—17]. The university degree programs in Spain hardly pay
attention to digital care, which requires specialized training through courses or masters.

However, the way is not proving easy. A lot of barriers are making the process more
difficult. There are, for example, educational barriers of the population as to acceptance
of the need to use new technologies, despite the evidence that their incorporation would
imply higher levels of efficiency and effectiveness [18—20]. In his model of technological
acceptance, Davis carries out an exhaustive study of the causes that help or hinder
the technological acceptance by society [21], concluding that the cultural variable also
influences the greater or lesser implementation of certain tools [22]. Cultural resistance
must be evaluated and diagnosed in order to apply policies and educational lines that
help to implement it. Structural barriers must also be consider. It is well known that these
new technologies appear mainly in hospital environments where training recycling is
continuous. However, in primary care, where professionals have a high age average, with
job characteristics that make them peculiar, the use of technological devices is lesser.

Traditionally, much of the research on acceptability has focused on the population
that receives care and technology [23, 24], trying to join the technology’s use and function
to environment’s culture that receives care through these new tools, but the barriers and
difficulties of the professional population have rarely been addressed [25]. This research
approaches this part of the population spectrum until now little studied, especially in the
case of the situation of Nursing in primary care, through lines of research based on the
technological acceptance model of Davis et al. which is based on the theory of reasoned
action proposed by Azjen and Fishbein [26].

2 Objectives

By the aim of knowing the possible resistance of Nursing professionals to the incorpo-
ration of this type of new tools, we are wondering a series of questions: What are the
nurses impressions about the use of technology or technological applications in their
daily praxis? Are they open or do they lay to rejection? How does it vary depending on
the type of technology, issues such as gender, age or education received?

3 Methodology

A review of the published literature is carried out. A bibliographic search is applied
through databases Pubmed, Scopus, Web of Science, SciELO. Searches were carried
out, according to each database, using keywords:
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Boolean descriptors and operators for searching
(Nurse OR Nursing) AND (Technology) AND (IT Acceptance OR UTAUT)
TOTAL ITEMS SEARCH: 372 (12 + 133 +235+2)

Based on a narrative review of the literature found, we evaluate the published studies
on the acceptability by nursing of the new digital tools, excluding articles’ repetitions
and those that were not focused on the assessment of the acceptance of the new tools by
health professionals, identifying types of studies, assessment of the results obtained and
validated tools for their obtaining and standardized application on the personnel for the
implantation in the environments of the workers. We approach some of the issues that
facilitate or hinder the acceptance of technology by nurses in various fields of clinical
practice.

Our final objective is to make a revision of the articles previously posted for later
do a methodological proposal that aims to identificate the issues that mediate these
processes of acceptance and rejection of technology in a population of primary care
nurses, looking for cultural barriers that difficulties new tools’ implementation, by that
the care application and facilitate concepts pin up a positive demeanor used for these
new tools.

The population we want to evaluate are primary care nurses from rural environment.
We will review research work that focused in the identificacion of the barriers that
limits the acceptance of the new digital tools and the facilitators of their implementation
through through making validated identified questionnaires.

4 Results

The research carried out focuses on satisfaction polls of use by health professionals
after the implementation of digital tools [27], obviating that for the implementation and
acceptance of new tools, it will be necessary to evaluate the availability of professionals
through diagnostic and efficacy evaluation tools that indicate the using and intentionality
of the evaluated technology for a correct implementation and employ [28].

Other studies have focused on the sights of nursing community on technology uses in
health systems [29], where a part of the participants were convinced of the importance on
information technologies in the provision of health and medical services; nevertheless,
there was a significant group that set forth their skepticism about the need to develop
e-health services in the specific context of nursing in Poland.

The first works focused on use’s problems or nurses’ barriers are interested on the use
and management of the internet and computers. The work of Eley et al. [30] through ques-
tionnaires distributed in the Australian Federation of Nursing described about 20 possible
barriers that would hinder information use of technologies in the workplace, these are the
firsts works that concrete the identification of cultural barriers and facilitators behaviors
of professionals that are going to apply cares though digital tools.

That is why new digital tools evaluation processes must be standardized before their
implementation, in search of the disposal of the professionals who will work with them
to evaluate their use and the intention, following the results obtained in other fields
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when they apply the Unified Theory of Acceptance and Use of Technology (UTAUT),
formulated by Venkatesh, Morris and Davis [31, 32] and applied in health studies to
evaluate Digital Medical Records [33], to put on optimal health care to the population
that result in a real and evaluated benefit of the new tools given in view of the great
applications diversity that coexist in the mart.

Therefore, it is necessary to prepare validated questionnaires for each population
with its cultural bias that indicate the barriers that limit the acceptance of the new tools
in the nursing care environment for patients in the home background, as well as identify
facilitating devices for implement correctly new technologies, as well as acceptance and
use of the same at less cost for the health system, at once that we improve the population
care.

5 Conclusions

New technologies’ uses applied to healthcare deal several difficulties and barriers.
Although most of the efforts are focused on identify and facilitate adaptability and
the use of the population care — patients, their families and formal and informal care-
givers -, the health professional culture itself is a central issue to consider. In the case
of nurses, the available experience has revealed cultural attitudes of rejection and dif-
ficulties in moving from analog to virtual healthcare settings, in addition to the need
to evaluate skills that professionals have to enforce and knowledge that will support
implementation of new work environments, through specialized postgraduate training
and reinforcement in university degree studies, in the specific technology. Issues such
as age, gender or training received are crucial to do a correct previous appreciation and
then programate a specialized training.

There are no specific studies that address the contemporary training scene in Spain
as an object of study. Anyway, it seems clear that we must focus more and more on this
professional group if we want to carry out an e-health revolution and get a good level of
specialized training in line with the rest of countries who follows us.

We must also offer technological solutions adapted to professionals after a stan-
dardized assessment of their culture, which must be part of the usability analysis for
previously implementing to any technology acquirement to improve care. Issues such as
gender, age, perception of technology, training plans of health institutions or universities
are elements of an equation that must be solved in a concrete way, to obtain care with
the maximum efficacy, efficiency and effectiveness guarantees for population and health
systems.
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Abstract. Objective: The main objective of this research was to operationalize
a nursing sensitive outcome, designated as Satisfaction, using a set of indicators
sensitive to various aspects of the nursing care: (i) Functional capacity assessment
(Functionality), which is considered an important indicator for elderly people’s
health and should be used to provide a robust data infrastructure on functioning
and disability, allowing for national and international comparisons; (ii) Quality
of Life assessment, which is another important health indicator that is strongly
recommended by World Health Organization, as it includes multiple domains of
functioning and well-being that are extraordinarily important in the assessment of
health outcomes. Methods: Cross-sectional, descriptive study, with a final sam-
ple totaled 351 elderlies. Data collected by health professionals in the partici-
pants’ houses, using a core set composed of items belonging to the International
Classification of Functioning, Disability and Health and by the WHOQOL-BREF
instrument. Structural equation modeling was the statistical methodology adopted.
Results: The developed model presents favorable factorial validity and reliabil-
ity, which allows to infer about the existence of an empirical strong relationship
between both the Functionality and QoL theoretical models with Satisfaction.
Conclusions: Both Functionality and QoL are determinants of Satisfaction, even
though Satisfaction manifests itself with greater importance in QoL, rather than
in Functionality.

Keywords: Elderly - Nursing care - Functionality - Quality of life - Nursing
outcomes - Satisfaction

1 Introduction

Due to the aging of the Portuguese population, there has been an increase in chronic
diseases and, consequently, a greater demand for healthcare, particularly in the case of
the elderlies, who are among those who have multiple and complex chronic conditions
(multimorbidity), and who require long-term healthcare [1].
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The World Health Organization (WHO) recognizes the inadequacy of the current
health systems to care for people with multimorbidity, thus requesting a shift to a new
paradigm, based on the following grounds [2]:

e Empowering and involving people, that is, fostering a equal and reciprocal relationship
between clinical and non-clinical professionals and people who use health services,
their families and communities, enhancing their experience in self-care;

e Strengthening clinical governance and accountability, that is, promoting transparency
in decision-making, in order to generate robust systems of collective responsibility
involving policy makers, managers, suppliers and users;

e Reorienting the healthcare model, in order to guarantee effective health services
that prioritize community and primary care services in the co-production of health,
investing in a change from a hospital internship regime to the one based on home care;

e Implementing coordination services in order to improve healthcare delivery by align-
ing and harmonizing processes between different health services around people’s
needs and preferences;

e Creating a favorable environment that promotes the necessary changes in legislative
structures, agreements, financial incentives and formulation of new public policies.

The current Portuguese health system, as in many other countries, is mostly oriented
to respond to acute health conditions, thus not guaranteeing to its users the maintenance
of their overall health status, because it is not tailored to the needs of patients with mul-
timorbidity. If no change is made, it will become increasingly fragmented, ineffective
and untenable soon. According to Lopes [3], a fundamental shift in the way how the Por-
tuguese health system is financed, managed and how healthcare are delivered, fostered
by the concept of patient-centered care (PCC) and ensuring the integration and conti-
nuity of care, is becoming mandatory. Moreover, “evidence shows that health systems
oriented around the needs of people and communities become more effective, cost less,
improve health literacy and patient engagement, and are better prepared to respond to
health crises”, as stated by the WHO [4].

One way to make PCC more effective, empowering people and communities and
making them the center of health systems, among other strategies, is to listen their
expectations about how healthcare relieved discomfort and improved quality of life, that
is, to what extent patients are “satisfied” with the healthcare provided and what were
the outcomes achieved regarding their health status. According to the research work
conducted by Kuipers and colleagues among 216 Dutch patients with multi-morbidity
in the primary care setting [5], PCC was correlated significantly with satisfaction with
care (8 = 0.425, p < 0.001). PCC was also associated positively with patients’ physical
and social well-being. The authors concluded that if healthcare delivery is tailored to
the needs of patients with multimorbidity, by paying attention to PCC, it will result in
better patient outcomes.
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Patient satisfaction with care has been considered worldwide as an important indi-
cator to assess the performance of healthcare delivery, involving the quality of care
provided by health professionals, the quality of health services themselves, and the
context in which healthcare are provided [6].

In another research work conducted by Dubois and colleagues, the authors developed
a nursing care performance framework (NCPF), which included a matrix of indicators
covering the main functions of a nursing system, developed in accordance with three
subsystems [7] (a more detailed view of the NCPF can be seen in Fig. 3 of the reference):

e Acquiring, deploying and maintaining nursing resources;
e Transforming nursing resources into relevant nursing services;
e Producing positive changes in patients’ conditions.

The third subsystem addresses five dimensions, capturing the nursing sensitive out-
comes in terms of the positive changes in a patient’s functional status, disease state or
evolving condition, namely:

e Outcomes reflecting patient safety (risk outcomes and safety);

e Outcomes reflecting patient comfort and quality of life related to care (patient comfort
and quality of life);

e Outcomes reflecting changes in patients’ knowledge, skills, and behaviors (patient
empowerment);

e Outcomes reflecting patients’ functional status (patient functional status);

e Outcomes reflecting patient satisfaction with the care experience (patient satisfaction).

In respect to the fifth dimension (here designated in short as patient satisfaction),
Dubois and colleagues state that patient satisfaction is a subjective outcome made by
patients that “reflects the interaction of their expectations of care and their perceptions of
actual outcomes resulting from provider services.” Although all the work regarding the
development of the NCPF is theoretical, it is important to make some development toward
the operationalization of this fifth dimension, as described by Dubois and colleagues [7].

2 Objective

The aim is this article is to demonstrate how patient satisfaction, as modelled by Dubois
and colleagues can be operationalized, and the proposal is to realize it by using two
important health concepts: Functionality and Quality of Life (QoL). More details on
how the work was done, are provided in the next sections of this article.
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3 Methods

3.1 Ethical Considerations

The Health Ethics Committee of the Local Health Unit of Baixo Alentejo (HECLHUBA),
was the institutional committee that approved the study protocol, including the study
design, how the interviews were conducted, as well as the informed consent that was
presented to each respondent. All the suggestions included in the HECLHUBA operating
regulations were followed, which was developed under the Helsinki Declaration, with
the aim of protecting the dignity, the privacy and freedom of participants in this study

[8].

3.2 Sample Size and Inclusion Criteria

This research work involved 351 individuals residing in their own homes or at family
members’ or friends’ homes, who had more than or equal to 65 years old. All the
participants were registered in the database of the Local Health Unit of Baixo Alentejo
(LHUBA). The adopted inclusion criteria were as follows: (i) individuals who were
interested in participating in the study; (ii) were able to make their own decisions if they
were sick or were hospitalized due to acute, short-term health care needs; and (iii) who
signed the informed consent form and answered both instruments fully and correctly
(with no missing data).

3.3 Instruments

To operationalize the patient satisfaction indicator, as described by Dubois and colleagues
and belonging to the subsystem labelled as “Producing positive changes in patients’
conditions” of their NCPF, the following correspondences were established (a more
detailed view of the five dimensions included in this NCPF subsystem can be seen in
Fig. 3 of [7]):

e data addressing the risk outcomes and safety, patient empowerment, and patient func-
tional status are acquired using a coreset extracted from the International Classifica-
tion of Functioning, Disability and Health (here designated in short as Functionality),
based on the previous research work developed by Goes and colleagues [9];

e data addressing the patient comfort and quality of life are acquired using the instru-
ment developed by the World Health Organization Quality of Life groups (WHO-
QOL), namely the WHOQOL-BREF instrument, based on the previous research work
published by Goes and colleagues [10-12].

3.4 Statistical Methods

Sample data about Functionality and QoL were acquired using the structured inter-
view methodology, and were considered as parallel samples, since the two instruments
(Elderly Nursing Core Set for the Functionality [9] and WHOQOL-BREEF for QoL [10])
were presented to the respondents simultaneously.
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The factorial validity and reliability of the statistical model was verified through
the confirmatory factor analysis (CFA), using the SPSS AMOS software version 23.0.0
(IBM, Armonk, NY), in accordance with the recommendations provided by Mar6co [13]
for this purpose, namely: (i) individual reliability of the items, through the analysis of
the respective standardized factor loadings of the observed variables belonging to the
Functionality and QoL models (1;;, where i is the index of the observed variables, while
J is the index of the latent variables (unobserved variables), usually A; > 0.5); (ii) con-
struct reliability, through the analysis of composite reliability — CR (usually CR; > 0.7);
(iii) construct validity, by firstly verifying whether the items (observed variables) are a
reflection of the latent variables that are intended to measured (factorial validity), and
secondly by examining the value of average variance extracted (AVE) for each latent
(convergent validity — usually AVE; > 0.5); (iv) to check if AVE values is greater than
the square of inter-construct correlations — ].21 7 (discriminating validity — usually by

confirming if the output of the expression (AVEj 1 /\AVEjz) > ¢j21 P is TRUE). The over-
all goodness of the model fit was based on the following indices, as suggested by Maroco
[13]: () x2 statistic with correction by degrees of freedom xz/(df); (i) Comparative Fit
Index (CF); (iii) Parsimony Comparative Fit Index (PCFI) (iv) Goodness of Fit Index
(GFI); (v) Parsimony Goodness of Fit Index (PGFI); (vi) Standardized Root Mean Square
Residual (SRMR); (vii) Root Mean Square Error of Approximation (RMSEA); (viii) p-
value for the null hypothesis of RMSEA < 0.05 (PCLOSE); (ix) Modified Expected
Cross-Validation Index (MECV]).

4 Results

Figure 1 shows the initial CFA model (not adjusted) that was developed to obtain the
scoring of the latent variable designated as “SAT” (Satisfaction), as a function of “Func”
(Functionality) and “QoL” (QoL) latent variables. The fit indices shown at the top
of Fig. 1 reveal that the model fit is poor, although x2/(df) < 3.0. By correlating
the item errors whose respective modification index (MI) values are greater than 11,
a new (adjusted) model is obtained, which is shown in Fig. 2. This adjusted model
presents a better overall model fit than the initial one (MECVI such that 8.688 < 10.152)
and x2/(df) < 2.5. The model presents individual reliability of the items (observed
variables), as the respective standardized factor loadings (A;;) are almost all above 0.5
(only 8.3% are below 0.5 and none is below 0.3, this last threshold considered acceptable
in case of exploratory studies [13]).

The structural equation model shown in Fig. 2 presents composite reliability since
almost all CR values are greater than 0.7, except for the construct (latent variable)
“SR(a)”, whose value is equal to 0.585, see Table 1 (CR values between 0.7 and 0.5 are
acceptable in exploratory research, which is the case here [13]). Construct validity is
positively evaluated since all the items reflect the latent variables that are intended to be
measured (factorial validity), and almost all AVE values are greater than 0.5 (convergent
validity), except for the “SR(b)” and “Env” latent variables, with SR(a) being identified
as the worst case (AVE values between 0.5 and 0.3 are acceptable in exploratory research,
which is the case here [13]).
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Fig. 1. Initial model (not adjusted) to capture whether Satisfaction, a sensitive dimension of
nursing care, according to Dubois and colleagues [7] and designated as patient satisfaction, is a
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Table 1. Values of Composite Reliability (CR) and Average Variance Extracted (AVE) for the
model shown in Fig. 2 (for the acronyms, please refer to the list of acronyms at the end of this
article).

SC-ADL | SC-ADL MF | COM |SR(a) PH | Psyc SR(b) ENV | Func | QoL  SAT
(a) (b)
CR | 943 848 875920 |.585 |.921 .899 |.649 |.802 | .889 |.962  .839
AVE | 676 661 548795 224 | .636 .600 |.382 |.343  .664 | .863 |.726

Regarding the discriminant validity, the analysis of the results listed in Table 2 reveals
that the model only fails in four cases. Cells filled in gray represent those occasions in
which the expression (AVEj; AAVEj) > quzl 2 returns the logical value of “FALSE”,
while the values underlined represent those occasions in which the same expression
returns the logical value of “TRUE”.

Table 2. Results regarding discriminant validation of the AFC model shown in Fig. 2. The diag-
onal cells present the AVE values for each latent factor, while the values at the last three lines are
the square of inter-construct correlations between latent variables (for the acronyms, please refer
to the list of acronyms at the end of this article).

SC-ADL|SC-ADL
(a) (b)
SC-ADL(a)| .943 - - - - - - - - - B
SC-ADL(b)| - .848 - - - - - - - - - _
MF - - 875 - - - - . - - - ;
COM - - - 1920 - -] - . - - - i,
SR(a) - - - 585 - | - - - - - -
PH - - - - - 921 - - - - - -
Psyc - - - - - - |.899| - - - - -
SR(b) - - - - - -l - 649 - - - -
ENV - - - - - -] - - 1802 - - -
Func .687 .58
QoL - - - - - |.835/.908| .845 | .865| - |.962]| -
SAT i, - - - - - - - - | .543 [ .908 | .839
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Based on the CFA model shown in Fig. 2, itis possible to infer the factor score weights
(fsw — one per each observed variable, in a total of 49 values), which represent weights
that allow us to calculate the scores, using the weighted average methodology, for each
of the three latent variables considered, namely: Functionality, QoL and Satisfaction.
According to the fsw values inferred from the adjusted CFA model, it was possible to
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obtain the weighted average scores for the entire sample, for the three latent variables
mentioned, whose result is shown in Fig. 3.

100% T

80% o
59.3% 62.1%

[Ca—

60% +
40% +

20% T 6.6%

0% 1 } |
Functionality QoL Satisfaction

Fig. 3. Weighted average scores using the fsw values inferred from the CFA model shown in
Fig. 2.

5 Discussion

The aim of this research work was to operationalize a measure of satisfaction with the
nursing care delivery (here designated as Satisfaction), to individuals living in a rural
area with low population density, residing in their own homes or at family members’
or friends’ homes, who had more than or equal to 65 years old. Satisfaction was con-
sidered here as a nursing sensitive outcome, on the production of positive changes in
patients’ conditions [7]. Patient satisfaction has been considered worldwide as an impor-
tant indicator to assess the performance of healthcare delivery, involving the quality of
care delivered by health professionals, the quality of health services themselves, and the
context in which healthcare are delivered [6].

Individuals’ health can be studied based on Functionality, which is a multidimen-
sional concept that was developed by the WHO and includes the physical, social, psy-
chological, and environmental dimensions of their lives [9], with these dimensions being
used in this article as interconnected latent variables. On the other hand, QoL is another
concept also developed by the WHO, which captures the individuals’ own views of
their well-being, based on the physical health, psychological, social relationships, and
environment dimensions of their lives [10]. Therefore, there are some interconnections
between the dimensions of Functionality and QoL, and for this reason, Satisfaction was
measured in the scope of this research work based on the Functionality and QoL latent
variables.

The results listed in Tables 1 and 2 shows that the CFA model of Fig. 2 presents
favorable factorial validity and reliability, which allows to infer about the existence of
an empirical strong relationship between both the Functionality and QoL theoretical
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models with Satisfaction. When determining the needs of nursing care according to the
different levels of Functionality based on a self-care model [9], as well as when capturing
the individuals’ own views of their well-being [10], both Functionality and QoL latent
variables are manifest variables of Satisfaction. It is important to note that such effect is
statistically significant, although it does not imply a cause-effect relationship.

The model in Fig. 2 shows that Functionality and QoL are determinants of Satisfac-
tion. However, Satisfaction has a greater impact on QoL, when compared to Functional-
ity (explained variances of 91% and 54%, respectively). A possible explanation for the
result found is that the proposed model captures what is similar between the three latent
variables, namely the needs, standards and expectations of the elderlies, aspects that are
reflected both in Satisfaction and in QoL, although not so much in Functionality.

The weighted average score achieved for the Satisfaction latent variable was 61.2%
(see Fig. 3). from which it can be inferred that people aged 65 and over residing in the
community, in their homes, are mostly satisfied with the nursing care they delivered
(weighted average score greater than 50%). It means that there is a positive outcome on
how the individuals evaluated the effects of the nursing care that were delivered, as the
individuals health conditions seem to have evolved positively.

Changes in Functionality and QoL latent variables produce distinct effects in Saz-
isfaction, that is, Satisfaction increases with the reduction of functional problems (the
correlation coefficient between Functionality and Satisfaction is —0.74, see Fig. 2) and
with the increase in QoL (the correlation coefficient between QoL and Satisfaction is
0.95, see Fig. 2), with this effect been more pronounced for the QoL latent variable (the
correlation coefficient between QoL and Satisfaction presents a greater absolute value
—0.95 than the one between Functionality and Satisfaction —0.74).

6 Conclusions

In this article, an indicator considered as a nursing sensitive outcome, designated as
Satisfaction, which was theoretically developed by Dubois and colleagues, in their NCPF
[7], was operationalized. It was proven that it is possible to obtain this indicator in
quantitative terms, from the analysis of the Functionality and QoL of individuals. It was
concluded that both Functionality and QoL are determinants of Satisfaction, even though
Satisfaction manifests itself with greater importance in QoL, rather than in Functionality.
Satisfaction is a definable and measurable dimension, which is why it is suggested that
it should be used to assess about the contribution of the nursing professionals in the
delivery of healthcare to individuals.

Acknowledgments. This research was funded by FEDER. Programa Interreg VA Espaia-
Portugal (POCTEP), grant number 0499_41E_PLUS_4_E.

List of Acronyms. SC-ADL(a): Self-care — activities of daily living (a); SC-ADL(b): Self-
care — activities of daily living (b); MF: Mental functions; COM: Communication; SR(a): Social
relationships (a); PH: Physical health; Psyc: Psychological SR(b): Social relationships (b); ENV:
Environment; Func: Functionality; QoL: Quality of Life; SAT: Satisfaction.
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Abstract. Introduction: The global increase on the number of older adults leads
to an increase in the demand for health services, which needs to adapt their care to
the population. This adaptation involves empowerment, knowledge and autonomy,
establishment of a partner relationship in the care and decision-making process, so
that the quality and dignity of care for the older adults guaranteed. Primary health
care should be made available as proximity services, in addition to investing in
the continuous improvement of their practices, in which gerontotechnology has
an essential contribution.

Objective: To answer the research question “What are the characteristics
presented by age-friendly health units in the context of primary health care?”.

Method: The scoping review follows the Joanna Briggs Institute (2015)
methodology and the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) model.

Results: From the 22 articles analyzed, 7 main themes that characterize this
issue resulted: 1. Information, education and communication; 2. Health care man-
agement systems; 3. Care management process taking into account most com-
mon geriatric syndromes; 4. Physical environment; 5. Transportation network; 6.
Keeping older adults in their own context; 7. Health policies.

Conclusions: The characteristics of the age-friendly health centers recom-
mended by the WHO allow bringing older people closer to the health care they
need, enabling them to gain in health, well-being, as well as macro advantages in
public health. The nurse should work in partnership with the older people, helping
them to manage their health process and promoting Care-of-the-Self.

Keywords: Older adults - Age-friendly services - Primary health care -
Care-of-the-Self

1 Introduction

The aging of the world population is an inevitable and growing reality, which implies
challenges and adaptations of health services. By 2020, the world population aged 60

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
J. Garcia-Alonso and C. Fonseca (Eds.): IWoG 2021, LNBE, pp. 94-107, 2022.
https://doi.org/10.1007/978-3-030-97524-1_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-97524-1_10&domain=pdf
http://orcid.org/0000-0003-2974-0734
http://orcid.org/0000-0003-0414-0820
http://orcid.org/0000-0002-1780-4043
http://orcid.org/0000-0002-3503-4038
http://orcid.org/0000-0002-4395-6518
http://orcid.org/0000-0002-7368-8497
https://doi.org/10.1007/978-3-030-97524-1_10

Age-Friendly Primary Health Care: A Scoping Review 95

and over exceeded 1 billion people, and by 2050 it is expected to reach 2.1 billion
[1]. Health policies need to anticipate this trend and prepare health systems to be more
adequate, effective, and accessible. They should focus on improving and meeting needs
and preferences of older people, adapting health care to this population and providing
outreach care, including primary health care, focusing on health promotion, monitoring
and prevention of disabling and chronic conditions resulting from aging [2]. These
services must be the first access to health care services for the older people. [3, 4].

According to a WHO study, the characteristics of an age-friendly primary health
care encompass three dimensions: information, education and communication; health
service management systems; and the physical environment [5]. Several authors agree
that age-friendly care enables empowerment by increasing older people’s knowledge
and autonomy so that they become involved and partners in their care process, ensuring
the quality and dignity of care. Thus, it is recognized that the lower the barriers to access
primary health care are, and the better the needs of people are met, health gains are
obtained, and public health spending is substantially reduced. It is essential that these
health centers also combine technology with gerontology, i.e., have the fundamentals of
gerontotechnology in the context of a multidisciplinary intervention, which acts on the
three levels of prevention to improve the quality of life of the older adults [6].

A preliminary search conducted in the JBI Database of Systematic Reviews and
Implementation Reports, Cochrane Library, MEDLINE and CINAHL, revealed that
there is no Scoping Review (published or in development) on Age-Friendly Primary
Health Care. Thus, this review arises from the need to increase knowledge about the Age-
Friendly Health Centers (AFHC) in order to contribute to the development of services
that provide accessibility to care, health promotion, increased autonomy and involvement
of older people in their own health process, promoting the Care-of-the-Self, and ensuring
the quality of nursing care provided to older people and their families [7, 8].

2 Methods

2.1 Identifying the Research Question

The research question was formulated according to the Population, Concept and Context
(PCC) terminology: What are the characteristics presented at age-friendly health care
units in primary health care settings?

The aim of this research is to analyze and map the knowledge produced about the
characteristics of age-friendly primary health care, intending to answer the following
questions:

e What are the characteristics of age-friendly primary health care centers identified in
the studies?
e How do they correspond to the WHO recommendations?

2.2 Research Strategy

The search was conducted on the EBSCOhost and Virtual Health Library platforms, in
the databases: Cinahl Complete, Medline Complete, Cochrane Central Register of Con-
trolled Trials and Cochrane Database of Systematic Reviews, MedicLatina, Nursing &
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Allied Health Collection: Comprehensive, LILACS and BDENF, with application of
temporal filter starting in 2004. The identification, exclusion and eligibility of articles
were carried out in different phases, taking into account the previously defined inclusion
and exclusion criteria. The search terms defined (Table 1) were grouped using Boolean
operators, derived from the indexed language for the search in electronic databases.

The first phase of the search took place on May 8, 2020, using the indexed language
specific to each platform. Then, the results were sorted according to their relevance to
the research question. In the last phase, the selected articles were manually analyzed in
order to extract the relevant information to the research question.

Table 1. Research terms

Natural language Indexed language
Population | Older person Older person Aged;
Aged 60 or over, as Older adult Aged 80 and over
recommended by the Frail Elderly
WHO and in terms of
developed and developing
countries
Family members/ Informal Caregivers
informal caregivers caregivers
Family caregivers
Context Primary healthcare Primary Care Nursing;
Primary Health Care;
Health Services for the
Aged; Community Health
Services
Concept Age-friendly Age-friendly health care;
Age-friendly

2.3 Inclusion Criteria

In this study, we included the articles involved older adults living in the community
and excluded the studies conducted in hospital settings. The search terms, the inclusion
and exclusion criteria (Table 2) were defined after reading the studies resulting from an
empirical search in the main databases of the ESBCOhost platform on this topic.

2.4 Selection of Articles

The selection of studies was performed by two independent researchers, after analyzing
the abstract of each article, keeping in mind the inclusion and exclusion criteria and the
research objectives. The selection of articles to be included in this scoping review fol-
lowed four steps: Identification, Analysis, Eligibility, and Inclusion. In the databases, 56
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Table 2. Inclusion and exclusion criteria for the articles identified in the search

Inclusion Criteria Exclusion criteria
Population Concept Context Publishing
Language

Older people Age-friendly Primary health Articles in - Studies carried
(aged 60 and health services | care (health Portuguese, out in Hospitals
over) and family centers and English and/or | - Articles about
caregivers community care | Spanish activities

units) developed in

hospital units

articles were identified, from which 7 articles were excluded, 4 in Mandarin language, 1
systematic review, 1 integrative review, and 1 repeated article. After reading the abstracts
and applying the inclusion criteria, 30 articles were selected, but only 22 articles were
included in our study (review) after the full text analysis.

2.5 Reviewing Process

The data extracted from the analyzed articles were presented in a table, following the
Joanna Briggs Institute [9] methodology for scoping review. The analysis of the relevance
of the articles as well as the extraction and synthesis of the data were performed by two
independent reviewers.

2.6 Presentation of Data

The data collected from each article presented in Table 3, according to study reference,
study population, context, type of study, objectives and WHO recommendations [1].

3 Results

After the analysis of the articles listed in the table above, we grouped the characteristics
of the age-friendly health centers (AFHCs) into 7 main themes to characterize them:

1- Information, education, and communication: To guarantee an efficient communica-
tion, professionals have the responsibility to gather all the specific technical compe-
tences to respond to the needs of the older adults and their families, demonstrating
communicational abilities, voluntarism, and availability, not practicing ageism [10—-12,
14, 15]. Technological resources are used to expedite the transmission of information, for
scheduling appointments and identifying needs [15]. The use of uniforms and badges, by
all members of the team, is indispensable, so that all the users know to whom they should
go [3]. Information regarding the medication regimen is essential to avoid any errors
or pharmacological interactions [16]. Improving the health of the older adults involves
health education and promotion of healthy lifestyles, appropriate to their individuality,
adopting the partnership model of care.



98 I. D. Gomes et al.

Table 3. Data extraction grid

Study

- Population
- Context of the Study
- Type of Study/Article

Objectives of the Study

Characteristics/focus in
age-friendly health centers as
recommended by the WHO

Woo et al. [3]

-Older people, both sexes
(>60 years old)
-Community

(primary care)
-Qualitative

Assessing the adequacy of
primary health care to the
needs of older people in Hong
Kong

Accessibility: easy access;
public transportation
Signage: suitable for all users
Physical environment:
suitable for people with
different needs and new users
Consultation / Information
Process: All issues are solved
in one interaction. There is no
long wait

Care management system /
fees: reasonable fees
Training / knowledge
dissemination: through
government social media
platforms

Pelaez & Rice. [10]

-Older people
-Community
(primary care)
-Qualitative

Define the role of primary
health care in promoting
healthy aging

Care management system:
policies of inclusion of the
older adults in the
community; combating
ageism; flexible retirement
projects; continuation of
social roles
Communication: Health
Professionals have specific
geriatric knowledge,
management, analytical and
communication skills
Training: Health professionals
with specific training in
geriatrics

Hoontrakul et al. [11]

-Older people (age >
60 years)
-Primary care Case study

Developing age-friendly
primary health care in a
primary care unit

The basic health unit has
reorganized its service to
meet the needs of its
population, with emphasis on
professional culture and
attitude, medical biology, and
knowledge about aging and
care of the older people

(continued)
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Table 3. (continued)

Study

- Population
- Context of the Study
- Type of Study/Article

Objectives of the Study

Characteristics/focus in
age-friendly health centers as
recommended by the WHO

Kuo et al. [12]

-Older people, both genders
(=65 years old)
-Community

(primary care)

-Qualitative

Assessing the quality of
outpatient services for older
people in Taiwan

Care Management System:
Professionalism and
availability; Robustness and
consistency in
operationalizing policies and
procedures

Communication: Good
communication skills of all
staff

Training: Periodic training of
employees

Physical space: adequate to
the older people

Fulmer & Li. [13]

-Older people, Elderly people
with dementia (> 65 years)
and family

-Health care system in the
United States of America
(different levels of care)
-Qualitative

Identify the characteristics of
a more effective, age-friendly
health care system to prevent
readmissions and avoidable
health care expenditures, as
well as improve the quality of
care

The Age Friendly Health
Systems model emphasizes
the training of patients and
family caregivers and focuses
on four key aspects to meet
their needs:

1. what is most important to
the person (communication
skills)

2. mobility

3. medication

4. mental activity

Ssensamba et al. [14]

-Older people, both genders
(=60 years old)
-Community

(primary care)
-Quantitative

Descriptive cross-sectional
study

Determine the preparedness
of Uganda’s health care
system to meet the needs of
geriatric, age-friendly health
care

Training: health professionals
with special training in
geriatrics

Physical environment:
infrastructure appropriate to
the needs of the older people
and close to the community;
equipment to assist in
activities of daily living

Care process: Updated health
policies, incorporating WHO
guidelines; geriatric
assessment scales applied

Motsohi et al. [15]

-Older people, both genders
(>60 years old)
-Community

(primary attention)
-Qualitative

Evaluation of the experience
of older people in two health
centers, and the gaps in care
provided in the two settings

Communication /
Information: Innovative
methods to address gaps in
information transmission
Access: Health services
should be reliable, easily
accessible, older people
should have faster access to
health services

(continued)



100

I. D. Gomes et al.

Table 3.

(continued)

Study

- Population
- Context of the Study
- Type of Study/Article

Objectives of the Study

Characteristics/focus in
age-friendly health centers as
recommended by the WHO

Cheung et al. [16]

- Older people and vulnerable
groups

-Hospital outpatient
consultation and home visits
in community settings
-Interviews

Assess the difficulties and
problems of equity in
accessing health services, as
well as how health policies
can contribute to change the
whole community

Involve nurses’
representatives in the
governmental discussion on
health policies
Pharmaceutical care: based on
the needs of the older person
Specialized care: equitable
coverage of the country with
specialists in different areas

Alhamdan et al. [17]

-Older people, both sexes
(>60 years old)
-Community

(primary attention)
-Qualitative

Descriptive cross-sectional
study

-Assess primary health care
provided to older people in
Riyadh;

-Make it easier for older
people to use health centers

Physical environment -
accessibility and the structural

conditions of the building
where they are provided
Signage/Information: clear
and distinct indications for
people with sensory deficits

Counseling for healthy
lifestyles / Education: specific
to the age group and
individualized to the needs of

each older person

Ricciardi et al. [18]

-Older people/ community
-Primary care
-Descriptive study

Establish how health and
social systems can be
sustainable in Europe

The study brings up the need
for investment in prevention
measures for the control of
chronic diseases, since these
are responsible for expenses
and burdens on local health
systems

Petersen et al. [19]

-Older people, both genders
(>60 years)

-Community

-Quantitative

Assess the oral hygiene
conditions of older people,
including professional use
and Care-of-the-Self

Care process: the

multidisciplinary team should
be involved in the oral health

approach to create a complete
and detailed oral hygiene care
plan;

Lin et al. [20]

Older people, both sexes
(=65 years) Community
(primary care) Qualitative

Analyze the impacts of an
aging population on Taipei’s
society

Care Management: Health
professionals have a holistic

view of the older person,
identifying all their needs;
Communication between
health and social services
Training: Development of
specific training for health
professionals in geriatrics

(continued)
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Table 3. (continued)
Study - Population Objectives of the Study Characteristics/focus in
- Context of the Study age-friendly health centers as
- Type of Study/Article recommended by the WHO
Liggett et al. [21] -Older people in the Developing an age-friendly The integration between all

community and in hospital
services

-Primary care
-Descriptive study

system of care to meet the
needs of the older population,
integrating care after hospital
discharge

levels of care constitutes a
system where the older
person goes through “stages”
of consultation, from
investigation with nurses to
care or hospitalization. This is
expected to improve care and
efficiency, from arrival at the
hospital to post-discharge
follow-up

Dalmer [22]

-Older people and Family
Caregivers

-Community setting
-Home setting
-Ethnographic Study

Assessing whether the work
of caring for an older person
who stays at home is

recognized: “aging at home”

Ageing at home policies,
which aim at the importance
of older people’s choice of
where they want to grow old,
taking into account access to
services and support for their
needs. Information is vital,
and there is a connection
between it and the ability to
be a resource

Lee et al. [23]

-Older people, both genders
(=65 years old)
-Community

-Quantitative

Descriptive cross-sectional
study

To evaluate the index of
community services and
health services from the
perspective of older people
living in Siheung

Care management systems:
people should remain in their
homes, with home support
from all necessary services.
Primary health care should
provide nursing assessment at
the older person’s home and
intervention to address
identified needs

John & Gunter. [24]

-Older population in rural and
urban settings, residents in
the city of Oregon, USA
-Mixed method (quantitative
and qualitative)

Finding out how various
factors influence, the
population’s perception of
living in an age-friendly
community, in rural and
urban settings

The “senior-friendly” model
is represented as a flower with
8 petals: Transportation;
Housing; Social participation;
Respect and social inclusion;
Civic participation and
employment; Communication
and information; Community
support and health services;
Outdoor spaces; and
Buildings - all of which are
influenced by the physical
and social environment and
existing services

(continued)
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Table 3.

(continued)

Study

- Population
- Context of the Study
- Type of Study/Article

Objectives of the Study

Characteristics/focus in
age-friendly health centers as
recommended by the WHO

Doolan-Noble et al. [25]

-Older people, both genders
(=65 years old)
-Community

(primary care)
-Quantitative

Describe the process of
funding priorities for healthy
aging in New Zealand

Training: The area of
age-friendly communities
needs more investment if its
implementation is to become
a social benefit for older
people

Physical environment:
physical accessibility
facilitated; availability of
transportation to
accommodate varying needs

Hancock et al. [26]

-Older people of both genders
(>65 years old), family
members and caregivers
-Community

(primary care)

-Qualitative

To understand how older
people in rural areas maintain
their health and well-being,
according to the eight
domains defined by the
‘WHO, in the town of
‘Wangaratta

Care Management: Equitable
distribution of resources

Physical Environment:
Accessible transportation
adapted to restrictions,
maintaining autonomy;
Accessibility to all areas of
public interest

Promotion of
Care-of-the-Self: Older
people are supported in
maintaining their
independence, cognitive
stimulation, and emotional
balance

Lehning et al. [27]

-Older people living in Detroit
-Community -Systematic
review

To examine the association
between measures of
age-friendly environmental
character and self-rated
health in a sample of older
people in Detroit, Michigan

The study analyses look at the
characteristics of the physical
environments in which the
older adults in Detroit live,
and how this influences their
self-assessment and
perception of their health

Jiang et al. [28]

-Population:

30 older people (65 and older)
30 professionals

- Context: 2 rural areas

2 urban areas

Method: Qualitative

Identify and prioritize the
factors that facilitate
behavioral change, such as
behavioral settings for
nutrition in older people
based on the social ecological
model

The World Health
Organization’s Age-Friendly
Cities project presents models
for communities to promote
successful aging in eight
domains. This study focuses
on the nutritional component
of the older population and
the role of communities in
providing adequate meals for
older people

(continued)
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Table 3.

(continued)

103

Study

- Population
- Context of the Study
- Type of Study/Article

Objectives of the Study

Characteristics/focus in
age-friendly health centers as
recommended by the WHO

Rahman & Byles. [29]

-Female older adults

-Health care
centers/residential care homes
-Longitudinal study

To examine whether home
and community-based care
use and characteristics of
older people relate to time to
admission to Residential
Structures for Older People

It is important at a certain
point in adult life, particularly
in the last years of life, to
reside in specific facilities for
the older adults (care /
nursing homes), which can
meet the needs that are not
met by community care
services for this population

Smith et al. [30]

-Older people, (>60 years
old), mostly
African-American from the
city of Detroit

Measuring the environmental,

social and physical
characteristics of an
age-friendly community

Age-friendly communities
must have:

-Access to business and
leisure

-Social interaction

-Scarce neighborhood
problems

-Community involvement
-Transportation

-Public services accessible to
older adults

-Age-Friendly Community
-Exploratory

2- Health care management systems: AFHC offer a complete, multifactorial assessment
of the individuals’ needs, are responsible for having the resources available to support
the development of their activities of daily living, provide all consultations, treatment,
and complementary diagnostic tests so that all needs are met in a single visit, and resolve
the problems of older people in a timely manner. [3, 12, 14, 17]. There is investment
in chronic disease prevention and oral health care, avoiding long-term health system
overload and achieving health gains [18, 19]. The articulation between public and private
health care and between primary and differentiated health care is effective, and timely
communication between all is ensured to improve the service provided to the older
people and their families [20, 21].

3- Care management process considering most common geriatric syndromes: Nursing
care and assistance with basic life activities are provided at the older person’s home,
avoiding their institutionalization (unless this is their wish). Family members are con-
sidered part of the holistic dimension of the older person’s well-being and a target of
care [22]. Health care professionals should provide health education, geriatric assess-
ment, and an individualized care plan focused on health promotion, disease prevention,
maintenance of autonomy and meaningful social interactions [17, 23]. It is important to
understand the interaction between the person’s characteristics and the context in which
they live, as well as how these are involved in their aging process [24].

4- Physical environment: When the AFHC are implemented near the community they
serves, facilitates accessibility to the building in which care is provided, reducing the
need for travel [14, 25]. Access to the exterior areas and to the interior of the building is
facilitated and adapted to people with reduced mobility (parking spaces, access ramps);
the circulation areas, waiting rooms, offices and bathrooms have ample structures that
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facilitate circulation with wheelchairs or other walking aid devices and/or the presence
of a companion, are lit adequately, adapted for a safe circulation; the identification signs
of the user circuit are visible, lit adequately, written with high contrast and also available
in Braille [3, 11, 14, 17, 26]. In short, the physical space of the AFHC should be adapted
to the specific needs of its public [12].

5- Transportation network: Age-friendly communities (AFHCs) offer good public trans-
portation options that are adapted to the needs of the older adults, such as the use of
oxygen tanks, walking aids, and are affordable, allowing the presence of a companion
[3, 17, 25, 26]. Drivers of these services should take into account the population they
transport thus adapting their driving style (avoid sudden braking, wait for people to be
sat down before starting to drive) [3].

6- Keeping older adults in their own context: Maintaining residence in their home,
or at least in their community, during the aging process is a factor that increases the
quality of life of older people and their families [22, 27]. The use of home support
from multidisciplinary teams and volunteer programs that ensure the psychological,
cognitive, social, health, and well-being needs are met as well as support structures
such as supermarkets, hairdressers, dry cleaners, etc. that allow older adults to maintain
their autonomy [23, 24, 28]. However, the older person should be allowed to leave their
home if they wish, and the community should provide those answers [29]. Residential
care or nursing facilities for the older adults are established in the communities where
older adults live, allowing them to remain in a familiar environment [14, 25]. AFHCs
offer access to business and leisure, social interaction, good neighborhood, community
involvement, transportation networks and public services [30].

7- Health Policies: Legislative bodies define policies that enable the active, productive
and successful aging of their population, promoting self-sufficiency and independence
of each older person, reducing age-related stigma, integrating active older people into
the community [10, 14, 19, 22]. Health professionals, through their institutional repre-
sentatives, contribute to the discussion of health policies and, to the improvement older
adults‘ quality of life [16]. The government is responsible for the equitable distribution
of resources and the creation of emergency plans, the definition of social and economic
policies to protect older people in their access to financially viable and long-term hous-
ing, and the development of flexible retirement plans [10, 23, 26]. Research on aging
and AFHCs are stimulated, and the result of these studies should be implemented in
practice as soon as possible [19, 25].

4 Discussion

The results of this study are consistent with those defined by the WHO [5] and add fur-
ther complementary guidelines for the identification of AFHCs. Regarding information,
education and communication, there is evidence that shortcomings continue to occur,
namely that older people feel that they are not heard. It has been found that health ser-
vices often do not provide the quality of care expected by citizens [14]. From the point
of view of the health care management system, some studies have shown that services
are poorly prepared to meet the specific needs of older people, due to a lack of coordi-
nation of all actors involved in decision making, from public funding to human resource
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management, leadership, political decision-making and structural conditions [14]. The
emergency and comprehensive assessment systems of older adults do not meet their real
needs and should be improved and implemented effectively [23]. The physical environ-
ment is widely explored by the literature reviewed, identifying shortcomings such as:
insufficient and inadequate public transportation to meet the needs of the older adults,
namely, the access to their appointments, treatments and examinations; sidewalks too
narrow and busy, constituting an added danger for people with altered mobility [3, 26].
The inequities in the resources available to the rural and urban population are often
discussed, making it difficult for older adults to stay at home. Moreover, the level of
interaction with the surrounding community varies according to factors such as gender,
ethnicity, economic and social status, and level of education [30]. As for the issue of
health policies, it is evidenced the responsibility of national and municipal governments
to expedite the best practices, offer technical conditions and manage the process of
making institutions and cities friendly to the older adults [16].

Throughout this review, we could conclude that this is a topic that raises global
interest and that has been discussed since 2002, when the WHO published “Active
Ageing: a policy framework”. Despite not being a recent theme, studies have indicated
that there is still much to be done regarding the primary health care providing to the
older adults and their families their real needs. Moreover, a repeated recommendation
in many of the articles analyzed here is the dissemination of age-friendly practices in
these health care institutions [3, 14, 15, 17].

The contribution of gerontotechnology to improve health responses to the needs
of the older adults is implicit in the analyzed articles, demonstrating that many of the
means that are already available to health professionals can be better used to respond
more effectively to the older population that uses health care services. However, this issue
cannot be solved by direct care alone, which is why health professionals must have a voice
in policymaking, research, and training [3, 10, 12, 14, 16, 19]. Coordination of all health
professionals and administrative staff is needed, as well as political involvement, not
only from the Ministry of Health, but from the whole government that should prioritize
the issue of age-friendly institutions and communities.

5 Conclusion

The complexity of older adults’ health care is a challenge for health workers, and it is
increasingly important to constantly update knowledge to improve practices and meet
the real needs and expectations of older people and their families. Nurses play a key role
and should adapt their interventions to the specific needs of these individuals, namely
using gerontotechnology to promote their holistic care and contributing to a sustainable
health [6, 31]. In line with the strategy defined by the WHO, a new strategy to provide
care to the older adults is necessary and pertinent, in which health promotion and disease
management are privileged as opposed to an approach centered on cure. In the approach
centered on the older person and their family members living in the community and
guided by their life project, nurses should work in partnership with them, helping to
manage their health process, contributing to their safety, continuity of care, and active
and healthy aging, besides promoting Care-of-the-Self [7, 8].
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It is hoped that this scoping review will contribute to knowledge regarding the char-
acteristics of age friendly health centers, to critical analysis in this area, regarding to what
is recommended by the WHO, and will allow us to understand the impact of age-friendly
health centers on the promotion Care-of-the-Self for the older adults.
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Abstract. With a person’s natural aging, the prevalence of degenerative diseases
increases, including the inflammation or trauma of the acetabulofemoral articu-
lation, case in which the hip arthroplasty is the most successful response. In this
context, rehabilitation nursing makes it possible to empower and capacitate the
person and their family, increasing their functional capacity, diminishing their
dependence for self-care, and contributing for a safe transition home. The objec-
tive od this study is to evaluate the gains in health from a program of nursing
rehabilitation interventions to prepare the return home of people who underwent
hip arthroplasty. The multiple-case study methodology was used, based on Orem’s
Nursing Theory and Meleis’s Transition Theory. The participants were people who
had undergone hip arthroplasty due to fractures or arthrosis and accepted partici-
pating in the rehabilitation program after it was explained to them. A rehabilitation
nursing intervention was implemented with them, and the training results for the
person’s self-care were evaluated. The knowledge they acquired was also assessed.
The evaluation carried out at admission, after surgery and on the day of discharge
showed improvements in the functionality of the person, also indicating that they
acquired knowledge about their situation, showing gains in health that are related
to the rehabilitation nursing care. There was an improvement in functionality,
capacity and in empowering the people who underwent a hip arthroplasty and
their families.

Keywords: Rehabilitation nursing - Empowering - Hip arthroplasty - Continuity
of patient care

1 Introduction

The phenomenon of aging brings with it numerous anatomical and physiological which
contribute to the increase in the prevalence of chronic diseases and, consequently, to the
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increase of people in a situation of dependence. The alterations that most contribute to
this increase affect the vestibular, visual, cardiovascular, musculoskeletal, skeletal, and
central nervous systems, which, besides causing a greater risk of falling and functional
disability, also constitute one of the most common causes of chronic pain and fatigue
[1,2].

Similarly, the joint structures and cartilage wear and tear caused by degenerative
diseases, such as arthrosis, is the main cause of incapacity among elderly, affecting vital
joints for functionality, such as those in the hand, knee, hip, spine, and foot [3].

Fractures in the proximal femur, which are generally consequences of falls, also
contribute to the loss of independence in mobility and functional disability in the various
activities of daily life (ADL), with high morbidity and mortality levels [4].

These orthopedic pathologies are the main causes of significant impairments in joint
function. In this context, hip arthroplasty emerges as an important surgical intervention
with the potential for functional recovery of people with such problems, contributing
to the improvement of pain, mobility and autonomy, and functional independence in
performing ADL, thus allowing for an improve in quality of life [1].

To minimize this dependency and functional disability, it is extremely important to
early identify the real needs of the person in a health/disease situation, so as to develop
an effective rehabilitation intervention. Family involvement allows for the continuity
of a set of planned-care actions, initiated and maintained during hospitalization, thus
promoting the adaptation to the new reality of care [5].

The Specialist Nurse in Rehabilitation Nursing (SNRN) is the key element in the
rehabilitation process, having the relevant competences, and being present during the
hospitalization and reinsertion into home and community, being able to assess the person
and the family’s abilities, as well as their economic and time availability, so as to help
make the best decisions and ensure continuity of care [4]. On the other hand, the devel-
opment of advanced nursing care is a challenge to the development of the competences
of master’s degree nurses’ skills to plan, implement, and evaluate care, dealing with
complex health-disease transitions and in different clinical practice environments.

Thus, nurses should ensure that the person and family leave the hospital well prepared
and supported, enabling a good articulation and communication between professionals,
caregivers, and health services [6].

The objective of this multiple case study was to evaluate the gains in health from
a program of nursing rehabilitation interventions to prepare the return home of people
who underwent hip arthroplasty.

2 Methodology

The methodological strategy used was the case study, consisting of a more detailed
examination of a phenomenon related to an individual, family or group. This detailed
examination may be of a single situation at a given moment or of its evolution over a
period, in which case the objective is to increase the knowledge or studying the changes
produced through time in an individual or group [7]. The case study can be classified into
single-case or multiple-case study. In the latter, there is the involved of more cases and
presents as an advantage providing a more robust study [8]. Here, we chose to include
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eight cases, which has the advantage of generating a more consistent study with regard
to the evidence found. The stages for the development of this type of study are: Stage 1
- Definition and elaboration of the project; Stage 2 - Data collection and analysis; Stage
3 - Analyzing and concluding [8].

Stage 1 defined the purpose of the study and how data would be collected, defining
the scales that will be used. Based on the question “What is the effect of a rehabilitation
nursing intervention program on the empowerment and capacitation of a person who
underwent a hip arthroplasty for a safe return home?”, the scales used were: Mini-Mental
State Examination (MMSE), Function Independence Measure Scale (FIM), Medical
Research Council Scale (MRC), Timed Up and Go test, and Numerical Pain Rating Scale,
and goniometry assessment, in addition to the list to verify the knowledge acquired.

An informal interview was carried out with the person and their caregiver at the
moment of admission, sociodemographic data and the health/disease conditions were
collected, on a spreadsheet elaborated for that purpose, as well as the consultation data
from clinical files.

A checklist of the topics addressed in the educational intervention was applied to
assess the gains in knowledge. The checklist included 16 items and the knowledge
acquired in respiratory and motor functional reeducation was evaluated. In terms of
respiratory functional reeducation, the knowledge about exercises of awareness and
control of breathing, abdomen-diaphragm breathing, costal reeducation, and directed
and assisted cough. Regarding motor functional reeducation, the knowledge of position
in bed, exercises to be performed lying down, getting up from bed, sitting down and
getting up from chair, using the shower/bath and toilet, gait training with walking aid
and crutches, going up and down stairs, getting in and out of a car and prevention of
prosthesis dislocation were assessed. This was applied on admission, on the day after
surgery and on the day of discharge as well as the remaining assessment tools.

On Stage 2, data was collected, and an individual report was elaborated for each of
the eight participants.

On Stage 3 the cases were analyzed individually, and later, an analysis was performed
with cross-referencing of the data in total [8].

The nursing foci defined were: the ability of performing ADLs, body balance, muscle
strength, pain, and articular amplitude, all individually assessed.

The participants were selected according to the following criteria: having been sub-
mitted to hip arthroplasty from March to May 2021, regardless the etiology and accepting
to participate in the rehabilitation program after receiving adequate explanations.

The sample only included eight people, due to the pandemic and the gradual resuming
of scheduled surgeries. The rehabilitation program was shown to the participants, and the
informed consent form was delivered and signed by the person and the main investigator,
each of whom kept a copy, in accordance with ethical principles.

To evaluate the cognitive function at the time of admission, the Mini-Mental State
Examination (MMSE) was also, and the score for exclusion was calculated considering
their educational level, as proposed by Morgado et al. [9].

For this study several data collection instruments were used: Mini-Mental State
Examination (MMSE), Function Independence Measure Scale (FIM), Medical Research
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Council Scale (MRC), TUG (Timed Up and Go) test, Numerical Pain Rating Scale, and
Goniometry.

An informal interview and a consultation of the clinical process of each person were
also used for data collection.

To evaluate the cognitive function we used the Mini-Mental State Examination Test,
which consists of 2 parts, with a total score of 30 points [9]. The scores proposed by
Morgado et al. [9] were used, since they take into consideration the educational level.
Patients who had from 0 to 2 years formal education were included when score >22;
from 3 to 6 years, when >24; and those with more than 7 years of formal education,
when the score was >27 [9].

The ability to perform ADLs was assessed using the Function Independence Measure
Scale (FIM), which evaluates the level of functional independence of the person where
each item receives a score from 1 to 7 and the total score varies from 18 to 126. The
lower the score, the greater the dependence, and the highest the score, the greater the
independence [10].

Muscle strength was evaluated using the Medical Research Council Scale (MRC),
which quantifies strength between 0 and 5 [10]. The Timed Up and Go test (TUG) was
used to assess mobility, balance, capacity of walking/stability when walking, and the
risk for falling by measuring the time of performance of the test, in seconds.

A time equal to 10’ or less indicates a good performance for healthy adults and a low
risk for falls; time between 10.1° to 20’ indicates a normal performance for frail elderly
and those with some disability, but who are independent for most ADLs, indicating some
risk for fall; time between 21° to 29’ requires a mandatory functional assessment and
a specific approach on falls risk, as they present a moderate falls risk; a time equal or
greater than 30’ indicates a high risk of falls [10].

Pain was assessed using the Numerical Pain Rating Scale. This is a ruler divided in
11 equal parts, each numbered from O to 10, corresponding 0 to “no pain” and 10 to
“maximum pain”, being the pain of maximum intensity imaginable [11].

A goniometer was used to assess the articulation range, as it is an instrument used to
measure the flexion and extension range of articulation movements from the segments
of the articulation [10].

Sociodemographic data collection was performed, namely age, gender, mari-
tal status, family unit/caregiver, educational level, personal/surgical history, profes-
sion/occupation, surgery to be performed, as well as vital signs evaluation. The knowl-
edge of the participants was evaluated using a checklist elaborated with this goal in mind
and filled in by the participant, according with the surgery the patient would go through
and with the necessary post-operative care.

The scales were applied in three different moments: admission, day after the surgery,
and day of discharge, adapting the rehabilitation interventions according to person’s
needs.

To carry out the analysis, the Excel® spreadsheet were imported into the software
Statistical Package for the Social Sciences (SPSS), version 24.0 using descriptive and
inferential statistical techniques. For descriptive statistics, central tendency and disper-
sion measures were used (mean and standard deviation, median and interquartile range)
and absolute (n) and relative (%) frequencies. For inferential statistics the Wilcoxon
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Signed Ranks test was used to compare the continuous variables at the three moments
of evaluation. A significance level adopted was 95% (p < 0.05).

Each person was identified with a number, and the instrument to record the
assessment and interventions had no information to identify the person in the sample.

All participants were informed about the interventions and objectives of the study so
they could provide a free and informed consent. In all stages of the study, the anonymity
of the participants was ensured, and their choices and interests were respected.

The application of the project was approved by the Ethics Committee of the Hospital,
and its application was authorized.

3 Results

From the sample comprised mostly males, with a mean age of 72.13, a minimum of 57
and a maximum of 89 years old (Table 1).

Table 1. Sociodemographic and health characterization of the sample

Participants | Case 1 Case 2 Case 3 Case 4 Case 5 Case6 | Case7 Case 8

Gender Male Male Male Female |Female |Female | Male Male

Age 75 76 57 76 66 89 79 59

Marital Married | Widower | Divorced | Married | Married | Widow | Married | Single

status

Educational | 5™ grade | 5™ grade | 5™ grade | High Iliterate | Illiterate | 5 grade |3 grade

level school

Occupation | Retired Retired Truck Retired | Farmer | Retired | Retired Farmer
driver driver

Personal BPH, HH | AH,RL, | AH, AH Obesity | AH AH, RL, | AH,gout,

history BPH diabetes diabetes, | cataract

Caregiver Spouse Daughter | Alone Husband | Husband | Lives in | Spouse Mother

and son ahome |andson
MMSE 24 28 30 27 22 22 28 22

Legend: AH - Arterial Hypertension, BPH - Benign Prostatic Hyperplasia, HH — Hiatus Hernia;
MMSE - Mini-Mental State Examination, RL — Renal Lithiasis.
Source: the author.

Most of the participants were married and had high school education, although they
found writing very difficult being that 62.5% have education up to Sth grade and 25% are
illiterate. The background of the patients was varied although most had hypertension.

The mean Mini Mental State Examination scores were 25.38, with a standard devi-
ation of 3.249, a minimum of 22, and a maximum of 30. About 62.5% of the sample
is male. Half of the sample (50%) is married, 12.5% is single, 12.5% is divorced, and
25% is widow/widower, regarding occupation, 62.5% of the sample are retired, 25% are
heavy trucks drivers or agricultural machinery, and 12.% are agricultural workers.
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The caregivers of 25% of the sample were their husbands/wives; 25% also mention
a son; 25% have no informal caregiver, one of whom lives in a home, while another lives
alone; 12.5% indicate a son or daughter as the only caregiver, and in one case (12.5%),
the mother was (Table 1).

Table 2. Central tendency and dispersion measures of the variables at the three moments of the
application of Wilcoxon’s test

Measures Preoperative (t1) Immediate Day of discharge (t3)
postoperative - 24 h
(t2)

M (SD) |Me(IQR) |M(SD) |Me(IQR) |M(SD) |Me (IQR)
Functional 119.88 122 78.38 76.5 102.38 107
Independence (8.39) 8) (7.78) (10.25) (7.78) (19)
Measure (18-126)
Timed Up and Go | 24.84 20.18 - - 75.75 58
Test (13.75) |(23.34) (35.32) | (63)
Pain (0-10) 7.63 7.50 3.25 3.50 0.88 1.00

(1.77) (3.25) (1.28) (1.75) (0.64) (0.75)
Acetabulofemoral | 2.86 4.00 2.88 3.00 3.75 4.00
articulation flexion | (1.77) (3.00) (1.13) (2.00) (0.463) |(0.75)
strength (0-5)
Acetabulofemoral | 55.0 57.50 36.25 40.00 54.38 55.00
articulation flexion | (10.80) | (20) (7.906) | (8.75) (7.76) (10.00)
range
Knee articulation 120.0 130.00 78.13 80.00 116.25 117.50
flexion range (20.0) (30.00) (14.62) | (20.00) (9.54) (17.5)
Checklist of 2 0 9.50 9 15.9 16
knowledge (5.26) (0.75) (2.92) 2) (0.35) 0)
acquired (0-16)

Legend: M-Mean; Me — Median, SD - standard deviation; IQR - interquartile range.
Source: the author.

The functionality, as measured by the FIM scale, showed a decrease in the immediate
post-operation period (Z = -2.525; p = 0.012), going back up at the time of discharge
(Z = -2.525; p = 0.012); however, most members of the sample showed, at the time of
discharge, values that were lower than those from the moment of hospitalization (Z =
—2.525; p = 0.012).

The mean values of the TUG test in the pre-operative were inferior to the mean value
at the moment of discharge, but the differences found were not significant (Z = —-1.841;
p = 0.066).

The mean self-reported pain in the pre-operative was 7.63 (1.77); in the post-op it
decreased (Z = —2.536; p = 0.011), and at discharge was even lower (Z = -2.539; p =
0.011).
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The muscle strength improved significantly from the immediate post-operative to
the discharge (Z = -2.121; p = 0.034); the same can be said for the acetabulofemoral
articulation range (Z = —2.546; p = 0.011) and the knee articulation flexion range (Z =
—2.527; p = 0.012).

Before the surgery, people who were to undergo the hip arthroplasty had little knowl-
edge. After the operation they had better knowledge, and at discharge, they had most of
the knowledge in the checklist. There was a large improvement from the pre-operative to
the post-operative (Z = —2.530; p = 0.011) and from the post-operative to the discharge
(Z =-2.388; p=0.017) (Table 2).

4 Discussion

Analazing the previous results, we can see a sample mostly composed by males (62.5%
- 5 participants), with a mean age of 72.13 years old, with 50% being aged between 70—
79 years, staying in line with the existing literature, according to which both arthrosis
and fractures increase in incidence between 70 to 79 years old [12, 13].

Several comorbidities were also found, and arterial hypertension was common to
75% of the sample.

The total hip replacement with a prothesis was carried out for 87.5% of the sample
participants, while 12.5% had a hemiarthroplasty. 50% were doing the surgery due to
a prior arthrosis, while 50% due to falls fractures. Regarding the incidence per gender,
although some authors indicate that the incidence of arthrosis is greater among females
[14], most members of our sample were males.

The 37.5% of females are aged between 66 to 89 years old and are undergoing
surgery due to fractures caused by falls, corroborating the literature which indicates that
fractures in the higher extremity of the femur are more common among women and have
an increased incidence after 60 years old, being more frequent from 70 to 79 years old
[12].

In five cases of our sample, the length of hospital stay was five days, with admission
on the first day, surgery on the second, and three post-operation days, with daily sessions
of training for the ADLs and gait exercises using walking aids. In two cases, the patients
were discharged in the fourth day, and in the only case where there was a complication due
to which the person had to go back to the operating room, the hospitalization lasted for
seven days. These periods of hospital stay are in accordance with current rehabilitation
programs, such as the Enhanced Recovery After Surgery (ERAS) Protocols [15].

Some studies have proven the benefit of the ERAS protocol in people undergoing
arthroplasty, this protocol is based on interventions that reduce post-traumatic psycholog-
ical trauma and stress by fostering rapid recovery [15, 16]. According to Zhu et al. [17],
this protocol contributes to a reduction in hospitalization times, reintervention rates and
dependence on analgesics, thus contributing to improve patient satisfaction and reduce
costs, based on preoperative education reducing anxiety; pre-hospital optimization with
reduction of risk factors such as alcohol, tobacco, anemia, nutritional status; antimicro-
bial and antithrombotic prophylaxis; standardization of an anesthetic process; prevention
of perioperative blood loss and normothermia; efficient postoperative analgesia, early
mobilization after surgery and standard-based discharge, including elements such as
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ability to dress independently, sit down and stand up from bed/chair/toilet, take care of
personal hygiene and to walk with the walking aid [18].

On the other hand, the shortening of hospitalization times hinders the intervention
of the rehabilitation nurse, since, in order to facilitate the acquisition of knowledge, it
was necessary to divide the information into several interventions, taking into account
advanced ages, stressful situations and people’s availability, using the expository method
with demonstrative intervention. There was a training exercise whenever possible, using
a pre and postoperative guide in which, besides the written text, there were images to
facilitate the apprehension of knowledge and skills. This educational intervention was
appropriate to the real needs of the person, enabling their reintegration into the family
and allowing them to carry out their activities and functions. [19].

As a result, it can be considered that 62.5% of our sample had nearly four days in
the rehabilitation nursing intervention program, while 37% participated on five days
of intervention. Whenever necessary, the continuity of rehabilitation nursing care was
ensured by the specialist nurses from the orthopedics department. This should be ensured
to minimize disabilities secondary to the surgery and to promote the knowledge and
capabilities of the person and their relatives, so they can adapt to their new situation.
The safe transition home should be safely and with the assurance that the person and
their family will have all the necessary help in the difficulties experienced [20].

The evaluation of the results of all cases showed that most of the items assessed
improved between assessments, being independent in carrying out their ADLSs, although
two of them needed crutches to walk, of these only two had knowledge about the impor-
tant post-surgery aspects, one had had a hip arthroplasty and the other had the support
of her son who had the necessary knowledge.

On the day of admission, the emphasized of the educational intervention was on the
particularities of the surgery, as well as the immediate pre and post operative moments.
On the postoperative and after the patient stood for the first time, their education and
their ADL training were carried out, as well as transfers and the gait training with a
walking aid, whenever possible.

Through the analysis of data obtained from the FIM, it was found that, although in
none of the cases was a total recovery in carrying out the ADLSs, the dependency decreased
in all cases. At the time of discharge, 75% of patients had complete independence, with
a score between 104 to 111 out of 126. The remaining 25% had a modified dependence
requiring assistance up to 25% of the tasks, requiring help only to dress the lower body
and wear footwear. Given the pandemic restrictions, it was not possible to finish the
training to go up and down stairs, which I consider a limitation; despite the obvious
evolution, the levels of autonomy and independence in the performance of ADLs were
not reached in all participants on admission, and this is in agreement with the literature,
with months being necessary to acquire the pre-surgery functionality [19].

All individuals received a guidebook with instructions and illustrations, assuming
that even those who could not read would have some help to clarify their doubts.

Saraiva et al., [21] showed that people undergoing hip arthroplasty and received
preoperative education and rehabilitation had a clear recovery of functional indepen-
dence after surgery. Preoperative rehabilitation plays an essential role for a quick and
efficient functional recovery based on the level of independence in performing ADLs.
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This study allowed us to note that the educational intervention of rehabilitation, con-
tributed to training the person as early as possible, increasing their functional potential
and independence, facilitating their integration into the family and social contexts, using
the leaflets as enlighteners for the family person. Educational support is one of the sup-
port mechanisms mentioned by Orem to improve self-care, in addition to acting or doing
for the other, guiding and counselling, providing physical and psychological support,
and keeping an environment conducive to personal development [22].

Regarding pain, there were significant improvements in all cases, and on discharge,
pain was between 0 and 1 for 87.5% of the sample; the oldest participant was only
reporting a level 2 pain. In our sample, 87.5% of cases were submitted to surgery under
a spine block anesthesia (SBA), while 12.5% (1 case) a general anesthesia (GA) was
used.

The efficient control of pain allows for early mobilization, which should start as soon
as possible. Many studies advocate for mobilization on surgery day, leading to a fast
functional recovery, preventing thromboembolic complications [23, 24].

Regarding muscle strength, in half of the cases (50%) there was an improvement; in
three of them (37.5%), the strength evaluation had the same result on the day of admission
and discharge. In a single case, the evaluation decreased from level 5 to 4, according
to the MRC scale. The intervention of the SNRN, with the adequate and individualized
isometric and isotonic exercises, prevents immobility complication.

Although there is a positive evolution, the TUG test showed that all participants, on
discharge, had a high risk for fall. In two cases, the test lasted for more than 3 min. These
two cases result from fractures from fall; one of them, related to a fall of an 8§9-year-old
person. The test was carried out with the support of crutches in 87.5% of cases; in one
case (12.5%), a walking frame was used. According to Scheffers-Barnhoon, et al. [25],
the fear of falling negatively influences functional recovery after hip fracture, arguing
Ko, et al. [26] that it is necessary to teach and encourage fall prevention behaviors, since
fractures are presented as debilitating consequences combined with marked declines
in health, long-term complications and increases in dependence and disability [27].
Many studies prove that elderly who have fallen impose to themselves physical activity
restrictions, due to the fear of a new fall, facing Post-fall Syndrome which is considered
to be a risk factor for mobility reduction, affecting the capacity to carry out ADLs,
diminish the perception of health state, and quality of life [28].

For the fear to be quantifiable, it must be reported by the elderly or assessed, and
its non-assessment avoids preventive measures from being taken against the risk of
falls. In the clinical context, fear of falling should be evaluated systematically, using
scales adapted and validated to guarantee the reliability and validity of the results [28].
Cognitive changes, confusion, reduced visual and hearing acuity, changes in mobility
and functionality, appropriate footwear, changes related to medication and environmental
conditions are part of the screening programs in hospital settings [12].

According to literature, the educational component addressing the specific interven-
tions of each situation should also be included, as well as the delivery of information
leaflets and, if possible, audiovisual support to reinforce all the information provided
and facilitate their learning [12].
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A program with these characteristics allows, when applying a list of verification of
the knowledge, to check what were the gains achieved from the training of the person,
thus contributing to increase their quality of life, since it has a positive influence on the
functionality of the person.

As previously mentioned, Orem’s Theory and Meleis’ Theory of Transitions are of
vital importance in guiding the practice of nursing care and rehabilitation care. Under
the light of Orem’s Theory, it is possible to understand the limitations of the person, thus
determining the actual need for nursing care, as to guarantee that self care is carried out
[29]. The dependency of the person undergoing hip arthroplasty begins with the chronic
disease (arthrosis) or trauma (fracture), passing through the surgery. Their functional
capacity interferes with the performance of activities that are part of daily life, making
third-party intervention necessary. at this point, the rehabilitation nurse determines the
need for care, establishing strategies for empowering the person to perform self-care
independently.

According to Meleis’s [30], this process should be considered as a transition, bear-
ing in mind the individuality, depending on previous experiences and family support.
The nurse’s role is to identify and help to manage the acceptance process, develop-
ing interventions that lead to independence for self-care, promoting, as a result, a safe
health-illness transition, being demonstrated by process indicators, identifying the per-
son’s evolution towards health and well-being, verifying family interaction, friends and
health professionals, being contextualized in the situation and developing confidence
and strategies to overcome the situation, and result indexes, allowing the definition of
whether the transition was healthy and safe for the person, through the evaluation of
the development of new competencies and attitudes to manage the new situation (mas-
tering it), or through the reformulation of the person’s identity, the integration of new
knowledge, and behavioral change [30-33].

One limitation of this project is the sample size, since the reduced number of
participants is not representative of the universe of people who undergo hip arthroplasty.

As asuggestion, we recommend carrying out research with larger samples that can be
more representative of the universe and corroborate the data found, which can value the
work and impact that the SNRN interventions on capacitation have on the functionality
and, consequently, on the life of the people.

Future studies should also explore the evolution of the functionality and gait capacity
in the first 3 months after the return home. It is also important to explore SNRN interven-
tions that include the whole period of transitional care, with the SNRN care continuing
in the community.

5 Conclusions

In the eight cases of this study there was improvement from the immediate postoperative
to the moment of discharge in terms of functionality, capacity of gait, pain control,
increased range of articulations and of knowledge, to guarantee the continuity of care.
Lately there has been an increase in chronic and incapacitating diseases, and, fre-
quently, people and their families do not know how to adapt to new realities. Therefore,
the intervention of the SNRN is an important milestone in the early detection of the real
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needs of the person, as well as for their capacity to develop abilities to help them over-
coming health/disease transitions. The findings of our study indicate that educational
interventions in the pre and postoperative stages of hip arthroplasty, allow to empower
and capacitate people in such a way that their autonomy and independence for self-care
are recovered, leading to a safe transition as they return home.
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Abstract. The significant aging of rural areas has highlighted the need to find
increasingly efficient care systems for the elderly. In this context, technological
devices for care emerge strongly as a feasible solution to maintain the well-being of
the elderly. In this article, we address the perspective of mayors and councilors of
rural municipalities in Extremadura (Spain) characterized by a high level of socio-
aging on the technological devices that can be incorporated into the care services
for the aging in their localities. Fieldwork was carried out in 10 municipalities
where 14 mayors and councilors were interviewed and direct observation of the
operation of care services. The results show the lack of knowledge of this type
of technology on the part of political leaders, the low level of implementation in
municipal resources, the main obstacles to its adoption, and the high expectations
and interest in introducing it in the services of their municipalities. The article
highlights the need for institutional support to develop programs to facilitate the
technologization of care in the rural world.

Keywords: Care - Technology - Rural areas - Aging - Public policies

1 Introduction

Both Spain and Portugal share demographic structures characterized by significant aging.
Both countries rank second and fourth in the United Nations list with the highest aging
rates worldwide [1]. Moreover, demographic projections, with the gradual incorpora-
tion of the baby boom generations into the over-65 age group and the progressive and
sustained increase in life expectancy, draw a scenario that will consolidate this trend
towards a very long-lived society [2—4].

This phenomenon is accentuated in rural areas, where there is hardly any generational
replacement due to low fertility rates, youth emigration, and the unattractiveness of the
immigrant population, the latter two phenomena being linked to precarious job prospects
and the lack of opportunities [5]. Extremadura, the Spanish region where the research
was carried out, is a clear example of this situation. The aging rate had increased from
49.28% in 1980 to 147.42% in 2021. Furthermore, in the last five years, the annual
increase in this rate has exceeded two points per year [6].

This generalized aging of Western societies threatens the sustainability of welfare
systems. The investment required for health and care systems geared to an increas-
ingly aging population puts pressure on public financing systems [7]. In order to meet
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these challenges, public administrations have been gradually incorporating technolog-
ical developments in policies for the care of the elderly (e-Health, telecare, sensors,
wearables, communication technologies, etc.) [8]. Interest on the part of policymakers
has increased due to the COVID-19 pandemic since technologies have been a funda-
mental element to counteract the loneliness and isolation of the elderly at this time [9,
10].

In Spain, the system of care for the elderly is mainly decentralized, with the
autonomous community and municipal levels playing a significant role [11]. As a result,
the perspective, sensitivity, and knowledge of local political representatives (mayors and
councilors) about technology and care for the elderly have a decisive influence on the
activities and actions to be developed in each municipality.

The purpose of this article is threefold: (a) to identify the knowledge that municipal
policymakers have about the different technologies involved in the care of the elderly, (b)
to identify the expectations (obstacles and possibilities) that could be derived from this
knowledge, and (c) to examine their possible incorporation into municipal public policies
on care that are developed in rural areas undergoing an accelerated aging process. The
research is part of the Project “International Institute for Research and Innovation on
Ageing (4IE+)” in its Public Policies on Aging line, which aims to define strategies and
political actions with an impact on aging based on scientific evidence in the regions of
Alentejo (Portugal) and Extremadura (Spain) [12].

2 Methodology

Qualitative research was carried out in 10 rural localities of the autonomous community
of Extremadura (Spain), all of them with a population of fewer than 2,000 inhabitants
and characterized by a high rate of over-aging. A balance has been sought between the
localities of the two provinces that make up the region, with 5 of these being in the
province of Caceres and 5 in Badajoz. A total of 14 interviews have been carried out
between May and July 2021, 7 of them to mayors and the other 7 to councilors responsible
for aging policies. Likewise, there is also a balance between the political parties to
which the interviewees belong, 7 are from the Partido Socialista Obrero Espariol and
7 from the Partido Popular. Concerning gender, there is parity among the interviewees
since 8 are women, and 6 are men. The choice of the qualitative method, with semi-
structured interviews, responds to the will of the research team that the fieldwork should
also be a dialogic and participatory process; where not only concrete quantitative data is
provided, but also a dense and deep knowledge about the imaginaries and representations
of technology in the group of municipal political representatives [13—15].

With this objective, in the interviews, we asked a series of questions about aging
technologies and the use of devices by the elderly, and their possible incorporation into
the care policies of the municipalities studied. These questions formed a specific block
within the semi-structured interview of the research on public policies on aging in rural
municipalities of Extremadura during COVID-19. This block began by explaining the
use of communication technologies by the elderly during confinement to reduce lone-
liness and isolation [16, 17]. Afterward, questions were asked about the existence of
technological devices in the local care services. Then a taxonomy of care technologies
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was presented following the criteria of the European Parliamentary Technology Assess-
ment, focusing on its three main categories: e-Health, Ambient Assisted Living (AAL),
and Robotic technology [18], where they were asked about their knowledge, their exis-
tence in the local elderly care programs, the obstacles to their adoption, the expectations
generated by these devices and the availability that they would have as municipalities to
introduce them in the care services and resources (Table 1).

Table 1. Questions on technology for the care of the elderly. Source: Own elaboration.

Block of questions on care technologies for the elderly

Technologies Devices/ Types of questions
technological developments

Communication * Smartphones Do you know [technology name]?
technologies * Tablets Does your local elderly care service
widely used in * Instant messaging applications use this technology?

pandemics * Video-call software ‘What barriers might such

e-Health o Teleassistance technology face to adoption by

seniors?
‘What barriers might such
technology face to adoption by

¢ Health wearables
Software y apps m-health

(smartphones) .
* Software e-health (computers) SCNIOLS - .
Would you be willing to promote
AAL. Ambient  Assisted cleaning machines the introduction of this technology
Assisted Living * Smart homes, domotics, sensors | i your local elderly care resources
inside home and services?

* Voice assistants
Technologies for housework
Smart pillboxes

* Apps and software autonomy
Exoskeletons y exosuits

Robotic technology | * Robots with different degrees of
anthropomorphization

All the interviews were transcribed and reviewed by members of the research
team and analyzed with ATLAS.ti software (Scientific Software Development GmbH,
v.8.4.24.0 for Windows). The resulting empirical material was analyzed employing
inductive analysis. Seven analytical categories emerged that allow a deeper understand-
ing of the reality of the implementation of care technologies and their possibilities for
incorporation into public policies in very aged rural municipalities. Firstly, knowledge
of the technologies, with which to evaluate the capacity of the councilors to re-known the
care devices. Secondly, the existence of the technologies in the municipalities, which
allows an approach to the reality of their current implementation. Next, there are the
barriers that the councilors consider to exist in their localities, which would constitute
the obstacles to the technologization of care for the elderly. In fourth and fifth place
are the expectations raised by these devices and the possibilities of introducing them
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into the services of the local councils. Lastly, the gender and age categories allow us to
appreciate some differences in the imaginaries about the technologization of care that
exist among the councilors, whether they are men or women, or whether they belong to
different generations.

3 Results

3.1 Technology Knowledge

Mayors and councilors recognize that their knowledge of the technologies used in the
care of the elderly is low. According to the councilors, this lack of knowledge is due
to factors such as age, lack of contact with technology for professional reasons, and
lack of interest. Thus, the recognized primary devices are not specific devices developed
for care but for general ones. Thus, we find that all the interviewees are familiar with
smartphones and tablets and their use for communication with the elderly during the
pandemic, mainly through video calling and instant messaging applications. Likewise,
many of the aldermen have identified devices such as anthropomorphic robots, cleaning
and cooking robots, or voice assistants, but they re-aware that they had not thought of
them as elements that could be used for care or improvement quality of life of the elderly.
On the other hand, the only elements that have been recognized in a personalized way
as care devices for the elderly are telecare terminals.

3.2 Ecxistence of Technologies in the Resources

Concerning the technologies available in the resources and services of the municipalities,
the responses are limited to identifying, on the one hand, the t-assistance devices, and on
the other, those that facilitate communication for the elderly. The former is widely used
in all the municipal assistance services analyzed. The municipalities play a central role
in their management since through the municipal social services, the users are decided
when the service is subsidized, although there is also the possibility of private contracting
on a personal basis. When the service is part of public programs, the execution in all
localities is carried out by the Red Cross, and its financing is through the Céceres and
Badajoz provincial councils or the municipalities themselves. Regarding the devices
that facilitate communication, in all the municipalities where there are residences for the
elderly, tablets and smartphones were used to make video calls to the families.

At the beginning of the confinement, smartphones were used by the workers of
the residences. Subsequently, through a specific program, the provincial governments of
Céceres and Badajoz provided the residences with tablets that facilitated communication
through videoconferencing. Moreover, in the case of one of the residences, the telephone
company with which they have a contract also supplied them with two tablets for use by
the elderly residents.

3.3 Obstacles to the Incorporation and Introduction of Technologies

The municipal councilors identify three main obstacles to implementing these devices:
the generalized rejection of technology by the elderly, the lack of technological literacy,
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and the deficiencies in infrastructure for Internet connection in rural areas. The first of
these barriers, the rejection of the elderly, related to technophobia or the fear that the
use of technologies produces in them, which link to situations of stress and stress.

Concerning the second barrier, almost all political leaders indicated that the elderly
have little digital literacy in their localities. At the same time, they indicated that instant
messaging applications are becoming more common, encouraging the use of devices.
On the other hand, in six of the ten localities studied, mayors and councilors report
that digital literacy actions were carried out before the pandemic, mainly introductory
computer courses, access to and use of the Internet, and courses on how to use cell
phones. The success of this training is uneven, with a high level of participation in some
areas, while in others, it has been shallow. The explanation for this disparity could lie in
the unequal levels of public participation between localities so that in some of them, there
is a solid associative fabric that favors participation in activities. In contrast, in others,
the associationism of the elderly is non-existent, and there is hardly any participation
of this group in courses and training. Although to confirm this hypothesis, it would be
necessary to carry out fieldwork among the beneficiaries of this type of course.

Finally, concerning the third barrier analyzed, infrastructure, most of the mayors and
councilors stated that in their localities, the infrastructure related to the Internet is pre-
carious, there is no optical fiber, and several of them have reported common connection
problems.

3.4 Expectations on Care Technologies

The municipal councilors are very optimistic about the potential of care technologies for
the well-being of the elderly. They generally assume that technologies will continue to
be implemented among the elderly, albeit with some difficulty, and that this will improve
sociability and help reduce loneliness and isolation. Some policymakers appreciate the
possibilities of the medical use of smartphones and tablets, although they insist on the
importance of personal care, especially for the medical culture of the elderly. Likewise,
those devices related to personal autonomy in the home of the elderly, such as cleaning
robots, kitchen robots, voice assistants, or home automation sensors, arouse much interest
in the aldermen and consider that they will improve the quality of life of the elderly,
allowing them to stay in their homes as long as possible. However, in general, they agree
that these devices will not replace caregivers and support staff but will gradually take
over some of their tasks, facilitating their work on the one hand and contributing to the
independence of users on the other.

3.5 Introduction of Technologies in Resources and Services

Regarding the possibility of introducing care technologies in the resources and services
for elderly care in the municipalities, mayors and councilors show a high level of interest.
In addition to extending telecare services, they emphasize the value of introducing these
devices mainly in nursing homes, day centers, and home care services. In this regard,
the technologies that arouse the most interest are voice assistants, kitchen, cleaning and
companion robots, assisted toileting machines, digital pill dispensers, and intelligent
sensors for use in the home.
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However, they encounter a significant obstacle: their high cost. A good number of
councilors point out that the purchase and general maintenance of these devices are
unaffordable for the modest economies of rural municipalities. They would depend
on public aid or participation in programs of other higher-ranking administrations to
introduce these devices.

3.6 Gender and Age in the Interpretation of Technologies

Men and women have similar knowledge of the technologies. Equally, all identified tele-
care, although, in the case of women, they showed more excellent knowledge describing

Table 2. Results of the questions in the block on technologies of care for the elderly. Source:
Own elaboration.
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how the service works and their close relationship with users. Likewise, women showed
more significant knowledge of technologies related to everyday activities, identifying
kitchen or cleaning robots with commercial brands. Women also identified other care
devices, such as electronic pill dispensers or assisted toilet machines.

In terms of obstacles, men are generally more pessimistic than women. This also
translates into less confidence in introducing the devices in the resources and services
of the municipalities. Likewise, women are more optimistic in terms of expectations,
showing greater confidence in the impact of technologies on the well-being of the elderly,
and are also significantly more inclined to introduce them into municipal resources.

Concerning age, there is a more excellent knowledge of the devices and greater
expectations and willingness to introduce technologies in municipal services among
respondents under 50 years of age. However, there is no significant variation by age in
the perception of the barriers for older people in adopting technological devices (Table
2).

4 Discussion

The low awareness of care technologies by municipal decision-makers seems to coincide
with the low penetration of specialized technological devices in rural areas [19], except
for those telecare services that are widely spread throughout the country [20]. In addition,
while there is a technology adoption gap between the rural and urban worlds, there is also
a gap between the urban and rural areas [21]. The so-called care technologies, especially
the so-called E-Healthcare, have become promising tools for improving the well-being
of the elderly, on which there is an extensive scientific production [22]. However, there
is a disconnect between research centers and the reality of those who ultimately decide
to introduce devices in municipal services, as evidenced in the fieldwork. This is despite
the initiatives of European, national and regional institutions (Smart Rural 21 [23],
Espaiia Digital 2025 [24], SOTEX [25]) whose objective is the technologization of rural
environments.

On the other hand, the barriers described by mayors and councilors to adopt tech-
nologies aimed at the elderly in rural areas coincide with those described in the scientific
literature: technophobia, low levels of technological literacy, and deficient infrastructures
[26]. In the case of technological rejection on the elderly, this is accentuated in those
users or potential users with less academic training and work histories that have not been
related to technology [27, 28]. In the same sense, we found that low educational levels
and the development of jobs with little technology are related to lower digital literacy
[29].

To combat the low levels of technological literacy, since the beginning of the 21st
century, there has been a strong institutional commitment to improve the digital compe-
tencies of citizens living in rural areas [30]. In the case of Extremadura, the Technological
Literacy Plan developed by the Asociacién de Universidades Populares de Extremadura
(AUPEX) has placed particular emphasis on the training of the elderly [31]. However, as
Depatie [32] points out, for an adequate relationship between the elderly and technology,
it is necessary to go beyond the classic concept of literacy, and training in technological
matters must be aimed at creating a new type of relationship with technological devices,
facilitating their entry into the daily life of the elderly.
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About infrastructure, the main problem reported by the residents is poor access to
the network/connections. This connectivity problem directly affects the activity of some
of the care devices that are being developed and hinders their implementation in rural
areas [33]. Extremadura has the worst broadband coverage at the national level, with
almost 10% of the Extremaduran population still without an Internet connection of at
least 30 Mbps. Moreover, the rural areas of this region are the first focus of disconnection
[34]. Although the state and regional authorities, aware of this situation, have opted to
implement broadband through an ambitious plan to provide this type of coverage to
92.5% of Extremadura’s territory by 2023 [35].

On the other hand, institutional support is essential in digital literacy and in improving
infrastructure and connectivity. The depopulation of rural areas makes them economi-
cally unprofitable for private initiatives, and the municipal authorities are aware of this
circumstance. For this reason, they insist in their testimonies on the idea that the intro-
duction of care technologies in municipal services requires solid institutional support.
Thus, as Goyal & Dixit [36] stated, the success of the technologization of care will go
hand in hand with public policies and programs that promote active aging and care.

5 Conclusions

The perspective of municipal politicians is essential for introducing care technologies
in the services and resources for the aging of the municipalities of sparsely populated
rural municipalities since they play a crucial role in decision-making on the public
policies developed in their localities. The existing disconnection between the areas of
technological production (universities, research centers, companies, etc.) and the rural
world leads to a non-acceptable lack of knowledge about the devices among mayors and
councilors. To solve this problem, it is proposed that there should be specific programs
from the universities, with the support of regional and provincial institutions, to bring
the advances in care technology closer to these councilors. During this research, the
presentation of devices to political leaders has been very well received, raising very
positive expectations and an evident willingness to introduce these technologies if the
opportunity arises. For the latter, several types of problems identified by policymakers
need to be solved. Firstly, technophobia and the lack of technological literacy among
the elderly. To this end, programs must be developed for technological awareness and
training, pedagogically adapted to the elderly, with an eminently personalized character,
including the possibility of individual training at home, given the vulnerability of this
group to Covid-19. Secondly, for the use of many of these technologies, there must be
a notable improvement in the infrastructure for Internet connection in the rural areas
of Extremadura. Finally, given the budgetary limitations of these municipalities, the
introduction of this type of technological device must be facilitated by programs of
other administrations with more significant economic capacity.

Finally, to facilitate the introduction of care technologies in the resources and services
of municipalities in the rural world, it is recommended to carry out a more significant
ethnographic type of research than the one presented here, which includes caregivers
and elderly beneficiaries of care programs research subjects.
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Abstract. Introduction: The nursing care management of frail older people in
the context of the SARS-CoV-2 pandemic requires the development of innova-
tive actions. Those new interventions aim to meet the older population needs thru
continuity of care, preventing previously existing health conditions from deteri-
orating and promoting their quality of life. Thus, the conception of the nursing
teleconsultation (TC) is seen as an innovative answer to the ever-increasing frailty
problem, in the sphere of gerontotechnology and the current pandemic challenges.

Methods: This paper shows an action-research methodology. There were 8 par-
ticipants, of which 5 were nurses of the health care centre (USFX) and 3 frail older
people that were identified using the Tilburg Index. The instruments used were
the face-to-face consultation flowchart and the nursing guide to direct the inter-
vention. All the ethical and deontological principles were respected throughout
the study.

Result: The nursing teleconsultation was developed based on a script of a
nursing theoretical model that has been recognized as an important tool to promote
the care of older frail people by continuing to promote the Care-of-the-Self in the
pandemic circumstance.

Conclusion: The TC implementation is a nursing intervention that is effec-
tive on assessing and controlling frailty on older people, besides being a way of
promoting adherence to the therapy plan, preventing complications of frail con-
ditions and fighting loneliness that many older people are exposed every day. The
material resources are available in the health care centres, what makes the TC
implementation easier to achieve.

Keywords: Care-of-the-Self - Older person - Frailty - Teleconsultation

1 Introduction

The aging population it is a growing reality globally, especially in Portugal which is
currently the third most aged country amongst the European Union [1]. In 2020 the
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aging index of Portugal was 165,5 which corresponds to 2,3 Million people aged 65
or over [2]. This demographic change increases the amount of people who live with
chronic diseases and are dependent on their daily activities, what does impact them on
several domains such as: the ability to perform at their usual physical level, keep their
social and psychological wellbeing and sustain safety. All those changes can lead to the
fragility syndrome that has its consequences in their quality of life. Frailty is a geriatric
syndrome that has been gathering more attention in the recent years, both nationally and
internationally, and requires a quick public health response that promotes the maximum
functionality of the older person [3].

The literature in geriatrics and gerontology has shown the importance of fragility
syndrome in older people as given that every single old person is at risk of developing
frailty, and it is related with the fall risk, incapability, hospital admission and death [3,
4]. In this sense, it is essential that nurses are able to identify people at risk of developing
frailty and start an intervention as soon as possible to minimize the risks and maximize
the potentials of each individual. Considering that one of the nursing missions is the
promotion of independence, functionality and health of older people and their families,
nurses must take the prevention, diagnosis, and management of frailty as a priority in
their daily practice [5].

The current pandemic context brought another challenge to the nursing practice to
the older population, especially to the most fragile people, due to the lockdown imposed
to slow down the spread of SARS-CoV-2, those people were unable to reach out the
services they needed in the community, including healthcare services. Simultaneously,
older people find it more difficult to adapt to new circumstances, such as using new
technologies to communicate at distance with families, friends, and professionals to
breakdown their isolation and loneliness (problems that they had already been facing
prior to the pandemic, which has become worse). When facing this reality, nurses are
driven to provide an answer to the specific needs and difficulties that population has
faced [6, 7].

The nursing practice management in a crisis context, as this pandemic, must include
the development of new answers to the challenges that older frail people encounter,
promoting a successful aging process and avoiding the deterioration of conditions already
imbedded.

The gerontotechnology is an important tool that can work as a cornerstone for healthy
ageing promotion, as it allows intervention in controlling and monitoring chronic dis-
eases, preventing diseases across all four intervention levels, and adopting lifestyles that
promote health. One of the strategies mentioned in the literature to achieve healthy aging
is the establishment of the triangle older person/technology/environment, connecting the
corners through the adaptation of technology to the specific context in order to ensure
the satisfaction of the older people’ needs [8].

The development of a nursing teleconsultation (TC) was seen as a gerontotechnologic
answer that aims to address the growing concern of frailty syndrome, in a pandemic
context, using already available resources (telephone). The TC allows the reduction
of the distance between the primary health care services to the older people, without
exposing them to a contamination, due to the increased risk that this age group has to
develop COVID-19. Despite the need of lockdown and physical distancing, older people
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also need interactions with other people to prevent and control their frailty, which is one
of the factors responsible for the comorbidities increase during this period.

Therefore, the goal of this paper is to propose a nursing teleconsultation systematized
intervention guide to the older person and family according to the partnership model to
promote of Care-of-the-Self [9, 10]. The following section of this paper presents a
review of frailty concept, nursing teleconsultation and the partnership model to promote
the Care-of-the-Self [9, 10]. Section 3 presents the approaches taken to develop the
guide. Results and discussion are presented in Sect. 4 and the Conclusion is presented
in Sect. 5.

2 Nursing Teleconsultation for Frail Older Person: Partnership
Intervention Model to Promote the Care-of-the-Self

It is essential to implement a multidimensional frailty assessment in order to establish
the most suitable nursing intervention with the older person, identifying this problematic
as soon as possible, acting in partnership with her/him, providing the most suitable care
for one’s needs [11]. Defining frailty is a subject that still has not gathered complete
consensus amongst the authors, nevertheless, it is important to recognize that there are
multiple views to provide holistic care to a human being in nursing interventions. There
are several models and theories that explain frailty and its impacts on the older person.
In this paper we are exploring the models proposed by Fried [12] and Gobbens [13]. The
model developed by Fried is known as the biological model with the frailty phenotype
that can be measured through five components: non-intentional weight loss (>4,5 kg or
5% of the total weight in a year); tiredness and low resistance to small intensity activity;
low physical activity; reduced walking speed (seconds/4,5 m) according to gender and
height; e muscular strength (20% below average) [12]. Gobbens presents an integral
model that understands the older person as a holistic being which is affected by frailty in
all aspects of their lives regardless of the specific domain that frailty may be identified.
In this holistic approach the frailty can affect the physical, psychological, and social life
domains [13]. Therefore, the nursing intervention must be done in these three domains
to avoid fragmentation of care and disrespect by the holistic model.

The concept of frailty is dynamic, since this process can be reverted, therefore the
nursing intervention must be directed in supporting older people doing the shift from
a frail state to a non-frail one [14]. It is also essential that we apply a holistic and
multidimensional approach, where all dimensions are seen with same level of importance
(and not where the physical aspect is perceived as the most important) and the interaction
amongst all of them are understood and integrated in the nursing practice by establish
a partnership with the older person/family that values their life project to promote the
Care-of-the-Self [9, 10].

The partnership model adopted in this TC allows the establishment of a trustworthy
relationship between the nurse and the older person, diagnose the nursing problems
the person lives with, plan and implement a nursing intervention in a compromised
environment that permits achieving a continuous improvement practice. In order to
be effective on this clinical practice, the nurse must have specific knowledge, based
on the most recent scientific evidence [15]. Also, the older person and family should
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feel supported in the care process, along with increasing their trust, knowledge, and
abilities, helping them in decision making, so that they will have better health outcomes.
This model is structured into five phases: Reveal Oneself; Get Involved; Train/Enable;
Commit; Ensure the Care-of-the-Self/Ensure the Care-of-the-Other [9, 10].

The Reveal Oneself phase occurs when the older person and the nurse are presenting
themselves to each other, establishing the boundaries of the relationship they are building
together. The nurse needs to understand the way of living of the older person and what
brings meaning to the older person’s life. On the Get Involved phase both partakers
establish a safe environment, with time and space, to develop and embed the therapeutic
relationship. The next phase is Train/Enable at which nurse and older person/family
negotiate a joint action; the nurse trains the older person on developing abilities to
decide what the goals to be achieved are by converting potential skills in real ones; the
enabling happens when the older person lacks the autonomy to make their own decisions,
the nurse takes that responsibility, enabling the family member who cares for the older
person, to continue the care necessary for their continuum of care. On the Commit phase
there are gathered efforts to achieve the goals agreed. The last phase can be seen in two
perspectives: Ensure the Care-of-the-Other when the older person is not autonomous
on decision making regarding their life project, the nurse ensures that a family member
makes that decision on their behalf, or if that is not possible, the nurse ensures the
resources for care are continued by other means. Although, whenever possible, the core
goal of this model is to promote the Care-of-the-Self, which happens when the older
person takes responsibility over their own life project, controlling what actions to take
and what objectives to achieve [9, 10].

A teleconsultation is defined by an intervention made by a healthcare professional,
using information technology with the aims of assessing, planning, and implementing
a care plan. By using the TC, healthcare professionals and people who need care are
closer to each other, optimizing the resources available and avoiding unnecessary com-
mutes [16]. When implementing this consultation nurses must follow all the ethical and
deontological principles inherent to the profession, such as the principle of beneficence
and non-maleficence, as well as discuss and obtain the informed written consent prior
to the TC. All records must be kept in the personal record of each TC completed, so that
continuity of care is warranted, and the TC should take around thirty minutes. However,
the TC is not always appropriate for all situations and when necessary, a face-to-face
consultation must take place, so that a physical assessment can be performed. Likewise,
prior to the TC, a face-to-face consultation should occur as a first contact between the
nurse and the older person [7].

3 Methods

This paper presents the results of an action-research intervention that aims to solve a
practical problem and requires the commitment of all participants on implementing an
intervention plan for frailty prevention in the older person, following the partnership
model to promote the Care-of-the-Self [9, 10]. The participants of this project were 5
working on the health centre and 8 frail older people aged >65 years, after identification
with Tilburg Index (this index assesses the wellbeing of older people in three domains:
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physical, psychological and social, each section shows several questions with multiple
answers options or just yes or no, each answer has a specific punctuation and, in the end,
if the score is >6, that indicates a frail person). This index operationalizes the integral
frailty model and it has been validated to the Portuguese context [17].

In this project, all the ethical and deontological requirements were followed, so
confidentiality, anonymity and data protection rules were strictly complied with. All
participants were asked to give written consent after explaining the purpose of the project.
The draft of this TC was adapted from “A Script for Nursing Intervention on Elderly
People with Chronic Pain by Telephone Consultation” [10], along with the orientations
from the World Health Organization [18]. Then the draft was submitted to the expertise’s
analyses and the pre-test with three older people during a home care visit. The next step
was the improvement of the draft to the script final version that is better suited to respond
the older population and their families’ communication needs and moreover is improved
to establish a trustworthy relationship.

As already mentioned, it was necessary to complete a face-to-face consultation prior
to the nursing intervention with the TC [7, 18]. Thus, we developed a pre-TC script,
which main goal was to complete a multidimensional assessment of the older person.
This assessment was essential to identify nursing diagnosis and evaluate the cognitive,
affective, social, financial, spiritual and environmental context of the older person [19]
and to understand their life projects [9, 20], so by appreciating the complexity of the
person and all his/her spheres, nurses will be able to provide care with better outcomes,
improving the older person’s satisfaction with her care and general health [20].

4 Results and Data Discussion

The nurse executes the consultation according to the flowchart on image 1, which is orga-
nized into four steps. In the first step the nurse performs the 10 min comprehensive screen-
ing [ 18], in which is possible to assess, with a short number of questions, dimensions such
as memory, functional capacity, urinary continence, psychosocial aspects, falls, nutrition,
hearing and vision, medication and caregiver burden. The second step is about assess-
ing the issues identified in the first screening, using assessment tools like Mini Mental
Statement Examination, Mini Nutritional Assessment, Geriatric Depression Scale, Mod-
ified Barthel Index, Lawton & Brody Scale, Fluid chart, Downton scale, Snellen-type
eye test, Tilburg Frailty Indicator, Assessment adherence to therapy, and Zarit Burden
Interview Scale. The third step is to establish the nursing diagnosis for the older frail
person (falls risk/compromised physical mobility/unbalanced diet/deteriorated mem-
ory/loneliness threat/depression/social withdrawal/low self-esteem/unsuccessful health
management risk/ineffective medication management) and accordingly establish the
required nursing intervention to prevent and control frailty. The fourth and last step is
the follow up that occurs in TC (Fig. 1).
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Step 1: Reduced comprehensive screening
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and frailty prevention diagnosis: Frailty syndrome.
=

Step 2: Assessment
Nurse: Doctor:
® Nursing history e Medical history

® Use of assessment tools to further ex-
plore the identified problems

1
Step 3: Diagnosis and Interventions to prevent and control

1

| Nurses --Doctors -- Other Professionals |
l

| Forward to other professionals |

Il

Step 4: Follow-up

Nursing face-to-face or
Teleconsultation

Fig. 1. Intervention flowchart for nursing consultation to prevent and control frailty on the older
people [18]

4.1 Face-to-Face Consultation

A face-to-face consultation with the older person and family can either occur in the health
care centre or in the person’s home. When initiating this consultation, the nurses should
introduce themselves, explaining the reason of the consultation (two stages — face-to-face
and TC), clarifying that whenever needed, the face-to-face consultation will take place,
express the advantages of the TC in avoiding wasting resources in commuting. The nurse
should inform the order person about the TC and all the scales and indexes that intends
to apply and the reasons for them, if the person agrees to participate, obtains the written
informed consent. This first consultation allows the establishment and/or strengthening
of the therapeutic trustworthy relationship between the nurse and the older person/family.

5 Teleconsultation (TC)

The nursing TC intervention plan is divided into four stages that include the five phases
of the partnership model [9, 10]. The analysis from the nursing practice showed the need
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of organizing the TC in a guide that could be followed and replicated to support older
frail people. This guide is presented below.
e Stage 1 - Preparation of TC

The objectives of this stage are the following:

— To provide an appropriate framework for effective TC;
— To get to know the patient, its health/illness, and context, including the surrounding
context.

Step 1 — Preparation of the elements for the TC
Confirm that there is a written and signed consent form;
Confirm that all required scales and indexes are ready and available;
Review the individual nursing and medical record of the older person;
Ensure that there is a calm and protected environment, without interruptions o1
distractions for the development of the TC;
e Safeguard the privacy and confidentiality of the older person and family.

e Stage 2 - Start of TC

The objectives of this stage are the following:

— To build a trusting relationship in a short time;

— To create the best conditions for proceeding with TC;

— To optimize the time for the TC;

— To meet the person and family, their environment and understands what is significant
for them as well as revealing oneself.

Step 1 — Reveal Oneself
e Introduce oneself, reminding the name, institution where is calling from and
the reason for the call;
e Clarify if the person has any question from the face-to-face consultation;
e Question how the person has been in the last couple of weeks.

Other questions for the nurse proceeding with the TC are the following:

Is there anything from our last consultation that you would like to discuss?
How have you been in the last couple of weeks?

In the last couple of weeks, have you felt any change in your health?
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Step 2 - Engagement
e To deepen the knowledge about the older person identity, his/her values and
culture;
e To get information regarding his/her ability to Care-for-the-Self and to prac-
tice his/her autonomy.

Other questions for the nurse proceeding with the TC are the following:
Are you able to describe a typical day of yours?

What are the things you like to do the most?

What is the most important thing of your day?

e Stage 3 - Development of TC

The objectives of Stage 3 are the following:

— To perceive the current problem (evaluate, guide, empower, ...);

— To give time to the person present and explain its/their main problem(s);

— To evaluate the problem, adherence and management of therapy, functionality, and
capacity to take Care-of- the-Self;

— To validate the problem;

— To capacitate or enable the patient and family in identifying the problem and strategies
for solving it.

Step 1- Get Involved

e Show availability to listen to the older person concerns;

e Assume the responsibility to assist the older person to continue their life path;

e Reinforce the partnership model and a non-judgmental posture throughout the
nursing process;

e Continues the geriatric assessment according to the results of the triage ques-
tions using the tools marked in A - (A) Mini Mental Statement Examination;
Mini Nutritional Assessment Geriatric Depression Scale; Modified Barthel In-
dex; Lawton & Brody Scale; Fluid chart; Downton scale; Snellen-type eye test;
Tilburg Frailty Indicator; Assessment adherence to therapy and Zarit Burden
Interview Scale.

Examples of questions for the nurse proceeding with the TC are the following:
Could you tell me what do you need help within your daily routine?

How do your difficulties impact on your daily life?

How can I help you with your problem?
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Step 2- Train / Enable / Commit

e Confirm the nursing diagnosis from the older person individual records;

e Question the older person / family if he / she perceives any problem in their
lives;

o [f the person identifies more than one problem, ask him/her which problem is
the most relevant and why.

e Negotiate an intervention in partnership according to the older person’s val-

ues;

e Assess their autonomy on executing activities of daily living:

o

o O O O

o

Identify the number of visits to Emergency Department in the past year;
Establish the number of falls in the past year;

Assess loneliness, depression and quality of life;

Evaluate the caregiver burden;

Value the self-perception of health;

Assess the physical and socioeconomic environment of the older person.

o Establish a shared view with the older person for the nursing intervention to
promote the Care-of-the-Self, such as:

O

O O

o O O

o

Prevent frailty;

Promote adequate nutritional status and vitamin D intake;

Medication review to avoid polymedication and promote medication
compliance;

Promote physical exercise and leisure activities;

Prevent falls;

Engage the older person in educational and prevention programs;

Refer to other professionals when needed;

e Assist the person and family to take forward the decision made;
e Reinforce that the nurse is a resource on the team to support the life path of
the older person.

Examples of questions for this step are the following:

— Among all the problems you told me, which one worries you the most?

— How would you like to resolve this problem?

— What goals would you like to achieve regarding this concern?

— Since our last encounter, is there anything that you can do better?

— Have you been taking all your prescribed medications? Can you explain to me how
you have been taken them and what are the tablets for?
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Step 3- Validation of strategies and commitments

Validate strategies and commitments;

Ensure the progression of the older person life’s path;

Assist the older person and family to keep their commitments;
Reiterate the decision made in partnership.

Examples of questions for this step are the following:
- If  understood, what you told me is that you and your family are going to...
- Would you mind to repeat the information I gave you?

e Stage 4 - Conclusion of TC

Step 1- Assessing the older person and family’ ability to assume
the Care-of-the-Self and the Care-of-the-Other
e Foresee complications;
e Assess if the person is able to keep her / his autonomy and Independence to
promote frailty;
e Assess if the family member / carer is able to assume the Care-of-the-Other;
e Reinforce his / her availability as partner in the care process.

Examples of questions for this step are the following:
-Can you describe what did we agree in this consultation?
-You can always reach me to clarify any question or report any problem by
contacting the health centre.
-Are you (family member) confident with the care you are providing to your
relative?

Step 2- Conclusion of the CT
Double check if there is any further question;
Confirm the importance of the TC;
Schedule the next TC;
Close the TC in a friendly manner;
Record all the necessary information.

Other questions for this step are the following:
- Do you have any further questions for me?
- Was this TC important to you? Why was that?

The objectives of Stage 4 are the following:

— To evaluate the importance of TC;

— To schedule the next TC;

— To optimize the time for the next TC;

— To make records of the conversation and underline the topics/issues which need to be
addressed in the next TC;

— To keep the trustworthy relationship;

To ensure the continuity of care.
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Each one of those stages and steps have different goals and programmed interventions
and are presented in a sequential manner to make it more comprehensible and logical,
although in a real-life context, they can happen simultaneously.

After the nursing intervention by TC, we made a questionnaire to the older people
and their families, as well as to the nurses regarding their opinion about the TC. The
evaluation given by the older people and their families was documented on their personal
clinical records (SClinico®). All participants reported that they felt less lonely, and that
this intervention had been a very important health resource in a pandemic context. They
also highlighted the advantages of this safe nursing intervention that did not pose any
risk to them. Two older people reported that they usually spent the day alone, so the
TC was a very valuable resource to fight loneliness and isolation. This consultation was
also important to promote adherence to the therapeutic plan, particularly when rein-
forcing the same intervention face-to-face and in the TC, and to prevent complications
of frail conditions, such as falls or polymedication, through the holist assessment and
interventions established in partnership for the Care-of-the-Self. The nursing team, like-
wise, expressed that the TC is an important tool to provide continuous care to frail older
people, without the risk of complications due to SARS-CoV-2.

6 Conclusion

The healthcare professionals have an essential role in promoting healthy active aging
and quality of life, so it is critical to raise awareness, call up the community resources,
develop public health politics and increase their civil participation [21]. The telenursing,
using information and communication technology in care practice, allows the interaction
between nurses and people who need care at an immense distance, with interventions
such as telemonitoring, telerehabilitation, teletracking and teleconsultation, within the
nursing competences domain [7]. The implementation of the TC is not only an effective
nursing intervention for assessing and controlling frailty in older people but also a very
good way of combatting the isolation and loneliness. The material resources needed to
execute the TC are available in the health care centres and older people commonly have
at least one telephone at home, making it easier to implement the TC.

This project was carried out in the middle of a global health crisis, but due to the
advantages previously mentioned, we consider that the TC should be kept as a nursing
resource for the future, as the health gains for older people and their families overtake
by far the investment required and it represents one step closer in our communities to
become age friendly. If the needs of the older population are met and our communities
are projected with their capabilities in mind, they will feel more integrated, will be more
adapted, will need healthcare less often and it will be possible to prevent or even revert
the frailty syndrome, promoting in partnership with the older people and their families
the Care-of-the-Self.

The TC based on the script presented on this paper is an important tool to ensure
continued care to the older frail people. Hence, for future works it is recommended the use
of this script in other healthcare centers as well as its adaptation for other problematics
such as older people with chronic diseases.
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Abstract. Background: Population aging is progressively a characteristic univer-
sal phenomenon. During the life cycle, the risk of chronic diseases and depen-
dence increases, with a general decline in the individual’s intrinsic capacity. Neu-
rological disease is increasingly prevalent, with a social and economic impact,
associated with high mortality, with adverse consequences at various levels such
as cognitive, behavioral and motor, and a growing demand for health care. The
Rehabilitation Nursing Specialist Nurse [RNSN] has a relevant role in the self-
care of the person with neurological disorders, in his/her family and in the com-
munity. Objective: To investigate the sensible gains from rehabilitation nursing
interventions that promote self-care in people aged 65 and older with neurologi-
cal disorders. Methodology: Systematic Literature Review. The search for studies
was performed using databases [Academic Search Complete, Business Source
Complete, CINAHL Plus with Full Text, ERIC, Library, Information Science &
Technology Abstracts, MedicLatina, MEDLINE with Full Text, Psychology and
Behavioral Sciences Collection, Regional Business News, SPORTDiscus with
Full Text], with the following descriptors extracted from the Medical Subjects
Heading vocabulary [MeSH]: [[outcome] or [intervention] or [education]] AND
[[nursing] or [nursing care] or [nursing interventions]] AND [[neurology] or [neu-
rological assessment] or [neurological rehabilitation]. The search was conducted
in the month of September 2021, using the chronological frieze 2015-2021, with
the linguistic limiter of articles in English and Portuguese language. Results: A
total of nine studies were obtained, with a description of three dimensions that
mirror appreciable gains in RNSN care for the person with neurological disorders.
Conclusion: Interventions and outcomes were identified in the cognitive, social
and functional dimensions of the RNSN in self-care to people with neurological
pathology: The Nurse Rehabilitation Specialist has an essential role in the inter-
vention to people with self-care deficit with neurological pathology. Interventions
and outcomes were identified in the cognitive, self-care literacy and functional
domains with a view to maximizing functional capacity.
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1 Introduction

Population aging is now a characteristic universal phenomenon, both at the European
level and in developing countries [1]. This phenomenon has given rise to sudden demo-
graphic changes in populations worldwide; caused by the abrupt increase in a short
period of time [1, 2].

With increasing age, numerous physiological changes develop, with increased risk
of developing chronic diseases and dependence on others, with a general decline in
the individual’s intrinsic capacity [2]. Concomitantly, population aging may lead to an
increase in the proportion and number of people in need of long-term care in all countries
at different levels of development [1, 2]. Aging with health, autonomy and greater func-
tional capacity is today a challenge with individual and collective responsibility, with
direct impact on the economic development of countries, with the need for adaptation
of society [2, 3].

Neurological disease is increasingly prevalent, with a social and economic impact,
especially in developed countries, where the trend tends to increase as a consequence of
population aging and socioeconomic development index [4, 5]. According to Deuschl
et al. [5], neurological diseases have become the leading cause of disability in the world
and the second cause of death, behind cardiovascular diseases. Diseases of the nervous
system are associated with high mortality, with adverse consequences at various levels
such as cognitive, behavioral and motor, accompanied by high disability rates and an
increasing demand for health care [6].

Thus, ensuring the maximization of self-care, enabling the continuity of their per-
sonal development and their active role in societies through five essential domains: ability
to meet basic needs; ability to learn, develop and make informed decisions; ability to
move around; ability to make and maintain relationships; ability to contribute to their
families and communities [ 1-33]. That said, it is urgent to create intervention programes,
which enable and ensure self-care, through strategies related to stimulation and motor
and cognitive rehabilitation [7].

It should be noted that the central idea of the Self-Care Deficit Theory arises from
the need for nursing care associated with the subjectivity of maturity regarding the
limitations of health-related actions. The limitations that derive from this assumption
lead to a lack of ability to self-care oneself and/or one’s dependents [8, 9]. Orem [10]
assumes that any person is capable of self-care, since they have skills, knowledge and
experiences acquired throughout life, but these can be affected by factors that influence
education and life experiences that allow learning, exposure to cultural influences and
use of daily living resources, which may interfere with/decrease their ability to self-care
adequately [9]. Roughly speaking, the general essence of the general theory of self-care
deficit determines the need for Nursing intervention when the needs and demands in
terms of self-care are greater than the person’s own capacity to develop this care [9].
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The professional practice of nurses in Portugal is governed by the therapeutic and
interpersonal relationship with humanistic personal characteristics, guides its profes-
sional practice through a systemic and systematic approach, identifying needs, identify-
ing problems, performing interventions based on the principles of risk prevention, early
detection of problems and minimizing complications [11].

There is evidence of the contribution and evolution in the number of specialist nurses
in Rehabilitation in Portugal, to the provision and quality of care, focused on self-care,
well-being and functional rehabilitation [12, 13], as well as evidenced gains in recovering
functionality and contributions to autonomy [14].

The Rehabilitation Nurse Specialist has the broad general goals of improving func-
tion, promoting independence and maximizing the person’s satisfaction. As Rehabil-
itation is a multidisciplinary specialty, the RNSN has the unique vision to design,
implement and monitor differentiated nursing plans based on individual problems
and potentials. Coupled with these increased competencies, these professionals are
able to increase knowledge through new discoveries through research of practice,
evidence-based practice, through observation and evaluation of sensitive outcomes [15].

2 Methodology

The methodological design of the Joanna Briggs Institute [JBI] and the PICOD model
[Patient/Problem, Intervention, Comparison, Outcome, Design] were used as research
strategies during the systematic review (Table 1).

Table 1. PICOD research question

People aged 65 and older Keywords: Nursing; Rehabilitation; Neurology;
Self-care

Rehabilitation nursing interventions

Does not apply

Promotion of self-care

g|/oqQ|— |

Fully published quantitative studies

Thus, the PICOD research question was formulated: “What are the sensible gains
from self-care-promoting RN interventions in the person aged 65 and older with
neurological changes?. The search for studies was performed using the EBSCO Host
Web database, with the following descriptors extracted from the Medical Subjects
Heading [MeSH] vocabulary: [[outcome] or [intervention] or [education]] AND [[nurs-
ing] or [nursing care] or [nursing interventions]] AND [[neurology] or [neurological
assessment] or [neurological rehabilitation]. The search was conducted in the month of
September 2021, using the chronological frieze 2015-2021, with the linguistic limiter



Rehabilitation Nursing in the Person with Self-care Deficit 149

of articles in English and Portuguese language. As can be seen (Fig. 1), a total of 6897
articles were identified. After screening for articles published in the chronological range
of the last 5 years, written in Portuguese or English, not duplicated and peer-reviewed,
a total of 2614 articles resulted. Next, articles whose abstracts displayed the words [out-
come] and [rehabilitation] were searched, resulting in 130 articles. Subsequently, the
inclusion criteria were applied: including people aged 65 and over with neurological
pathology, quantitative studies related to the topic in question, correlating EEER inter-
ventions in the promotion of self-care. As exclusion criteria: studies with a qualitative
approach and without framing the theme’s relevance.

Records identified in EBSCO September 2021 [n = 6897]

v

Inclusion criteria applied:

[n=4283]
Excluded records:
v Abstract [outcomes]
+ [rehabilitation]
Analyzed records [n=2614] B . [n= 2484]

v

Full-text articles evaluated
for eligibility [n= 130]

v

Full articles, evaluated for eligibility

Records sorted by

inclusion and exclu-

sion criteria [n= 121]

Articles excluded

»
=9 Ll
[=9] according to level of
* evidence and meth-
odological quality
Studies included [n=9] [n=0]

Fig. 1. Research methodology developed using the Prism 2009 flow diagram
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Results
A total of 9 studies were included, which present a high level of evidence, where we
highlight the existence of 3 randomized controlled studies and 2 pre-test post-test studies.
Most studies aim at a set of RNSN interventions in the care of stroke patients with self-

care deficit, focusing on the enhancement of functional capacity and maximum quality
of life (Table 2).

Table 2. Description of summary results

Art. | Title/Source/Authors/Methodology/Participants/Description/Level | Objectives Results/Conclusions
of evidence
16 Title — Research on the Head and Neck MRA Image to Explore the | To study the The rehabilitation
Comprehensive Effect on the Recovery of Neurological Function clinical value of nursing intervention
and Rehabilitation Nursing of Patients with Acute Stroke the combined plan consisted of
Origin- China [2020] imaging interpersonal
Authors — Xiao et al. assessment of communication,
Methodology — Observational study without control group acute ischemic improving behavioral
Description methodology - An initial head and neck imaging stroke before and | disturbances with
evaluation was performed, the nursing rehabilitation intervention after the stimulation of
program was started, and then, 15 days later, a new imaging development of a | cognitive and sensory
evaluation was performed rehabilitation function, motor
Participants — 294 participants nursing training focusing on
LEVEL OF EVIDENCE - 3.e intervention plan | balance,
sitting/standing and
gait training
Rehabilitation nursing
can improve
neurological and
cognitive conditions,
improving the quality
of life of the person
17 Title — Unmet needs of people with Parkinson’s disease Identify social and | The role of nurses in

Origin - Czech Republic [2021]

Authors - Kozakova et al.

Methodology — Cross-sectional study

Description methodology - The methodology comprised a needs
assessment through the Needs and Provision Complexity Scale
[which assesses health and social sector needs], Barthel Index and
the SCH-E scale [in order to assess activities of daily living]
Participants — 183 participants from 4 neurology centers in the
Czech Republic

LEVEL OF EVIDENCE - 4.b

health needs as
well as social
factors in people
with Parkinson’s
Disease [PD]

caring for people with
PD is characterized by
the identification of
needs, individualizing
and humanizing the
care to each person,
actively influencing the
quality of life

(continued)
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Table 2. (continued)
Art. | Title/Source/Authors/Methodology/Participants/Description/Level | Objectives Results/Conclusions
of evidence
18 Title — Implementation and feasibility of the stroke nursing To investigate and | This study showed an
guideline in the care of patients with stroke: a mixed methods study | evaluate the improvement in 23
Origin - Iceland [2017] implementation categories after the
Authors — Bjartmarz et al. and feasibility of | implementation of the
Methodology — Pre-test — post-test using a nursing guideline, with
Description methodology - An explorative method was used, with | guideline for significant
pre-test and post-test measures. The quantitative part explored the | stroke with a focus | improvements in the
electronic data recorded by nurses, retrospective of 78 participants. | on mobility, promotion of activities
In the qualitative part, nurses were interviewed about the usefulness | depression, pain, of daily living and
of the guideline for stroke patients and their experiences in falls, education mobility, through the
implementing it and discharge assessment of
Participants — 78 participants and 33 nurses planning functional status, ADL
LEVEL OF EVIDENCE - 2.d training and
development of
interventions focused
on the education of
both people and
relatives
19 Title — Digitally enabled aged care and neurological rehabilitation | To test the This study showed that
to enhance outcomes with Activity and MObility UsiNg effectiveness of there was an
Technology [AMOUNT] in Australia: A randomised controlled using digital improvement in
trial assistive devices to | mobility in the
Origin - Australia [2019] improve mobility | intervention group
Authors - Hasset. L et al. and physical relative to the control
Methodology — Randomized controlled trial activity in people | group. The use of
Description methodology - with neurological | digital media in the
Clinical trial conducted in 3 Australian hospitals, where 2 groups | deficits, hospital environment
with adults with mobility limitations and under neurological rehabilitation and later at home
rehabilitation program were selected potential, and presented itself as an
Participants — 300 participants mobility important tool in
LEVEL OF EVIDENCE - 1.c limitations increasing mobility
and reducing sedentary
lifestyles
20 Title — Effectiveness of mirror therapy on improvement of motor To investigate the | Mirror therapy is a

functions of affected upper limb among stroke patients

Origin - India [2020]

Authors - Navdeep et al.

Methodology — Quasi-experimental study

Description methodology - Quantitative approach, with
non-probability sampling technique in order to select 60
participants with stroke and with motor impairment at the level of
the upper limbs. The analysis was done by means of descriptive and
inferential statistics

Participants — 60 participants

LEVEL OF EVIDENCE -2.c

effectiveness of
mirror therapy in
improving upper
limb motor
functions in stroke
patients

relatively widely used
approach to
rehabilitation in
different neurological
disorders including
stroke. It has been
shown that the
functional organization
of the motor system
can be modulated by
movement of the
ipsilateral limb and
passive observation of
movement of the
contralateral limb

(continued)
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Table 2. (continued)

Art. | Title/Source/Authors/Methodology/Participants/Description/Level | Objectives Results/Conclusions
of evidence

21 Title — Access to post - stroke physical rehabilitation after acute Determine the Of the 35 [32.1%] who
reperfusion therapy— the neglected link in ischemic stroke access and how had access to
management: a retrospective cohort study rehabilitation care | rehabilitation care
Origin — Romania [2021] is described for while still in the
Authors - Alexandru et al. people with hospital, 29 benefited
Methodology — Cohort study ischemic stroke from faster discharge
Description methodology - Application of a structured who have criteria
questionnaire by telephone about access to post-stroke undergone
rehabilitation and what outcomes emerged post-rehabilitation thrombolysis
Participants — 109 participants and/or
LEVEL OF EVIDENCE - 3¢ thrombectomy

22 Title — Effectiveness of Early Rehabilitation Combined With To investigate the | Both groups showed
Virtual Reality Training on Muscle Strength, Mood State, and effectiveness of gains in all dimensions
Functional Status in Patients With Acute Stroke: A Randomized virtual reality evaluated
Controlled Trial training in At the end of the
Origin: USA [2020] improving muscle | intervention, the
Authors: Lin et al. strength, mood experimental group
Methodology: Randomized controlled trial [depression and showed greater gains in
Description methodology: 152 people with ischemic stroke. Both | anxiety] and upper limb hemibody
groups received rehabilitation care, but the experimental group functional status in | strength, comparative
received rehabilitation care with virtual reality people after stroke | decrease in depression
Participants — 145 participants and degrees of anxiety
LEVEL OF EVIDENCE: 1.c

23 Title — Nursing staffs self-perceived outcome from a rehabilitation | To determine The nurses consider

24/7 educational program — a mixed-methods study in stroke care
Origin: Denmark [2018]

Authors: Loft et al.

Methodology: Pre-test and post-test

Description methodology: Collection of information in the form
of a questionnaire [N = 33] and a semi-structured interview [N =
10] with nurses

LEVEL OF EVIDENCE: 2.d

nurses’
self-perception of
their ability,
opportunity and
motivation to
practice with a
rehabilitation
approach after
participating in a
rehabilitation
training program
after stroke

that the training
program had a positive
influence on their
professional identity
and skills. At the end
of the program, they
were able to better
understand their
interdisciplinary role
and improve
communication
between colleagues,
better understanding
the importance of a
rehabilitative approach
and the need to better
prepare and plan for
this approach

(continued)
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Table 2. (continued)
Art. | Title/Source/Authors/Methodology/Participants/Description/Level | Objectives Results/Conclusions
of evidence
24 Title — Effects of motor imagery training on lower limb motor To demonstrate After 6 weeks both

function of patients with chronic stroke: A pilot single-blind
randomized controlled trial

Origin: China [2021]

Authors: Yin et al.

Methodology: Randomized controlled trial

Description methodology: A group of 32 randomly selected
people were divided into 2 groups [experimental and control]
Participants: 32 participants

LEVEL OF EVIDENCE: 1.c

the importance of
motor
rehabilitation by
imagining
movements in the
results of
rehabilitation
nursing
intervention in the
person with stroke

groups showed
functional gains
The experimental
group showed
quantifiable gains in
gait and balance,
quantified by the
Functional
Independence

3 Discussion

In this systematic review of literature, it was possible to evidence gains resulting from
the EEER intervention directed to people aged 65 and older with neurological pathology
reflected in three domains [cognitive, social and functional] with different outcomes:
cognitive [16, 18, 22, 24]; literacy and self-care [17-22, 24]; and functional [16-21, 24]

(Table 3).

Table 3. Outcomes of rehabilitation nursing

Field of intervention Outcomes

Cognitive

Improved attention span, reasoning ability [16, 18, 22, 24]

Lower level of anxiety and depression [16, 18, 22]

Literacy and self-care

Education for family members [18]

Adequacy of care according to human needs [17, 22]

Less sedentary lifestyle [19, 21, 24]

Increased quality of life of the person [1617, 20]

Functional

Increased mobility [16-22, 24]

Gains in performing ADLs [16, 18, 20-22, 24]

Increased muscle strength and balance [16, 20, 22, 24]

Cognitive Domain

In the cognitive domain, appreciable gains from the RNSN intervention in improving
cognitive function are highlighted [16, 18, 22, 24]. The RNSN intervention plan, based
on interpersonal communication, sought to clarify and inform about the health status,
in order to gain trust and establish a helping relationship between the RNSN-person
[16, 18, 22]. It was also considered essential to ensure improvement at the cognitive
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level, the implementation of training exercises in reasoning and attention span [16, 18,
22]. The systematic review developed by Rogers et al. [25], corroborates the need for
stimulation of cognitive function in attention, memory and executive functions, respec-
tively, which show more significant improvements, highlighting the need to focus the
practice on activities of daily living. Another of the interventions that are included in this
domain is the reduction of symptoms of depression and anxiety of people and family
members regarding the disease/disability process. A decrease in the appearance of these
symptoms was noted after the implementation of the RNSN rehabilitation plan [16, 18,
22]. According to Medeiros et al. [26] cognitive rehabilitation should be considered the
cornerstone in the intervention in stages of post-stroke depression. In addition, several
studies demonstrate the importance of cognitive functions in selfcare [27, 28].

Literacy and Self-care Domain

In terms of the social dimension, the RNSN intervention in people with neurological
pathological changes urges the adequacy of nursing care, taking into account the indi-
vidual needs of each person, their core-family context, within a community [17]. The
present study pointed to the lack of response regarding the rehabilitation needs of the
population. Thus, the RNSN must identify the needs, individualizing and humanizing
the care to each person, being able to actively influence the improvement of the quality
of life not only of the person but also of the family members [16, 17]. In general, the
RNSN intervention seeks to relate to the achievement of the person’s inclusion in society,
developing an adaptive process, enhancing their functional capabilities [8].

Functional Domain

In this dimension, there is strong evidence that RNSN is able to promote in the person
an increase in global mobility, through consistent motor training with balance training
[16, 22, 24], sit-up training [16, 24] and gait training [16, 19, 24]; improvement in
mobility of the affected limb [22, 24]; gains in participation in ADLs [17, 21, 24].
Simultaneously, it seeks to decrease or eliminate complications by changing modifiable
factors. It develops intervention programs aimed at reducing sedentariness, enabling the
development of several outdoor activities. Note that these outcomes enhance the quality
of life of each person.

Virtual reality has proven to be a useful tool in improving mobility and reducing
sedentary lifestyles in elderly people with neurological deficits and mobility limita-
tions [19]. Similar results were found by Lee et al. [29] by using virtual reality in a
rehabilitation program, where he observed improvements in muscle strength and mus-
cle strengthening, with better performance in performing activities of daily living, and
therefore, improved mobility and quality of life. These rehabilitation programs directed
towards muscle strengthening, static and dynamic balance, with a focus on mobility and
ADLs, can contribute to significant results in empowering the person for self-care and
performing exercise safely [19, 29-31]. The teaching of adaptive techniques to improve
self-care aims to improve the quality of life and the maximum functionality [31].

In the review by Matos and Simdes [31], they named the decisive role of the RNSN in
the interdisciplinary team for the design, implementation, evaluation and reformulation
of motor training programs. They concluded that motor functional re-education pro-
grams should integrate cognitive and physical psychological dimensions, dependence
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and ADL development, personal care and mobility management, goals and expectations,
and ensure, guide and supervise program adherence and continuation. This role reveals
the importance of the RNSN, which, through health education and empowerment of
the person/family/caregiver, enhances the improvement of functional re-education. In a
quantitative, exploratory, descriptive and retrospective study by S4 et al. [32] explained
the importance of the continuity of rehabilitation care, even after discharge, allowing
for an early detection of complications, aiming at maximizing the functional potential
and social integration. In this process, in order to achieve gains, it is essential to meet
the individual goals of the person [33].

4 Conclusion

This SLR contributes to the evolution of specialized nursing in rehabilitation in people
with neurological disorders through the analysis and comparison of several articles to
determine the state of the art. During this review, a large amount of information was
found on the person affected by stroke, but there are many gaps and a lack of research
on the person with other neurological disorders. This indicates that the work of RNSN
is not yet finished and there is still a long way to go. Even so, based on the results, it was
possible to find that the person who receives care from the RNSN has privileged access
to multidimensional rehabilitation: cognitive, with improved attention and reasoning
and lower levels of anxiety and depression; social, with greater participation of family
members/caregivers, adequacy of care to individual needs, decrease in sedentariness and
consequent social reintegration; and at the functional level, with greater mobility, gains
in performing ADLs, greater muscle strength and balance, empowering the person and
ensuring maximum functional capacity.
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Abstract. Mobility impairment has deleterious effects at various levels, affecting
the functional capacity of people, being more evident in the elderly population.
The approach to the elderly person subject to mobility restriction should include
a rehabilitation program that integrates early mobilization and the RNSN will be
an important professional for this goal to be achieved. It is of interest to know
the sensitive indicators for RN care, which allow measuring the gains in health,
in terms of functionality and quality of life. Objective: To identify the indicators
sensitive to RN care, at the level of functionality, in the elderly with mobility
impairment, inserted in rehabilitation programs. Methodology: Performed SLR
through the EBSCO Host platform, including the databases: Academic Search
Complete; Business Source Complete; CINAHL Plus with full text; ERIC; Library,
Information Science & Technology Abstracts; MedicLatina; MEDLINE with full
text; Psychology and Behavioral Sciences Collection; Regional Business News;
SPORTDiscus with full text, using the PICO method. Results: A total of 37 indica-
tors sensitive to RN care are identified, with the outcome dimension producing the
greatest number of indicators, supporting the importance of results in achieving
health gains. Conclusions: In order to achieve health gains, the interventions of the
RNSN should be guided by specific indicators. Thirty-seven indicators sensitive
to Nursing Rehabilitation care were identified, dominating indicators within the
outcome dimension, highlighting the importance of the results achieved in the
translation of health gains. We highlight indicators that aim at maximizing the
functional capacities of people, through rehabilitation programs, promoting mus-
cle movement and walking, as a way to prevent or counteract the harmful effects
of immobility.
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1 Introduction

Aging may be characterized by the complex interaction between the processes of cel-
lular aging and multi-organ system, with environmental, physical, psychological, and
social factors, leading to biological changes that deteriorate the person’s defense and
homeostasis mechanisms. As a consequence, the disease process is more frequent, and
some pathologies predominate and coexist simultaneously, precipitating an exponen-
tial increase of multi-morbidities, since this phenomenon is associated with increased
average life expectancy [1].

Supporting this trend, the World Health Organization (WHO) [2] marks an increase
in life expectancy from 66.5 years to 72 years, for the period between 2000 and 2016,
and for the same period and as for healthy life expectancy, it marks an increase from
58.5 years to 63.3 years. In Portugal, there has been an increase in average life expectancy
at birth from 67.1 years in 1970 to 80.9 years in 2018, and life expectancy at age 65
corresponding to the same period, increases from 13.5 years to 19.6 years [3].

In 2019, the elderly population in Portugal was around 2,262,325 representing 22%
of the general population, whereas in 1971 the proportion was 9.7%. The ageing rate in
Portugal has also been increasing, from 101.6% in 2001 to 161.3% in 2019 [3].

According to EUROSTAT [4], healthy life expectancy at age 65 in Portugal was
7.3 yearsin 2018, noting also that, according to PORDATA [3], the total dependency ratio
in Portugal in the year 2019 was 55.3%, with 34.2% relating to the elderly dependency
ratio. Portugal can be portrayed as a country that has a low birth rate, an aging population,
and multiple chronic pathology [5], and in the short and long term, the increase in the
number of these chronic diseases implies an increase in the prevalence of functional
disability [6].

Functional limitations and declining physical and mental well-being increase with
age, and few lifestyle interventions are available to prevent adverse events in frail or
pre-frail elderly [7].

According to Fonseca and Lopes [8], international organizations such as the WHO,
the United Nations (UN) and the European Commission (EC) advocate a restructuring
of health systems, not only aimed at the disease, but also focusing on issues such as
functionality, promoting its sustainability by increasing the activity of people aged 65
and over, promoting active aging, since, with the global trend towards population aging,
health care consumption and associated costs tend to increase in the future [7].

Hgy et al. (2007) cited by Fonseca [8], point to self-care as a health resource, since
intervening in it increases functional status and decreases health care costs.

Orem, through his theory of self-care deficit, conceptualizes that everyone has the
potential for self-care, with skills and experience throughout life. However, when the
demands of self-care are greater than the ability to perform them, they need support,
either from caregivers (family, friends, neighbors), or from health professionals, namely
nurses [9].

It seems essential to us, agreeing with Petronilho and Machado [9], given the aging
population and the high prevalence of chronic diseases, we must move towards the pro-
duction of knowledge, through intervention models that address sustainable responses,
adapting to the needs of self-care, from a perspective of functionality and promoting the
autonomy of people.
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Most adults preserve their ability to mobilize until they are allowed to, that is, until
it is restricted, compromised, or causes pain, realizing that movement is essential for
the person to interact with the environment, and problems resulting from immobility are
readily apparent in the person’s health [10] and believing that the major goal for most
people, and more specifically for the elderly population, is to maintain their independence
and live at home as long as possible [7].

Periods of acute inactivity, or bed rest associated with hospitalization or illness, pose
a real threat to muscle tissue and functional capacity. Even for people who ambulated
before the disease process, immobility is common during hospitalization. Particularly
in the elderly, physical inactivity during hospitalization is almost accepted as part of
the hospitalization experience, but leads to markedly negative outcomes, including a
reduced ability to perform activities of daily living (ADLSs), an increased incidence of
readmissions, and increased length of stay [11], as well as admissions to convalescent
units and long-term care facilities [12].

Immobility and functional limitation represent enormous challenges and can promote
processes of increased pain, incontinence, balance changes, as well as depressive syn-
dromes, disorientation, and irritability [10], leading health professionals, with emphasis
on the Rehabilitation Nursing Specialist Nurse (RNSN), to permanently seek strategies
that help optimize the functional abilities of people, particularly the elderly [13].

The functional mobility may be altered, due to a physical or clinical situation,
derived from certain pathologies, surgeries or injuries, with possible repercussions at the
respiratory, cardiovascular, gastrointestinal, musculoskeletal, genitourinary, metabolic,
cutaneous, neurological levels, among others [14, 15].

Inactivity and loss of innervation promote a decline in muscle mass, strength, and
endurance, and can lead to neuromuscular, pulmonary, cognitive, and quality of life
complications that can endure over time [15].

Supported by scientific and technological advances, it is promoted that the restriction
of mobility, as an adjunct to the therapeutic process, is prescribed less and less frequently,
since the negative effects of immobility are now recognized. The early recovery, after
a prolonged disease situation, is essential to try to revert the harmful picture of organic
alterations, potentiated by immobility/inactivity, being particularly more important in the
elderly population, which is itself more vulnerable to the effects of mobility alterations
[14].

With the evolution of scientific knowledge, an earlier mobilization is now possible,
decreasing the risks associated with mobility alterations/immobility syndrome, which
can, by themselves, have more serious consequences than the pathology that originated
them [14], aiming at progressive mobility, minimizing its loss and optimizing autonomy,
being important in terms of gains in functional capacity, independence of the person and
improvement in quality of life [15].

Even in people admitted to Intensive Care Units (ICUs) who, due to multiple eti-
ologies, including medication-associated effects, electrolyte changes, and systemic dys-
functions, are more limited in mobility and where bed rest was often used as a therapeutic
modality, we have witnessed a paradigm shift, with the promotion of early mobiliza-
tion, as a way to avoid complications associated with immobility and avoid more or less
permanent disabilities in people, when they return home, and also showing results, with
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improvement in some indicators, such as, length of stay either in ICU or hospital, time
needed to wean from mechanical ventilation, incidence of delirium and also in terms of
readmission rates [11, 16].

Early mobilization plays an important role, too, for a successful hospital-to-home
transition process [11].

Hoeman [10] points to benefits in the person’s overall health status, namely in age-
related changes in muscle function, in the practice of both aerobic and strength training
exercises. Benefits are also pointed to load exercises, both in terms of strength, postural
stability, and the ability to be alert.

Regular exercise, appropriate to the patient’s situation and functional goals are ben-
eficial, and before the person is clinically stabilized, the goal is to prevent contractures
or atrophy, as well as to avoid joint pain or injury, maintain muscle tone, strength, and
function. The exercise should also be adapted in order to conserve energy and avoid
fatigue [10].

For Dirkes and Kozlowski [11], the nurse plays an important role in promoting early
mobilization, even in people hospitalized in critical care units, a view also shared by
Cerqueira and Grilo [17], who argue that the RNSN working in an ICU has a key role
in the design and implementation of rehabilitation programs, in order to minimize the
consequences of immobility, including respiratory, motor and functional, and Hoeman
[10], believes that the RNSN helps patients develop their potential, optimizing function
and advocating for patients to achieve maximum autonomy and independence, outlining
appropriate goals together with the person that promote quality of life and satisfaction.
For Hoeman [10], therapeutic interventions for mobility and self-care are a cornerstone
of rehabilitation nursing care, and maintaining mobility is of utmost importance to avoid
complications associated with immobility and for the efficient performance of ADL and
instrumental activities of daily living (IADL).

Therefore, an adjusted planning of nursing care, including interventions directed to
the maintenance of mobility, promoting self-care, is a fundamental contribution to avoid
these complications [14].

The care we provide must be adapted throughout the life cycle, and there are certain
specificities associated with old age that must be taken into account and where reha-
bilitation nursing plays a key role, not only by producing scientific evidence for the
development of specific care plans, but also in their execution [13].

Supporting the analysis about the importance of the RNSN intervention, at the level
of self-care and ADL, we point out that it is written in the Regulation of the specific skills
of the RNSN, (Regulation no. 392/2019 of May 3) [18], as some of its competence units,
that this professional “designs intervention plans with the purpose of promoting adaptive
capacities, aiming at self-control and self-care in health/illness and/or disability transition
processes” and “designs and implements ADL training program aiming at adapting to
mobility limitations and maximizing autonomy and quality of life” [18] (p. 13567).

The RNSN develops its practice based on evidence, oriented to results, responding
to people’s specific needs and to new demands in terms of care, using sensitive indicators
for Rehabilitation Nursing (RN) care, in order to assess health gains, both in terms of
empowerment, autonomy and quality of life [18, 19].
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Assuming that the approach to the elderly person subject to mobility restriction, in
different contexts, should include a rehabilitation program that integrates early mobi-
lization and that the RNSN is an important professional for this goal to be achieved, it
is of interest to know the sensitive indicators of RN care, which allows assessing the
health gains in terms of functionality and quality of life, through a Systematic Literature
Review (SLR), formulating the following question: “What are the sensitive indicators
of RN care in terms of functionality, in the elderly person with mobility impairment,
through a rehabilitation program?” following the PICO methodology.

2 Methodology

SLR seeks to aggregate evidence that meets pre-defined eligibility criteria in order to
answer a particular research question, trying to minimize any bias by making use of
systematic, explicit, and reproducible methods [20].

[ Identification in studies obtained through databases ]
g
= Identification records identified Double records removed:
= through: EBSCOHost (n = 208) »| (n=105)
o
g
=]
4
Records after removing
duplicates: (n = 103)
A4
. Records excluded after the
Records analyzed:
» (n = 103) Y —| analysis of title/abstract:
=3 (n'=90)
[+
o
=
= v
Records selected for reading and
analysis of full text: —_»
(n=13) Excluded records:
Does not meet the inclusion
criteria: (n = 4)
No full text available: (n = 1)
v

Atrticles included in the review:
(n=8)

Fig. 1. Research methodology, PRISMA type [23]
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In building this SLR, we followed the guidelines of the Joanna Briggs Institute (JBI)
and, using the PICO method (P - Participants; I - Intervention; C - Context/Control; O -
Outcomes), we defined inclusion criteria that allowed us to select the appropriate studies
according to the research question formulated, as shown below: P - People aged 65 years
or older, with mobility impairment; I - Submitted to a Rehabilitation program; C - At
the level of functionality; O - Sensitive indicators to Rehabilitation Nursing.

A search was carried out on the EBSCO Host - Research Databases platform, in
January 2021, selecting all available databases: Academic Search Complete; Busi-
ness Source Complete; CINAHL Plus with full text; ERIC; Library, Information Sci-
ence & Technology Abstracts; MedicLatina; MEDLINE with full text; Psychology
and Behavioral Sciences Collection; Regional Business News; SPORTDiscus with full
text, using the validated descriptors, either by MeSH (Medical Subject Heading) or by

ELINNT3 LEINNT

CINAHL Subject Headings: “nursing”, “nursing interventions”, “nursing care”, “out-
comes”, “nursing outcomes”, “education”, “physical mobility”, “elderly”, “geriatrics”
and “self-care”, using the Booleans “AND” and “OR” and respecting the search inclu-
sion criteria: full text available, in the English language, for publications dated between
the year 2015 and 2020.

The search resulted in a total of 208 articles, which, after eliminating duplicate results,
derives in 103 records for title and abstract analysis. After reading the titles/abstracts, 90
records are eliminated for not fitting the theme of the study, resulting in 13 articles for
full-text analysis. From the full-text analysis, four articles were excluded for not meeting
the inclusion criteria and one for not providing access to the full text, resulting in a total
of eight articles to be included in this review.

Articles were submitted to JBI Critical Appraisal Tools evaluation of methodological
quality and levels of evidence [21, 22], meeting more than 50% of the proposed quality
criteria. All articles were analyzed by two authors.

In a systematized way, the flow chart in Fig. 1 details the research path:

3 Results and Discussion

From the search carried out, the articles identified in Table 1 appear as the result:

The idea of quality in health care is brought to us by the Donabedian theory, which
proposes three essential components - structure, process, and outcome - that are inter-
connected and evolve sequentially, in the sense that the quality of the structure promotes
quality to the process and, in turn, the quality of the process adds quality to the outcome.
«Structure» is understood as the physical space, material, human and organizational
resources where health care takes place; «process» can be understood as the sum of care
actions and interpersonal relationships and «outcome» is what emerges from the care
provided [24].
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Table 1. Identification of the analyzed articles

Authors/Title

Participants

Objectives

Methodology/level of evidence

Dirkes and Kozlowski (2019):
Early Mobility in the Intensive
Care Unit: Evidence, Barriers,
and Future Directions

- Study the aspects of care that can
affect expected patient outcomes;

- Address the effects of immobility,
as well as the challenges to
achieving mobility and the tools
currently available to help overcome
them

Expert Opinion
S.c

Imhof et al. (2015): Effects of
Mobility-Enhancing Nursing
Intervention in Patients with
MS and Stroke: Randomised
Controlled Trial

Patients older than 18 years,
admitted to a Swiss clinic,
diag-nosed with multiple
sclerosis, stroke or brain injury:
61 in the intervention group and
65 in the control group

- To investigate the effect of a new
nursing intervention (nursing
intervention to improve mobility)
designed to improve rehabilitation
outcomes

Randomised Controlled Trial
l.c

Liang et al. (2019): Effects of
Multidisciplinary Team-Based
Nurse-led Transitional Care on
Clinical Outcomes and Quality
of Life in Patients With
Ankylosing Spondylitis

Adults admitted to the
Rheuma-tology Department of a
Chinese hospital with a confirmed
diagnosis of ankylosing
spondylitis: 49 in the intervention
group and 46 in the control group

- To investigate the impact of
transitional care, by a nurse-led
multidisciplinary team, on the
clinical outcomes and quality of life
of patients with ankylosing
spondylitis

Randomised Controlled Trial
l.c

Young et al. (2018): Identifying
Barriers to nurse - Facilitated
Patient Mobility in The
Intensive Care Unit

Two nurses and one nursing
technician from a North
American Medical Intensive Care
Unit

- To report on a project design,
implementation and results of an
approach to identify and understand
lack of time as a barrier to
promoting mobility by nurses in an
Intensive Care Unit

Observational study without a
control group
3e

(continued)
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Table 1. (continued)
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Authors/Title

Participants

Objectives

Methodology/level of evidence

Augustine et al. (2020):
Implementation of Post-Acute
Rehabilitation at Home: A
Skilled Nursing
Facility-Substitutive Model

Patients over 18 years of age,
admitted to a US hospital, able to
progress to convalescent units:
267 patients

- To describe and evaluate the
services and functional out-comes,
as well as, identify the factors
associated with the provision of a
30-day post-acute rehabilitation
care package consisting of medical
and social services provided through
a Home Rehabilitation program

Observational study without a
control group
3e

Lowthian et al. (2016):
Predicting functional decline in
older emergency patients--the
Safe Elderly Emergency
Discharge (SEED) project

Patients aged > 65 years,
dis-charged home from the
Emergency Department of an
Australian hospital: 959 patients

- To profile the trajectory and risk
factors for functional decline, in
elderly people, in the 30 days
following discharge from the
Emergency Department

Prospective cohort study
3b

Crotty et al. (2019): Should we
provide outreach rehabilitation
to very old people living in
Nursing Care Facilities after a
hip fracture? A randomised
controlled trial

People aged > 70 years who
underwent hip surgery and
main-tained gait prior to surgery:
119 in the intervention group and
121 in the control group

- To determine whether a four-week
postoperative rehabilitation
program, performed in nursing
facilities, for elderly people
undergoing post hip fracture surgery
would improve quality of life and
mobility compared to traditional
postoperative care

Randomised Controlled Trial
l.c

Van Lieshout et al. (2018): The
Effectiveness of a Proactive
Multicomponent Intervention
Program on Disability in
Independently Living Older
People: A Randomized
Controlled Trial

People aged > 65 years, living
independently in a Dutch
semi-rural community: 139 in the
intervention group and 142 in the
control group

- To test the effectiveness of an
interdisciplinary multidimensional
intervention program to prevent
disability in older people in the
community

Randomised Controlled Trial
l.c
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Thus, based on this perspective, we found sensitive indicators for RN care, with the
purpose of promoting the intervention of the RNSN, in order to obtain health gains,
promoting the continuous improvement of the quality of care provided to people [25].

In Table 2, we analyze the sensitive indicators of RN care to the elderly person with

mobility

impairment, at the level of functionality, in a rehabilitation program, which

stand out from the selected articles.

Table 2. Sensitive indicators for RN care identified (adapted from NO) [25]

Type

Indicator (ID%)

Structure

- Percentage of clients for whom a scale was applied to assess body balance [26];
- Percentage of clients who used muscle strength assessment equipment
(dynamometer) (muscle movement) [27];

- Hours of rehabilitation nursing care per client per day of hospitalization
(organization of rehabilitation nursing care) [28]

Process

- Number of partnerships/cooperation protocols established with entities in the
community, aimed at promoting a safe environment (health promotion) [29];

- Percentage of clients to whom a rehabilitation plan and/or program was applied to
maximize functional abilities (health promotion) [7, 12, 26, 27, 29, 30];

- Percentage of clients with potential to improve knowledge about walking
adaptation technique [12, 26];

- Percentage of clients with potential to improve walking ability [12, 26];

- Percentage of clients with potential to improve knowledge about walking with a
walking aid [29];

- Percentage of clients with potential to improve knowledge about adaptation
technique for standing up [12, 26];

- Percentage of clients with potential to improve ability to use adaptation technique
to stand up [12, 26];

- Percentage of clients with potential to improve knowledge about adaptation
technique to position themselves [12];

- Percentage of clients with potential to improve ability to use adaptation technique
to position themselves [12];

- Percentage of clients with potential to improve knowledge on adaptation technique
to transfer themselves [12];

- Percentage of clients with potential to improve ability to use adaptation technique
to transfer themselves [12];

- Percentage of clients with potential to improve knowledge of body balance
technique [26];

- Percentage of clients with potential to improve ability to use body balance
technique [26];

- Percentage of clients with potential to improve knowledge about exercise habits
(activity intolerance) [7];

- Percentage of clients with potential to improve knowledge of muscle and joint
exercise techniques (muscle movement) [11, 26, 27, 30];

- Percentage of clients with potential to improve ability to perform muscle and joint
exercise techniques (muscle movement) [11, 26, 27, 30]

(continued)
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Table 2. (continued)

Type Indicator (ID?)

Outcome | - Gains in knowledge about walking adaptation technique [12, 26];

- Gains in walking ability [12, 26];

- Gains in knowledge about home adaptation for walking with a walking aid [29];
- Resolution rate of compromised standing up [12, 26];

- Gains in knowledge about adaptation technique for standing up [12, 26];

- Gains in ability to use adaptation technique for standing up [12, 26];

- Gains in knowledge about adaptation technique for taking a position [12];

- Gains in ability to use adaptation technique for taking a position [12];

- Gains in knowledge about adaptation technique for transfer [12];

- Gains in ability to use adaptation technique for transfer [12];

- Rate of resolution of compromised body balance [26];

- Gains in knowledge about body balance technique [26];

- Gains in ability to use body balance technique [26];

- Activity intolerance resolution rate (intolerance to the activity) [7];

- Gains in knowledge about exercise habits (intolerance to the activity) [7];

- Gains in improved muscle movement (muscle movement) [11, , 26-28, 30];
- Gains in knowledge about muscle and joint exercise techniques (muscle
movement) [11, 26, 27, 30];

- Gains in ability to perform muscle and joint exercise techniques (muscle
movement) [11, 26, 27, 30]

4The Identity Cards (ID) of the indicators defined by NO, are highlighted in bold

It was possible to identify 37 indicators that stand out from the theme under study.

In the “structure” dimension, indicators referring to the use of scales and equipment,
both for the evaluation of body balance and muscle movement, and also in the scope of
the organization of RN care, stand out, regarding the time available for nurses to develop
their care, also standing out in the work of Young et al. [28], other barriers that influence
the intervention of these professionals.

In the dimension «process», stands out, largely, the indicator «Percentage of clients
for whom a rehabilitation plan and/or program was applied to maximize functional abili-
ties» within the scope of health promotion, followed by indicators for muscle movement,
standing, and walking, respectively, «Percentage of clients with potential to improve
knowledge of muscle and joint exercise techniques», «Percentage of clients with poten-
tial to improve ability to perform muscle and joint exercise techniques»; «Percentage
of clients with potential to improve knowledge about adaptation technique for standing
up», «Percentage of clients with potential to improve ability to use adaptation technique
to stand up»; «Percentage of clients with potential to improve knowledge about walking
adaptation technique»; «Percentage of clients with potential to improve walking ability».

In the dimension «outcome», the emphasis is on indicators related to muscle move-
ment, «Gains in improved muscle movement», «Gains in knowledge about muscle and
joint exercise techniques» and «Gains in ability to perform muscle and joint exercise
techniques», followed by those related to walking «Gains in knowledge about walking
adaptation technique» and «Gains in walking ability».
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The outcome dimension is the one that produces the largest number of indicators
in this review, meeting the importance of results, which translate into health gains,
through sensitive indicators to RN care and since this is not a watertight system, it also
demonstrates the importance of proper planning and intervention in care.

In line with what has been previously explained, the indicators related to the appli-
cation of a rehabilitation program to maximize the functional capacities of people and
those that are directly related to muscle movement and walking stand out, confirming
that one should counteract the adverse effects caused by immobility, especially to a more
fragile group such as the elderly, through structured rehabilitation programs that include
joint mobilization interventions with muscle strengthening, in order to maximize the
person’s functionality, promoting mobility and gait.

4 Conclusions

Aiming at excellence of care, and to obtain health gains, the RNSN’s interventions must
be evidence-based and guided by specific indicators for its intervention.

From the studies analyzed, we were able to identify 37 indicators sensitive to RN
care, for the intervention with the elderly person with mobility impairment, through a
rehabilitation program.

Indicators within the "outcome" dimension dominate, highlighting the importance
of the results achieved in the translation of health gains through the RN intervention. It
is also highlighted indicators that aim to maximize the functional capacities of people,
through rehabilitation programs, promoting muscle movement and walking, to prevent
or counteract the deleterious effects of immobility.

More studies are needed, in the promotion of sensitive indicators of RN care, espe-
cially in the dimension «structure», having been the one that was least developed
throughout this work.
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Abstract. Hip Arthroplasty [HA] is an orthopedic surgery with a major influ-
ence on functionality and that limits the person undergoing this surgical inter-
vention in his/her ability to self-care. The intervention of the Nurse Specialist in
Rehabilitation Nursing [RNSN] is essential to promote actions that ensure func-
tional empowerment for self-care, thus acting to maintain or increase function-
ality. Objective: To identify gains sensitive to the care of Rehabilitation Nursing
[RN] in the promotion of self-care in the person submitted to HA, through the
intervention of the RNSN. Methodology: A systematic literature review [RSL]
was performed by searching the scientific platform EBSCO-HOST, the databases
CINAHL Complete and MEDLINE Complete, employing the Boolean operators
“OR” and “AND” and using the PI[C]O structure. Results: Sensible gains in RN
care were observed through the RNSN’s intervention with the person undergoing
HA, which highlight the importance of RN intervention and care. Conclusions:
The RN plays a key role in the rehabilitation process of the person undergoing HA
and its intervention at the level of self-care is essential. The importance of the inter-
vention of the RNSN in empowering for autonomy and self-care is highlighted,
as functionality is improved through interventions at the level of knowledge. It is
suggested that further scientific studies be conducted in this area with a view to
the continuous improvement of nursing care.

Keywords: Rehabilitation nursing - Self-care - Person - Hip arthroplasty

1 Introduction

The RN contributes to improving the quality of health care to the extent that its inter-
vention aims at maintaining and improving the quality of life of the people targeted by
nursing care. The intervention of the RNSN aims at promoting early diagnosis and pre-
ventive actions in order to ensure the maintenance of the clients’ functional capacities,
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prevent complications and avoid disabilities, as well as providing therapeutic interven-
tions aimed at improving residual functions, maintaining or regaining independence in
activities of daily living [1].

The specific competences of the RNSN cross all contexts of care practice, throughout
the life cycle of the person with special needs, acting to maximize functionality [1].

This SLR aims to highlight the impact of RN care on the self-care of the person
undergoing HA. Dorothea Orem’s Self-Care Deficit Nursing Theory [SCDNT] argues
that the purpose of nursing practice is to assist patients in their self-care needs so as to
allow them to return to self-care, i.e., to be able to perform self-care by themselves, thus
promoting their autonomy and functional independence [2]. Therefore, self-care is the
focus and purpose of nursing care, aimed at improving people’s health status, coping
and functioning [3]. In SCDNT, self-care is defined as the performance or practice of
activities that individuals perform for their own benefit as a way to maintain life, health,
and well-being [2].

Self-care can be considered as an outcome sensitive to nursing care, with posi-
tive translation in health promotion and well-being through the increase of the per-
son’s knowledge and skills where health professionals, mainly nurses, have a decisive
intervention [4, 5].

The intervention of the RNSN in orthopedics and traumatology is comprehensive and
vast [6, 7]. The affections of the musculoskeletal system can bring with them multiple
changes in functionality, among which the most frequent occur at the level of mobility.
Functional mobility can be altered as a consequence of the physical or clinical situation
resulting from certain pathologies, injuries or surgery, and it has a negative character
with recognized repercussions [1, 8]. The musculoskeletal system is usually the most
affected by mobility alterations, with a decrease in muscle contraction, loss of strength
and muscle mass, atrophy, contractures, and osteoporosis [7, 8]. The RNSN intervention
is essential for the proper planning of nursing care, including interventions that favor
the maintenance of mobility and self-care, as a way to prevent changes with negative
repercussions on the lives of affected individuals [8].

The RNSN intervenes from the first moment of hospitalization of the person who
will undergo orthopedic surgery [7]. Their intervention includes data collection and
assessment, planning and implementation of RN care, pre- and postoperative teach-
ing, monitoring and surveillance in the immediate postoperative period, and discharge
planning to ensure continuity of care [6, 7].

2 Methodology

SLR is a reproducible and explicit methodology; a systematic search that attempts to
identify all studies that meet the eligibility criteria by assessing the validity of the con-
clusions of the included studies, for example, through the risk of bias; presenting in a
systematic and synthesized way the characteristics and results of the included studies
[9, 10]. We developed the following steps: formulation of a review question; definition
of inclusion and exclusion criteria; location and selection of studies; assessment of their
methodological quality; data extraction; analysis/summary and synthesis of relevant
results; presentation and interpretation of results and determination of their applicability
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[8-10]. It is through this method that we intend to identify sensitive gains to RN care
intervening at the level of self-care.

After defining the theme to be addressed, the problem was formulated through a start-
ing question, based on the PICO structure developed to answer health-related questions
[11]. Based on this concept, the starting question was “What are the gains associated
with rehabilitation nursing care in the promotion of self-care in people undergoing HA?
(Fig. 1).

Pl INTERQ}ENTIO cl [l
POPULATION N COMPARISSON OUTCOMES
* People who have * Motor Functional * Level of self-care * Sensible Gains
undergone hip Rehabilitation from
arthroplasty Program/ Rehabilitation
« (HA) Teaching Nursing

Fig. 1. PICO methodology

The search was conducted through the scientific search platform EBSCO-HOST,
accessing the databases CINAHL Complete and MEDLINE Complete, carried out in
the month of March 2021, following the FINER criteria (Feasibility, Interesting, Novel,
Ethical, Relevant), which affirms the feasibility, interest, originality, relevance to practice
and compliance with ethical principles of the research question.

The following descriptors were used according to the research question: [(arthro-
plasty OR orthopedic OR orthopedic nursing interventions) AND (nursing OR nursing
interventions OR nursing care) AND (outcomes OR outcomes nursing OR education)].

The selection of studies was defined according to inclusion and exclusion criteria.
The inclusion criteria included articles related to the object under study, rehabilitation
nursing interventions at the level of self-care in people aged 65 and older who underwent
HA. The exclusion criteria were articles without full text, repeated in the databases, and
unrelated to the object under study.

After selecting the articles, starting from 194 as a result of the database search,
removing those that were duplicates, we were left with 178 articles. After reading the
title and abstract, we obtained 159 articles applicable to the study. The number of articles
screened after analyzing the methodology, results, and conclusion was 19, but since 13
did not answer the starting question, at the end of the selection we were left with six
articles applicable to this SLR. The description of this process is systematized in the
following flowchart (Fig. 2).

Still addressing the evaluation of the quality of the studies, it is fundamental that
they obey the rules of authorship, with the proper citations and references of the authors,
considering the principles of intellectual honesty as an ethical question [12].
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Identification Selection Eligibility Inclusion
. . . .
EBSCO databases: . .
(CINAHL and Articles excluded after Articles with full text Articles included in
MEDLINE), reading evaluated for Qualitative Summary (n=6)
March 2021 title and abstract (n=159) cligibility
(n=194) (=19
hd .
.
After removal of duplicate Atic] db Articles excluded for not
articles (n=178) rticles screened by . o
inclusion/exclusion criteria did not answer thf original
(n=19) question (n=13)

Fig. 2. Study flowchart

3 Results

For the results to have an impact on clinical practice, they must be credible, reliable and
valid [8, 10, 11, 14]. It is also for this reason that studies to be included in a systematic
review of the literature must be filtered, passing through inclusion/exclusion, quality,
and validity criteria, and given a certain level of evidence [9, 10, 13].

To classify the quality and scientific evidence of the six articles we followed Melnyk
and Fineout-Overholt’s evidence hierarchy classification system [10], which addresses
research questions about interventions and treatments according to seven levels of evi-
dence: Level I, which refers to systematic reviews or meta-analysis of all relevant ran-
domized clinical trials; Level IT which reports to well-designed randomized controlled
trials; Level I1I, concerning well-designed clinical trials without randomization; Level IV
concerning well-designed case-control and cohort studies; Level V which corresponds to
systematic reviews of descriptive and qualitative studies; Level VI which directs to single
descriptive or qualitative studies and Level VII which concerns opinion of authorities or
expert reports [9, 10].

Table 1, synthetic and demonstrative of the characteristics of the selected articles,
includes the identified level of evidence in order to demonstrate the eligibility, quality
of results and conclusions, being a guarantee of production of current knowledge for the
subject under study.

4 Discussion of Results

The implementation of the search and standardization of nursing-sensitive outcomes
allows comparing results and thus identifying the best nursing practices at a global
level, thus contributing to the continuous improvement of health care quality [14].

The identification of health gains obtained through the provision of rehabilitation
nursing care and the evidence of these gains [9, 10] are essential to demonstrate the
essential nature of rehabilitation nursing in health services [15] and its importance in
empowering people for self-care [3, 4].

Table 2 shows that rehabilitation nursing plays a key role in empowering the person
undergoing HA to self-care, a statement supported by several authors and confirmed by
the improvement in self-efficacy, ability for self-care and autonomy [16, 17, 19-21].
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Table 2. Sensitive indicators for rehabilitation nursing care identified in the study:

Outcome indicators Sensitive indicators

Functional status - Improved functional capacity [16-20]
- Improvement in physical fitness [17, 20]

Empowerment for self-care - Improvement in self-efficacy [17-20]

- Empowerment for self-care [16-21]

- Improved autonomy [17, 19, 20]

- Improved people’s perception of autonomy [16-20]

Professional/person relationship - Improved implementation, encouragement, and
follow-up [16, 17]
- Improved satisfaction of needs [16, 18, 19]

Satisfaction of the person - Confers health gains [16-20]

- High satisfaction of people regarding care [18-20]
Capacity building for knowledge - Improved health education [16, 17, 19]

- Improved knowledge [16-18, 21]
Capacity building for quality of life - Improved quality of life [16-18, 20, 21]

In the studies included in this SLR, the pre- and postoperative teaching to the person
undergoing HA has great prominence, which highlights its importance for the suc-
cess of the rehabilitation process [16, 18, 20, 21]. Educational, cognitive, behavioral
and symptom management interventions are based on self-care [3]. These interventions
involve informing patients about their condition and its treatments, instructing them
in self-monitoring, noticing and identifying changes in functionality, and developing
appropriate actions regarding these changes [16-19, 21]. Self-care is understood as an
outcome of nursing care in which people are expected to select and develop actions to
maintain life, healthy functioning and well-being [3].

This fact is corroborated by the Portuguese Order of Nurses [ON] in the regulation
of the specific competencies of the Rehabilitation Nursing Specialist Nurse [RNSN],
which states that the RNSN intervenes in the education of clients and significant others,
in discharge planning, in the continuity of care and in the reintegration of people into their
family and community, thus providing them with the right to dignity and quality of life
[1]. Schultz, Ewbank, and Pandit [16] emphasize the importance of nursing interventions
related to teaching and state that nurses play a central role in obtaining positive results
in the rehabilitation process in postoperative HA. This teaching should be accompanied
by instruction and training aimed at empowering the person for self-care, providing
him/her with the necessary tools for a successful rehabilitation process, always with the
proper follow-up. Therefore, nursing follow-up should be continuous and extend beyond
discharge [17]. In their study, Aree-Ue and colleagues concluded that nurses are essential
in the instruction and training of activities of daily living after HA for the success of the
rehabilitation process [18]. They argue that it is necessary to plan pre- and postoperative
education/instruction interventions that provide people with the knowledge necessary
for the success of their recovery process [18]. It is essential to know the person’s needs,
their level of previous autonomy/dependence, housing conditions, and family/significant
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person support in order to be able to address their needs and provide individualized RN
care [20, 21].

Promoting self-care in people undergoing HA is to contribute to improving their
quality of life and work towards maintaining or developing their functional independence
[18, 21]. As described in the RNSN’s specific competencies, its intervention aims to
promote early diagnosis and preventive actions for RN, so as to ensure the maintenance
of people’s functional capacity, prevent complications and avoid disabilities, as well as
to provide therapeutic interventions aimed at improving residual functions, maintaining
or regaining independence in life activities, and minimizing the impact of installed
disabilities, namely at the level of neurological, respiratory, cardiac, orthopedic functions
and other disabilities [1].

Capacity building is a multidimensional process that involves knowledge, decision,
and action [22]. Exercising empowerment requires commitment and dedication. Empow-
erment for self-care is translated into life activities that ensure basic conditions [22].
These personal life activities, along with instrumental life activities, such as integrating
into the community, shopping, and taking control of one’s own health, reflect autonomy
and independence and are related to functionality and quality of life [17, 18, 20-22].
Other factors that interfere with functionality and self-care are the person’s cognition
and environmental factors [23, 24].

5 Conclusion

The RN plays a key role in the rehabilitation process of the person undergoing HA [1,
7, 16—18, 21]. Its intervention in self-care is essential in the rehabilitation process of the
person undergoing this surgery [16, 18, 20]. These statements are within the scope of
the RNSN’s specific competencies, since the RNSN cares for people with special needs
throughout the life cycle, in all contexts of care practice; b) empowers the person with
disability, activity limitation and/or participation restriction to reintegrate and exercise
citizenship and c¢) maximizes functionality by developing the person’s abilities [1]. The
intervention within the scope of these competencies requires commitment and dedication
and encompasses the development of research projects in the area of care provision, based
on scientific evidence, implementing evidence-based practice [9, 10] and contributing
to evidence gains that are sensitive to the RN care [15], with a consequent impact on the
continuous improvement of the quality of care [14].

The results of this study show significant gains from RN care, particularly regarding
the promotion of self-care in people undergoing AA [16-21]. These demonstrate the
importance of RN intervention and care. Thus, it is worth noting the importance of the
RNSN intervention in terms of empowerment for autonomy and self-care [18, 21], and
the improvement of functionality [16-20, 25-27] through interventions at the level of
knowledge [16-19, 21].

Therefore, we believe that it is possible to design and implement RN intervention
programs based on the sensible gains identified in this SLR. However, we suggest the
continuity of scientific studies in this area with a view to the continuous improvement
of nursing care.
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Abstract. Objective: To identify the scientific evidence available on the educa-
tional actions performed with health professionals aimed at improving the care
of elderly people in long-stay institutions in the last 5 years. Method: Integra-
tive literature review conducted in October 2021 by four independent reviewers.
The following electronic databases were used to select articles: Medical Literature
Analysis and Retrieval System Online (MEDLINE) via PubMed; Web of Science;
SciVerse Scopus; Latin American and Caribbean Literature on Health Sciences
(LILACS) and Database on Nursing (BDENF) via Virtual Health Library (VHL);
Scientifc Eletronic Library Online (Scielo). The guiding question of this study was
defined using the Population/Patient/Problem - Interest - Context, Time (PICoT)
strategy: What is the available scientific evidence on the educational actions car-
ried out with health professionals aimed at improving the care of elderly people
in long-stay institutions in the last 5 years? Results: The educational actions in
three articles that make up the corpus of the analysis, presenting levels of evi-
dence six and three. Conclusion: It is necessary to invest in educational actions for
health professionals as well as in the production of knowledge about alternatives
and advice in the professional practice of the multidisciplinary team emphasizing
active aging, compassionate communication, care through comfort and preventive
measures of aggravations besides rehabilitation care. New studies about the needs
of the team to develop a qualified care should be raised, emerging resolutive and
specific alternatives in the care of the person.

Keywords: Homes for the aged - Health personnel - Health education

1 Introduction

The changes in the public health scenario observed in recent decades have contributed
to the increase in the life expectancy of the elderly population. In this sense, there
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is an increased demand for long-term care, since many elderly people have chronic
degenerative diseases and decline in functional capacity [1]. Although, in Brazil, the
care of the elderly person in the family context is the prevalent one, changes in society
such as the decrease in the size of families and the participation of women in the labor
market, lead to an increasing demand for long-stay institutions for the elderly [2, 3].

Long-stay institutions for the elderly are governmental or non-governmental insti-
tutions, residential in nature, intended for the collective home of people aged 60 (sixty)
years or more, with or without family support, in conditions of freedom and dignity
and citizenship [4]. They should be a specialized home, with a double function - to
provide gerontogeriatric care according to the degree of dependence of its residents and
to offer, at the same time, a domestic, cozy environment, able to preserve the intimacy
and identity of its residents [4, 5].

Within the context of LSIEs, education stands out as a guiding axis for improving the
care of elderly residents, highlighting care as an attitudinal process that is the product
of the interaction between technique and humanization [5].

The adoption of educational interventions together with changes in the organizational
culture of these spaces would be the main fronts for institutional interventions in LSIEs,
capable of providing the professionals who work in them with the subsidies to assist the
elderly residents in their entirety [5].

Thus, this article aims to identify the available scientific evidence on the educational
actions performed with health professionals aimed at improving the care of elderly
people in long-stay institutions in the last 5 years.

2 Method

The integrative review is a methodological approach to reviews, allowing the inclusion of
experimental and non-experimental studies with the purpose of a complete understanding
of the analyzed phenomenon [6].

Thus, Evidence-Based Practice is an approach with which aims to improve clinical
effectiveness and support the health care professional in his or her actions, using three
elements: scientific evidence, clinical experience, and patient preferences [7].

To this end, it was guided with the following pre-defined steps: 1) definition of the
guiding question; 2) literature search and sampling; 3) data collection; 4) critical analysis
of the included studies, 5) discussion of results; 6) presentation of the integrative review
[6].

The guiding question for this study was defined using the Population/Patient/Problem
- Interest - Context, Time (PICoT) strategy, resulting in the following guiding question:
Whatis the available scientific evidence on the educational actions performed with health
professionals aimed at improving the care of elderly people in long-stay institutions in
the last 5 years?

For this end, the acronym “P” (target population) was used for the elderly; the
acronym “I” (interest) was used for the educational actions carried out by the multi-
professional team of caregivers of the elderly in LSIE; the acronym “CO” (context) was
used for the long-stay institution for the elderly, and the acronym “T” was used for the
last five years.
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The literature search and sampling occurred in October 2021 by four reviewers inde-
pendently in the electronic databases: Medical Literature Analysis and Retrieval System
Online (MEDLINE) via PubMed; Web of Science; SciVerse Scopus; Latin American and
Caribbean Literature on Health Sciences (LILACS) and Database on Nursing (BDENF)
via Virtual Health Library (VHL); Scientifc Eletronic Library Online (Scielo); The search
strategy was identified through the use of the Descriptors in Health Sciences (DECS)
and the Mesch Terms combined in sequence on a Boolean logic basis: AND or OR.
Table 1 shows the databases used and the strategy listed.

Table 1. Search strategy for the selection of primary studies

Database Search strategy

MEDLINE Health Education AND Continuing Education AND Continuing Nursing
Education AND Population Education AND Technical Nursing
Education AND The Elderly OR geriatrics OR, Long-stay institutions
for the Elderly AND Patient Care Team OR Nursing Team OR nursing

Web of science Health Education OR Continuing Education OR Continuing Nursing
Education OR Population Education OR Technical Nursing Education
AND Elderly OR elderly OR geriatrics OR, Long Term Care Institution
for the Elderly AND Patient Care Team OR Nursing Team OR nursing

Scielo Health Education OR Continuing Education OR Continuing Nursing
Education OR Population Education OR Technical Nursing Education
AND Elderly OR elderly OR geriatrics OR, Long Term Care Institution
for the Elderly AND Patient Care Team OR Nursing Team OR nursing

Scopus Health AND education OR population AND education AND aged OR
old AND age AND assistance OR homes AND for AND the AND aged

LILACS e BDENF | Health Education OR Continuing Education OR Continuing Nursing
Education OR Population Education OR Technical Nursing Education
AND Elderly OR elderly OR geriatrics OR, Long Term Care Institution
for the Elderly AND Patient Care Team OR Nursing Team OR nursing

Source: elaborated by the authors, 2021

3 Results

In the data collection phase, 182,730 articles were identified. After that, articles were
selected according to the inclusion and exclusion criteria. Inclusion criteria were original
articles on the theme of this study: care for the elderly in LSIE in Portuguese, English
or Spanish, with a time frame of the last five years, available in full for free.

The exclusion criteria were theses, dissertations and monographs, editorials, reflec-
tions, literature reviews (narrative, integrative, systematic, scope, meta-analysis), expe-
rience reports, as well as those that did not correspond to the theme of the study. From
this perspective, duplicate studies were counted only once.
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After applying these criteria, 181,830 articles were excluded due to not being written
in Portuguese, English or Spanish, not having been published in the last five years, not
being original research, not contemplating the care of the elderly in ILPI. Six duplicate
articles were found. In this step, 900 articles were selected for title and abstract reading
according to the guiding research, being inserted in the Endnote [8] reference manager.

The title and abstract analysis occurred through careful reading of the 900 articles
identified from the titles, abstracts, and keywords of the studies through the Rayyan tool
without the researchers having access to the decisions of others to ensure the selection
of publications related to the research question independently. At this stage, researchers

[ Identification of studies via databases and registers ]

)
g Records identified from*: Records removed before screening:
= Pumed (n=12.588.) | Duplicate records removed (n =2)
£ Web of Science (n=162) Records marked as ineligible by
= Scopus (n=169.963) automation tools (n =181.830)
g Medline, LILACS, Bdenf (n=1)
- Scelo (n=16)
——/ | Registers (n =182.730)
||
Records screened — Records excluded™*
= (n = 900) Does'not answer the research
= question (n =16)
§ ¥ Does not research (n =6)
& Does not research topic (n= 878)
Reports sought for
retrieval
(n=108)

Reports excluded:

Reports assessed for
p _ Does not answer the research

eligibility question (n=7)
(n=10)
l
=
Q
=
% Studies included in review
= (n=3)
-

Fig. 1. Flowchart of article selection on Educational actions offered by health professionals to
residents of long-term care facilities, Uruguaiana, Rio Grande do Sul, Brazil, 2021. Source:
elaborated by the authors, 2021
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were allowed access to the studies for the final consensus of the 108 titles and abstracts
that presented divergences. Two duplicate studies were found. After meeting with the
researchers, 10 articles were selected to be read in full, and 03 of these studies were

selected to compose the corpus of the analysis.

Table 2. Summary of the primary studies

Authors, year, country

Purpose

Educative action

Level of evidence

Jacqueline
Francis-Coad,
Christopher
Etherton-Beer, Caroline
Bulsara, Debbie Nobre,
Anne-Marie Hill
Years:

Submission:
13-07-2016
Submission and
Review: 31-08-2016
Approval: 6-09-2016
Country: Australia

The aims of this study
were to evaluate
establishing and
operating a web-based
community of practice
(CoP) to lead falls
prevention in a
residential aged care
(RAC) setting

A mixed methods
evaluation was
conducted in two
phases using a survey
and transcripts from
interactive electronic
sources

Comunidade de pratica
(CoP) baseada na web

NVI [9]

Shino Ikeda-Sonoda, To describe the Training course NVIII [10]
Jiro Okochi, Nao frequency of such
Ichihara and Hiroaki events among residents
Miyata of geriatric care
Years: facilities and assesses
Submission: the effect of training
25-08-2020 care managers in a
Revision: 3-06-2021 multidisciplinary
Approval: 9-06-2021 plan-do-check-adjust
Country: Japan cycle on preventing
such events
Fabiola de Araujo Leite | To describe the use of | Workshops NVI[11]

Medeiros, Lidiany
Galdino Félix, Maria
Miriam Lima da
Nobrega

Years:

Submission:
29-06-2016
Approval: 8-07-2016
Country: Brazil

the Clinical Caritas
Processes in workshops
for caregivers of
institutionalized elderly
people, aimed at
analyzing these
professionals’
perception on humane
care towards the
institutionalized elderly

Source: elaborated by the authors, 2021
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According to the figure synthesis of the review results by interpreting the studies and
presenting the synthesis of the knowledge of the studies eligible for the corpus of this
review will be by means of the synoptic flowchart in the PRISMA model as shown in
Fig. 1.

Three different types of educational activities were identified in the selected articles
as shown in Table 2.

In a first moment, scientific evidence on fall prevention was collected from interactive
electronic sources. This evidence was organized and then made available via a web
community so that the health professionals and caregivers of the institution could access
it and, through interaction with the content and other participants, a training on the
subject was carried out. However, the researchers identified that the participants had
little knowledge to use and interact via web, and, due to other activities related to elderly
care, they did not have time to participate in the training.

The authors of the community of practice educational action concluded that a web-
based community of practice (CoP) is beneficial but would be more resolutive in teaching
about falls if participants received training in its use.

In a training course, an educational intervention was conducted with the goal of
preventing falls, aspiration, and pressure ulcers. The intervention was evaluated in a
non-randomized clinical trial. The intervention group with 862 elderly was composed of
geriatric care units in which care managers had participated in a training course, while
the control group with 416 elderly was composed of units with care managers who had
not received this training. The results showed that the educational intervention was not
effective in preventing falls, fever, or pressure ulcers due to the barriers of adopting
preventive measures to avoid the risks. In this sense, the authors of the study believe that
it is important to share these risks with residents and their families.

In educational workshops, a convergent care research was carried out with 18 care-
givers from a long-stay institution in Brazil. Educational workshops based on the Clin-
ical Caritas Process were carried out and consisted of consolidated theoretical/practical
moments with a 40-h workload. The study concluded that workshops based on the ref-
erence of the Clinical Caritas Process are useful in humanistic training when we tried to
introduce to the group the conceptions of human care that value the self of those who
care and those who are cared for.

4 Discussion

Studies focusing on educational processes have been implemented in LSIEs, and such
educational interventions use themes suggested by WHO experts, such as: medication
review, pain assessment processes and treatment, communication skills and organization
of activities; these axes are anchored by the principle of safety [12]. These should anchor
the evidence-based practice also in teaching both professionals who assist the elderly and
teach the institutionalized elderly ways to provide quality of life, active aging, comfort
care.

A mixed methods study conducted in Australia with 20 professionals over six months
concluded that a web-based community of practice (CoP) is beneficial but would be
more resolutive in teaching about falls if participants received training in its use [9].
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Teaching about the use of online tools is also beneficial in providing quality care to the
institutionalized elderly.

Another educational intervention was conducted in Japan and evaluated in a non-
randomized clinical trial with 862 elderly residents in a long-stay care institution, 416
of whom were in the control group and 446 in the intervention group. It showed that the
educational intervention was not effective in preventing falls, fever, or pressure ulcers
due to barriers to the adoption of preventive measures to avoid the risks [10]. It should
be noted that falls are multifactorial, requiring more qualification and more educational
actions so that some of these factors can be prevented even though cultural and social
aspects may influence both the educational actions and the incidence of falls.

It is worth noting that education is linked to politics and economics as well as to other
sciences. It is impossible to build knowledge dissociated from the historical, social, and
cultural context, because actions will be taken, and knowledge will be shared in each
context [13].

In the context of institutionalized elderly people, it is important to emphasize that
the knowledge of the multidisciplinary team must be taken into consideration without
disregarding the knowledge of the formal and informal caregivers.

This raises the following question: how to seek viable alternatives for the develop-
ment of a formal and popular health education that instills meaning, value, and quality
to the life of the learner? Even if this questioning is not fully answered, the creation and
validation of new strategies and pedagogical practices is necessary. The development of
new strategic approaches that allow the reformulation of education policies are urgent,
necessary, and imply in proposing themes for reflection on the practice of teaching that
can contribute to the implementation of such policies [14].

On the other hand, a convergent care research conducted with 18 caregivers from
long-stay institutions in Brazil through workshops that consisted of consolidated theo-
retical/practical moments with a 40-h workload concluded that workshops are of utmost
importance in the care of institutionalized elderly people, in addition to providing
optimization of care, enhancing the humanization of care [11].

A study focused on the perception of health professionals regarding the care of insti-
tutionalized elderly people brought up the importance of training for health professionals,
as they are better prepared to face challenges that may arise in their work environment.
Thus, it is important that professionals can perform appropriate actions/strategies and
implement comprehensive care to the elderly person acting in disease prevention and
promotion, recovery, and maintenance of life [15].

5 Conclusion

It is necessary to invest in educational actions for health professionals as well as in the
production of knowledge about alternatives and advice in the professional practice of the
multidisciplinary team emphasizing active aging, compassionate communication, care
through comfort and preventive measures of aggravation, and rehabilitation care.

New studies about the needs of the team to develop a qualified care should be raised,
emerging resolutive and specific alternatives in the care of the person.
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Abstract. It is a well-known fact that we are living in an increasingly aging soci-
ety. Also, that information and communication technologies have become essen-
tial tools, including in the health sector, and especially after pandemic COVID-19.
Crossing both facts, we thought maybe useful to provide a complete guide about
assistive technologies available to elders. We present a proposal of categories of
assistive technologies that aggregates the information summarizing the evidence
found in the different categories.

Keywords: Assistive technology - Elderly - Gerontotechnology

1 What is Expected to be Found?

World’s population ageing is an undeniable and well-known fact. Crossing the ageing
population and the development of information and communication technologies, came
the presumption of providing a “complete guide” about assistive technologies available
to elders. If it is necessary to “stablish alternatives that attempt to satisfy the needs of the
elderly and that, at the same time, improve their quality of life”” [1], most of the efforts
seems to be applied to illness or disease situations and our strive was to identify and
characterize assistive technologies for the elders, healthy aging persons. In the way, we
will frame the existential an ethics dimension.

2 General Scenario

In 2020, there are an estimated 727 million persons aged 65 years or over worldwide.
Globally, the share of the population aged 65 years or over increased from 6% in 1990
to 9% in 2019. That proportion is projected to rise further to 16% by 2050, so that one
in six people in the world will be aged 65 years or over [2, 3]. It seems that people live
longer and the life years without a disability is also increased. A person aged 65 years
in 2015-2020 could expect to live on average, an additional 17 years [3].

Globally, life expectancy has increased by more than 6 years between 2000 and
2019 — from 66.8 years in 2000 to 73.4 years in 2019. While healthy life expectancy
(HALE) has also increased by 8% from 58.3 in 2000 to 63.7, in 2019, this was due to
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declining mortality rather than reduced years lived with disability. In other words, the
increase in HALE (5.4 years) has not kept pace with the increase in life expectancy
(6.6 years) [2].

The living arrangements of older persons are greatly associated with their well-
being, physical and psycho-social health, and life satisfaction. Understanding the role
and impact of living arrangements on the lives of older persons is relevant for several
Sustainable Development Goals (SDGs) as SDG- 3 Ensure healthy lives and promote
well-being for all at all ages and SDG- 10 Reduce inequality [2, 4]. The increased
in life expectancy, healthy life expectancy and the role of this living arrangements has
contributed to finding new models of positive ageing where the elderly are being empow-
ered to lead fulfilling lives and adapt to degenerative changes to maintain functionality,
autonomy and quality of life in the meaning of home [5-7].

As living arrangements, information, and communication technologies (ICT) have
become essential tools, including in the health sector, and especially after pandemic
COVID-19. One recent example is the boost on eHealth modalities presenting a unique
opportunity for the development of public health [1]. The use of ICT in health and health-
related fields aims to enhance the quality, efficiency, and effectiveness of health-service
management [8].

WHO defines eHealth as the “cost-effective and secure use of information and
communications technologies in support of health and health-related fields, including
health-care services, health surveillance, health literature, and health education, knowl-
edge and research. Clear evidence exists on the growing impact that eHealth has on the
delivery of Health care around the world today, and how it is making health systems more
efficient and more responsive to people ‘s needs and expectations” [9]. The strengthening
of health systems through eHealth reinforces fundamental human rights by improving
equity, solidarity, quality of life and quality of care [10].

Describing eHealth technology seven partially overlapping [11] groups were labeled
providing a useful taxonomy for further analysis: Assistive technologies; Safety and
social technologies; Health technologies; Self-activation and personal development tech-
nologies; Design-for-all and ambient assisted living (AAL) technologies; Gerontechnol-
ogy; Hospital technology and EHR systems that provide useful health information such
as physical assessment, referral and daily charting used in health and social care [12].

According to several studies, older people want to stay in their homes, “to age
in place”, even challenges of self-care, mobility, and household management increase
with age [13]. This fact is in line with the main care policies advocated in Europe,
which “emphasize deinstitutionalization and aging in place in response to demographic
changes” [14].

Ageing in place as been defined as the ability of older people to live in their own home
and be included in the community, safely, independently and comfortably [15] which
can be a huge challenge, especially in situations of greater vulnerability. Additionally,
very often older adults’ current homes are not designed to support advanced old age,
nor are they located to easily provide support and services. “At the heart of decision
and possibility of AiP [ageing in place] are housing and habitability conditions™ [16].
Increasingly older people are living alone, further complicating the tasks of care and
support. Other factors are also relevant such as “economic and health conditions and the
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social support network” [16]. Having safe, accessible homes and neighbourhoods can be
very helpful in allowing older people to manage their frailty and maintain independence
[17]. Assistive technologies might contribute to an increased sense of safety and security
at home, since older people generally prefer to continue living in their own homes [18].

3 Under Assistive Technology Umbrella

Assistive technology (AT) is an umbrella concept for any tool that helps the elderly
do the regular daily life activities. This kind of technology could be something as an
amplification device to hear sounds and music, a walker to help moving around, a
magnifying glass helping read a book. Somehow, this helps aids bridge difficulties or
gaps in the daily life. Also, under this umbrella we can include monitoring or the use of
sensors and any smart use of technology. Therefore, could include smart buildings, smart
cities or smart outdoors. In this case, smart solutions intend to facilitate independence
for the elderly.

The use of the word «smart» is no longer the traditional ‘clever, intelligent, knowl-
edgeable’; in our use, in this chapter, refers to an abbreviation for ‘Self-Monitoring
Analysis and Reporting Technology’, (netlingo.com), a technology that uses artificial
intelligence, machine learning, and big data analysis to provide cognitive awareness
to objects that were in the past considered inanimate, such as clothes, phones, socks,
watches, homes or roads, among others. Usually, smart technology could be divided on
(a) the Internet of Things (IoT) devices, (b) smart connected devices, remote controlled
and connected via the internet or Bluetooth and (c) smart devices, with limited automa-
tion, programmable nature and no need for internet connectivity (a good example could
be a smart coffeemaker) [19].

As many authors and studies refers, one of the best alternatives currently available is
Ambient Assisted Living (AAL), in the seeking to reduce costs of an independent life
for the elderly population. As a matter of fact, ALL is defined as “the use of information
and communication technologies in a person’s daily living and working environment to
enable them to stay active longer, remain socially connected and live independently into
old age” [20]. Probably, it is one of the most developed technologies in recent years.
AAL uses a variety of sensors for activity recognition and behaviour understanding,
sensing directly (for example, via wearable sensors) or indirectly (through environmen-
tal sensors) and analysing the streaming data to infer something about the physical
or cognitive status of the person. This kind of sensors include motion, pressure pad,
temperature, lighting, door contact, and so on. Most smartphones incorporate wearable
sensors, opportunistically used for activity recognition, normally restricted to differ-
entiating sitting, walking, and running activities [21]. Some monitoring devices have
alarms to control the frequency and attendance of medications [22]. In nursing homes,
these technologies already cover the most diverse types of monitoring, such as cameras,
clothes, accessories, watches, and devices attached to shoes [23].

In this moment, when you are reading this chapter, there is an enormous probability
that you have, in your pocket or nearby, a smartphone. As you know, smartphones
can connect with other digital platforms, what allows the extension of sensing ability
to capture a multitude of physical inputs. The smartphone processing capacity is strong
enough to receive and process data and allows remote monitoring.
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Some projects related to AAL have been focused in helping people with disabil-
ities, to provide social inclusion of elderly people, providing intelligent day-time-
management, medication reminder and communication with relatives or caregivers.
Nevertheless, smart technologies can be used in several monitoring fields, such as
physiological (blood pressure, sugar levels, and others), functional, security (in this
case, analyses possible hazards that arise to impair daily activities or abnormalities that
occur, and this system triggers alerts both for the monitored person and for those who
monitor remotely) but also social (tracks online interactions, calls, and even what the
elderly watch such as television programs) and cognitive (allows sensors to function
as extra memory for the elderly, sending messages whenever necessary, reminders, and
alerts) [24].

A relevant development refers to robetics, meaning, the use of robots to support
older people. “There are two main categories of robots: (1) assistive robots having
only physical assistive functions (e.g., smart wheelchairs); and (2) social robots having
communicative functions (e.g., those that impart information to and interact with users).
Social robots are further divided into companion robots and socially assistive robots”
[25]. We think the AA L concept it is very useful and can be described as a technological
user-centred, because uses physical devices and applications to perceive an environment
and act upon it, according to the user preferences. A quite simple issue about elders
living in their homes, most of the time by themselves, could be what they eat and drink,
checking they remember to eat and drink, preventing malnutrition or dehydration. Most
of the time, referring assistive technology (AT) seems pointing physiological or physical
health but social isolation and loneliness are also real risks to health, especially in older
people. The lived experience of COVID-19, quarantine, prophylactic isolations, showed
us that technology can represent a useful and effective resource to reduce or alleviate
psychological and emotional isolation. Technology can play a part in supporting social
contact, allow older people to stay in touch with family and friends — and to stimulate
mental wellbeing and to address loneliness [26, 27].

4 About Elderly People Using Technologies

Somehow, looks like the interest in these matters is more of researchers and scientists
than of aging people. That means the impact of using these technologies to help people
to live longer at home is poorly evidenced. Although technology usage is limited among
seniors aged > 75 years, several prototype and experimental systems were developed, and
various studies were conducted to support the elderly by clinicians, computer scientists,
data scientists, and engineers; however, few studies explored the current trends in senior
care technology research” [28]. We can find studies and much more data about people
with illness and diseases, that seems the most frequent topic [18]. Nevertheless, we
found some papers and systematic review focusing assistive technology for community-
dwelling solo-living older adults [29], assistive technology for communication of older
adults [30] and about needs and adhesion of elders to technologies [31].

We appreciate the formulation of three potential ways to link older people with
assistive technologies - the authors [7] suggest we can approach by: (1) develop or
innovate technologies as the initial activity and then promote the technology to older
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people and finally evaluate the result of impact; in this way, we have a congruency risk,
providing ineffective or inappropriate resulting in poor levels of adoption; (2) to focus
on older people’s attitude and adoption upon assistive technologies, to optimize user
acceptance towards products by identifying and eliminating the barriers of adoption,
therefore, look at user attitude and acceptance; (3) to listen to older people’s needs and
develop, optimize the technologies in specific orientation. This third way may be the
one that best suits a real use, as its need is recognized by the elderly.

Also, research should take the caregivers in account, because assistive technology
can improve older adults’ independence and decrease their family caregivers’ perceived
burden compared to customary care [19]. Studies of acceptance and adherence to these
new technologies in health care are still scarce [25, 31-33]. We know that getting tech-
nology worthwhile, and guaranteeing it is used, needs an understanding of the individual
and the wider context in which these services are delivered. This includes the role of
the family, and the multidisciplinary professionals working with older adults. Research
studies have looked at how technologies are used — or not used — by older people and
the way in which they are supported [34]. Without this understanding, technology will
not realise its potential to enable older people to live well for longer at home. When we
put it in the perspective of the elderly user of the AT there are three core dimensions that
must be addressed: a) The cultural and personal perception, b) The needs related AT and
tech literacy, c) The equity access to assist technology. We will briefly approach one by
one.

The Cultural Perception and Personal Perception. In Western countries, ATs’ disuse
aft