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RESUMO 

 

Introdução: O processo global e progressivo de envelhecimento populacional e a 

vulnerabilidade a doenças crónicas, distúrbios do equilíbrio e quedas têm representado 

um dos principais desafios aos sistemas de saúde. Isto tem motivado o desenvolvimento 

de estratégias, incluindo a utilização de tecnologia na prestação de cuidados de saúde. 

Portugal e Cabo Verde têm acompanhado esta tendência, investindo em sistemas e 

tecnologias de informação. Contudo, a aplicabilidade clínica das soluções digitais no 

contexto do idoso com alterações do equilíbrio e risco de queda precisa ser explorada. 

 

Objetivo: O objetivo desta investigação foi estudar, elaborar, implementar, demonstrar 

e avaliar uma solução digital para a prestação complementar de cuidados de saúde a idosos 

com alterações do equilíbrio e risco de queda no contexto português, alinhando 

posteriormente a sua utilização numa perspetiva global, com o exemplo de Cabo Verde. 

Métodos: Utilizando Design Science Research Methodology, foi realizado um estudo de 

métodos mistos com estratégia explanatória sequencial. Inicialmente, foi disponibilizado 

um questionário no website da Ordem dos Médicos de Portugal para identificar a 

satisfação e constrangimentos quanto aos dados clínicos disponíveis e a relevância do 

eHealth no contexto da prestação de cuidados de saúde a idosos com distúrbio do 

equilíbrio. Foram conduzidas entrevistas individuais a médicos, explorando estratégias 

para o desenvolvimento de uma solução digital neste contexto. As sugestões contribuíram 

para o desenho e elaboração do serviço digital, inicialmente testado por cinco idosas e 

seus cuidadores, como prova de conceito. Este serviço foi avaliado por estes utilizadores 

e oito médicos com experiência em coordenação de serviços, através de dois grupos 

focais. Relativamente a Cabo Verde, foi conduzido um Policy Dialogue Workshop 

(PDW), incluindo a Direção do Hospital Central Doutor Agostinho Neto (HCDAN), para 

explorar o interesse e potencial utilização do serviço digital no contexto cabo-verdiano.  

Resultados: A identificação de constrangimentos médicos quanto aos dados clínicos 

disponíveis e a verificação da relevância do eHealth neste contexto motivaram a 

elaboração de uma solução digital. Considerando as sugestões dos entrevistados, foi 

desenhado o serviço digital “EQUILÍBRIO” para monitorização remota, deteção precoce 

de agravamento clínico, atempada adequação do tratamento e maior interação médica 

com os doentes. As avaliações dos doentes, cuidadores e médicos foram positivas, com o 

reconhecimento de vários benefícios, tais como, conforto do doente, maior proximidade 

médico-doente e potencial redução de recursos presenciais. No caso de Cabo Verde, a 

Direção do HCDAN e participantes do PDW manifestaram interesse e reconheceram o 

potencial de utilização do serviço digital, inclusive junto a doentes mais jovens. 

Conclusão: O serviço digital “EQUILÍBRIO” foi desenhado, implementado e avaliado 

em contexto clínico. Verificou-se um significativo potencial para aplicabilidade clínica 

na prestação complementar de cuidados de saúde, permitindo monitorização remota, 

maior interação médico-doente e participação ativa dos doentes. A implementação deste 

serviço em Cabo Verde representa uma oportunidade para futura investigação. O envolvi-

mento de outros profissionais de saúde e outros países podem ser considerados como uma 

promissora cooperação de cuidados de saúde entre os Estados membros da Comunidade 

dos Países de Língua Portuguesa. 

Palavras-chave: Saúde global; Idoso; Equilíbrio; eHealth; Saúde digital  
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ABSTRACT 

 

Introduction: The global and progressive aging of the populations and vulnerability to 

chronic diseases, balance disorders and falls have represented one of the main challenges 

to health systems. This has motivated the development of strategies, including the use of 

technology for provision of health care. Portugal and Cape Verde have followed this 

trend, investing in technology-based information systems. However, the clinical 

applicability of these digital solutions in the context of elderly people with balance 

disorders and risk of falling needs to be explored. 

 

Objective: The objective of this research was to study, develop, implement, demonstrate 

and evaluate a digital solution for the complementary provision of health care for elderly 

people with balance disorders and risk of falling in the Portuguese context, subsequently 

aligning its use in a global perspective, with the example of Cape Verde. 

Methods: Using the Design Science Research Methodology, an explanatory sequential 

mixed methods study was performed. Initially, a questionnaire was made available on the 

website of the Portuguese General Medical Council to identify the satisfaction and 

difficulties with clinical data availability, and the relevance of eHealth in the context of 

elderly people with balance disorders. Individual interviews were carried out with 

physicians, exploring strategies for the development of a digital solution in this context. 

The suggestions contributed to the design and development of the digital service, initially 

tested with five elderly women and their caregivers, as a proof-of-concept. This service 

was evaluated through two focus groups, including these users and eight physicians with 

experience in coordinating services. In the case of Cape Verde, a Policy Dialogue 

Workshop (PDW) was carried out, including the Direction of the Hospital Central Doutor 

Agostinho Neto (HCDAN), to explore the interest and potential use of the digital service 

in the Cape Verdean context.  

Results: The identification of medical constraints with availability of clinical data and 

the identification of the relevance of eHealth in this context encouraged the development 

of a digital solution. Considering the suggestions of the interviewees, the digital service 

“BALANCE” was designed, allowing remote monitoring, early detection of clinical 

deterioration, timely optimization of treatment and greater medical interaction with 

patients. The patient, caregiver and medical evaluations were positive, with the 

recognition of several benefits, such as patient comfort, closer physician-patient 

interaction and potential lower consumption of face-to-face resources. Regarding Cape 

Verde, the Direction of HCDAN and the participants of the PDW expressed interest and 

recognized the potential for using the digital service, including among younger patients. 

Conclusion: The digital service “BALANCE” was designed, implemented and evaluated 

in the clinical context. There was significant potential for clinical applicability in the 

provision of complementary health care, allowing remote monitoring, closer physician-

patient interaction and active patient participation. The implementation of this service in 

Cape Verde is an opportunity for future research. The involvement of other health 

professionals and countries could be considered as a promising health care cooperation 

between the member states of Community of Portuguese-Speaking Countries. 

Keywords: Global health; Elderly; Balance; eHealth; Digital health 



 

VIII 
 

TABLE OF CONTENTS 

 
SCIENTIFIC PUBLICATIONS AND COMMUNICATIONS ................................... I 

ACKNOWLEDGMENTS ............................................................................................. V 

RESUMO ....................................................................................................................... VI 

ABSTRACT ................................................................................................................. VII 

TABLE OF CONTENTS ........................................................................................... VIII 

LIST OF FIGURES ....................................................................................................... X 

LIST OF TABLES ........................................................................................................ XI 

ABREVIATIONS ........................................................................................................ XII 

1. INTRODUCTION ...................................................................................................... 1 

1.1. BACKGROUND AND STATE OF THE ART ........................................................ 1 

1.1.1. Aging, balance disorders and falls ........................................................................... 2 

1.1.2. Current health care model and digital health ........................................................ 4 

1.1.3. eHealth and Digital Health ....................................................................................... 7 

1.1.4. Digital health care and elderly with balance disorders and risk of falling .......... 8 

1.2. AIM OF THESIS ........................................................................................................... 9 

1.3. METHODOLOGY ...................................................................................................... 10 

1.4. SUMMARY OF STUDY DESIGNS ......................................................................... 12 

1.4.1. Portuguese activities................................................................................................ 12 

1.4.2. Cape Verdean activity ............................................................................................. 18 

1.5. ETHICAL CONSIDERATIONS .............................................................................. 19 

1.6. REFERENCES ............................................................................................................. 21 

2. RESULTS .................................................................................................................. 30 

2.1. PAPER I ......................................................................................................................... 30 

2.2. PAPER II ....................................................................................................................... 51 

2.3. PAPER III ..................................................................................................................... 70 

2.4. PAPER IV ..................................................................................................................... 89 

3. DISCUSSION AND CONCLUSIONS .................................................................... 97 

3.1. DISCUSSION ............................................................................................................... 97 

3.1.1. Summing up the results and discussion ................................................................. 97 

3.1.2. Implications for practice and policy .................................................................... 102 

3.2. LIMITATIONS .......................................................................................................... 104 



 

IX 
 

3.3. FUTURE RESEARCH EXPECTATIONS ........................................................... 104 

3.4. REFERENCES ........................................................................................................... 106 

3.5. CONCLUSIONS ........................................................................................................ 112 

4. APPENDICES ......................................................................................................... 113 

4.1. QUESTIONNAIRE – ACTIVITY 1 ....................................................................... 113 

4.2. CONTRIBUTION OF THE GENERAL MEDICAL COUNCIL OF 

PORTUGAL – ACTIVIY 1 (QUANTITATIVE STUDY) ......................................... 118 

4.3. ILLUSTRATION OF THE QUESTIONNAIRE PAGE AVAILABLE 

THROUGH WEBSITE OF THE GENERAL MEDICAL COUNCIL OF 

PORTUGAL (ACTIVITY 1) .......................................................................................... 119 

4.4. DRAFT OF THE DESIGN OF THE DIGITAL SERVICE - ACTIVITY 3 ... 120 

4.5.  PROTOCOL OF THE PROOF-OF-CONCEPT – ACTIVITY 4 ................... 135 

4.6. APPROVAL OF THE HEALTH ETHICS COMMITTEE OFHOSPITAL 

BEATRIZ ÂNGELO – ACTIVITY 4 (PROOF-OF-CONCEPT) ............................ 138 

4.7. BLANK INFORMED CONSENT FORM ............................................................ 139 

4.7.1. Individual interviews - Activity 2 ......................................................................... 139 

4.7.2. Patient participation - Activities 4 and 5 ............................................................. 141 

4.7.3. Caregiver participation- Activities 4 and 5 ......................................................... 144 

4.8. REGISTER OF THE SYSTEMATIC REVIEW - PROSPERO ...................... 146 

4.9. DIGITAL BALANCE SERVICE ........................................................................... 150 

4.9.1. Medical profile ....................................................................................................... 150 

4.9.2. Patient profile ........................................................................................................ 150 

 

 

 

 

 

 

 

 

 



 

X 
 

LIST OF FIGURES 

Figure 1 - Falls and consequent risk of falling……………………………………………3 

Figure 2 - Strategies for a healthy aging…………………………………………….……4 

Figure 3 - Suitable health care model for healthy aging…………………………………5 

Figure 4 - Quality strategies for an efficient provision of health care………….….…….6 

Figure 5 - Conceptual model: the contribution of the use of digital solutions for elderly 

with balance disorders and risk of falling…………………………………….…….……9 

Figure 6 - DSRM: Summary of the developed activities…………………….…………13  



 

XI 
 

LIST OF TABLES 

Table 1. DSRM activities………………………………………………………………11 

Table 2. Oral and Poster communications related to the project and DSRM activities..17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

XII 
 

ABREVIATIONS  

CPLP In Portuguese: Comunidade dos Países de Língua Portuguesa 

DSRM Design Science Research Methodology 

EIP-AHA European Innovation Partnership on Active and Healthy Ageing  

EMR Electronic medical record 

GDPR General Data Protection Regulation    

HBA   Hospital Beatriz Ângelo 

HCDAN Hospital Central Doutor Agostinho Neto 

IHMT/UNL Instituto de Higiene e Medicina Tropical da Universidade Nova 

de Lisboa 

ISQua International Society for Quality in Health Care 

IST    Information Systems and Technologies 

METHIS Multimorbidity Management Health Information System 

NICE National Institute for Health and Care Excellence  

OECD Organization for Economic Cooperation and Development 

PD Policy Dialogue 

PDW Policy Dialogue Workshop  

PECS-CPLP In Portuguese: Plano Estratégico de Cooperação em Saúde da 

CPLP 

 

SPMS In Portuguese: Serviços Partilhados do Ministério da Saúde 

WHO World Health Organization 

 

 

 

 

 

 

 



INTRODUCTION 

 

1 
 

1. INTRODUCTION 

This research aimed at the study, design, implementation, demonstration and evaluation 

of a digital service for the complementary provision of health care for elderly people with 

balance disorders and risk of falling, using the Design Science Research Methodology 

(DSRM) as a research methodology. 

The thesis is divided in three main sections. 

The first section includes a pertinent state of the art, describing the challenges of global 

population aging and the vulnerability to the development of balance disorders and falls. 

The strategies to reduce this pressure placed on current health systems are described, 

including investment, implementing and use of digital solutions in this context. The 

objectives of the investigation and the DSRM activities carried out are described. 

The next section “Results” includes the four published articles that resulted from the 

thesis work. The first is a systematic review, addressing the state of the art of digital 

solutions being used for elderly people with balance disorders and risk of falling. The 

other article describes the mixed methods study carried out in Portugal to understand how 

to develop the digital solution and the required functionalities. The third paper presents 

the implementation of the digital solution elaborated (“BALANCE” digital service), 

including its demonstration and evaluation in the Portuguese context. Finally, the last 

article includes the exploration of the potential use of the “BALANCE” digital service in 

Cape Verde, an island country with relevant links to Portugal, and a significant dynamism 

in telemedicine and progressive aging population. 

The third and final section “Discussion and Conclusions” closes with the main findings, 

including strategic guidelines for a greater clinical applicability of “BALANCE” service 

in Portugal, future investigations and alignment with health policies, including the 

example of Cape Verde. This section ends with future research expectations. 

 

1.1. BACKGROUND AND STATE OF THE ART 

The improvement in health conditions and the increase in life expectancy in the world 

have led to an aging population (Eurostat, 2020; OECD, 2021; Rudnicka et al., 2020; 
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Telles & Borges, 2013; WHO, 2020a). However, this global population aging has often 

been accompanied by functional limitations or disabilities, with progressive risk of 

dependence in daily life activities (Amalberti et al., 2019; ISQua, 2016; Jia et al., 2019; 

NICE, 2016; WHO, 2017b; WHO, 2020b). Elderly people are more vulnerable to the 

development of chronic and degenerative diseases, balance disorders and falls with 

fractures and accidental death, representing challenges in the social, economic and public 

health context (Agrawal et al., 2019; Jaul & Barron, 2017; Kammerlind et al., 2022; 

Moreland et al., 2020; NICE, 2016; Salzman, 2010). Portugal and Cape Verde are 

following this global trend. In fact, Portuguese population is progressively getting older, 

implying a significant burden of chronic diseases among the elderly and poor healthy life 

years (Rodrigues et al., 2014; Simões et al., 2017; WHO, 2020b). The percentage of 

contribution of balance disorders in this context is not known, although the studies reveal 

an increase in its incidence (Reis et al., 2016). In relation to Portuguese-speaking 

countries in Africa, Cape Verde is an example of recent aging, with demographic and 

epidemiological transition starting to challenge the health system (República de Cabo 

Verde, 2017; WHO, 2019a). 

 

1.1.1. Aging, balance disorders and falls  

Although balance disorders are one of the many factors for falling and one of the most 

common disabilities among the elderly, various epidemiological studies reveal different 

prevalence, ranging from 20% to 44% (Bittar et al., 2013; Fernández et al., 2015; Jönsson 

et al., 2004; Kerber et al., 2017; Lin & Bhattacharyya, 2012; Neuhauser, 2016; Tinetti et 

al., 2000). This could be explained due to the lack of uniformity of well-defined criteria 

for the diagnosis, heterogeneity of study methodology, diversity of the population under 

study, and variability of the time of follow-up (Bösner et al., 2018; Maarsingh et al., 

2010). 

The balance disorders in elderly may be associated with the age-related decline in balance 

function (Agrawal et al., 2019; Salzman, 2010). Medication use and various clinical 

disorders may also be present, including cardiovascular, metabolic, neurologic, 

musculoskeletal, and otologic conditions (Ciorba at al., 2017; Salzman, 2010). Poor 

balance is frequently associated with falling (Moreland et al., 2020; Salzman, 2010). Falls 
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in the elderly are often underappreciated by the elderly and their families unless they 

cause serious injury (Maciel, 2010). It represents an important public health problem, 

being the main cause of accidental death in the population over 65 years old. The risk of 

falling increases with age, being higher in females (Maciel, 2010; Moreland et al., 2020). 

Data show that 28-35% of elderly (people aged 65 +) fall, leading to 20-30% injuries. 

After a fall, 20% of the elderly die within a year from complications of a hip fracture 

(WHO, 2007). 

Falls lead to deterioration in quality of life, with restriction in daily life activities, reduced 

mobility, social isolation, increased dependence on social services and informal 

caregivers, and institutionalization (EIP-AHA, 2014; Moreland et al., 2020; WHO, 2007). 

(Figure 1). 

 

 

Figure 1. Falls and consequent risk of falling (Adapted from: EIP-AHA, 2014). 

 

Over the years, balance disorders and consequent falls in elderly have progressively 

placed pressure on health care systems with recurrent consultations, repeated instrumental 
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and imaging exams, and multiple medicine use (Heinrich et al., 2010; Kerber, 2009; 

Kovacs et al., 2019; Maciel, 2010; Tehrani et al., 2013).  

To overcome this, strategies of health policies have been recommended to achieve active 

and healthy aging with autonomy and independence, including person-centered model 

and use of Information Systems and Technologies (IST) (Amalberti et al., 2019; 

Blandford, 2019; Cesari et al., 2022; ISQua, 2016; Kim et al., 2017; Lapão & Dussault, 

2017; Mucchi et al., 2021; Nolte et al.,2020) (Figure 2). 

 

 

Figure 2. Strategies for a healthy aging (Adapted from: Amalberti et al., 2019) 

 

1.1.2. Current health care model and digital health 

One of the great challenges has been the implementation of effective measures with 

financial sustainability of the traditional model of health care delivery (Amalberti et al., 

2019; Simões et al., 2017). Current healthcare systems are focused on acute disease care, 

unsuitable for elderly. With aging, there is a progressive need to adapt the health care 

model for chronic diseases and multimorbidity, motivating the active participation of the 
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patient or caregiver (Amalberti et al., 2019; Nolte et al., 2020; WHO, 2019b). More 

suitable recommendations are based on model of self-promotion of health and self-

management of health and disease (Amalberti et al., 2019; Cesari et al., 2022; Nolte et 

al., 2020; WHO, 2019b) (Figure 3).  

 

 

Figure 3. Suitable health care model for healthy aging (Adapted from: Cesari et al., 

2022) 

 

The elaboration, implementation and consolidation of health systems have been 

advocated, increasingly focused on the centrality of the citizen, with the objective of 

approximation, articulation and integration in health and investment in citizen literacy, 

including elderly (Amalberti et al., 2019; Nolte et al., 2020; WHO, 2019b).    

Quality strategies in the provision of health care have been based on a greater demand for 

continuous professional training, quality of care and rational use of resources including 

the use of information systems supported by technology (Amalberti et al., 2019; Simões 

et al., 2017) (Figure 4). 
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Figure 4. Quality strategies for an efficient provision of health care (Adapted from: 

Simões et al., 2017) 

 

The use of IST to support a distance communication channel in the health sector has 

revealed the potential to improve access, reduce costs, and increase quality, promoting 

health and well-being (Chitungo et al., 2021; Eze et al., 2020; Hincapié et al., 2020; Lapão 

& Dussault, 2017). Since 2005, eHealth has been a priority strategy for the World Health 

Organization (WHO), promoting the access to prevention, promotion, treatment, 

rehabilitation and palliative care (WHO, 2005; WHO, 2016). 

Many countries have progressively included digital solutions in their health policies, 

including the Member States of the Community of Portuguese Language Countries 

(Comunidade dos Países de Língua Portuguesa - CPLP) (Lapão et al., 2016). In 2017, a 

CPLP working group in digital health was organized for promoting and cooperation of 

telemedicine among these countries and creation of Portuguese digital health (CPLP, 

2017a). The Strategic Plan in Health Cooperation of the Community of Portuguese-

Speaking Countries 2018-2021 (Plano Estratégico de Cooperação em Saúde da CPLP- 
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PECS-CPLP), reinforces the importance of this cooperation between the member states, 

“integrating synergies in the health area” (CPLP, 2017b).  

Regarding Portugal, the government has invested in digital health systems under the 

coordination of the Shared Services of the Ministry of Health, E.P.E., helping to mitigate 

inequalities of access in areas with fewer professionals in the health sector. (Portugal, 

Presidência do Conselho de Ministros, 2012; SPMS, 2018). 

In Cape Verde, the use of eHealth services has contributed to reducing inequalities of 

access in the health sector, by mitigating the effect of the scarcity of qualified and 

qualified human resources and geography difficulties (Correia et al., 2017; Delgado et al., 

2017; Latifi et al., 2014). It also has allowed remote training of health professionals, 

teleconsultations, international medical interaction, and strategic management of 

evacuations with case screening and monitoring (Azevedo et al., 2021; Beja et al., 2019; 

Correia et al., 2017; Lapão & Correia, 2015; Latifi et al., 2014; Maia et al., 2019). 

However, this has not been enough. Satisfactory results depend not only on financial 

investment and the qualification of people and services, but also on the collaboration of 

health professionals and integration in the work organization (Lapão, 2010; Lapão & 

Dussault, 2017). 

The digital inclusion of the elderly is possible and challenger, often requiring caregiver 

availability and digital training (Goldsack & Zanetti, 2020; Gordon & Crouch, 2019; 

Merkel & Hess, 2020; Tossaint-Schoenmakers et al., 2021). The development of user-

friendly devices, adapted to the profile of the elderly, is relevant. In addition, the access 

of the elderly to digital devices and internet should be guaranteed (Blandford, 2019).  

 

1.1.3. eHealth and Digital Health 

In 2001, Eysenbach defined eHealth as: 

“an emerging field in the intersection of medical informatics, public health and 

business, referring to health services and information delivered or enhanced 

through the Internet and related technologies. In a broader sense, the term 

characterizes not only a technical development, but also a state-of-mind, a way 

of thinking, an attitude, and a commitment for networked, global thinking, to 

improve health care locally, regionally, and worldwide by using information 

and communication technology.” (Eysenbach, 2001, p. 1) 
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In February 2005, Oh et al. published their systematic review of eHealth definition and 

did not verified consensus about the meaning of eHealth. In May 2005, eHealth was 

described 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, knowledge and research.” 

(WHO, 2005, p. 1) 

In fact, with the progressive digital revolution in the health sector, new concepts have 

emerged as “… the term digital health is often used as a broad umbrella term 

encompassing eHealth as well as developing areas such as the use of advanced computing 

sciences (in the fields of big data, genomics and artificial intelligence, for example).” 

(WHO, 2017a, p. 1)  

In 2021, WHO defined Digital Health as: 

“the field of knowledge and practice associated with the development and use 

of digital technologies to improve health. Digital health expands the concept 

of eHealth to include digital consumers, with a wider range of smart devices 

and connected equipment. It also encompasses other uses of digital 

technologies for health such as the Internet of things, artificial intelligence, big 

data and robotics.” (WHO, 2021, p. 39)  

 

1.1.4. Digital health care and elderly with balance disorders and risk of falling 

The use of sensors has been studied to improve the data quality of tests and scales for 

assessment of balance and risk of falling in elderly (Bet et al., 2019; Montesinos et al., 

2018). For a greater elderly adherence and motivation, balance exercises delivered 

through video games have been researched (Choi et al., 2017; Skjæret et al., 2016). In 

fact, several authors have studied the potential of digital solutions for screening, 

evaluation and rehabilitation of balance disorders in elderly people (Bet et al., 2019; Choi 

et al., 2017; Leirós-Rodríguez et al., 2019; Montesinos et al., 2018; Nguyen et al., 2018; 

Rucco et al., 2018; Skjæret et al., 2016; Sun & Sosnoff, 2018). However, most of the 

studies have included younger population as a preliminary assessment or did not describe 

the clinical conditions of the participants that could interfere with the outcomes (Leirós-

Rodríguez et al., 2019; Nguyen et al., 2018; Rucco et al., 2018; Skjæret et al., 2016; Sun 

& Sosnoff, 2018). In fact, the clinical applicability of digital solutions, according to the 



INTRODUCTION 

 

9 
 

clinical conditions of elderly people with balance disorders and risk of falling, needed to 

be explored in depth.  

 

1.2. AIM OF THESIS 

The use of digital solutions has been encouraged to mitigate the aging pressure in the 

health system. To better understand the positive potential of digital health for a provision 

of care for elderly people with balance disorders and risk of falling, a conceptual model 

was developed (Figure 5).  

 

  

Figure 5. Conceptual model: the contribution of the use of digital solutions for elderly 

with balance disorders and risk of falling (Author own elaboration) 

 

Over the years, various studies have highlighted the potential of digital devices and 

services to make data available, access, evaluate and treatment elderly with balance 

disorders and risk of falling (Bet et al., 2019; Choi et al., 2017; Leirós-Rodríguez et al., 

2019; Montesinos et al., 2018; Nguyen et al., 2018; Rucco et al., 2018; Skjæret et al., 

2016; Sun & Sosnoff, 2018). However, the clinical applicability needs to be further 

explored. 

In this context, this study proposed to address several research questions: What are the 

medical satisfaction level and difficulties in accessing data on elderly people with balance 
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disorders and risk of falling in Portugal? What is the medical relevance of eHealth use in 

this context? How to develop an efficient digital solution for complementary provision of 

health care for elderly people with balance disorders and risk of falling? What is the user 

satisfaction with the digital solution developed for the provision of care in this context 

and from a global health perspective? How satisfied are the physicians with the potential 

of digital solution developed for the provision of care in this context and from a global 

health perspective? How to explore the use of this digital solution in the Cape Verdean 

context?  

The main objective of this study was to study, develop, implement, demonstrate and 

evaluate a digital solution for the complementary provision of health care for elderly 

people with balance disorders and risk of falling in the Portuguese context, subsequently 

aligning its use in a global perspective, with the example of Cape Verde. 

As specific objectives, it was proposed to: 

-Identify and understand the medical satisfaction level and difficulties in accessing to data 

on health care provided to elderly people with balance disorders and risk of falling in 

Portugal; 

-Identify and understand the medical relevance of using eHealth in this context; 

-Explore how to develop an efficient digital solution for complementary provision of 

health care for elderly people with balance disorders and risk of falling; 

-Explore user perspectives regarding the use of the digital solution developed, including 

benefits, restrictions, adjustment strategies, satisfaction and interest; 

-Explore medical perspectives regarding the potential of the digital solution developed, 

including benefits, constraints, adjustment strategies, suggestions for greater clinical 

applicability, satisfaction and interest; 

-Understand and explore the potential of using this digital solution in Cape Verde; 

 

1.3. METHODOLOGY 

Firstly, to elaborate, demonstrate and evaluate a digital solution for complementary 

provision of health care for elderly with balance disorders and risk of falling, a DSRM 

approach (Hevner et al., 2004; Peffers et al., 2007) was performed. 
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DSRM is methodology for conducting design science research in information systems, 

using criteria rigor (Hevner et al., 2004; Peffers et al., 2007). As Hevner et al. (2004) 

mentioned: “The result of design-science research in Information Systems is, by 

definition, a purposeful information technology artifact created to address an important 

organizational problem”. This methodology includes six steps, illustrated in Table 1. 

 

Table 1. DSRM activities (Source: Peffers et al., 2007) 

ACTIVITIES OBJECTIVE DEFINITION 

1 Identification of 

the problem and 

motivation 

 

Knowledge of the specific research problem and 

justification of the relevance of a solution 

 

2 Definition of 

objectives for a 

solution 

 

Identification and exploration of strategies for 

a suitable solution 

 

3 Design and 

development of a 

solution 

Creation of the artefact  

 

4 Demonstration 

of the solution 

 

Use of the artifact to solve the problem  

 

5 Evaluation of the 

solution to solve 

the problem 

Observation and measurement of the results of 

the demonstration. The researcher can go back 

to activity 3 for improvement of the 

effectiveness of the artifact or can go to activity 

6 for communication of the results and 

improvement of the artifact in subsequent 

projects 

 

6 Communication 

 

Communication of: the problem and relevance; 

elaboration of the artifact; utility and 

effectiveness of the artifact 

 

 

Information systems involve people, technological resources, and work systems. All of 

these factors should be considered for positive outcomes of a digital artefact (Lapão & 

Dussault, 2017). Considering the users' suggestions and recommendations, the 

development of a digital solution is potentially closer to the real needs in the field.  
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Secondly, regarding the recent aging population (República de Cabo Verde, 2017; WHO, 

2019a) and positive telemedicine outcomes of Cape Verde (Azevedo et al., 2021; Beja et 

al., 2019; Correia et al., 2017; Delgado et al., 2017; Lapão & Correia, 2015; Latifi et al., 

2014; Maia et al., 2019), this country was considered in this thesis as an eligible country 

to align with by the use of the digital solution for the complementary provision of health 

care for elderly people with balance disorders and risk of falling.  

To understand and explore the potential use of this digital solution in Cape Verdean 

context, a Policy Dialogue Workshop (PDW) was conducted. The policy dialogue (PD) 

process can be described as “part and parcel of the policy and decision-making processes, 

intended to contribute to developing or implementing a policy change following a round 

of evidence-based discussions/workshops/consultations on a particular subject” (Rajan et 

al., 2015, p. 3). PD process allows span “policy-making, implementation, review and 

monitoring, and subsequent policy revisions” (Nabyonga-Orem et al., 2016, p. 1). 

However, the engagement of motivated stakeholders and knowledge of national health 

policies and strategic plans are critical factors for successful implementation results 

(Nabyonga-Orem et al., 2016). 

 

 

1.4. SUMMARY OF STUDY DESIGNS 

Detailed explanations of each activity are part of the articles presented in the “Results” 

section. However, a short summary of the methods follows.  

 

 

1.4.1. Portuguese activities 

Using the DSRM as a research methodology, the study was divided into six tasks carried 

out in Portugal (Figure 6), with later exploration in the Cape Verdean context. Each 

activity will be presented in the section “Results” of this thesis. 
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Figure 6. DSRM: Summary of the developed activities (Author own elaboration) 

 

Activity 1: Identification of the problem 

An explanatory sequential mixed methods study was performed, involving two-phase 

data collection. Quantitative data were initially collected and analysed, allowing planning 

the next qualitative phase (Creswell & Creswell, 2018).  

Firstly, it was developed an open questionnaire, entitled “Health contribution to the 

provision of health care for the elderly at risk of falling due to balance disorders” (in the 

original: “A contribuição do eHealth na prestação de cuidados de saúde ao idoso com 

risco de queda por distúrbios do equilíbrio”) with 18 multiple choice questions for the 

identification of: a) Portuguese medical difficulties and satisfaction about clinical data in 

the electronic medical record (EMR) relatively to the context of healthcare provision for 

elderly with balance disorders and risk of falling; b) medical relevance of eHealth 

services in this context. The questions are presented in Appendix 4.1. From June to 

August 2019, the access link of the questionnaire was available through the website of 

the General Medical Council of Portugal. The contribution of this Entity and an 

illustration of the questionnaire page are presented in Appendices 4.2 and 4.3. The 
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questionnaire was distributed online using the survey software SurveyMonkey®. The 

eligible participants were specialist physicians with healthcare provision in Portugal for 

elderly with balance disorders and risk of falling, including family physicians, internal 

medicine physicians, physical medicine and rehabilitation (PMR) physicians, 

neurologists, otolaryngologists and physicians with competence in Geriatrics. A 

descriptive and exploratory statistics of the data from the questionnaires were performed 

(Creswell & Creswell, 2018). The software IBM SPSS Statistics version 26 (IBM 

Corporation, Armonk, NY, USA) was used. 

Secondly, from December 2019 to April 2020, the same interviewer conducted individual 

semi-structured interviews, allowing to understand the results of the quantitative research. 

The sampling was intentional (Creswell & Creswell, 2018), including physicians with 

healthcare provision for elderly with balance disorders and risk of falling, coordination 

function in health units, and easy access by the interviewer. The participant number was 

defined after saturation of responses (Creswell & Creswell, 2018). A descriptive analysis 

of demographic data of interviewed was performed. All the interviews were manually 

coded and transcribed by the interviewer, allowing content analysis of interviews 

(Creswell & Creswell, 2018). 

 

Activity 2: Definition of objectives for a solution 

The qualitative phase of this mixed methods study (Creswell & Creswell, 2018) allowed 

to explore, in depth: a) how to overcome the medical difficulties about clinical data in 

EMR in the context of healthcare provision for elderly with balance disorders and risk of 

falling; (b) how to develop an efficient eHealth service to support health care in 

this context. The suggested strategies helped to design and develop the artefact, including 

audio-visual technology, and clinical and interactive data. The interview guide is 

presented in Paper II. 

 

Activity 3: Design and development of the digital solution 

From August to September 2020, a digital service called “BALANCE” was designed and 

developed to be added to the digital platform called Multimorbidity Management Health 

Information System (METHIS), previously tested for remote monitoring of primary 
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health care for patients with chronic diseases and COVID-19 infection in quarantine 

(Lapão et al., 2021). Eight tutorial videos were recorded and uploaded to the YouTube® 

platform as unlisted with restricted access, and their links were integrated to 

“BALANCE”. Finally, until July 2021, the “BALANCE” digital service was adjusted to 

requirements. The draft of the design of the digital service is presented in Appendix 4.4. 

The research team comprised one Otolaryngologist and PhD student, two experts in 

digital platforms, and one professor of health information systems.  

 

Activity 4: Demonstration of the digital solution 

From August to November 2021, a proof-of-concept was performed to test the digital 

service “BALANCE”. The proof-of-concept approach is an early intervention to 

demonstrate artefacts with few participants, as initial adjustments may still be required 

(Blokdyk, 2021). 

The eligible participants were elderly patients (age of 65 years or older) with a regular 

balance follow-up at Hospital Beatriz Ângelo (HBA), Lisbon, Portugal. All of them had 

complaints of clinically decompensated balance disorder with risk of falling, confirmed 

with objective clinical examination findings, and instrumental exams performed for the 

evaluation of inner ear function. They had already completed a rehabilitation program at 

HBA, allowing the assessment of the patient’s ability to walk without support and to 

perform balance rehabilitation at home. The exclusion criteria were:  previous diagnosis 

of neurological disease, ophthalmologic pathology with severe visual acuity that does not 

allow to see the computer screen, clinical condition that did not allow the regular 

performance of physical exercises, such as decompensated cardiovascular pathology or 

acute infection, cognitive alteration according to the operational “cut” values  for the 

Portuguese population of Mini-Mental State Examination (MMSE) (less than 22 points 

for 0 to 2 years of education, less than 24 points for 3 to 6 years of education and less 

than 27 points for participants with education equal to or greater than 7 years (Morgado 

et al., 2009), insufficient comprehensive to understand the study and limited access to the 

internet and computer, tablet or mobile phone. The caregivers also tested the digital 

service.  

The protocol of the proof-of-concept is available in Appendix 4.5. 
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Activity 5: Evaluation of the digital solution to solve the problem 

To evaluate the digital solution, two focus groups (Creswell & Creswell, 2018) were 

conducted, using the Zoom platform to support the meeting, due to the SARS-CoV-2 

pandemic limitations. 

The first focus group was conducted on 28 November 2021, including the elderly of the 

field study and their caregivers. Five primary thematic categories were discussed: benefits 

and constraints of the “BALANCE” digital service, satisfaction, strategies recommended 

to improve the service and interest in continuing to use the digital service. 

On 5 December 2021, the same researcher conducted the second focus group, including 

physicians. The sample was intentional (Creswell & Creswell, 2018), including experts 

with healthcare provision for elderly with balance disorders and risk of falling, 

coordination function in public health units, and easy access by the interviewer.  Six 

thematic categories were discussed: benefits and constraints of “BALANCE” digital 

service, satisfaction, recommended adjustments for this digital service, proper clinical 

applicability and interest in “BALANCE” digital service.  

The interview guides of both focus groups are presented in Paper III. 

A descriptive analysis of demographic data of the participants was performed. The focus 

groups were manually coded and transcribed, allowing content analysis of the data 

(Creswell & Creswell, 2018). 

 

 

Activity 6: Communication  

The communication related to the project and results of the activities were performed 

throughout the duration of the research and consisted in oral communications, poster 

presentations, papers published in conference proceedings, and three articles published in 

peer reviewed journals (Table 2).  
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Table 2. Oral and Poster communications related to the project and DSRM activities 

FOCUS TITLE CONGRESS PRESENTATION PUBLISHED 

PAPER 

Systematic 

review 

A contribuição do eHealth nos 

cuidados de saúde dos idosos com 
risco de queda por distúrbios do 

equilíbrio 

 
Inovação na prestação de cuidados 

ao idoso: a contribuição do eHealth 

nos cuidados de saúde dos idosos 
com risco de queda por distúrbios do 

equilíbrio 

 
The contribution of eHealth to 

improve fall and balance disorder 

care in the elderly 
 

IX Jornadas Científicas do 

IHMT/UNL. Lisbon, 12 
December 2018 

 

 
5º Congresso Nacional de 

Medicina Tropical. Lisbon, 10-

12 April 2019 
 

 

 
12th European Public Health 

Conference. Marseille, 20-23 

November 2019 

Poster 

 
 

 

 
Poster 

 

 
 

 

 
Oral 

I 

Mixed 

methods 

study 
 

 
 

Pertinência e constrangimentos do 

eHealth na prestação de cuidados de 

saúde ao idoso com risco de queda 
por distúrbios do equilíbrio (This 

work only included the quantitative 
phase of the mixed methods study) 

 

Como usar a eHealth para melhorar 
a prestação de cuidados médicos a 

idosos com distúrbios do equilíbrio? 

 
 

eHealth for elderly people with 

balance disorders and risk of falling. 
A mixed methods study 

 

 
A contribuição da MGF na 

elaboração e avaliação da solução 

digital “EQUILÍBRIO” para a 
prestação complementar de cuidados 

de saúde a idosos com distúrbios do 

equilíbrio e risco de queda 
 

X Jornadas Científicas do 

IHMT/UNL. Lisbon, 12 

December 2019 
 

 
 

 

XI Jornadas Científicas do 
IHMT/UNL. Virtual edition, 

10 December 2020 

 
 

14th European Public Health 

Conference 2021 in Virtual 
edition – 10-12 November 

2021 

 
Update em Medicina. Virtual 

edition, 4-8 May 2022 

 

Poster 

 

 
 

 
 

 

Poster with 
flash oral 

presentation 

 
 

Poster 

 
 

 

 
Oral 

II 

Presentation 

of the 

digital 
solution 

 

 

 

 
 

 

 
 

 

Digital Monitoring Service for 

Elderly People with Balance 

Disorders: Design Science Approach 
 

 

 

 

 
Solução digital para a prestação 

complementar de cuidados de saúde 

a idosos com distúrbios do equilíbrio 
e risco de queda: Design Science 

Research Methodology 

 
Solução digital na prestação 

complementar de cuidados de saúde 

a idosos com distúrbio do equilíbrio 
 

 

“EQUILÍBRIO”: uma oportunidade 
para monitorização complementar 

dos distúrbios do equilíbrio 

 

 

CBIS-CBTMS 2021 – XVIII 

Congresso Brasileiro de 

Informática em Saúde / 10º 
Congresso Brasileiro de 

Telemedicina e Telessaúde/ 

Fórum RNP 2021 – Virtual 

edition, 22-26 November 2021 

 
XII Jornadas Científicas do 

IHMT/UNL. Virtual edition, 

10 December 2021 
 

 

 
12º Congresso Paulista de 

Geriatria e Gerontologia - 

GERP 2022. Virtual edition, 5-
9 April 2022 

 

69º Congresso Nacional da 
Sociedade Portuguesa de 

Otorrinolaringologia e Cirurgia 

de Cabeça e Pescoço (SPORL-

CC). Porto, 6-8 May 2022 

 

Oral 

 

 
 

 

 

 

 
Poster 

 

 
 

 

 
Poster with 

available video 

 
 

 

Oral 
 

III 
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Proof-of-
concept 

“Equilíbrio”: uma solução digital na 
prestação complementar de cuidados 

de saúde a idosos 

12º Congresso Paulista de 
Geriatria e Gerontologia - 

GERP 2022. Virtual edition, 5-

9 April 2022 
 

Poster 
presentation 

with available 

video 

III 

Evaluation 

of digital 
solution 

 

Avaliação do serviço digital 

“EQUILÍBRIO” para prestação 
complementar de cuidados de saúde 

a idosos 

69º Congresso Nacional da 

Sociedade Portuguesa de 
Otorrinolaringologia e Cirurgia 

de Cabeça e Pescoço (SPORL-

CC). Porto, 6-8 May 2022 
 

Oral III 

Global 

digital 
health and 

digital 

solution for 

elderly with 

balance 

disorders 
 

Saúde Global Digital e Equilíbrio do 

Idoso 

INI de Portas Abertas - 

Fundação Oswaldo Cruz 
(Fiocruz). Virtual edition, 24 

March 2022 

Oral III 

 

 

1.4.2. Cape Verdean activity 

Due to the SARS-CoV-2 pandemic, the activity related to Cape Verde was remotely 

performed. In February 2022, a PDW, entitled Telemedicine and Otorhinolaryngology in 

Cape Verde and in a global perspective (in the original: “Telemedicina e 

Otorrinolaringologia em Cabo Verde e numa perspectiva global”) was carried out via 

Zoom, involving health professionals, telemedicine specialists from the IHMT/UNL and 

the Direction of the Hospital Central Doutor Agostinho Neto (HCDAN), a public hospital 

in Cape Verde. The Council of this Hospital disclosed, via email, the event with the access 

link to its professionals. The eligible participants were specialist physicians with 

healthcare provision in Cape Verde for elderly with balance disorders and risk of falling, 

including family physicians, internal medicine physicians, neurologists, and 

otolaryngologists. A descriptive analysis of demographic data of the participants was 

performed (Creswell & Creswell, 2018). The PDW was manually transcribed, allowing 

content analysis of the data (Creswell & Creswell, 2018). This activity allowed to: 1) 

understand the potential of using the digital service “BALANCE” in Cape Verdean 

context; 2) explore the clinical applicability of the digital service “BALANCE” to 

complement health care for elderly with balance disorders and risk of falling. The article 

related to this activity (Paper IV) was published in a peer reviewed journal. 
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1.5. ETHICAL CONSIDERATIONS 

The research was conducted according to the guidelines of the Declaration of Helsinki, 

and approved by the Scientific Council and the Ethic Council of IHMT/UNL, Portugal 

and the Health Ethics Committee of HBA (Appendix 4.6). 

The participants of all activities voluntarily collaborated and they were informed about: 

the study designation, responsible researcher and contact, objective and procedure of the 

study, voluntary participation, absence of risks, benefits, confidentiality and anonymity 

of the participant, and absence of economic compensation.  

Informed consents were obtained from all subjects involved in the following activities: 

qualitative phase of the mixed methods study, proof-of-concept, and focus group study 

with patients and caregivers. The patients and caregivers also signed a document pledging 

not to share or publicize the videos, nor to record the videos available in the digital 

service. The participants received a copy of these documents. Blank informed consents 

are presented in Appendix 4.7. 

At any time, the patients could withdraw from using the digital service. Regardless of 

their participation in the study, all of them were followed up with on the face-to-face 

consultation at HBA. 

Regarding the questionnaire, interviews, and focus groups, the participants could leave 

the study until the submission of the online questionnaire and until one month after the 

date of the interview or Zoom meeting date.  

The audio recording was authorized by all participants. In both focus groups, all the 

subjects received an automatic message authorizing the meeting’s recording, from the 

Zoom service, after accessing the link to the meeting. The researcher asked participants 

to turn off the camera during the recording of the Zoom meeting, collecting only the 

audio. Regarding the PDW with Cape Verdean participation, a recording signal was 

available on the platform throughout the event.  

The information of the Portuguese activities was treated confidentially. The data of the 

quantitative study was treated anonymously by using anonymous responses features of 

the software SurveyMonkey®. To guarantee confidentiality, all interviews were 

manually coded and transcribed by the interviewer for content analysis, omitting 
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information to avoid identifying respondents. All data were kept anonymous (Creswell & 

Creswell, 2018). 

The information from the questionnaires, interviews, focus group, PDW and the audio 

records were kept in a safe place (external disk with access code) within the period 

provided by the Portuguese law (Portugal, Assembleia da República, 2019) and General 

Data Protection Regulation (GDPR, 2018), safeguarding the confidentiality of the 

information obtained. 
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Abstract

Background: The population is aging on a global scale, triggering vulnerability for chronic multimorbidity, balance disorders,
and falls. Falls with injuries are the main cause of accidental death in the elderly population, representing a relevant public health
problem. Balance disorder is a major risk factor for falling and represents one of the most frequent reasons for health care demand.
The use of information and communication technologies to support distance healthcare (eHealth) represents an opportunity to
improve the access and quality of health care services for the elderly. In recent years, several studies have addressed the potential
of eHealth devices to assess the balance and risk of falling of elderly people. Remote rehabilitation has also been explored.
However, the clinical applicability of these digital solutions for elderly people with balance disorders remains to be studied.

Objective: The aim of this review was to guide the clinical applicability of eHealth devices in providing the screening, assessment,
and treatment of elderly people with balance disorders, but without neurological disease.

Methods: A systematic review was performed in accordance with the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analysis) statement. Data were obtained through searching the PubMed, Google Scholar, Embase, and SciELO
databases. Only randomized controlled trials (RCTs) or quasiexperimental studies (QESs) published between January 2015 and
December 2019 were included. The quality of the evidence to respond to the research question was assessed using Joanna Briggs
Institute (JBI) Critical Appraisal for RCTs and the JBI Critical Appraisal Checklist for QESs. RCTs were assessed using the
Cochrane risk of bias tool. We provide a narrative synthesis of the main outcomes from the included studies.

Results: Among 1030 unduplicated articles retrieved, 21 articles were included in this review. Twelve studies explored different
technology devices to obtain data about balance and risk of falling. Nine studies focused on different types of balance exercise
training. A wide range of clinical tests, functional scales, classifications of faller participants, sensor-based tasks, intervention
protocols, and follow-up times were used. Only one study described the clinical conditions of the participants. Instrumental tests
of the inner ear were neither used as the gold-standard test nor performed in pre and postrehabilitation assessments.

Conclusions: eHealth has potential for providing additional health care to elderly people with balance disorder and risk of
falling. In the included literature, the heterogeneity of populations under study, methodologies, eHealth devices, and time of
follow-up did not allow for clear comparison to guide proper clinical applicability. This suggests that more rigorous studies are
needed.

(J Med Internet Res 2021;23(4):e22215) doi: 10.2196/22215
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Introduction

Background

Aging and Balance Disorders
The improvement of health conditions and the increase in life
expectancy have led to an aging global population, although
this is not always accompanied by an increase in healthy life
years [1-4].

Aging is associated with functional deterioration, including in
the peripheral sensory structures, thereby affecting vision,
hearing, and balance [5,6]. Additionally, elderly individuals are
more likely to suffer from multiple chronic conditions, which
often leads to frailty with risk of falls [1-4]. Falls in elderly
people represent a serious public health problem as the main
cause of accidental death in this population. The risk of falling
increases with age [1,7-9]. Each year, approximately one in
every three elderly people experiences a serious fall. Moreover,
falling can lead to deterioration of the quality of life, anxiety,
depression, restriction in daily activities, decreased mobility,
social isolation, increased consumption of medications, and
increased dependence on medical services and informal
caregivers [1,2].

Several causes of falls in the elderly population have been
identified, including age, environmental factors (eg, wet paths),
inappropriate clothing and shoes, incorrect behavior (eg,
climbing chairs), excessive alcohol consumption, inadequate
use of medications, deteriorating chronic illness, and balance
disorders [1,6,10].

Various clinical conditions are associated with balance disorders
in elderly people, including age-related decline in balance
function (prebyvestibulopathy); medications; and cardiovascular,
metabolic, musculoskeletal, neurologic, and otologic diseases
[5,6].

Although dizziness and vertigo are recognized as significant
factors increasing the risk of falling and are common symptoms
among the elderly, epidemiological studies have revealed large
variability in the prevalence of balance disorders in this
population [11-13]. It is estimated that at least 30% of
individuals above 60 years old suffer from vertigo and dizziness,
increasing to 50% for those above 85 years old [13]. According
to the 2008 National Health Interview Survey, 33 million US
adults had balance disorders, 26% of whom were elderly people
(above 65 years) [14]. Approximately 20% of elderly people in
the United States have a balance disorder event annually [15].
In fact, dizziness is a common complaint among the elderly
population and is a strong predictor of falling events with a
negative impact on quality of life [16]. Poor balance is
frequently associated with falling [17,18]. In particular,
asymmetrical vestibular function may often contribute to falls
and fractures in elderly people [19-21].

Balance disorders and consequent falls have progressively
represented a burden of disease, accompanied by high costs and
pressure on the social services and health care systems related
to medical care. This includes repeated consultations, excessive
use of diagnostic imaging, and emergency care [22-24]. For

example, the first national study in the context of dizziness and
vertigo in the Emergency Services of United States of America
for 2011 revealed that 25.7% of patient complaints of dizziness
and vertigo were associated with balance disorders. The cost
was estimated at about US $768 per episode, translating to an
annual national cost of US $757 million. In the same context,
cardiovascular diseases (linked to 16.5% of these episodes)
represented a cost of approximately US $1489 per episode for
an annual cost of US $941 million. By comparison,
cerebrovascular diseases only accounted for 3.1% of these
episodes, but with a cost per episode of approximately US $1059
or an annual cost of US $127 million. With the progressive
aging of the population, worsening of this situation is expected
in the future [25]. Indeed, vertigo is already contributing to the
increasing trend of health care costs, which is linked to the aging
of the population [23,24].

In this scenario of global aging, the use of digital solutions has
been encouraged. Moreover, the additional pressure of the
current COVID-19 pandemic has motivated the broader use of
eHealth technologies [26].

Digital Health Care and the Elderly
The aging trend represents a relevant challenge to both patients
and their families, and to the sustainability of health care systems
globally. This is linked to the goal of global health policies for
achieving a more active and healthy aging society with
autonomy and independence [27,28]. The provision of new
health care models, including eHealth services, has been
encouraged to tackle access inequities, optimize health
outcomes, and ensure autonomy and social support for elderly
people. The use of eHealth seems to decrease costs associated
with both institutionalization and unnecessary hospital visits
[27-29].

eHealth consists of the use of information and communication
technologies (ICTs) to support a health care communication
channel at a distance, allowing for more efficient delivery of
care services with optimized resource allocation. eHealth often
contributes to improving the quality of health care services,
including faster access to health information, promotion of the
globalization of health care, and better health outcomes [30].
The World Health Organization has also recommended eHealth
to promote universal health coverage, envisaging higher health
care services availability with fewer resources and larger patient
interaction. To date, eHealth has been used in the management
of many conditions from health literacy promotion to
teleconsultations [31]. The remote access systems can actively
monitor elderly people in a real-life environment, leveraging
the fact that there is an increasing interest and engagement of
the elderly with technology. Moreover, eHealth technologies
can enhance medical-patient interactions and mitigate many
care access inequities. However, digital training of elderly
people and caregivers is essential [4,32-34].

Assessment and Rehabilitation for the Elderly with
Balance Disorders
There are several clinical tests and functional scales, including
the Timed Up and Go Test (TUGT), Unipedal Standing Test,
and Berg Balance Scale, that allow for assessments of balance,
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gait, and risk of falling [5,35]. The use of sensors can improve
the data quality of these tests and scales [36,37]. Additionally,
functional tests of the inner ear, such as videonystagmography
or the Video Head Impulse Test, are essential to identify and
measure balance disorder cases, including an age-related decline
in balance function (prebyvestibulopathy) [6].

Personalized balance training is a relevant option for the
treatment of elderly people with balance disorders and risk of
falling [5]. This training consists of an exercise-based program
to address an individual’s specific balance disorder, with goals
of increasing postural stability, improving activities of daily
living, and decreasing symptoms. Balance training should be
focused on the functional deficiencies identified. Therefore, a
prior medical evaluation is necessary to identify the clinical
conditions related to poor balance as mentioned previously
[38-41]. Moreover, these clinical conditions can affect the
outcomes. For example, intervention success is more difficult
when the patient has a disorder of both inner ears or has limited
mobility due to an osteoarticular disease [38-41]. Exercises
delivered through video games can be a promising intervention
to achieve greater access and adherence among elderly people
[42,43].

Several reviews have addressed the potential of digital solutions
to improve the clinical observation and evaluation of balance
disorders, and to promote the remote balance rehabilitation of
elderly people [36,37,42-47]. However, most of these reviews
included studies using a younger population as a preliminary
assessment [42,44-47], and the majority did not describe the
clinical conditions of the participants that might interfere with
the outcomes, especially in the context of balance rehabilitation.
Additionally, the clinical applicability of these devices was not
assessed [36,37,42-47].

Therefore, there is a gap in this field in terms of evaluating the
overall applicability of digital solutions according to the clinical
conditions of elderly people with balance disorders and without
neurological disease.

Objectives
The aim of this review was to evaluate and guide the clinical
applicability of eHealth devices in the screening, assessment,
and treatment of elderly people with balance disorders but
without neurological disease.

Methods

Design
This systematic review was performed in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) statement [48] with the following steps:
development of research questions, development of a search
strategy with eligibility criteria, data selection, and qualitative
analysis.

The protocol for this systematic review was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO; CRD42019120774) and the complete protocol
is available on the National Institute for Health Research
program website.

This review focused on answering the following specific
research questions, according to the PICO (Population, patient,
or problem; Intervention; Control, Comparison, or Comparator;
Outcome) strategy [49] (Textbox 1): (1) What are the main
contributions of eHealth to elderly people with balance disorders
with risk of falling? and (2) Is there any evidence that eHealth
improves the quality of health care services in this context? If
not, what are the reasons?

Textbox 1. Description of the PICO components.

• P (Population, Patient, Problem): Elderly people (over 60 years old) with balance disorders and risk of falling; studies with elderly people with
functional limitation by neurological disease were excluded

• I (Intervention): eHealth devices for remote health education, screening, assessment, monitoring, or rehabilitation of elderly people with balance
disorders with risk of falling

• C (Control, Comparison, Comparator): No intervention, paper booklet information, clinical evaluation, conservative balance training

• O (Outcome): Clinical applicability, increased fall prevention literacy, early identification and evaluation of balance deficits and risk of falling,
improved balance and gait performance, reduced rate of falling, increased rehabilitation adherence, increased independence in daily activities

Definition of Concepts and Keywords used in the
Search Strategy
In this study, we defined elderly people as those over 60 years
of age [50]. Knudson [51] defined balance as a “person’s ability
to control their body position relative to some base of support.”
According to Agrawal et al [6], vertigo and dizziness are defined
as “sensation of self-motion when no self-motion is occurring
or the sensation of distorted self-motion during an otherwise
normal head movement” and “sensation of disturbed or impaired
spatial orientation without a false or distorted sense of motion,”
respectively. Falls refer to “inadvertently landing on the ground,
floor or other lower level” [10]. Gait is defined as “the pattern
of movement of the body during locomotion” [52].

Telemedicine is defined according to the World Health
Organization Group Consultation on Health Telematics [53] as
“delivery of health care services using ICT for the exchange of
valid information for diagnosis, treatment and prevention of
disease and injuries, research and evaluation, and for the
continuing education of health care providers.” eHealth is
defined according to Eysenbach [54] as:

an emerging field in the intersection of medical
informatics, public health and business, referring to
health services and information delivered or enhanced
through the Internet and related technologies. In a
broader sense, the term characterizes not only a
technical development, but also a state-of-mind, a
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way of thinking, an attitude, and a commitment for
networked, global thinking, to improve health care
locally, regionally, and worldwide by using
information and communication technology.

Teleconsultation is defined as “synchronous or asynchronous
consultation using ICT to omit geographical and functional
distance” [55]. Finally, a sensor is defined as a “device that

responds to a physical input of interest with a recordable
functionally related output that is usually electrical or optical”
[56].

Search Strategy
Articles were retrieved through searching the PubMed, Google
Scholar, Embase, and SciELO databases. The search algorithm
included multiple group combinations, as shown in Table 1.

Table 1. Search strategy.

KeywordsConcept

(“elderly” OR “older” OR “aged”)Elderly people

(“Balance” OR “balance disorder” OR “balance problem” OR “vertigo” OR “dizziness) and/or (“falls” OR “fall
detection” OR “fall prevention”) and/or (“gait”)

Balance

(“Telemedicine” OR “eHealth” OR “teleconsultation” OR “technology” OR “sensor”)Telemedicine

Selection Criteria
The inclusion criteria were randomized controlled trials (RCTs)
or quasiexperimental studies (QESs) published in English
between January 2015 and December 2019, studies related to
use of eHealth in the context of balance and falls, and the sample
was restricted to an elderly population (60 years old and above).

The exclusion criteria were: (1) review articles, brief reports,
protocols, proof-of-concepts, pilot studies, conference papers,
and letters to the editor; (2) studies including elderly people
with a reported functional limitation due to a neurological
disease; and (3) articles without an age sample reference or with
participants aged below 60 years.

Screening Process and Data Extraction
First, both authors screened the papers independently, looking
at titles, abstracts, and methods, and agreed about their inclusion
or exclusion according to the eligibility criteria. Second, the
potentially relevant papers were retrieved for full-text evaluation
against the eligibility criteria. Any articles that were deemed to
be questionable in the first stage were included for further
evaluation in the second stage. The selection of papers was
performed by checking the extracted data and risk of bias.

Outcome Measures
The main outcomes included population characteristics, balance
disorder, identification of faller participants, eHealth platform
and services, health benefits, and fall prevention literacy.

Risk of Bias Assessment
The quality of the evidence to respond to the research questions
was independently assessed using the Joanna Briggs Institute

(JBI) Critical Appraisal for Experimental Studies and JBI
Critical Appraisal Checklist for Quasi-Experimental Studies
tools [57]. The two researchers discussed the results of the
quality appraisal, reaching a consensus in case of any
divergence. The included RCTs were assessed using the
Cochrane risk of bias tool [58] to evaluate the risk of internal
bias for a series of domains: selection bias, performance bias,
detection bias, attrition bias, and reporting bias. Disagreements
were solved by consensus between the two researchers.

Data Analysis
We provide a narrative synthesis of the main outcomes from
the included studies. First, the articles were categorized
according to the study design. Second, the articles were
categorized based on the focus of eHealth services
(screening/assessment and treatment/rehabilitation) for
comparison of clinical use and applicability according to digital
devices.

Results

Search Results
A total of 1030 unduplicated articles were identified, 984 of
which were excluded after title and abstract screening. Among
the 46 full-text publications assessed for eligibility, 25 articles
were excluded owing to functional limitations due to
neurological disease (n=4), age of participants (n=5), focus on
technological implementation (n=2) or model/algorithm (n=8),
and specific descriptions of elderly gait parameters (n=6).

Twenty-one articles [59-79] were ultimately included in the
review (Figure 1).
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Figure 1. Flow of selection for studies included and excluded in the review.

Study Design

RCT Design
Seven studies were RCTs [59-65], including one cross-over
trial without a washout term [64] and one multicenter study
[60].

Not all authors clearly described the randomization process [62]
and the allocation concealment [62,64] (Tables 2 and 3).

The inclusion criteria were mentioned in all articles. However,
the clinical conditions of the participants were only described
in one study [60]. The function of the inner ear was never
mentioned. Thus, the expected similarity between the control
and intervention groups was not clear. This is relevant because
various clinical conditions (eg, cardiovascular, metabolic, inner
ear disease, medication) can interfere with the outcomes of

balance rehabilitation [38-41]. Therefore, the lack of information
about clinical conditions of the participants, including the lack
of data about function of the inner ear, was considered as “other
bias” and was a common weakness of all included RCTs (Table
3 and Figure 2). This approach led to a worse classification of
the quality of these studies.

Additionally, the blinding of participants, personnel, and
outcome assessment were unclear in some of these studies.

In the control and intervention groups of all RCTs, a few
dropouts for medical and personal reasons were mentioned.
However, this was not considered to be sufficiently relevant to
have an impact on the results. Only two papers reported
intention-to-treat analysis [60,63].

All outcomes were measured in a reliable manner and were
considered to have been properly analyzed.
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Table 2. Methodological quality of randomized controlled trials based on the Joanna Briggs Institute Critical Appraisal Checklist.

Q13mQ12lQ11kQ10jQ9iQ8hQ7gQ 6fQ5eQ4dQ3cQ2bQ1aStudy

YYYYNYYUNpYUoYYnEggenberger et al
[59]

YYYYYYYUYYUYYGschwind et al [60]

YYYYNYYYUUUYYGschwind et al [61]

YYYYNYYUUUUUULim et al [62]

YYYYYYYYNNUYYOesch et al [63]

YYYYNYYUUUUUYOzaki et al [64]

YYYYNYYYYYUYYHong et al [65]

aQuestion 1: Was true randomization used for assignment of participants to treatment groups?
bQuestion 2: Was allocation to treatment groups concealed?
cQuestion 3: Were treatment groups similar at the baseline?
dQuestion 4: Were participants blind to treatment assignment?
eQuestion 5: Were those delivering treatment blind to treatment assignment?
fQuestion 6: Were outcomes assessors blind to treatment assignment?
gQuestion 7: Were treatment groups treated identically other than the intervention of interest?
hQuestion 8: Was follow-up complete and if not, were differences between groups in terms of their follow-up adequately described and analyzed?
iQuestion 9: Were participants analyzed in the groups to which they were randomized?
jQuestion 10: Were outcomes measured in the same way for treatment groups?
kQuestion 11: Were outcomes measured in a reliable way?
lQuestion 12: Was appropriate statistical analysis used?
mQuestion 13: Was the trial design appropriate, and any deviations from the standard randomized controlled trial design (individual randomization,
parallel groups) accounted for in the conduct and analysis of the trial?
nY: Yes.
oN: No.
pU: Unclear.

Table 3. Risk of bias for randomized controlled trials based on the modified Cochrane Collaboration tool.

Attrition bias:
incomplete out-
come data

Detection bias:
blinding (outcome
assessment)

Performance bias:
blinding (partici-
pants and personnel)

Reporting
bias: selective
reporting

Other
bias

Selection biasStudy

Allocation
concealment

Random sequence
generation

LULUcHbLLaEggenberger et al
[59]

LULLHLLGschwind et al [60]

LLULHLLGschwind et al [61]

LUULHUULim et al [62]

LLHLHLLOesch et al [63]

LUULHULOzaki et al [64]

LLLLHLLHong et al [65]

aL: low risk.
bH: high risk.
cU: unclear risk.
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Figure 2. Risk of bias in accordance with the authors' judgment (RevMan version 5.3.).

QES Design
Fourteen studies were QESs [66-79]; only one of these was a
multicenter study [73]. Twelve of these studies used the same
group of participants [66,68-77,79]. One study used two groups
with different participants [67] and another had a control group

and an intervention group [78]. However, the expected similarity
between the groups was not clear because there was no
description of the clinical conditions of the participants,
including function of the inner ear. Loss to follow-up was also
not mentioned for any of these studies (Table 4).
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Table 4. Methodological quality of quasiexperimental studies based on the Joanna Briggs Institute Critical Appraisal Checklist.

Q9iQ8hQ7gQ6fQ5eQ4dQ3cQ2bQ1aStudy

YYYYYNkYYYjZacaria et al [66]

YYYYYNYUlYHall et al [67]

YYYYYNYYYHowcroft et al [68]

YYYYYNYYYLee et al [69]

YYYYYNYYYPonti et al [70]

YYYYYNYYYSimilä et al [71]

YYYYYNYYYShahzad et al [72]

YYYYYNYYYBrodie et al [73]

YYYYYNYYYHowcroft et al [74]

YYYYYNYYYChigateri et al [75]

YYYYYNYYYQiu et al [76]

YYYYYNYYYHiesh et al [77]

YYYYYYYUYManeproom et al [78]

YYYYYNYYYNightingale et al [79]

aQuestion 1: Is it clear in the study what is the “cause” and what is the “effect” (ie, there is no confusion about which variable comes first)?
bQuestion 2: Were the participants included in any similar comparisons?
cQuestion 3: Were the participants included in any comparisons receiving similar treatment/care other than the exposure or intervention of interest?
dQuestion 4: Was there a control group?
eQuestion 5: Were there multiple measurements of the outcome, both pre and post the intervention/exposure?
fQuestion 6: Was follow-up completed and if not, were differences between groups in terms of their follow-up adequately described and analyzed?
gQuestion 7: Were the outcomes of participants included in any comparisons measured in the same way?
hQuestion 8: Were outcomes measured in a reliable way?
iQuestion 9: Was appropriate statistical analysis used?
jY: yes.
kN: no.
lU: unclear.

Multiple different measurements of the outcomes were used
(Table 4). However, the instrumental inner ear tests were not
used as the gold-standard test. This lack of comparison was
considered to be a weakness of all of the included QESs. The
most commonly applied tests were the TUGT and walking over

different distances. One study assessed 1-week daily-life
walking [73]. Only one study explored the activities of daily
living [75] (Table 5).

The outcomes were considered to have been measured in a
reliable manner and were properly analyzed.
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Table 5. Quasiexperimental studies focused on screening/assessment.

Comparison with fall history
or a gold-standard test

Completed sensor-based proceduresTechnology/sensor
used (location)

Participants, N
(male/female)

Population and set-
ting

Reference

Classification of faller/nonfall-
er based on total duration for
TUGT completion

TUGTb (sensor analysis of perfor-
mance of each phase)

WISa accelerometer
and gyrosensor (L2
vertebra)

38 (20/18)HospitalZacaria et al
[66]

Classification of faller/nonfall-
er based on retrospective fall
occurrence

7.62 m walk and 7.62 m walk with

cognitive load (STd and DTe gait)

Wearable pressure-
sensing insoles (pres-
sure sensors-plantar);
WIS, 4 triaxial ac-

100 (44/56)CDEPcHowcroft et al
[68]

celerometers (head,
pelvis, shanks)

Short-form BBSf (7 activi-
ties), TUGT

TUGTWIS (1 triaxial ac-
celerometer belt
around waist, pelvis,

65 (16/49)CDEPLee et al [69]

sacrum, L3-L5 verte-
brae)

Faller/nonfaller based on ret-
rospective fall occurrence,

FESg

ST TUGT, DT manual TUGT, DT
cognitive TUGT

WIS (1 triaxial ac-
celerometer, waist)

36 (11/25)CDEPPonti et al [70]

Background questionnaire,
interview, balance platform

BBS + TUGT + 4 m walk and fol-
low-up after 1 year

WIS (2 accelerome-
ters L3-L5 vertebrae,
right hip)

35 (0/35)Senior house/se-
nior physical exer-
cise group

Similä et al [71]

assessment with Kinect
recording

BBSTUGT, STS-5h, ASTiWIS (1 triaxial ac-
celerometer, L3-L5
vertebrae)

23 (7/16)CDEPShahzad et al
[72]

Fall history, comparison with
TUGT and 10 m walk test

1-week daily life walkingPendant sensor 3D ac-
celerometer and
barometer (sternum)

96 (39/57)CDEPBrodie et al
[73]

Classification of faller/ non-
faller based on prospective
fall occurrence

7.62 m walk under ST, 7.62 m walk
under DT (verbal-task cognitive
load)

Wearable pressure-
sensing insoles (pres-
sure sensor, plantar),
WIS 4 triaxial ac-

75 (31/44)CDEPHowcroft et al
[74]

celerometers (head,
pelvis, shanks)

Synchronized videos

with accelerometer (identifica-
tion of the beginning of

TUGT, STSj, activities of daily liv-
ing

WIS 1 triaxial ac-
celerometer (L5 verte-
bra)

23 (6/17)Frail elderly people
from independent-
living retirement
homes

Chigateri et al
[75]

TUGT and of walking
episode)

Classification of faller based
on self-reported history

Sensory integration test, limits of
stability forward reach, STS-5,
TUGT, motor function

WIS 5 sensors with 3-
axis-acceleration, 3-
axis angular velocity,
3-axis magnetism

196 (0/196)CDEP/social wel-
fare centers

Qiu et al [76]

each (low back, upper
legs, lower legs)

Comparison between force
plate and smartphone data

Balance tests standing on a force
plate and holding a smartphone
against the chest: eyes open/closed

Smartphone technolo-
gy, 1 accelerometer
(sternum)

30 (12/18)Healthy elderly
people

Hiesh et al [77]

DT, semitandem, tandem stance,
single-leg stance

TUGT10 m walkOptoGait system pho-
toelectric technology

51 (unknown)Local community
centers/health care
provider offices/se-
nior centers

Nightingale et
al [79]

aWIS: wearable inertial sensor.
bTUGT: Timed Up and Go Test.
cCDEP: community-dwelling elderly people.
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dST: single task.
eDT: dual task.
fBBS: Berg Balance Scale.
gFES: Fall Efficacy Scale.
hSTS-5: Five Times Sit-to-Stand test.
iAST: Alternative Step Test.
jSTS: Sit-to-Stand test.

Focus of eHealth Services
The 12 QESs were focused on screening and assessment. These
studies compared the use of sensors in participants with a history
of falling, or with clinical tests and functional scales

[66,68-77,79] (Table 5). No instrumental test of the inner ear
was performed as a gold-standard test. All RCTs [59-65] and
two QESs [67,78] were focused on balance treatment or
rehabilitation (Table 6). Again, no instrumental test of the inner
ear was used in pre and postrehabilitation assessments.
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Table 6. Studies focused on treatment/rehabilitation.

Outcome mea-
surements

Sensor-based proce-
dures

Tested sensor archi-
tecture

Tested technologyParticipants, N
(male/female)

Setting and
population

Study
type

Reference

Gait analysis:

STd/DTe 7.3 m

VR video game
dancing with simulta-
neous cognitive-

VR video game
dancing + pressure
sensitive platform,

VRc video game
dancing + Impact
Dance Platform

71 (25/46): dance
group n=24, memory
group n=22, control
group n=25

CDEPb and
retirement
homes

RCTaEggenberger
et al [59]

walking, Short
Physical Perfor-physical training;

treadmill walking
treadmill + training
software

treadmill walking +
computer screen +
training software

mance Battery,
fall frequency, 6-
minute walk test,

with simultaneous
verbal memory
training; treadmill
walking (control)

measure of fall
fear

Estimated risk of
falling; mobility,

16-week home-
based balance ex-

Kinect-based sys-
tem (3D depth sen-

iStoppFalls system:
computer + Google

153 (60/93): interven-
tion group n=78, con-
trol group n=75

CDEPRCTGschwind et
al [60]

self-care, usual
activities, pain,

ergames and muscle
strength exercises +

sor), Senior Mobil-
ity Monitor (3D

TV set top box +
Microsoft Kinect +

discomfort, anxi-education bookletaccelerometer,
barometer)

senior mobility
monitor + android
tablet

ety, depression,
health question-
naires, cognitive

(intervention) or edu-
cation booklet +
usual activities (con-
trol) performance,

walking task,

STS-5f, TUGTg,
technology use

Risk of falling,
health and disabil-

Unsupervised 16-
week home exercise

Pressure-sensitive
electronic mat,

Input device, com-
puter, USB modem,

124 (42/82): step-mat
training group n=39,

CDEPRCTGschwind et
al [61]

ity measure, STS-using exergames orKinect-based sys-TV, exergames, Mi-Microsoft-Kinect
5, TUGT, cogni-
tive performance

educational booklet
about evidence-
based health and fall

tem (3D depth sen-
sor)

crosoft Kinect or
electronic mat

group n=24, control
group n=61

prevention advice +
usual activities (con-
trol)

Dynamic Gait In-
dex, TUGT, gait
speed

Wii Fit balance test
+ games, followed

by SOTi and LOSj

Balance Board:
force platform

Nintendo Wii Fit
System: computer
interface + monitor
+ Wii balance board

16 (0/16): group A
n=8, group B n=8

CDEPQEShHall et al
[67]

test, CDPk (group+ games Ski Slalom/
Table Tilt A); SOT and LOS

test, CDP, followed
by Wii Fit balance
test + games (group
B)

Standing:1 leg
(eyes open), feet

2-week training with
real-time multi-

Biofeedback head-
band: 8 vibrotactile

Wearable balance
biofeedback (system

36 (11/25): interven-
tion group n=18, con-
trol group n=18.

CDEPRCTLim et al
[62]

together, firm
surface and foam,

modal biofeedback
of trunk sway or 2-

actuators, 2 bone-
conducting acous-

(vibrotactile, audito-
ry and visual
biofeedback) tandem stance

(ECl); self-paced

week training with-
out biofeedback
(control)

tic transducers, 3
light-emitting
diodes; and gyro-
scopes (lower
back)

8 m walking
(EC); 8 m walk-
ing with head
turning; 8 tandem
steps (EC)

Adherence, moti-
vation, enjoy-

10-day self-regulat-
ed training with ex-

Kinect-based sys-
tem (3D depth sen-
sor)

Windows Kinect
(exergame)

54 (29/25): interven-
tion group n=26, con-
trol group n=28

Geriatric reha-
bilitation cen-
ter

RCTOesch et al
[63]

ment, sensor-
based walking
test

ergames or 10-day
self-regulated con-
ventional training
with instruction
leaflets (control)
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Outcome mea-
surements

Sensor-based proce-
dures

Tested sensor archi-
tecture

Tested technologyParticipants, N
(male/female)

Setting and
population

Study
type

Reference

Gait speed, tan-
dem gait speed,
functional reach
test, TUGT

6-week based BEAR
training first group
or 6-week based
conventional bal-
ance training first
group (control)

Stand-and-ride
transport robot
with two inverted
wheel motors

BEARm system:
Stand-and-ride
transport robot +
wearable helmet and
suspending device +
software

27(7/20): intervention
group n=14, control
group n=13

Prefrail or
frail CDEP

RCTOzaki et al
[64]

Senior fitness

test, BBSn, fall-
related self-effica-

cy, FESo, Fear of
falling question-
naire

12-week telepres-
ence exercise ses-
sions or maintained
lifestyle (control)

Web Real-Time
Communication
(WebRTC) technol-
ogy

tablet, web app, sig-
naling server module
network address
translator traversal
module

23 (0/23): intervention
group n=10, control
group n=13

CDEPRCTHong et al
[65]

TUGT, BBS, fall
prevention ques-
tionnaire

robot-installed fall
prevention software
+ personal coaching
+ fall prevention
handbook or fall
prevention hand-
book only (control)

8-inch touchscreen
installed at robot
head

robot, robot-installed
fall prevention soft-
ware

64 (13/51): interven-
tion group n=32, con-
trol group n=32

Senior hous-
ing

QESManeproom
et al [78]

aRCT: randomized controlled trial.
bCDEP: community-dwelling elderly people.
cVR: virtual reality.
dST: single task.
eDT: dual task.
fSTS-5: Five Times Sit-to-Stand test.
gTUGT: Timed Up and Go Test
hQES: quasiexperimental study.
iSOT: Sensory Organization Test.
jLOS: Limits of Stability.
kCDP: computerized dynamic posturography.
lEC: eyes closed.
mBEAR: Balance Exercise Assist Robot.
nBBS: Berg Balance Scale
oFES: Fall Efficacy Scale.

Population Characteristics
The included studies had large differences in sample sizes,
ranging from 23 to 153 participants [59-65] among RCTs and
from 16 to 196 participants [66-79] among QESs. As shown in
Tables 5 and 6, many studies included a small sample size that
was described as a limitation.

The age range was 60-91 years for the RCTs and 60-92 years
for the QESs. Most of the studies included more women than
men. In four studies, only women participated [65,67,71,76].
The decision to only recruit women was explained in one study
as “to avoid the influence of gender differences on risk of
falling” [76]. Two studies excluded the few male participants
[67,71] and the remaining article did not describe the reason
for the exclusive participation of women [65]. One study did
not describe the age range or the gender distribution of the
participants [79].

The participants (≥60 years old) were recruited from the
community [60-62,64,65,67-70,72-74,76,77], gerontology
services [71,75,78], both [59,79], or at a hospital [66]. One

study included participants who were referred for geriatric
inpatient rehabilitation [63].

Most of the studies did not describe the characteristics of health
conditions of the sample [59,62,64-66,68-72,74-77,79]. Only
some authors provided quantitative data about the participants’
medication use [60,61,73,78] and their comorbidities
[60,61,63,67,73,78]. One study [60] highlighted the following
comorbidities of the participants: heart problems, high blood
pressure, osteoporosis, lower back pain, hip pain, knee and/or
leg pain, and foot pain. Two studies excluded participants with
self-reported balance disorders [62,63]. Two other studies
included frail or prefrail elderly adults [64,75].

Balance Disorder and Identification of Faller
Participants
The included studies used functional balance tests, with or
without sensors, to evaluate balance and risk of falling. An
objective identification via exploration and quantification of
the function of the inner ear by instrumental tests was not
employed in any of the considered studies, as mentioned above.
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Therefore, the presence of prebyvestibulopathy or other balance
disorders was not known.

Some authors highlighted the potential of sensor-based tests in
identifying early balance deficits [71] and in evaluating the risk
of falling [66,72,73,76,77]. Improved balance and gait with
technology-based training were mentioned in some studies
[59,62,64].

The identification of faller participants based on retrospective
[68,70,73,76] or prospective occurrence of falling [74] was
employed to compare the technology results. The benefits of
virtual training in reducing the risk of falling was also described
[60,61,65,78].

No study focusing on detection of falling fully complied with
the inclusion criteria of this review (RCTs or QESs, published
in English between January 2015 and December 2019, restricted
to the population 60 years or older).

eHealth Platform and Services
Different platforms were used for the provision of eHealth
services. The main platforms identified were computer-based
apps, either via the internet or mobile based platforms (Tables
5 and 6).

As mentioned above, 12 studies focused on screening or
assessment [66,68-77,79] using different types (wearable
inertial, wearable pressure, pendant, smartphone), quantities
(range 1-5), and locations (head, sternum, lumbar vertebra,
pelvis, hip, leg, shanks, foot) of sensors. Single or combined
sensor-based tasks were employed. Only two studies [73,75]
evaluated activities in a real-life environment (Table 5).

Nine studies explored balance rehabilitation [59-65,67,78] with
different exercises and duration of training. The follow-up time
was short (less than 6 months) in most of the studies, with the
longest follow-up of 1 year [59]. The development of eHealth
services was explored both inside and outside the laboratory
environment (Table 6).

One study used a robot to provide information about training
and fall prevention. However, the authors pointed out that the
screen and the volume speaker were not adequate for use by
elderly people [78].

The use of technical language and the presence of disabilities
such as visual and hearing impairment were highlighted as the
main barriers in using eHealth [78].

Health Benefits
Only one study did not report better adherence, enjoyment,
motivation, and balance performance with virtual training. This
was explained by the possible fragility of the sample included
in the study and by the short duration of the training intervention
[63].

The remaining papers emphasized the potential contribution of
digital solutions to improve balance performance and risk of
falling. The sensors used during balance tests improved the
evaluation of balance and gait [66,68,69,71,72,79] and improved
the identification of potential faller participants [70,73-77]. In
addition, the use of eHealth devices for balance rehabilitation
increased balance and gait performance [59,60,62,64,65,78],
and reduced the risk of falling [60,61]. However, no long-term
follow-up was reported. Virtual programs of falls prevention
seemed to increase knowledge on the subject [78] (Table 7).
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Table 7. Health benefits: conclusions from all studies.

ConclusionsStudy typeReference

Single wearable sensor during TUGTb: an improved tool in evaluating fall riskQESa, screeningZacaria et al [66]

Sensor-based gait assessment: potential of identification of gait changesQES, screeningHowcroft et al [68]

Advantages of wearable sensor as an outside laboratory toolQES, screeningLee et al [69]

Improved potential of identification of fallers with single sensor-based DTc

TUGT

QES, screeningPonti et al [70]

Sensor-based walk test: a screening tool to identify early signs of balance deficitsQES, screeningSimilä et al [71]

Importance of sensor-based TUGT, STS-5d, and ASTe on fall risk estimationQES, screeningShahzad et al [72]

Better sensor-based daily-life gait assessment to discriminate fallersQES, multicenter screeningBrodie et al [73]

Sensor: potential to discriminate differences between STf and DT gait and be-
tween prospective fallers and nonfallers

QES, screeningHowcroft et al [74]

Wearable accelerometer: useful for nonsedentary activity recognition and gait
detection in frail older adults outside lab facilities

QES, screeningChigateri et al [75]

Potential use of wearable inertial sensor-based systems for elderly fall risk as-
sessment

QES, screeningQiu et al [76]

Validity of smartphone for evaluation of postural stability and fall risk stratifica-
tion in older adults

QES, screeningHiesh et al [77]

Using Optogait system: TUGT as a tool for screening balance deficitsQES, screeningNightingale et al [79]

Virtual reality game dancing with simultaneous cognitive-physical training and
treadmill walking with simultaneous verbal memory training: potential to enhance
gait variables

RCTg, rehabilitationEggenberger et al [59]

iStoppFalls program reduced physiological fall risk and improved postural swayRCT, rehabilitationGschwind et al [60]

Step-mat-training and Microsoft-Kinect exergames reduced fall risks, Step-mat-
training improved specific cognitive functions; neither intervention improved
balance control

RCT, rehabilitationGschwind et al [61]

WiiFit feasible to safely use, Ski Slalom game similar effect as computerized
dynamic posturography

QES, rehabilitationHall et al [67]

Balance training with biofeedback: most beneficial for the most difficult tasks
but with few long-term benefits

RCT, rehabilitationLim et al [62]

Superior results of conventional training with respect to adherence, enjoyment,
and motivation; no difference of balance during walking between conventional
and training with exergames

RCT, rehabilitationOesch et al [63]

BEARh training more effective for improving dynamic balance and lower ex-
tremity muscle strength

Crossover trial without a
washout term, rehabilitation

Ozaki et al [64]

Telepresence exercise program: effective to improve balance and reduce fear of
fall; no significant difference of fall efficacy between intervention (telepresence
exercise sessions) and control group (maintained lifestyle)

RCT, rehabilitationHong et al [65]

Robotic fall prevention program increased fall prevention knowledge, promoted
exercises, and improved balance

QES, rehabilitationManeproom et al [78]

aQES: quasiexperimental study.
bTUGT: Timed Up and Go Test.
cDT: dual task.
dSTS-5: Five Times Sit-to-Stand test.
eAST: Alternative Step Test.
fST: single task.
gRCT: randomized controlled trial.
hBEAR: Balance Exercise Assist Robot.
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Fall Prevention Literacy
None of the studies explored the previous health literacy of the
participants. Only two papers described the educational level
of the participants [60,78].

One study compared use of a fall prevention software to a
conventional handbook to evaluate the improvement of
knowledge on fall prevention. Both the intervention and control
groups showed improvement in knowledge, without a significant
difference [78].

Discussion

Principal Findings
Population aging, and the associated vulnerability to the
development of multiple chronic pathologies and balance
disorders, have motivated research and the implementation of
new strategies for the provision of health care. eHealth devices
have been studied to help assess balance and gait performance,
risk of falling in and outside a laboratory setting, and to perform
in-home balance rehabilitation. In this review, we confirmed
the potential of eHealth to complement the health care of elderly
people. However, most of these studies were not designed to
provide clinical guidelines.

Despite growing interest about this subject in the last 20 years,
we decided to focus on studies published in the last 5 years
(RCTs and QESs), taking into consideration both continuous
advances in technological innovation and the opportunity to
apply new clinical applications in balance disorder and risk of
falling for the elderly population.

Unlike other reviews, our eligibility criteria ruled out many
initially retrieved articles, especially studies with participants
under 60 years old, those without reporting the age of
participants, or with participants having a functional limitation
due to neurologic disease. Therefore, only 21 articles fully
complied with the requirements of this review [59-79].

Except for one study [63], the others showed the potential of
eHealth to evaluate balance assessment and risk of falling of
elderly people and to promote balance training. The eHealth
devices allowed collecting additional information about the
balance, gait, and risk of falling of elderly people, and to monitor
their daily activities.

In particular, eHealth seems to provide an opportunity for
increasing medical-patient interactions and to reduce access
inequities [30]. In 1996, Viierre et al [80] had already mentioned
the potential of eHealth in this field: “remote medical diagnosis
and treatment facilities could make the few vestibular disorder
specialists much more available to patients.” However, as
observed in other reviews [36,37,42-47], the differences in
methodologies and of variables included in the studies did not
allow for a proper comparison to guide clinical applicability.

First, there was a broad range of sample sizes, which were
generally quite small (ranging from 16 to 196 participants). A
small sample of participants is considered a limitation for
extrapolating the results, especially for the exploration of risk
of falling.

Second, there were missing data about the clinical conditions
of the participants. Except for one study [60], several volunteers
were recruited from the community and were defined as
“healthy” elderly people only based on a self-reported
assessment. There were also participants recruited from geriatric
services without reference to their clinical conditions. Despite
the exclusion of participants with self-reported balance disorders
in two studies [62,63], we consider that the exclusion rules
should be more rigorous and based on objective data such as
instrumental inner ear tests. We have to take into consideration
that elderly people can have instability due to many conditions,
including the normative aging process, and therefore the
outcomes from a balance rehabilitation intervention could be
sensitive to these differences [38-41].

Third, different research methodologies were used for screening
and assessment. We observed a wide range of clinical tests,
functional scales, faller classifications, and sensor-based tasks
among the included studies. The lack of homogeneity of these
variables limited an appropriate comparison among the studies.
Moreover, functional inner ear tests were not used as the
gold-standard test. We consider this as a weakness common to
all studies.

Fourth, different types of sensors were used for screening and
assessment. Similar to the findings of other reviews
[36,37,44-47], the studies employed mainly accelerometers,
with variations in both number and body location.

Fifth, as observed previously [42,43], studies focusing on
treatment and rehabilitation used different devices, training
durations, and follow-up times. Some authors employed
supervised training. In one study, this was used a
telepresence-based exercise platform [65]. Others employed
in-home self-regulated exercises training [61], thereby avoiding
the need for participants to travel to the rehabilitation center.
None of the studies described pre and postintervention data
about the function of the inner ear. The studies did not verify
the long-term effect of training, especially with respect to fall
occurrence. Only two studies explored a sensor used in real-life
activities [73,75], which is relevant since it allowed for a better
evaluation of the remote interaction and monitoring of daily
activities.

Additionally, we observed a constraint related to the use of
devices that are not fully adequate to match the abilities of
elderly people [78]. We also highlight the importance of
providing a better definition of the eHealth user profile to
improve adherence.

Future studies in this field should consider the above topics as
a starting point, as well as for health policy implementations
on eHealth apps for elderly people with balance disorders.

The use of eHealth can play an important role as a
complementary method to provide health care services,
encouraging health promotion and patient participation, as well
as allowing for the remote management of balance disorders.
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Recommendations
Based on this review, we can provide the following
recommendations to improve studies and applications of eHealth
for preventing fall risk in the elderly population.

First, this review highlights the need for further research on the
use of eHealth devices in proper clinical settings. This represents
an opportunity to be explored, reaching out to elderly people
with balance and risk of falling.

Second, despite several efforts to explore balance among the
elderly, there is still a need for better characterization and
description of the health condition of the population under study.
In particular, we recommend future studies to include the results
of functional tests of the inner ear as a gold-standard test or for
comparison of the outcome before and after remote balance
rehabilitation. Most of the interventions were developed with
only functional balance tests. Future studies should also focus
on the real-life environment, allowing for additional information
of the daily activities among elderly participants.

Third, a longer follow-up time is important to evaluate the
long-term benefits of eHealth tools on the balance performance
and risk of falling of elderly people.

Finally, the eHealth devices should be user-friendly to improve
adherence among elderly people.

Limitations
This review was limited to articles written in the English
language and available on the PubMed, Google Scholar,
Embase, and SciELO databases for the last 5 years; therefore,
it is possible that relevant studies were missed.

Conclusions
The inclusion of eHealth services can play a critical role for the
better provision of health care to elderly people with a balance
disorder and risk of falling. The differences in populations,
methodologies, eHealth devices, and follow-up times of the
included studies did not allow for a clear comparison between
results, therefore limiting the possibility of obtaining valid
guidance for clinical applicability. More rigorous studies are
recommended.
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Abstract: This study aimed to identify relevant topics for the development of an efficient eHealth
service for elderly people with balance disorders and risk of falling, based on input from physi-
cians providing healthcare to this patient group. In the quantitative part of the study, an open
multiple-choice questionnaire was made available on the website of the Portuguese General Medical
Council to assess the satisfaction with electronic medical records regarding clinical data available,
the time needed to retrieve data and the usefulness of the data. Of the 118 participants, 55% were
dissatisfied/very dissatisfied with data availability and 61% with the time spent to access and update
data related to the focused patient group. Despite this negative experience, 76% considered future
e-Health solutions as pertinent/very pertinent. Subsequently, these findings were further explored
with eight semi-structured interviews. The physicians confirmed the reported dissatisfactions and
pointed out the lack of comprehensive data and system interoperability as serious problems, causing
inefficient health services with an overlap of emergency visits and uncoordinated diagnostics and
treatment. In addition, they discussed the importance of camera and audio monitoring to add
significant value. Our results indicate considerable potential for e-Health solutions, but substantial
improvements are crucial to achieving such future solutions.

Keywords: balance disorders; falls; elderly care; eHealth; mixed methods

1. Introduction
1.1. The Burden of an Ageing Population: Portugal and the World

As is observed in other health systems [1–7], Portugal’s increasing life expectancy
in recent decades has not been followed by an increase in healthy life years [4,6]. The
prevalence of chronic diseases, comorbidities, disabilities and falls have increased with
aging [1–7]. In fact, there are many causes for elderly people’s falls to happen, including
age, environmental factors, inappropriate clothing and shoes, risky behavior, medications,
and balance disorders [1,7–9].

Elderly falls represent an important public health problem, being the main cause of
accidental death in the population over 65 years of age [1,8–10]. Although Portugal has
one of the lowest rates of fall-related mortality in the elderly population of the Western
European region, this issue has received attention from the Portuguese government [11].

The burden of aging with balance disorders and falls, and the insufficient access to
healthcare data by health professionals, have led to additional medical visits, overdiagnosis,
repeated diagnostic tests and multiple prescriptions [12–15]. This misuse of healthcare
provision is costlier and unsustainable for the current healthcare provision model and
considered unsuitable for responding to elderly population demand [4,12–15]. In order to
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relieve this pressure, new strategies have been recommended, including person-centered
health systems and the utilization of devices and systems supported by Information
Systems and Technologies (IST) [2,5,16] (Figure 1).
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These healthcare solutions have revealed the potential to provide quality health ser-
vices with complete, interoperable data in near real-time [17–20], and eHealth services
with the engagement of patients and families for self and remote management of chronic
conditions and prevention of risky behaviors [2,20–22]. Indeed, many researchers have
studied the potential of digital sensors to identify early balance deficit and identify fallers
among elderly people, improving the data quality of clinical tests and functional scales as
the Timed Up and Go Test (TUGT) and the Berg Balance Scale [23–29]. Other researchers
have evaluated the benefits of eHealth devices in balance training, reducing the risk of
falling [29–31]. The eHealth services seem to have the potential to be a complementary
method for preventive monitoring of falls, telerehabilitation, and monitoring of effective
rehabilitation for elderly with balance disorder and risk of falling [23–31], aligned with the
eHealth definition: “an emerging field in the intersection of medical informatics, public health and
business, referring to health services and information delivered or enhanced through the Internet
and related technologies. In a broader sense, the term characterizes not only a technical develop-
ment, but also a state-of-mind, a way of thinking, an attitude, and a commitment for networked,
global thinking, to improve health care locally, regionally, and worldwide by using information
and communication technology” [32]. However, there are still constraints to be overcome:
technological obsolescence; unsuitable technological devices; regulation, standardization,
auditing, inspection and quality control; lack of interoperability; health professional resis-
tance; low organizational capability for new ways of working and organization; shortage of
digital training [33–38]. In Europe, both the skill development in old age and the aging of
younger generations of technology users have led to a growing number of elderly people
able to use health and care services online, although to a lesser extent in Portugal [39].

1.2. Portugal and the Strategies Supported by IST

To build up a shared ecosystem of health information, the Portuguese Ministry of
Health created an Electronic Health Record (EHR) called “Sclínico,” which is unfortunately
not yet available in all health units of the Portuguese National Health Service (NHS) [40].
More recently, another digital service was made available on the NHS’ digital platform to
allow the sharing of clinical information between all levels of health care and to promote
the interaction between the citizen and the family health unit [40]. In addition, the Por-
tuguese elderly people can use the current telephone and digital service of the NHS Call
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Center, known as “SNS 24,” which is responsible for the triage of first-level emergencies
and guiding the population about health problems [40]. Another NHS telephone service,
known as Senior Proximity Project, was implemented to identify the risks and needs of
elderly people to reduce morbidity and promote more autonomy and health literacy [41].
Several public health units have provided retinal examination by teleradiology, telecon-
sultation, telediagnostic-telepathology, telemonitoring of cardiac and pulmonary diseases
and telerehabilitation of osteoarticular disease of shoulder and knee [40]. Additionally, the
electronic prescription system and the treatment guide for the user have allowed patients,
including elderly people with chronic diseases, to obtain their medication without ever
going to a health care unit [40].

However, in recent reviews [23–31], it was pointed out that the clinical applicability
of eHealth devices and services in screening, assessing and treating elderly people with
balance disorders and the risk of falling in Portugal is still unknown. Therefore, we aim
at studying how to obtain an efficient eHealth service for the provision of care for elderly
people with balance disorders and the risk of falling.

The purposes of this explanatory sequential mixed methods approach [42] were: (a)
to identify and understand how to overcome the medical difficulties about availability of
clinical data in the electronic medical record (EMR) relatively to the context of healthcare
provision for elderly with balance disorders and risk of falling; (b) to know and understand
the medical relevance about eHealth services to support health care for elderly people with
balance disorders and risk of falls; (c) to understand how to develop an efficient eHealth
service to support health care for elderly people with balance disorders and risk of falls.

The increasing interest of elderly people in medical digital devices and the eHealth
potential to enhance health promotion and physician–patient interaction to mitigate care
access inequities and to allow remote management of balance disorders and risk of falling
are opportunities that should be further explored for active and healthy aging [29]. This
could be viewed as an opportunity to mitigate the aging pressure in the health systems.

2. Materials and Methods
2.1. Study Design

From June to August 2019, the authors performed a quantitative observational descrip-
tive study [42] to identify the difficulties about clinical data and the relevance of eHealth
(Figure 2).
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This first phase aimed at responding to the following specific research questions: “Do
physicians have difficulties accessing current clinical data in EMR relatively to the context
of healthcare provision for elderly with balance disorders and risk of falling?”; “In this
context, what is the medical satisfaction level with the use (e.g., time spent to access and fill
in clinical data) and quality (e.g., availability of sufficient and understandable clinical data)
of the current clinical data in the electronic medical record (EMR)?”, and “Could eHealth
services be relevant to improve healthcare?”.

From December 2019 to April 2020, a qualitative exploratory and descriptive phe-
nomenological study [42] was performed to understand the quantitative results and how
to obtain an efficient eHealth service to support health care for elderly people with balance
disorders and risk of falls. This second phase explored the following research questions:
“What are the medical difficulties related with current clinical data in the context of health
care provision for elderly with balance disorders and risk of falling?”; “What strategies can
be implemented to improve clinical data?”; “What do you think about the contribution of
eHealth?”; “How can an eHealth service be suitable? What are the necessary strategies?
What difficulties must be overcome?”.

2.2. Materials

The questionnaire, entitled “Health contribution to the provision of health care for
the elderly at risk of falling due to balance disorders” (in the original: “A contribuição do
eHealth na prestação de cuidados de saúde ao idoso com risco de queda por distúrbios
do equilíbrio”) was developed with 18 multiple choice questions [42]. It included socio-
demographic data of the participants, availability of data in the EMR and relevance of
eHealth in the context of health care for the elderly with balance disorder and risk of
falling. Except for the demographic questions, alternative responses on quantity, frequency
and evaluation were used, and a non-response (“Do not know/Do not answer”) was
provided [42] (see Table A1). The usability, technical functionality and time to complete
the questionnaire were tested. The access link was available through the website of
the Portuguese General Medical Council (Ordem dos Médicos de Portugal), the entity
that regulates medical practice in Portugal (https://ordemdosmedicos.pt/inquerito-a-
contribuicao-do-ehealth-na-prestacao-de-cuidados-de-saude-ao-idoso/ (accessed on 25
June 2019)). The information regarding this open survey was provided online. The
eligible participants were specialist physicians who provide healthcare in Portugal for the
elderly with balance disorders and risk of falling, including family physicians, internal
medicine physicians, physical medicine and rehabilitation (PMR) physicians, neurologists,
otolaryngologists and physicians with competence in Geriatrics. For the advertisement of
the study and disclosure of the access link of the questionnaire, the authors requested, via
email, the collaboration of the Portuguese Society of Physical Medicine and Rehabilitation,
Portuguese Association of General and Family Medicine, Portuguese Society of Internal
Medicine, Center for Geriatric Studies of the Portuguese Society of Internal Medicine,
Portuguese Society of Otorhinolaryngology and Portuguese Otoneurology Association.
The Portuguese Society of Neurology was also contacted through this institution’s website.
The questionnaire was distributed online using the survey software SurveyMonkey® [43].
Each question was made available in turn, with the possibility of returning to the previous
questions. All questions had one mandatory answer [44]. During the study time, the IP
address of the participants was used to eliminate potential duplicate responses from the
same user [44].

Regarding the qualitative study, the same interviewer (one of the authors) conducted
individual semi-structured interviews [42]. Four primary thematic categories were dis-
cussed: current clinical data in the context of health provision for elderly with balance
disorders and risk of falling (i.e., understanding of quantitative results), interventions to
improve the clinical data, understanding of eHealth relevance pointed out by physicians
in the quantitative research, and strategies to improve the use of eHealth services (see
Table A2). The sampling was intentional [42], with a purposeful search for physicians
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with: (a) healthcare provision for elderly with balance disorders and risk of falling; (b)
coordination function in health units and; (c) easy access by the interviewer. The potential
interviewees were invited by the interviewer, in person or via telephone, to participate in
the study. The participant number was defined after saturation or redundancy of responses;
that is, the sampling process was completed when no new information emerged from the
new interviews [42]. Respecting the anonymous participation of the quantitative study, the
interviewer did not ask if the interviewee had participated in the previous study.

2.3. Data Analysis

Firstly, to determine the quantitative frequency tables [42], a descriptive and ex-
ploratory statistics of the data from the questionnaires were performed. The software IBM
SPSS Statistics version 26 (IBM Corporation, Armonk, NY, USA) was used [45]. Secondly,
a descriptive analysis of demographic data [42] of interviewed was performed. All the
interviews were manually coded and transcribed by the interviewer, allowing content
analysis of interviews [42]. For a better comprehension of the quotes, the authors entered
words in round brackets.

2.4. Ethical Considerations

The survey’s aim was clearly identified in both the website of the Portuguese Gen-
eral Medical Council and on the SurveyMonkey® link [SURVEY PREVIEW MODE] A
contribuição do eHealth na prestação de cuidados de saúde ao idoso com risco de queda
por distúrbios do equilíbrio Survey (surveymonkey.com, accessed on 25 June 2019). The
physicians could voluntarily participate and leave the study until the submission of the
questionnaire. The information of the quantitative study was treated confidentially and
anonymously by using respondent e-mails confidentiality and anonymous responses fea-
tures of the software SurveyMonkey® [43].

Regarding the interviews, the participants signed a consent form and received a copy
of this and information about the study. They could leave the study until one month
after the interview’s date. The audio recording was authorized by the participants. To
guarantee confidentiality, all interviews were manually coded. The transcriptions omitted
information to avoid identifying respondents. All data were kept anonymous [42]. The
information from the questionnaires and interviews and the audio records were kept in a
safe place (external disk with access code) within the period provided by the Portuguese
law [46], always safeguarding the confidentiality of the information obtained.

3. Results
3.1. First Phase: Quantitative Research

The online questionnaire had a total of 118 responses. This represents 1% of the total
universe of 12,214 [47] family physicians, internal medicine physicians, PMR physicians,
neurologists and otolaryngologists registered in Portugal (Table 1).

Table 1. Study quantitative: Demographic data of the participants. PMR: physical medicine and rehabilitation.

Demographic
Data/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician Neurologist Otolaryngologist Total

Physician number
according to Portuguese

General Medical
Council—year 2019 [47]

7451 2847 691 549 676 12,214

Number of participants of
the study according to

specialty (%)

18
(15.3%)

46
(39.0%)

5
(4.2%)

4
(3.4%)

45
(38.1%)

118
(100%)
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Table 1. Cont.

Demographic
Data/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician Neurologist Otolaryngologist Total

Participation according to
specialty total number of

physicians (%)

18/7451
(0.2%)

46/2847
(1.6%)

5/691
(0.7%)

4/549
(0.7%)

45/676
(6.7%)

118/12 214
(1.0%)

Participant’s gender (M/F) 3/15 15/31 3/2 1/3 24/21 46/72

Participant age ≤ 50 years
old/Total physician

number age ≤ 50 years
old a

15/2390 34/1299 5/271 3/234 30/233 87/4427

Participant age >51 years
old/Total physician

number age > 51 years
old a

3/5061 12/1548 0/420 1/315 15/443 31/7787

Regional Health
Administration of Portugal

-North 2 13 1 0 8 24
-Center 0 7 1 0 12 20

-Lisbon and Tejo Valey 16 19 3 4 22 64
-Alentejo 0 3 0 0 1 4
-Algarve 0 4 0 0 2 6
-Madeira 0 0 0 0 0 0
-Azores 0 0 0 0 0 0

Main job—Public sector 17 43 4 4 29 97
Main job—Private sector 1 3 1 0 16 21

a According to Portuguese General Medical Council (“Ordem dos Médicos de Portugal”)—year 2019 [47].

There was no duplicate response found with the same IP address. A relevant propor-
tion of the respondent activity was directed to provide care to elderly people in the context
studied. About the elderly people observed by physicians, 19% of the participants said that
their monthly appointment time was more than 50% occupied with elderly patients with
balance disorders, while 9% of physicians had their monthly appointment time more than
50% occupied with elderly patients with complaints related to consequent falls. A total
of 86% of the physicians recognized the relevance of data about the previous provision of
health care to the elderly with balance disorders and risk of falling. However, A total of
43% of all physicians responded that they need to access data from previous care consul-
tations for elderly patients with balance disorder and risk of falling in more than half of
cases. The majority of the participants (84%) had access to this information through the
hospital or health center electronic medical record. Most respondents (60%) reported that
more than half of the medical consultation time had been spent on IST-related activities.
Moreover, 50% of participants were dissatisfied or very dissatisfied with the use of IST (e.g.,
usefulness, quality) in the context of balance disorders and the risk of falling in the elderly.

3.1.1. Socio-Demographic Participant Data

Most of the participants were female, accounting for 72 responses (61%). Younger
physicians adhered more to the study: most participants (74%) had 50 years old or less.
Although 64% of the eligible physicians were over 50 years old (7787 out of 12,214), the
participants over 50 years old represented only 26% (31 out of 118) of the responses.

About 39% of the participants were specialists in Internal Medicine, 38% in Otolaryn-
gology, 15% were family physicians, 4% PMR physicians, and 3% were neurologists. Only
4% were enrolled in the College of Competence in Geriatrics. Comparing the numbers,
the family physicians had weak participation (18 out of 7451 family physicians), although
being the specialty most represented among the eligible physicians.
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Most physicians (82%) had the main job in public healthcare units, and 54% were
from the larger Portuguese health region, the Lisbon and Tejo Valey (LTV) Regional Health
Administration. (Table 1)

3.1.2. Difficulties and Medical Satisfaction Level Related to Current Clinical Data in the
EMR (Electronic Medical Registration)

61% of all respondents were dissatisfied or very dissatisfied with the time spent
accessing clinical data in the EMR, rising to 65% when considering only professionals who
have the main job in a public healthcare institution. Regarding the availability of sufficient
and understandable clinical data in the EMR, 55% of the physicians revealed dissatisfaction
or a lot of dissatisfaction, with values of 59% for public health professionals as their main
job. Again, 61% of all participants also expressed dissatisfaction or great dissatisfaction
with time spent to fill in new data in the EMR, reaching 64% among professionals with the
main job in a public health institution (Table 2).

Table 2. Questionnaire: Satisfaction degree with clinical data in the EMR—Context of health care provision for elderly with
balance disorders and risk of falling.

Satisfaction
Degree/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician Neurologist Otolaryngologist Total

Time to data access (public
and private main job)

-S 1 12 3 1 25 42 (36%)
-D 17 34 1 3 17 72 (61%)

-Others 0 0 1 0 3 4 (3%)
TOTAL 18 46 5 4 45 118 (100%)

Time to data access (public
main job)

-S 1 11 3 1 15 31 (32%)
-D 16 32 0 3 12 63 (65%)

-Others 0 0 1 0 2 3 (3%)
TOTAL 17 43 4 4 29 97 (100%)

Sufficient/understandable
data (public and private

main job)

-S 3 18 3 1 25 50 (42%)
-D 15 27 2 3 18 65 (55%)

-Others 0 1 0 0 2 3 (3%)
TOTAL 18 46 5 4 45 118 (100%)

Sufficient/understandable
data (public main job)

-S 3 16 3 1 15 38 (39%)
-D 14 26 1 3 13 57 (59%)

-Others 0 1 0 0 1 2 (2%)
TOTAL 17 43 4 4 29 97 (100%)

Time to fill data (public
and private main job)

-S 2 13 2 0 22 39 (33%)
-D 16 29 3 4 20 72 (61%)

-Others 0 4 0 0 3 7 (6%)
TOTAL 18 46 5 4 45 118 (100%)
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Table 2. Cont.

Satisfaction
Degree/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician Neurologist Otolaryngologist Total

Time to fill data (public
main job)

-S 2 12 2 0 13 29 (30%)
-D 15 27 2 4 14 62 (64%)

-Others 0 4 0 0 2 6 (6%)
TOTAL 17 43 4 4 29 97 (100%)

S: Satisfied or very satisfied. D: Dissatisfied or very dissatisfied. Others: Did not use or Did not answer or Did not know.

3.1.3. Relevance of the Use of eHealth

The possibility of using eHealth for elderly patients with balance disorder and risk
of falling was considered pertinent or very pertinent by 76% of all physicians and also by
professionals with public healthcare as the main job. Regarding the medical specialties
with more than 30 responses, 72% (33 out of 46) and 82% (37 out of 45) of internal medicine
physicians and otolaryngologists, respectively, considered remote services as pertinent or
very pertinent. If we consider only the participants of Internal Medicine and Otolaryngol-
ogy working in the public sector as their main job, the percentages remain at 72% (31 out
of 43) and rise to 86% (25 out of 29), respectively (Table 3).

Table 3. Questionnaire: Relevance degree about the use of eHealth in the context of care provision for the elderly with
balance disorders and the risk of falling.

Relevance of
eHealth/Specialty

Family
Physician

Internal
Medicine
Physician

PMR
Physician Neurologist Otolaryngologist Total

Public and private main
job

-Pertinent 13 33 5 2 37 90 (76%)
-No pertinent 2 3 0 1 3 9 (8%)
-Indifferent 2 5 0 0 3 10 (8%)

-Others 1 5 0 1 2 9 (8%)
TOTAL 18 46 5 4 45 118 (100%)

Public main job

-Pertinent 12 31 4 2 25 74 (77%)
-No pertinent 2 3 0 1 1 7 (7%)
-Indifferent 2 4 0 0 2 8 (8%)

-Others 1 5 0 1 1 8 (8%)
TOTAL 17 43 4 4 29 97 (100%)

Others: Did not answer or Did not know.

3.2. Second phase: Qualitative Research

The same interviewer conducted a total of seven face-to-face semi-structured inter-
views and one semi-structured interview by mobile phone due to coronavirus pandemic
limitations. This interview phase was limited to senior physicians who provided healthcare
to the elderly, with different training in technology and medical experience.

3.2.1. Socio-Demographic Participant Data

Five male and three female physicians, aged 47–66 years old, participated in the
study. Two were family physicians, two internal medicine physicians, one neurologist
and three otolaryngologists. All of them were either graduated or senior consultants. Six
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physicians were coordinators in their public health units, and two were coordinators of
private otoneurology units. One physician was from the Regional Health Administration
of the center (Center) of Portugal, and the others were from Lisbon and Tejo Valey (LTV)
(Table 4).

Table 4. Study qualitative: Socio-demographic data of the participants and interview features.

Participant Gender Age Specialty
Regional Health

Administration of
Portugal

Main Job Interview Audio
Recording

1 M 59 Otolaryngology LTV Public sector Face-to-face Y

2 M 55 Neurology LTV Public sector Face-to-face Y

3 M 53 Internal
Medicine LTV Public sector Face-to-face Y

4 M 59 Internal
Medicine LTV Public sector Face-to-face Y

5 M 47 Family
Medicine LTV Public sector Face-to-face Y

6 F 66 Family
Medicine Center Public sector Face-to-face Y

7 F 49 Otolaryngology LTV Private sector Face-to-face Y

8 F 55 Otolaryngology LTV Private sector Mobile
phone Y

M: Male; F: Female; LTV: Lisbon and Tejo Valey.

3.2.2. Content Analysis

As mentioned previously, four primary thematic categories were discussed. Twelve
subthemes emerged from data analysis (Table 5).

Table 5. Thematic categories of the qualitative research.

Thematic Categories

1. Current clinical data in the context of health provision for elderly with balance disorders and risk of falling: understanding of the
medical dissatisfaction identified in the quantitative research

1.1. Availability
1.2. Barriers

2. Interventions to improve the clinical data

2.1. Interoperability of computer health systems
2.2. New work organization

3. eHealth contribution in this context: understanding of the relevance observed in the quantitative research

3.1. eHealth benefits

4. Strategies to improve eHealth services for a more effective healthcare provision

4.1. Clinical and interactive data
4.2. Audiovisual technology
4.3. eHealth management
4.4. Security of eHealth use
4.5. Motivation and training of patient
4.6. Caregiver involvement
4.7. Medical training
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The interviewees pointed out some misuse of healthcare provision by the elderly
people in Portugal, meaning using above what is necessary of emergency visits, drug
therapies and complementary diagnostic tests: The elderly Portuguese population has no
specific education on how to access healthcare services properly (Participant 5). They also agreed
on the need to access complete data: . . . the elderly people often represent complex patients . . .
the intervention . . . requires multiple specialties . . . (Participant 1).

Relative to the medical dissatisfaction with available clinical data identified in the
quantitative research, all interviewees highlighted the lack of a comprehensive data set
and the lack of interoperability of computer systems: We (Physicians) get to know more or
less the drugs that are prescribed . . . We don’t know more . . . (Participant 4); I have asked them
(family physicians) to send me information. So, I can get a sense of what is going on with the
patient. (Participant 8); ... the data records are, sometimes, incomplete, they are not very explicit
(Participant 1); The computer systems . . . have great incompatibilities with each other. . . . because
the operating systems are different, or because the internet browser is different. (Participant 5).

Some interventions to improve clinical data were pointed out: more investments in
the interoperability of health information systems and in the organization of work with
time for remote interaction and consultation: Medicine will have to be a Medicine of shared
information. (Participant 1); We should have some time allocated for this (remote consultations).
So that we can keep our head on it and we will be really effective. (Participant 4). Regarding the
use of eHealth services for elderly people with balance disorders and the risk of falling,
only Interviewee 2 questioned its proper applicability, justifying the doubts due to his lack
of experience: . . . I don’t know how this (remote health care provision) is done at a distance
. . . I don’t even see myself doing a thing like that . . . I think the physician-patient relationship is
something that is impossible to be computerized. (Participant 2). The other physicians, similar to
most of the participants of the quantitative research, considered the eHealth contribution to
be beneficial: . . . it (eHealth) could be a great help because vertigo has many decompensations . . .
(and) they (patients) are afraid of being . . . without connection to the physician. (Participant 7).

The interviewees pointed out the potential benefits of eHealth as a complementary
channel to healthcare: rational use of resources with lower pressure on hospital resources,
more healthcare access, better communication between medical specialties, closer physician–
patient relation and more participation of patient and caregiver at home. However, they
only agreed with the eHealth use for a follow-up consultation. The age was not considered
a limitation for eHealth use. About the improvement of the use of eHealth services, the in-
terviewees mentioned the need for more discussions to address the essential parameters for
remote interaction and the need for involving eHealth system managers and programmers:
. . . it is crucial the collaboration between the technology and those responsible for the technology
. . . (Participant 6). In addition, the need for availability of clinical and interactive data and
the motivation for human involvement were mentioned.

As essential strategies, the participants considered the inclusion of medications in
use, the analyzes and imaging tests, and the registration of activities of daily living [48].
The use of questionnaires, calendars and graphics of trends on the occurrence of balance
disorders and falls, supported by physician and patient’s records, was also considered
as a closer way of managing the disease: . . . simple questions like “Have you had a fall last
year?”, “Was there any injury? Yes, are you afraid of falling due to this injury? (Participant 5);
. . . interactive questionnaires . . . , for example, in the recurrent vertigo . . . to have documented
how many episodes . . . what kind of triggers . . . (Participant 7). Warning messages for adverse
effects of medications or falls were classified as beneficial. The availability of individual
balance exercises with a checklist and the possibility of uploading patient videos for clinical
follow-up were other issues discussed: . . . the patient could record what they are feeling, for
example, eye movements and then they uploaded the recording . . . We (physicians) could include
some exercises on the platform . . .
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The interviewees mentioned the relevance of camera and audio for monitoring of
balance rehabilitation and closer interaction, especially in cases of gait assessment and
depression: . . . a phone call is one thing. If there is a camera it may even allow you (physician)
to see, for example, the patient’s gait . . . (Participant 3); . . . to monitor through videos, through
cameras, as long as the patient gives his consent, of course . . . (Participant 7).

The eHealth service management by a physician was considered essential: When there
are changes (in the health), the physician can also be consulted. (Participant 3); . . . always a
physician. (Participant 7).

In addition, the security of using eHealth was discussed: . . . what type of password
one (physician) should use . . . encrypted . . . addressed to the clinical team with security
code (Participant 5).

The participants also referred to the relevance of active motivation and involvement of
patient and caregiver in disease prevention and control: . . . Patients cannot continue to think
that the responsibility of their health belongs to the physician . . . the patients have to be involved
and responsible for their health . . . (Participant 7); . . . we often think that our elderly people do
not have the ability to manage new technologies . . . but we can have a caregiver who can contact
us remotely . . . (Participant 5) Finally, the investment in medical awareness and eHealth
training was highlighted, allowing better physician involvement: . . . this is a work to be
done in medical education . . . after some time of implementation (of medical education), I am
convinced that it (eHealth) will be the future of medicine . . . (Participant 1).

4. Discussion

A mixed-methods study was performed to know how to develop an efficient eHealth
service for the provision of care for elderly people with balance disorders and the risk of
falling, i.e., the research problem. Our findings revealed negative experiences with EMR,
contributing to a misuse of the health care system. Despite this, the highlighted relevance
of eHealth in this matter is an incentive for the development of future solutions.

Unfortunately, we had a low response number in the quantitative research, as de-
scribed in other studies [49,50]. This limited the comparison between the specialties and
between public or private health provision groups. Despite this, we could confirm the
presence of constraints regarding the data availability in Portugal. We observed medical
dissatisfaction with the information systems in general. In total, 50% of the participants of
our study were dissatisfied or very dissatisfied with the current usefulness and quality of
IST in the context of balance disorders and the risk of falling in the elderly. The physicians
were dissatisfied or very dissatisfied with available data in EMR and time spent to access
and update clinical data. According to the interviews, the incomplete or not understand-
able information about medical consultations and the lack of integration of clinical data
between the health units have contributed to the misuse of healthcare provisions by elderly
people, with multiple consultations, repeated prescriptions, polypharmacy and increasing
costs that could be minimized with an appropriate digital service. These limitations and
consequent costs have been reported by other authors [4,12–15]. The participants pointed
out the need for investments in the interoperability of health information systems and
in the organization of work to overcome this situation, as previously proposed in other
studies [19–21]. In fact, data are essential for healthcare provision, monitoring of popula-
tion health status and decision making. To reach real-time universal data in healthcare,
interoperability issues should be addressed.

As in previous studies [2,5,16], our findings also confirmed the relevance of the use
of eHealth services. However, the current way of working and interacting with patients
should be restructured, including dedicated time to interact digitally with patients. eHealth
can be leveraged as a complementary method to provide healthcare services, including
preventive monitoring of falls and telerehabilitation with evaluation and monitoring of
balance diseases and falls. For the interviewed participants, the remote consultation or
management should be only for follow-up consultations, and it cannot fully replace the
face-to-face clinical evaluations. As mentioned by Catan et al. [34], face-to-face consulta-
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tions reduce anxiety whenever people need a physician. Only one interviewed revealed
skepticism about digital solutions due to the lack of eHealth clinical experience. Several
studies have already revealed the influence of limited knowledge about telemedicine on
the perception of the potential of eHealth [19,35].

Finally, we confirmed the need for improvement of eHealth services for a more
effective healthcare provision. The qualitative research allowed exploring interventions to
achieve an efficient eHealth service to support healthcare for elderly people with balance
disorders and risk of falling. Several suggestions were pointed out: the inclusion of
complete clinical data, the possibility for interactive communication, message alerts and
remote availability of balance exercises. Camera and audio were considered essential
elements for closer interaction, allowing remote viewing of the gait, as well as the balance
exercises performed. All the parameters should be aligned between technology experts and
physicians to design suitable technological services. eHealth services and devices should
be user-friendly and suitable for both the health professional and for the patient.

For the participants, the physician emerged as the main manager of eHealth service,
but not necessarily the only one [51]. As in other studies [35,37], physicians also highlighted
the need for investment for confidentiality and security of data. This should always be
ensured. Relatively to human resources, strategies to motivate, educate and train the
elderly patient and caregiver were also discussed. Self-care and self-management of
health and disease (e.g., promotion of health and prevention of disease) should be further
encouraged [2,5,16]. The need for health professional awareness and training to use all of
the potential of digital solutions were mentioned, including the investment in professional
health education. Thus, the potential of digital health could be widely used with motivated
and trained human resources [2,20]. The Portuguese health system should be adjusted to
tackle aging demand, overcoming the constraints of the EHR and the lack of interoperability
of the information systems. The implementation of a universal digital health coverage
system supported by comprehensive digital tools with camera and audio resources can
better contribute to active and healthy aging [52] with more efficient management of health
care for elderly with balance disorder and risk of falling. The design and the development
of a balance disorder-related remote service, with the recommended functionalities, is an
opportunity worth to be explored. The strategies identified and discussed in this study will
be fed into a Design Science [50] process to design and implement a future eHealth service
for a more effective provision of healthcare for elderly with balance disorders at a distance.

Limitations

Regarding the participants of the web-based questionnaire, we should acknowledge
possible selection biases [53] of the quantitative research. Despite the intention to recruit
physicians of different specialties, a small participant size was observed as in other online
studies. This made it difficult to compare the results between specialties and to know
if there is a difference between the public or private health provision groups. Another
consideration, already highlighted in other web-based surveys, is the age of the respon-
dents. Most participants of this research were younger physicians who seem to have
more technological resources and online interests and to be more receptive to web-based
questionnaires. In addition, the higher percentage of responses from otolaryngologists
can be explained by their focus of interest in inner ear diseases that can promote balance
disorders. The family physicians had weak participation (only 18 out of 7451), although
this specialty represented most of the eligible participants. Due to the reduced or null
number of responses from geographically more remote areas (e.g., Azores), we could not
analyze and, in the second phase of the mixed methods study, explore more deeply the
data of these participants that could most benefit from the potential of eHealth.
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Additionally, the multiple-choice questions of the questionnaire allowed an easier
analysis, but this approach did not allow the inclusion and discussion of supplementary
opinions of the respondents.

Relatively to the qualitative research, the sampling was intentional. The last interview
was conducted via mobile phone due to the limitation of the coronavirus pandemic.

The population targeted in both studies was limited to physicians with the provision
of outpatient health care to the elderly in Portugal.

All these facts limited the generalizability of the findings.

5. Conclusions

Despite significant obstacles in existing digital solutions, 76% of the Portuguese
physicians included in this study considered future e-Health services as highly relevant for
complementary healthcare for elderly people with balance disorders and the risk of falling.
The use of eHealth services comprised of digital technologies such as cameras, sensors and
audio monitoring may reinforce such solutions. Additionally, these services may represent
considerable potential for reducing the excess of emergency visits, and the overlap of drug
therapies and diagnostic procedures and improved treatment. This may increase both
health care efficiency and quality and contribute to relieving pressure in the escalating
health care costs. However, significant constraints regarding the current availability of
clinical data in EHR care systems were described. The insufficient quality of both available
data in EMR and in the time needed to access such data and to register new clinical data
was stated. We would like to highlight that our study group’s description of incomplete, or
not understandable, information about medical consultations and the lack of integration
of clinical data indicate serious challenges to overcome. More research about this topic is
also required to further enhance the knowledge about the use of digital tools in this field of
health care.
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Appendix A

Table A1. Quantitative study: answer choices of the questionnaire.

Number Question Subject Answer Choices

Q1 Sex Male
Female

Q2 Age

= or <30
31–40
41–50
51–60

= or >61

Q3 Specialty

Physical Medicine and Rehabilitation
General and Family Medicine

Internal Medicine
Otorhinolaryngology

Neurology

Q4 Competence in Geriatrics Yes
No

Q5 Main job

Personalized public health care unit
Family health unit

Public hospital
Hospital in public-private partnership

University hospital
Private health unit

Q6 Regional Health Administration

North
Center

Lisbon and Tejo Valey
Alentejo
Algarve
Madeira
Azores

Q7 Monthly frequency of health care provision for elderly
with balance disorders

= or <25%
26 a 50%
51 a 75%
=or >76%

Do not answer/Do not know

Q8 Monthly frequency of health care provision for elderly
with consequent falls

= or <25%
26 a 50%
51 a 75%

= or >76%
Do not answer/Do not know

Q9 Need to access data from previous care consultations of
elderly people with balance disorders and risk of falling

= or <25%
26 a 50%
51 a 75%

= or >76%
Do not answer/Do not know

Q10 Access to data from previous care consultations for elderly
people with balance disorders and risk of falling

Clinical paper process
Electronic medical record (EMR)

Paper information provided by the
patient

Do not answer/Do not know
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Table A1. Cont.

Number Question Subject Answer Choices

Q11
Relevance of data about previous health care to the elderly

with balance disorders and risk of falling for a new
provision of healthcare in this context

Never
Rarely

Sometimes
Often

Always
Do not answer/Do not know

Q12 Estimated time spent on Information Systems and
Technologies (IST)-related activities

= or >76%
51 a 75%
26 a 50%

= or <25%
Do not use

Do not answer/Do not know

Q13 General usefulness of clinical data in the EMR

Excellent
Very good

Good
Bad

Very bad
Do not use

Do not answer/Do not know

Q14
Satisfaction with time spent to access clinical data, in the
EMR, from previous care consultations for elderly people

with balance disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q15

Satisfaction with availability of sufficient and
understandable clinical data, in the EMR, from previous

care consultations for elderly people with balance
disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q16
Satisfaction with time spent to fill-in new data, in the

EMR, related to the provision of health care to the elderly
with balance disorders and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q17
General satisfaction with the use of IST (usefulness,

quality) in the context of elderly with balance disorders
and risk of falling

Very dissatisfied
Dissatisfied

Satisfied
Very Satisfied

Do not use
Do not answer/Do not know

Q18 Relevance of eHealth in the context of elderly with
balance disorders and risk of falling

Very relevant
Relevant

No difference
Irrelevant

Very irrelevant
Do not answer/Do not know
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Appendix B

Table A2. Qualitative study: Interview guide.

Thematic Categories Questions

Current clinical data in Portugal
“What are the medical difficulties related with current clinical

data in the context of health care provision for elderly with
balance disorders and risk of falling?”

Interventions to improve the clinical data What strategies can be implemented to improve clinical data?

eHealth contribution “What do you think about the contribution of eHealth?”

Strategies to improve the use of eHealth services How can eHealth services be suitable? What are the necessary
strategies? What difficulties must be overcome?
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Abstract: In this study, a design science research methodology was used aiming at designing, im-
plementing and evaluating a digital health service to complement the provision of healthcare for 
elderly people with balance disorders and risk of falling. An explanatory sequential mixed methods 
study allowed to identify and explore the dissatisfaction with electronic medical records and the 
opportunity for using digital health solutions. The suggested recommendations helped to elaborate 
and develop “BALANCE”, a digital service implemented on the METHIS platform, which was re-
cently validated for remote monitoring of chronic patients in primary healthcare. “BALANCE” pro-
vides clinical and interactive data, questionnaire pre and post-balance rehabilitation, tutorial videos 
with balance exercises and patient-recorded videos of the exercises. This digital service was demon-
strated, including five elderly patients with clinical recommendations for balance rehabilitation at 
home. Finally, the authors conducted two focus groups with the participants and their caregivers 
as well as with physicians. The focus groups aimed at exploring their satisfaction level, needs of 
adjustment in the “BALANCE” service and strategies for applicability. The digital healthcare ser-
vice evaluation revealed a significant potential for clinical applicability of this digital solution for 
elderly people with balance disorders and risk of falling. 

Keywords: balance disorders; falls; healthy ageing; elderly care; eHealth; digital health 
 

1. Introduction 
In most countries, the life expectancy growth rate has not been met by an increase in 

healthy life years [1–5]. With ageing, a growing prevalence of multiple comorbidities, 
chronic diseases, balance disorders and falls affecting the independence of the elderly has 
been observed [6–11]. However, healthy ageing does not mean disease-free. Even in the 
presence of disease, healthy ageing means living well with the disease under control and 
with functional ability, which is seldom observed [3]. The dearth of healthy ageing among 
the elderly has led to inappropriate use of physical and human resources, to multiple 
medical visits, diagnosis tests and treatments [11–13]. The ageing process has challenged 
the sustainability of the healthcare systems, including the Portuguese health system [1,5]. 
To address this, several approaches have been suggested, such as person-centered health 
systems and use of digital devices [2,3,14–18] (Figure 1). 

Citation: Gaspar, A.G.M.; Lapão, 

L.V. A Digital Health Service for  

Elderly People with Balance  

Disorders and Risk of Falling: A  

Design Science Approach.  

Int. J. Environ. Res. Public Health 2022, 

19, 1855. https://doi.org/10.3390/ 

ijerph19031855 

Academic Editors: Diana Castilla, 

Carlos Suso-Ribera, Sabrina  

Cipolletta and U. Rajendra Acharya 

Received: 27 December 2021 

Accepted: 5 February 2022 

Published: 7 February 2022 

Publisher’s Note: MDPI stays 

neutral with regard to jurisdictional 

claims in published maps and 

institutional affiliations. 

 

Copyright: © 2022 by the authors. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/). 



Int. J. Environ. Res. Public Health 2022, 19, 1855 2 of 18 
 

 

 
Figure 1. Strategies for a sustainable ageing (Authors’ own elaboration). 

Several studies have explored the potential of digital health solutions to assess and 
monitor the elderly with balance disorders and risk of falling. The heterogeneity of pop-
ulations, methodologies of study, eHealth devices and services as well as time of follow-
up have not allowed for clear comparisons. Therefore, the actual clinical applicability of 
these solutions still needs to be further explored [19–21]. In this study, we aimed to design, 
develop, implement and evaluate the use of a digital health service for the complementary 
provision of care for the elderly with balance disorders and risk of falling. 

2. Materials and Methods 
2.1. Study Design and Materials 

Using Design Science Research Methodology (DSRM) [22], a digital service for the 
remote management and monitoring of elderly people with balance disorders and risk of 
falling was designed, implemented, demonstrated and evaluated (Figure 2). 

 
Figure 2. DSRM activities and tasks. Activities 1 and 2 were already published [23]. 

An explanatory sequential mixed methods study [23] was previously performed. 
This study identified the clinical practice difficulties, the relevance of using digital solu-
tions and the strategic options to develop a digital service targeting this profile of patients 
(Activities 1 and 2 of the DSRM). First, we elaborated and adapted an open questionnaire 
with 18 multiple choice questions, available through the website of the General Medical 
Council of Portugal (Activity 1). Second, one of the authors conducted semi-structured 
interviews for better understanding of the results obtained from the quantitative study 
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and to explore how to develop an efficient digital service to support healthcare (Activity 
2). The eligible participants were specialist physicians focused on healthcare provision in 
Portugal for the elderly with balance disorders and risk of falling [23]. 

Based on the results obtained in the previous mixed methods study, especially the 
recommendations, the “BALANCE” digital service was conceived and designed, as an 
online service to provide balance care services (Activity 3). The purpose of the digital ser-
vice had been defined to provide complementary care for elderly people with balance 
disorders and risk of falling, allowing a closer physician–patient interaction and encour-
aging a more active participation of the patients and caregivers. From August to Septem-
ber 2020, we designed an online service, called “BALANCE”, following the otoneurologic 
clinical approach of patients with balance disorders [24]: clinical data, clinical examination 
findings, instrumental test findings, treatment and the Dizziness Handicap Inventory 
(DHI) questionnaire [25], a validated self-reported questionnaire that quantifies the im-
pact of dizziness on daily life, pre and post- rehabilitation program. From October 2020 to 
April 2021, “BALANCE” digital service was implemented and integrated into the digital 
platform, METHIS (Multimorbidity Management Health Information System) [26], a web-
based platform with three relational databases using PostgreSQ and fully integrated with 
Zoom (Zoom Inc). The platform METHIS was recently validated for providing remote 
monitoring services for chronic patients in primary healthcare [26]. For better patient 
guidance, eight tutorial videos were recorded by the first author (consultant physician), 
performing the specific balance exercises. The videos were uploaded to the YouTube® 
platform as unlisted with restricted access, and their links were integrated to “BAL-
ANCE”. Finally, until July 2021, the “BALANCE” digital service was adjusted to require-
ments. One otorhinolaryngologist, two experts in digital platforms and one professor of 
health information systems collaborated in the development and implementation of this 
digital service. 

To demonstrate the “BALANCE” digital service (Activity 4 of DSRM), we performed 
a proof-of-concept study [27] from August to November 2021. A set of patients was fol-
lowed at the Otorhinolaryngology and Head and Neck Surgery Service of Hospital Beatriz 
Ângelo (HBA). They were invited to participate, respecting the following inclusion crite-
ria: (a) age of 65 years or older; (b) complaints of clinically decompensated balance disor-
der with risk of falling, confirmed with objective clinical examination findings; (c) instru-
mental tests performed to assess inner ear function, such as videonystagmography or cer-
vical vestibular evoked myogenic potentials, allowing for prescribing balance exercises 
according to the clinical condition; and (d) balance rehabilitation indication for patient 
with clinically decompensated balance disorder; each participant performed vestibular 
rehabilitation at HBA, which allowed the assessment of the patient’s ability to walk with-
out support and he/she would have the capacity to perform the balance exercises at home. 
We excluded patients with the following conditions: (a) neurological pathology diagnosis 
at the time of the inclusion in the study, such as a neurodegenerative disease; (b) ophthal-
mological pathology diagnosis with severe visual acuity that did not allow one to see the 
computer screen; (c) osteoarticular pathology diagnosis with reduced mobility of the 
lower limbs; (d) a clinical condition that did not allow the regular performance of physical 
exercises, such as decompensated cardiovascular pathology or acute infection; (e) a cog-
nitive alteration according to the Mini-Mental State Examination (MMSE), using opera-
tional “cut” values for the Portuguese population, elderly individuals with less than 22 
points for 0 to 2 years of education, less than 24 points for 3 to 6 years of education and 
less than 27 points for participants with education equal to or greater than 7 years were 
all excluded [28]; (f) insufficient comprehensive to understand the study; and g) limited 
access to the internet. All selected participants provided an email address for later access 
to the digital platform and to receive a automatically-generated password. The patients 
and caregivers also received individual instructions by the consultant physician, via a 
Zoom teleconsultation, on how to access and operate the platform. 
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After the proof-of-concept study, we conducted two focus groups [29] using the 
Zoom platform (due to the SARS-CoV-2 pandemic limitations) to discuss and explore the 
benefits, constraints, adjustment requirements, new strategies for clinical applicability of 
the “BALANCE” service and the satisfaction level (Activity 5 of the DSRM). On 28 No-
vember 2021, the main researcher conducted a focus group with the participants of the 
proof-of-concept study and their caregivers, that is, the proof-of-concept users of the 
“BALANCE” digital service. Five primary thematic categories were discussed: benefits 
and constraints of the “BALANCE” service, satisfaction, strategies suggested and interest 
in continuing to use the platform (Appendix A). The link, identity number and password 
of the meeting were sent to the participants, via an asynchronous message system pro-
vided by the digital platform. On 5 December 2021, the same researcher conducted a focus 
group with physician experts in healthcare provision for elderly people with balance dis-
orders and risk of falling. The sample was intentional [29], with a purposeful search for 
physicians with the following characteristics: (a) providing care for the elderly with bal-
ance disorders and risk of falling; (b) coordinating function in public health units; and (c) 
being easily accessible to the interviewer. The potential participants were invited by the 
interviewer, in person or via mobile phone. All physicians received a specific message, via 
multimedia messaging service (MMS), WhatsApp or email, with information about the 
study and audio recording, link, an identification number and password for the Zoom 
meeting. Before the discussion was initiated, the researcher showed a summary of the 
project with the main results of the various activities carried out and showed the function-
alities of “BALANCE”. Six thematic categories were covered: benefits and constraints of 
“BALANCE” digital service, satisfaction, recommended adjustments for the “BALANCE” 
digital service, proper clinical applicability and interest in this digital care service (Appen-
dix A). 

Finally, we disseminated the results of these activities in oral communications, post-
ers and papers published in conference proceedings (Activity 6). Two papers were already 
published in peer reviewed journals [21,23]. 

2.2. Data Analysis 
We performed a descriptive analysis of demographic data of all participants in the 

different activities [29]. 
The information of the interviews and focus groups was manually coded and tran-

scribed by the interviewer, allowing for content analysis to be carried out [29]. We entered 
words in round brackets, enabling a better comprehension of the quotes. 

2.3. Ethical Considerations 
The participants of the proof-of-concept study received a copy of the signed consent 

form referring to the participation in the demonstration study and in the focus group on 
the satisfaction of the digital solution. The patients also signed a document pledging not 
to share or publicize the videos nor to record the videos available in the study. 

The interviewees and the participants of the focus groups were informed that they 
could leave the study up until one month after the interview or Zoom meeting date. At 
any time, the patients could withdraw from using the digital platform. Regardless of their 
participation in the study, all of them were followed up with on the face-to-face consulta-
tion at HBA. 

Audio of interviews was recorded upon authorization from the participants. In both 
focus groups, all the participants received an automatic message authorizing the meet-
ing’s recording, from the Zoom service, after accessing the link to the meeting. The re-
searcher asked participants to turn off the camera during the recording of the Zoom meet-
ing, since the objective was only to collect the audio. 

All the information was treated confidentially. The interviews and meetings were 
manually coded and transcribed by the interviewer for content analysis. The transcrip-
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tions omitted information to avoid identifying participants. All data were kept anony-
mous [29]. The information and audio records were kept in a safe place (external disk with 
access code) within the period provided by the Portuguese law [30] and General Data 
Protection Regulation (GDPR) [31], safeguarding the confidentiality of the information 
obtained at all times. 

The participant engagement in the activities was voluntary. 

3. Results 
Firstly, the previous mixed methods study confirmed a dissatisfaction with the cur-

rent medical data relative to the elderly with balance disorders and risk of falling as well 
as the dissatisfaction with lack of system interoperability, which led to multiple emer-
gency visits and uncoordinated diagnostics and treatments. We also verified there was an 
opportunity to explore a digital solution in this context, as most physicians considered 
this strategy relevant [23]. The recommendations from the interviews (e.g., inclusion of 
clinical data recorded by either the patient or the caregiver, interactive questionnaires and 
calendars on care episodes and triggering factors for deterioration of balance disorders 
and falls, availability of tutorial videos with balance exercises and possibility of uploading 
patient videos for clinical follow-up) helped to define the objectives and design the “BAL-
ANCE” digital service for a complementary provision of healthcare. 

3.1. Design of a Digital Solution to Solve the Problem 
The results of the design of “BALANCE” digital service were a set of functionalities 

following both medical and patient requirements enabled to define both medical and pa-
tient profiles: 
(a) Quick access to balance deterioration or recent fall data; 
(b) Provide tutorial videos with specific balance exercises (1. Walk; 2. Walk turning the 

head to the right and to the left; 3. Walk lifting your legs; 4. Walk lifting the legs and 
turning the head to the right and to the left; 5. Walk with legs progressively apart. 
Video A—Moving target with motionless head; Video B—Moving head with motion-
less target; Video C—Moving head and target); 

(c) Regular monitoring and adjustment of vestibular exercises. 

3.1.1. Medical Profile 
The physician could register the patient data on the platform and create an individual 

clinical record. By clicking on “BALANCE” service, the following set of six functionalities 
are available: 
(a) Balance monitoring (i.e., access to clinical data): the SOAP framework [32] was used, 

with a checklist and free-text, with the following: Subjective (complaints: vertigo, un-
steadiness, difficulty walking at home or outside, need for crutches or canes to walk, 
falls, triggers, hearing loss or tinnitus); Objective clinical examination findings (gait, 
otoscopy, clinical and instrumental examination, Time Up and Go Test (TUGT), Berg 
Balance Scale (BBS), Tinetti Performance e-Oriented Mobility Assessment (POMA), 
cochleovestibular instrumental exams, imaging exams and blood tests); Assessment 
based on the information collected in the previous two sections, with the summary 
of the salient points; Plan (treatment: medication and balance rehabilitation); 

(b) Patient balance deterioration records: the physician could identify an eventual clini-
cal deterioration and triggers, with a checklist and free-text structure data recorded 
by the patient from home; 

(c) Patient’s fall records: the physician could be alerted of an eventual episode of falling, 
triggers and consequences, with a checklist and free-text data recorded by the patient; 

(d) Dizziness Handicap Inventory (DHI) [25]: the physician could access the 25-item 
questionnaire and the final score, automatically summed; 
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(e) Balance rehabilitation prescription: the physician could also provide additional in-
formation with free-text; 

(f) Patient record about exercises performed: the physician could monitor the daily fre-
quency of the balance exercises performed and access a possible video link uploaded 
by the patient with exercises performed. 

3.1.2. Patient Profile 
After the registration on the platform by the physician, the patient received, via 

email, an automatic individual password (unknown to the physician). After logging in, 
the participant was able to forward messages to the assistant physician and access “BAL-
ANCE”. By clicking on this, the following set of five functionalities become available: 
(a) Patient balance deterioration records: the patient or caregiver could record a recent 

deterioration of the balance. This information, either with checklist and free-text, can 
also be visible in the medical profile; 

(b) Patient’s fall records: the patient or caregiver can record the episodes of falling; this 
information, checklist and free-text, can be also visible in the medical profile; 

(c) DHI questionnaire [25]: to be completed before and after the balance rehabilitation 
program; the final score can be automatically summed and is visible in the medical 
profile; 

(d) Recorded tutorial videos with balance exercises: each one presents instructions on the 
exercise to be performed, allowing for viewing in slow motion and at normal speed 
of the exercise; 

(e) Patient record about exercises performed with checklist structure: the patient can up-
load a recorded video link of other exercises performed. This information can also be 
visible in the medical profile. At any time, both physician and participants can send 
or receive messages with questions or comments, enabling a more dynamic physi-
cian–patient interaction. All data are processed with security, respecting the General 
Data Protection Regulation rules. 

3.2. Demonstration of the Digital Solution 
3.2.1. Participants 

Since we used a proof-of-concept approach as an initial intervention to demonstrate 
the “BALANCE” service, only a small set of participants was included: five female pa-
tients, aged 70–83 years old, with a regular balance follow-up at Hospital Beatriz Ângelo 
(HBA), Lisbon, Portugal (Table 1). One participant, a male patient aged 86 years old, with-
drew from the study, stating that he depended on his daughter’s support and that she no 
longer had the time to access the platform. In fact, no data was filled on the platform about 
this participant. However, the patient had been followed at HBA, with face-to-face con-
sultation, as were the other participants. 

Table 1. Socio-demographic data of the participants in the proof-of-concept. 

Patient 
Patient 
Gender 

Patient 
Age 

Education Level 
(Years of School-

ing) 

MMSE * 
Score 

Caregiver 
Gender 

Caregiver Age 
Caregiver Education 

Level (Years of 
Schooling) 

1 F 70 6 30 F 72 4 
2 F 71 +7 28 - - - 
3 F 80 6 27 F 58 +7 
4 F 83 4 24 F/F 38/59 +7/+7 
5 F 83 +7 30 F 53 +7 

* MMSE: Mini-Mental State Examination. 
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All the patients reported initial complaints about clinically decompensated balance 
disorders and instrumental exams performed for the evaluation of inner ear function. Ad-
ditionally, three patients usually used nearby furniture as support to maintain balance 
during gait. One participant often needed this support and another used it, mainly in low-
light environments or with uneven floors to prevent falls. They had already completed a 
rehabilitation program at HBA and had indicated they were carrying out balance rehabil-
itation at home. None of them were revealed to have a cognitive disorder according to the 
Mini-Mental State Examination (MMSE), considering the operational “cut” values for the 
Portuguese population [28]. Participant 1, after inclusion in the study, was evaluated for 
suspected Lewi Body disease. However, her MMSE score was 27/30, hence the reason why 
the researchers chose to keep her in the study. 

3.2.2. Remote Monitoring 
On a daily basis, each patient was remotely monitored for clinical conditions. The 

physician contacted each of them at least four times during the study (Figure 3). 

 
Figure 3. Description of the remote contact schedule. 

In the first step of the study, the patients (or the caregivers) were individually trained 
on how to access (via a secure and unique link) and use the “BALANCE” service. This 
training was performed via Zoom due to the SARS-CoV-2 pandemic limitations. During 
the screen sharing, all the functionalities, including the videos with balance exercises, 
were shown and an email with instructions about exercise frequency was sent. According 
to the clinical condition and limitation, each patient received personalized instructions 
about the balance exercises. We also asked them to complete the pre-questionnaire (DHI). 
About a month later, we called each patient by mobile phone, to establish how his clinical 
condition was and the constraints with balance exercises. Accordingly, we adjusted the 
balance rehabilitation schema, including more or fewer exercises. The instructions were 
sent by email. The second individual evaluation, both via Zoom and available on the plat-
form (for future reference), allowed us to re-evaluate the clinical condition and re-adjust 
the balance exercises. Finally, during November 2021, we re-evaluated the clinical condi-
tion and asked the patients and caregivers, via mobile phone, to complete the post-ques-
tionnaire (DHI). We also invited them to participate in the focus group. 

3.2.3. Participant and Caregiver Registration in the Digital Platform “BALANCE” 
Despite vertigo complaints by four of the patients, only two caregivers actually reg-

istered this information on the platform (Table 2). 
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Table 2. Patient and caregiver registration. 

Patient 

Complaints of 
Difficulty 

with Exercise 
Performance 

(Platform 
Message) 

Complains 
of Clinical 
Deteriora-
tion (Tele-
phone or 

Zoom) 

Record of 
Clinical De-
terioration 
on the Plat-

form 

Complains 
of Falls  

(Telephone 
or Zoom) 

Record of 
Falls on the 

Platform 

DHI Score 
Pre 

Rehabilita-
tion 

DHI 
Score 
Post 

Rehabilit
ation 

Record of 
Balance 

Exercises 
Per-

formed 

Upload 
of Video 
with Ex-
ercises 

Per-
formed 

1 Sometimes  Sometimes Not filled No Not filled Not filled Not filled Not filled No 
2 No Once Once No Not filled 24 13 Not filled No 

3 Several times No Not filled No Not filled 68 56 
Incom-
plete 27 

days 
No 

4 No Once Not filled No Not filled 28 16 Not filled No 

5 Several times Once Once No Not filled 90 Not filled 
Incom-
plete 20 

days 
No 

These records motivated an additional medical contact with the patients, via mobile 
phone, to better evaluate their conditions and to intervene as early as possible. No fall was 
recorded during this period. Only two caregivers registered and reported the exercises 
being performed for less than a month. However, they sent emails about their parents’ 
limitations with balance exercises, expecting some support from the interaction that is 
possible through the digital platform. The patient with the elderly caregiver had no record 
registered on the platform. No patient or caregiver sent an individual video with exercises 
performed, as requested by the consultant physician. Nevertheless, the comparison be-
tween pre and post DHI score already revealed some benefits of the balance exercises. 
This information was sent, via email, as positive feedback to participants, motivating them 
to continue performing the balance exercises. 

3.3. Evaluation of the Digital Solution to Solve the Problem 
3.3.1. Focus Group Socio-Demographic Participant Data 

A researcher (and first author) conducted a focus group with five patients and five 
caregivers, all involved in the proof-of-concept study. This information is available in Ta-
ble 1. 

A week later, the same researcher conducted the other focus group with eight physi-
cians who provided healthcare to the elderly in Portugal, having different technology 
knowledge and experience. Seven participants had coordination positions or were ex-co-
ordinators of their own specialty in their health units, and one was an ex-coordinator of a 
medical residency in a public health unit in Portugal (Table 3). 
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Table 3. Socio-demographic data of the physicians. 

Physician Gender Age Specialty 
Regional Health 

Administration of 
Portugal 

1 M 49 Family Medicine LTV 
2 F 68 Family Medicine Center 
3 M 59 Internal Medicine LTV 
4 F 60 Internal Medicine LTV 
5 M 58 Otorhinolaryngology LTV 
6 M 59 Otorhinolaryngology North 
7 M 61 Otorhinolaryngology LTV 
8 M 68 Otorhinolaryngology Center 

M: Male; F: Female; LTV: Lisbon and Tejo Valey. 

3.3.2. Focus group-Content Analysis 
In the focus group with the participants of the proof-of-concept study, five primary 

thematic categories were discussed. From the data analysis, 11 subthemes emerged. Ad-
ditionally, six other thematic categories were discussed in the focus group with physi-
cians. From data analysis, 15 subthemes emerged (Table 4). 

Table 4. Thematic categories of the focus groups. 

Thematic Categories  
Focus Group: 

Patients and Caregivers 
Focus Group: 

Physicians 

1. Benefits of 
“BALANCE” digital 

service 

1.1. Patient comfort 
1.2. Closer physician-patient 

interaction anywhere 
1.3. Availability of tutorial videos 

with balance exercises 

1.1. Patient comfort 
1.2. Closer physician-patient 

interaction 
1.3. Lower consumption of 

face-to-face resources 
1.4. Patient motivation and 

adhesion 

2. Constraints 
regarding the use of 
“BALANCE” digital 

service 

2.1. Patient profile 
2.2. Presentation screen on the 

mobile phone 
2.3. Lack of time to record the 

exercises performed 

2.1. Patient profile 
2.2. Resistance of healthcare 

professionals 
2.3. Lack of working time by 

healthcare professionals 
3. Satisfaction with 

“BALANCE” digital 
service 

functionalities 

3.1. Satisfaction level 3.1. Satisfaction level 

4. Suggested 
strategies to improve 
“BALANCE” digital 

service 

4.1. Presentation screen of 
“BALANCE” 

4.2. Recorded videos with more 
identifiable exercises 

4.3. Adjustment of interactive data 
relatively to performed balance 

exercises 

4.1. Inclusion of automatic 
tools—objective data of 

performed balance exercises 

5. Suggested 
strategies for new 

clinical applicability 
of “BALANCE” 
digital service 

- 

5.1. Working hours 
organization 

5.2. Involvement of other 
health professionals 
5.3. Interoperability  
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5.4. Funding and continuity of 
the use of digital solution 

5.5. Recognition of the 
hierarchy 

6. Interest in using 
“BALANCE”digital 

service 
6.1. Interest in maintaining the use 

6.1. Recognized interest in 
using “BALANCE” digital 

service 

All physicians recognized the increased importance of telemedicine, especially in re-
cent days: The (SARS-CoV-2) pandemic has changed many things … therefore, we have to look 
for new solutions (Physician 7); … the pandemic brought bad things but it also brought good 
things, namely in telemedicine (Physician 4); It might be an opportunity for eHealth... (Physician 
5); The new tools (telemedicine) allow you to reach more people (Physician 1); It… (telemedi-
cine) requires us… to review everything (clinical file) and with that we are even more prepared 
(with more quality of data) to the consultation (Physician 5); There is no doubt that Portugal 
is ageing badly… (so) we have many people who would benefit … and caregivers can (also) benefit 
in the future (as they are getting older) (Physician 3). 

In fact, both groups of interviewees mentioned many benefits from using the 
“BALANCE” digital service. They pointed out the patient comfort: I had to go (to the 
hospital) by public transport or my daughter would take me (to the hospital) most of the time. 
And so (with the platform), it is not necessary (Patient 2); It increases the comfort… the safety 
of the elderly …(Physician 2). The benefit of closer physician–patient interaction was also 
mentioned in both focus groups: I think it was the best...the interaction with the physician... 
and really the physician was able to answer almost immediately… (Caregiver: Patient 5); …to 
keep therapy (balance rehabilitation) at home, with all this help, it is fantastic (Physician 8); It 
increases… the connection with the health professional (Physician 2); I am fully convinced that, 
with this type of strategy, we can help our patients … Basically, what they (patients) need is a close 
and frequent monitoring … physician available … to guide them through their difficulties 
(Physician 5). The patients and caregivers also highlighted the medical involvement: The 
physician (i.e., the researcher) is a person very concerned about us… in the other day, what I had 
was not even related to balance disorder...and the physician called anyway, worried to know if I 
was alright (Patient 2); … really the physician answered almost immediately (Caregiver: Patient 
5). The availability of tutorial videos with balance exercises was highly praised: The 
(recorded videos) are very good… They help to remember (the exercises) (Caregiver: Patient 
5). This availability of videos also allowed caregivers to understand the exercises and 
create strategies to make their family members less dependent: My mother watched the 
videos. To avoid forgetting, we wrote down what should be done... (Caregiver: Patient 4); The 
videos motivated the realization of exercises outside the home, even in an unstable surface. I 
memorized most of them...even when I was walking on the street...I was doing them (the exercises) 
... normal path or in the sand. It was amazing. I think this gave me greater security (Patient 2);... 
she (the mother) was even doing (balance exercises) in the market... (Caregiver: Patient 4). 
The potential lower use of face-to-face resources was also mentioned: Perhaps it (digital 
solution) will consume less face-to-face resources, with some people proactivity. (Physician 1); I 
think it is interesting … the patients can share their own difficulties and abilities through a mobile 
phone, a webcam... (Physician 8). Moreover, the interviewees highlighted the potential for 
better patient motivation and adhesion to the therapy: I want to thank. I think this (digital 
platform) is facilitating, even though it may seem like an obligation (doing the exercises), it 
encourages and serves even for us (caregivers),… as we are going there (we are getting older) 
(Caregiver: Patient 3); Strategies like this can allow … greater adherence of patients to therapy 
(Physician 3);...if they (patients) are at home and they have the perception that Andréa Gaspar 
(the name of the reseacher, for example) is able to assist them, to give recommendations, to 
know what difficulties they were facing... they become more interested... even if Andréa Gaspar, or 
whoever, is doing the (remote) monitoring and asks how many hours (the patient) has spent on 
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the couch, they will probably spend fewer hours on the couch and practice the (balance) exercises 
recommended than if they do not have any support or if they have support from caregivers who 
usually do not know how to provide this type of support (Physician 8). In fact, the importance 
of carrying out balance exercises was recognized: I think it’s important to do (balance 
exercises)... sometimes doing more...sometimes doing less (Caregiver: Patient 4). 

However, some of the interviewees pointed out possible constraints in both focus 
groups, for example the user profile definitions: People reached presbyvertigo 
(prebivestibulopathy) sooner than digital resources arrived. There are technical difficulties for 
this (use of telemedicine by the elderly) (Physician 8); We can use (digital solution) only 
with patients, with some differentiation. I think this is the big issue with this tool (Physician 7). 
However, this point of view was not held by all physicians: It is a mistake for us to think that 
elderly are completely averse and incompetent to use electronic resources. I think that these people 
are sometimes available to experiment...especially when they use it for their interest... namely, in 
their own health. (Physician 5); There are many people who can benefit from this project with the 
proper training of their caregivers, even those who consider themselves info-excluded (Physician 
1). In fact, all participating caregivers recognized the existence of their elderly family 
members’ limitations on the use of “BALANCE” digital service: My mom couldn’t do that 
(use the digital solution) … (Caregiver: Patient 5); Of course, I have no difficulty at using the 
(digital) platform... But to apply it to elderly people, … it’s not easy (Caregiver: Patient 3). 
About this, Patient 1 mentioned: I have been doing (the exercises) according to what the 
physician explained to me (all participants received, via email, individual instructions with 
the recommended exercises and videos). I never saw the videos (during balance 
rehabilitation). After sharing the computer screen, her caregiver, who is her 72-year-old 
husband, said: Yes, the physician (the researcher) has already presented this to me. She (the 
physician) already has presented it at the beginning (in the first meeting, via Zoom, to explain 
how to use of the digital platform)... … I simply forgot about it. The caregivers of patients 3 
and 4 also highlighted their difficulty with using “BALANCE” digital service on the 
mobile phone: On the computer it’s easier (the use of the digital solution) than on the mobile 
phone. The lack of time to record the balance exercises performed was another constraint 
pointed out: …the daily record of exercises... we do not always have the computer on … 
(Caregiver: Patient 3). The potential resistance of healthcare professionals as a constraint 
for clinical applicability of the “BALANCE” digital service was also mentioned: …there 
will be some difficulties in terms of human resources... (Participant 4); It will always cost in the 
beginning of the process, when there is something new, there is always some resistance... 
(Physician 7); I often hear… that consultation of Otorhinolaryngology has to be a face-to-face 
consultation at all times... I think this is not true... the literature and articles...they have already 
demonstrated that it is not true... I know there is great resistance to change... It is necessary to have 
people … to demonstrate that we have to accept other alternatives and that they are useful 
(Physician 5). The physicians also considered the lack of time as another barrier for clinical 
applicability of this digital solution: It (the use of this digital platform) is an advantage 
that… must be compensated with specific time for this… my doubts are what time we (physicians) 
have to do this (remote) monitoring… …time must be allocated for this purpose (Physician 5). 

Despite not having seen the available tutorial videos, Patient 1 was motivated and 
performed the exercises according to email instructions and rated the remote physician–
patient interaction 20 out of 20 values (on a scale from 0 to 20 points, 20 points for the best 
rating of level of satisfaction). Relative to the other participants of the proof-of-concept 
study, all caregivers rated the digital platform with 20 points, except for the caregiver of 
Patient 4. She rated it with 19 points, recommending specific adjustment on the available 
services: There are (in the digital platform) items that we don’t use and then it gets a little more 
confusing. (Caregiver: Patient 4). In fact, these “items” were part of the METHIS platform, 
related to the follow-up of patients with chronic pathology in primary healthcare. Another 
suggestions pointed out was the recording of the videos without protective equipment: I 
think that, in the future, if it is possible to record without the protective equipment it would help 
more to be able to see the whole face… in the (videos of) walking, it would also be possible to better 
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identify (the exercises) (Caregiver: Patient 4). Actually, these videos were recorded with 
the researcher using individual protective equipament due to the SARS-CoV-2 pandemic. 
The recording of balance exercises performed was another point to be changed, avoiding 
the daily recording of exercises performed. When asked if there was a need to add more 
functionalities in the “BALANCE” digital service, the patients and caregivers did not 
agree: It (the digital platform) couldn’t be much more complex (to use)…(Caregiver: Patient 
5). When asked whether puppet-animated videos could be used, patients and caregivers 
stated that recorded videos should only include people as models, such as the recorded 
videos added on the platform. 

Regarding medical satisfaction on using the platform, only Physician 6 revealed some 
dissatisfaction with the digital service: It is not clear enough in the information provided that 
the systems allows the physician to assess the patient’s evolution. He suggested the adjustment 
of the “BALANCE” digital service with the inclusion of automatic tools: … to analyze the 
videos (sent by patients)... creating alerts… so that the physician can intervene and make 
corrections in the patient’s rehabilitation process. Other strategies for a better clinical 
applicability were discussed. For example, the restructuring of working hours were 
discussed: Everything is possible, as long as there is a willingness… (Physician 7);... make the 
activity (of the digital solution) accountable as medical production (within working hours)… 
so that physicians and other professionals could have time for these activities (Physician 5); It is 
important to integrate into the schedule (of health professionals), it is not beyond the schedule... 
If not, it is something that becomes a volunteer and the volunteer is temporary (Physician 2). The 
use of the digital solution by other health professionals was also suggested: If we can 
generalize this tool (digital solution), not only with the support of caregivers but also with the 
support of nurses... (Physician 1). The interoperability was also remembered as an issue: this 
is a tool that we can use, as long as the interoperability with other tools is guaranteed … (Physician 
1). They also discussed the importance of funding and continuity of digital solutions not 
only at the regional level but also at the national level, with the recognition of the 
hierarchy: I will try to give you my experience... from two studies (with telemedicine) … I tried 
to keep elderly people at home with a better quality of life and they were not institutionalized. The 
biggest problem…. It was its end...I think the elderly have already lost a lot… in their lives. And 
when we give them a better quality of life, when we increase their ability to be at home... when we 
provide better caregivers (with training of caregivers)… we can’t have an end (of the study). I 
think that...they (projects) have to include more Ministries to be more sustainable... (Physician 
2). 

Physician 6 also highlighted the importance of the involvement and integration of 
several professionals in designing and implementing digital solutions: ... these things only 
gain with exchange between the various centers...because we all learn together. 

All the physicians considered the digital platform as interesting and agreed with the 
potential of the digital solution as a complementary healthcare provision: This project is 
interesting and it can move forward… and no longer just a study (Physician 6); There is 
undoubtedly a large percentage of patients who could benefit (from the “BALANCE” digital 
service) (Physician 3). 

All patients expressed their willingness to continue using the digital platform. One 
participant justified: And if we (patients), from time to time, need to see the videos (with the 
balance exercises) … it’s better (Patient 2). 

4. Discussion 
The systematic review [21] previously identified the lack of valid guidance of digital 

devices for a better clinical provision of healthcare in the context of elderly people with 
balance disorders and risk of falling [19,20]. Thus, to address and study this issue, DSRM 
[22] was used to design and integrate the “BALANCE” digital service to the platform ME-
THIS [29], as suggested by strategies previously discussed in the explanatory sequential 
mixed methods study [23]. The “BALANCE” digital service was demonstrated and eval-
uated with a set of patients. We verified that there is an important potential for clinical 
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applicability of this digital solution for the elderly with balance disorders and risk of fall-
ing. 

The identification and exploration of the digital medical constraints relative to 
healthcare provision in this context, and the recommended strategies allowed us to elab-
orate the “BALANCE” digital care service. This digital solution allowed to: (a) upload and 
access clinical data, in checklist format and free-text structure, according to the SOAP 
model; (b) upload and access interactive data, in checklist format and free-text structure, 
allowing closer physician–patient interaction, complementary remote monitoring, early 
detection of clinical deterioration and adjustment of recommended balance exercises; (c) 
access the final score of the DHI questionnaire completed by the patient and compare the 
results before and after carrying out the balance exercises; (d) access tutorial videos with 
balance exercises in slow motion and at normal speed, for a better patient orientation. No 
video recorded demonstrating patients’ performances while carrying out the exercise was 
uploaded onto the platform, which could not have allowed for the physician’s “real-time” 
assessment. 

Both participants and caregivers’ engagement in the demonstration of the “BAL-
ANCE” digital service was verified, as well as encouraging their elderly family members 
and teaching them how to access the exercise videos. Despite the 72-year-old caregiver 
not having accessed the videos as instructed, the patient was carrying out the exercises 
according to the medical remote interaction (Figure 3). This revealed the motivation of 
this patient and the limitation of the use of digital technology by an elderly patient and 
elderly caregiver, which had already been discussed in both focus groups. Instead of using 
the messaging functionality via the “BALANCE” digital service, this caregiver requested 
the physician’s email as a form of rapid contact, revealing the need for more intense digital 
training to use the platform. The patients and caregivers highlighted the medical involve-
ment with quick response to their questions. In fact, the involvement of patients, caregiv-
ers and healthcare professionals is one key point for the success of digital interactive so-
lutions [33,34]. 

Using focus groups, we explored the potential contributions, constraints for clinical 
applicability, satisfaction and strategies to improve the digital solution. In fact, digital 
health end-user experience is important, listening and engaging with patient, family 
members, caregivers, health professionals and policymakers to improve the implementa-
tion of digital solutions in clinical contexts [3,34,35]. 

As observed in other studies [14,15,17,36], the participants of the two focus groups 
highlighted several benefits of a digital rehabilitation service: comfort, closer physician–
patient interaction anywhere, the potential for patient’s motivation and engagement with 
self-care. Additionally, the availability of the tutorial videos with balance exercises was 
considered as a positive factor, allowing patients to remember the exercises and motivat-
ing them to exercise, including outside the home. These videos also allowed caregivers to 
understand the recommended exercises. In fact, the advantages of internet based balance 
rehabilitation with videos had been already pointed out [36]. However, we also performed 
remote daily monitoring, allowing for additional physician–patient interaction in case of 
uploaded data regarding clinical deterioration. 

However, according to the literature [37–41], some remaining constraints for the clin-
ical applicability of digital devices have been discussed: limitations of elderly people in 
accessing and using technologies, need for previous digital training and caregiver sup-
port. In fact, the caregivers’ deep involvement and training were essential in our study as 
was reported in previous research [33,34]. 

Unfortunately, in our study, even the caregivers had difficulty in using the “BAL-
ANCE” digital service on the mobile phone support, pointing to the need for future ad-
justments. The digital devices must be adequate to match the abilities of this population 
as highlighted by other researchers [33,38,42]. 
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The caregiver’s unavailability to upload daily data about exercises performed is an-
other issue that needs to be considered. The suggested inclusion of automatic tools to ob-
jectively analyze patient’s videos may add value (and usability) to the platform “BAL-
ANCE”. 

As already identified [5,33,37], the lack of investment in long-term care services, in-
cluding digital solutions, and of alignment with public health policies, were other con-
straints discussed. 

All the patients and caregivers revealed interest with this remote physician–patient 
interaction and asked for extension of the “BALANCE” digital service use. The motivation 
for physical activity is a well-defined public health policy for healthy ageing [43,44] and 
with the “BALANCE” digital service, we are motivating this in a clinical way. 

All the physicians also recognized the potential of the “BALANCE” digital service to 
be used as a complementary healthcare provision, once the interoperability and the re-
structuring of work processes are guaranteed [41]. 

Face-to-face physician–patient interaction will always be important. However, sev-
eral researchers have observed a gradual path for the medical specialties to learn how to 
reach their patients remotely and benefit from it [45–47]. 

Our study allowed us to design and develop, using a scientifically-based approach, 
the “BALANCE” digital service, a digital supporting system that could add value for com-
plementary treatment, and optimize and maintain opportunities for elderly people with 
functional ability within their communities. Again, we can also consider that these sys-
tems could support the training and preparing of caregivers for their roles, promoting 
active ageing and proactively using a digital solution. There is always an additional effort 
to understand and implement innovative technologies, but it is necessary to establish im-
plementation strategies to overcome this challenge. 

Limitations 
Regarding the eligible health professionals, this project only included physicians. In 

future studies, we must consider the participation of other professionals with healthcare 
provision for the elderly with balance disorders and risk of falling. The sampling of the 
all those interviewed was intentional, and the focus groups were conducted remotely via 
Zoom due to SARS-CoV-2 pandemic limitations. 

Relative to the patients, we included participants without diagnosed neurologic dis-
ease. In fact, patients with balance disorders and neurologic diseases could benefit from 
the “BALANCE” digital service. However, future researchers could evaluate whether 
constraints with the use of this digital solution by neurological patients would be greater. 

Because we performed a proof-of-concept study, only one physician (the researcher) 
and five patients, followed up at HBA and participated in the demonstration of the digital 
solution. Additionally, the follow-up time was only three months. However, after this in-
itial intervention, we are planning to carry out a future study with a longer follow-up and 
a representative sample, considering the suggestions of the focus groups. 

Finally, only the participants of the proof-of-concept study and the invited physicians 
evaluated the “BALANCE” digital service. In fact, managers and digital developers must 
also be involved in the evaluation of digital health solutions [33,48]. 

Multicenter studies with a longer follow-up could provide more information on us-
ability, acceptability, adherence and impact of the “BALANCE” digital service. 

5. Conclusions 
Using DSRM, we designed, implemented and demonstrated “BALANCE”, a digital 

service for complementary care provision for elderly people with balance disorders and 
risk of falling. We explored the benefits, constraints, necessary adjustments and satisfac-
tion. We verified a significant potential for clinical applicability of this digital solution. 
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However, involvement of patients, caregivers and healthcare professionals, interoperabil-
ity of digital solutions and reorganization of work activities are key points for future clin-
ical applicability. Additional studies are required to include these aspects. 
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Appendix A 

Table A1. Focus group with patients and caregivers: Interview guide. 

Thematic Categories Questions 
Benefits of “BALANCE” 

service 
“In your opinion, was this digital service 

beneficial?Why?” 
Constraints relatively the 

digital 
service  

“Did you have difficulty using this digital service?” 
If yes, what were the difficulties“ 

Satisfaction 
“What is your level of satisfaction regarding the use of 

the “BALANCE” service?” 
Strategies to improve the 

digital service 
“What would you recommend to improve this service?” 

Interest in maintaining the use 
“Would you like to continue using the “BALANCE” 

service?” 

Table A2. Focus group with physicians: Interview guide. 

Thematic Categories Questions 

Benefits of “BALANCE” 
service 

“What do you think about the benefits of this digital service 
for the provision of complementary healthcare for elderly 

people with balance disorders and risk of falling?” 
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Constraints regarding the 
use of “BALANCE” 

service 

“What is your opinion about the constrains/limitations 
regarding this service?” 

Medical satisfaction with 
“BALANCE” service 

functionalities 

“How satisfied are you with the potential of this digital 
service?” 

Suggested strategies to 
adjust “BALANCE” 

service 

“What strategies can be implemented to improve BALANCE 
service?” 

Suggested strategies for 
clinical applicability 

“How can “BALANCE” service be suitable for clinical 
applicability?” 

Interest in the 
“BALANCE” service 

“In your opinion, is there interest in this digital 
complementary health service?” 
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Resumo

Introdução: O envelhecimento a nível global e a vulnerabilidade para o desenvolvimento de doenças crónicas estão a 
desafiar a sustentabilidade dos sistemas de saúde, inclusive dos países em transição demográfica e epidemiológica, como 
Cabo Verde. Uma das recomendações globais para aliviar esta pressão é o uso da saúde digital.
Objetivos: Compreender e explorar o potencial de utilização do serviço digital “EQUILÍBRIO” para a prestação comple-
mentar de cuidados de saúde a idosos com alterações de equilíbrio e risco de queda em Cabo Verde.
Materiais e métodos: Em fevereiro de 2022, realizou-se um Workshop de Policy Dialogue, via Zoom, incluindo o Con-
selho da Administração do Hospital Central Doutor Agostinho Neto.
Resultados: Com a análise do conteúdo do Workshop, verificaram-se o interesse e o potencial de utilização do serviço 
digital “EQUILÍBRIO”, previamente testado e avaliado em contexto clínico português. Contudo, para a sua aplicabilidade 
clínica, foi reconhecida a necessidade de tempo para a reestruturação do trabalho e alocação dos profissionais de saúde e 
envolvimento dos doentes.
Conclusão: A futura implementação do serviço digital “EQUILÍBRIO” em Cabo Verde é uma oportunidade de investiga-
ção, permitindo uma estreita cooperação entre Portugal e Cabo Verde na conjuntura do envelhecimento. Poderá ser um 
promissor exemplo de cooperação de cuidados de saúde entre os Estados-membros da Comunidade dos Países de Língua 
Portuguesa.

Palavras-chave: Saúde global, Idoso, Equilíbrio, Queda, eHealth, Telemedicina, Saúde digital, Cabo Verde

Abstract

Introduction: Global aging and the vulnerability to the development of chronic diseases are challenging the sustainability 
of health systems, including countries in demographic and epidemiological transition, such as Cape Verde. One of the global 
recommendations to alleviate this pressure is the use of digital health.
Objectives: Understand and explore the potential of using the digital service “BALANCE” to provide complementary health 
care for elderly people with balance disorders and risk of falling in Cape Verde.
Materials and methods: In February 2022, a Policy Dialogue Workshop was carried out, via Zoom, including the Board of 
Directors of Hospital Central Doutor Agostinho Neto.
Results: With the analysis of the Workshop's content, the interest and potential of using the digital service “BALANCE”, pre-
viously tested and evaluated in a Portuguese clinical context, were verified. However, for its clinical applicability, the need for 
time for the restructuring of work and allocation of health professionals and patient involvement was recognized.
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Conclusion: The future implementation of the digital service “BALANCE” in Cape Verde is an opportunity for research, 
allowing a close cooperation between Portugal and Cape Verde in the context of aging. It could be a promising example of 
health care cooperation between the member states of the Community of Portuguese-Speaking Countries.

Keywords: Global health; Elderly, Balance, Falls, eHealth, Digital health, Telemedicine, Cape Verde

Résumé

Introduction: Le vieillissement mondial et la vulnérabilité au développement des maladies chroniques remettent en 
question la pérennité des systèmes de santé, y compris dans les pays en transition démographique et épidémiologique, com-
me le Cap-Vert. L'une des recommandations mondiales pour atténuer cette pression est l'utilisation de la santé numérique.
Objectifs: Comprendre et explorer le potentiel d'utilisation du service numérique “ÉQUILIBRE” pour fournir des soins 
de santé complémentaires aux personnes âgées avec troubles de l'équilibre et risques de chute au Cap-Vert.
Matériels et méthodes: En février 2022, un atelier de dialogue politique a été organisé, via Zoom, avec le Conseil d'Ad-
ministration de l'Hôpital Central Doutor Agostinho Neto.
Résultats: Avec l'analyse du contenu de l'atelier, l'intérêt et le potentiel d'utilisation du service numérique “ÉQUILIBRE”, 
préalablement testé et évalué dans un contexte clinique portugais, ont été vérifiés. Cependant, pour son applicabilité cli-
nique, le besoin de temps pour la restructuration du travail et l'affectation des professionnels de la santé et l'implication 
des patients a été reconnu.
Conclusion: La future implantation du service numérique “ÉQUILIBRE” au Cap-Vert est une opportunité de recherche, 
permettant une coopération étroite entre le Portugal et le Cap-Vert dans le contexte du vieillissement. Il pourrait s'agir 
d'un exemple prometteur de coopération en matière de soins de santé entre les États membres de la Communauté des pays 
de langue portugaise.

Mots-clés: Santé globale, Personne âgée, Équilibre, Chute, eHealth, Santé numérique, Telemedicine, Cap Vert

Introdução

O envelhecimento e a sua suscetibilidade para o de-
senvolvimento de doenças crónicas, multimorbili-
dade, alterações do equilíbrio e risco de queda têm 
pressionado os atuais sistemas de saúde, inclusive nos 
países em transição demográfica e epidemiológica [1-
4]. De facto, vários estudos confirmam o progressivo 
aumento global na prestação de cuidados de saúde a 
idosos com distúrbios do equilíbrio e consequentes 
quedas [1-4].
Neste contexto de cuidados associados ao envelheci-
mento, a utilização da saúde digital pode representar 
uma das estratégias para mitigar a sua pressão nos sis-
temas de saúde. Desde 2005, a Organização Mundial 
da Saúde tem incentivado a implementação e o uso 
global de Sistemas e Tecnologias de Informação para 
apoiar o setor de saúde [5,6] Progressivamente, mui-
tos governos têm incluído soluções digitais em suas 
políticas de saúde. No entanto, diversos países afri-
canos ainda apresentam alguns constrangimentos ao 
uso digital, como recursos materiais insuficientes, re-
sistência dos profissionais de saúde, barreira cultural 
e linguística, coordenação deficiente, analfabetismo 

digital, falta de financiamento, inacessibilidade digital 
e falta de interoperabilidade, restringindo o pleno uso 
do potencial das soluções digitais [7,8].
Por outro lado, a trajetória da República de Cabo Ver-
de tem sido diferente, com resultados mais positivos 
[9,10]. Este país da África Subsariana, Estado mem-
bro da Comunidade dos Países de Língua Portuguesa 
(CPLP), é constituído por 10 ilhas e vários ilhéus mais 
pequenos, com cerca de meio milhão de habitantes 
que também estão a envelhecer progressivamente, 
embora com uma taxa de envelhecimento inferior à 
dos países europeus [11]. Cabo Verde tem um sistema 
de saúde organizado na promoção dos cuidados pri-
mários [12], contudo com alguma escassez de profis-
sionais de saúde em áreas especializadas [13].
Por exemplo, a base de dados cabo-verdiana do ano de 
2014 identificou 401 médicos, com apenas 272 médi-
cos em atividade [13]. Destes, apenas 1 era especialis-
ta em Medicina de Família, 15 em Medicina Interna, 1 
em Neurologia e 4 em Otorrinolaringologia, ou seja, 
um total de 21 médicos especialistas com prestação 
de cuidados de saúde a doentes com alterações do 
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equilíbrio [13]. Assim, neste contexto, o número de 
médicos para o atendimento ao idoso pode não ser 
suficiente.
Para mitigar os constrangimentos geográficos e a insu-
ficiência de recursos humanos, Cabo Verde tem incen-
tivado o uso da saúde digital [13-16]. De facto, este 
país é um dos primeiros utilizadores da saúde digital 
na África [17], com uma rede de telemedicina bem in-
tegrada. Em 2012, o Governo cabo-verdiano avançou 
para a implementação de um programa nacional de 
telemedicina com a cooperação da República da Es-
lovénia e da International Virtual e-Hospital Foundation, 
utilizando a estratégia Initiate-Build-Operate-Transfer 
[14,18]. Esta cooperação auxiliou na compra, entrega 
e integração de recursos tecnológicos nas nove ilhas 
habitadas e na formação de profissionais de saúde [14]. 
Desde 2014, o programa de telemedicina é gerido 
pelo Ministério da Saúde de Cabo Verde, que em 2015 
criou o primeiro Centro Nacional de Telessaúde na 
CPLP [10], alinhando-se com as estratégias de saúde 
digital desta organização de países lusófonos [19-21].
Com o investimento em saúde digital, a formação re-
mota de profissionais de saúde tem aumentado o aces-
so aos cuidados de saúde. Os centros de telemedicina 
cabo-verdianos também têm proporcionado interação 
médica com teleconsultas, melhor gestão das evacua-
ções dos doentes e cooperação com instituições inter-
nacionais, reduzindo custos [9,10,22,23]. Em 2013, 
foram registadas 62 teleconsultas. Com motivação e 
trabalho contínuos, foram contabilizadas, em 2019, 
um total de 786 teleconsultas de diferentes especiali-
dades, distribuídas pelos diversos centros de teleme-
dicina [24]. No entanto, estes dados publicados não 
discriminaram os números relacionados à prestação 
de cuidados de saúde a idosos com distúrbios do equi-
líbrio e risco de queda [24].
O presente trabalho tem como objetivos compreender 
e explorar o potencial de utilização do serviço digital 
“EQUILÍBRIO” e a sua aplicabilidade para a prestação 
complementar de cuidados a idosos com alterações 
do equilíbrio e risco de queda no contexto global, 
considerando o contexto cabo-verdiano. Utilizando a 
Design Science Research Methodology (DSRM) [25], uma 
das abordagens utilizadas para o desenvolvimento de 
serviços de informação, este serviço digital foi previa-
mente desenhado, elaborado, demonstrado e avaliado 
no contexto clínico português, com resultados positi-
vos [26,27]. O serviço digital “EQUILÍBRIO” permi-
te monitorização remota complementar, síncrona ou 
assíncrona, com deteção precoce da deterioração do 

equilíbrio ou quedas, ajuste oportuno do tratamento e 
interação médico-doente mais próxima [27].

Materiais e métodos

Desenho do estudo
No dia 10 de fevereiro de 2022, realizou-se um Wor-
kshop de Policy Dialogue. Metodologicamente, tratou-se 
de um estudo fenomenológico exploratório, qualita-
tivo e descritivo [28] com os objetivos de: 1) com-
preender o potencial de utilização do serviço digital 
“EQUILÍBRIO” no contexto cabo-verdiano; 2) explo-
rar a aplicabilidade clínica deste serviço digital neste 
contexto.

Materiais

Foi desenhado e realizado o Workshop “Telemedicina e 
Otorrinolaringologia em Cabo Verde e numa perspec-
tiva global”, via plataforma Zoom, com duração de 90 
minutos, envolvendo profissionais de saúde, especialis-
tas em telemedicina do Instituto de Higiene e Medici-
na Tropical (IHMT) e o Conselho de Administração do 
Hospital Central Doutor Agostinho Neto (HCDAN), 
unidade de saúde pública com prestação de cuidados 
especializados na capital de Cabo Verde. O Conselho 
deste Hospital divulgou para os seus profissionais, via 
email, o evento com o link de acesso. Os participantes 
elegíveis foram os médicos especialistas com prestação 
de cuidados de saúde em Cabo Verde para idosos com 
distúrbios do equilíbrio e risco de queda, incluindo mé-
dicos de família, médicos de medicina interna, neurolo-
gistas e otorrinolaringologistas.

Análise

As informações do Workshop foram transcritas manual-
mente por um dos autores, permitindo a análise de 
conteúdo [28]. Foram inseridas palavras entre parên-
teses curvos, possibilitando uma melhor compreensão 
das citações.

Considerações éticas 

A participação no Workshop foi voluntária, com autori-
zação para a gravação de áudio. A informação e os regis-
tos áudio foram guardados em local seguro (disco ex-
terno com código de acesso) dentro do prazo previsto 
pela Lei Portuguesa [29].
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Resultados

Workshop de Policy Dialogue

- Dados sociodemográficos

Os dados demográficos dos ato-
res chave, ou seja, participantes 
com intervenção ativa, como 
apresentação, comentário e dis-
cussão, no Workshop estão descri-
tos na Tabela 1.

 

Tabela 1. Dados sociodemográficos dos participantes com intervenção ativa no Workshop 

Ator Chave Género Profissão País 

AC1 M Gestor e Membro do Conselho da 
Administração do HCDAN 

Cabo Verde 

AC2 M Especialista em Saúde digital 
(um dos autores) 

Portugal 

AC3 F Otorrinolaringologista no 
HCDAN 

Cabo Verde 
 

AC4 F Otorrinolaringologista (um dos 
autores)  

Portugal 

AC5 M Médico e Membro do Conselho 
da Administração do HCDAN 

Cabo Verde 

M: Masculino   F: Feminino 

 Registou-se também a presença de mais 6 participantes (profissionais 
do HCDAN), dos quais não se recolheu informação sociodemográfica.

- Análise do conteúdo

Durante o Workshop foram dis-
cutidas três categorias temáticas. 
Da análise do conteúdo, emergi-
ram sete subtemas (Tabela 2).

Tabela 2. Categorias temáticas do Workshop 

Categorias temáticas 

1. Saúde Digital  
1.1. Cabo Verde 
1.2. O potencial da saúde global e cooperação mútua na CPLP  

 
2. Utilização do serviço digital “EQUILÍBRIO”  
2.1. Interesse dos atores chave 
2.2. Potencial para melhorar o acesso 

 
3. Aplicabilidade clínica do serviço digital “EQUILÍBRIO” no HCDAN 
3.1.Reorganização do trabalho 
3.2.Envolvimento dos profissionais de saúde  
3.3.Envolvimento dos doentes 

 
 

Inicialmente, um dos membros do Conselho da Admi-
nistração do HCDAN destacou a importância na temá-
tica do workshop, revelando abertura para a implemen-
tação de novas soluções digitais: … (há um) programa 
estratégico do hospital para a transformação digital como for-
ma de promover a inovação no contexto hospitalar… em que 
a inovação traz vantagens quer do ponto de vista competitivo, 
mas também a nível da gestão… como forma de promover a 
mudança e trazer melhorias dos indicadores do hospital e, con-
sequentemente, dos indicadores do país (AC1).
A relevância da telemedicina em Cabo Verde também 
foi destacada: A telemedicina faz parte do componente da 
inovação da saúde focando na questão da tecnologia para a 
saúde. Estamos num país em que dependemos das estruturas 
hospitalares centrais, em que temos nove ilhas praticamente 
habitadas, em que a maior parte delas não dispõe de um hospi-
tal de referência. Então, a teleconsulta é uma forma de garan-
tir acesso aos cuidados de saúde para a população (AC1). E 
um pouco da evolução da telemedicina foi explicada: O 

nosso centro de telemedicina foi inaugurado em 2013. Tivemos 
uma evolução muito satisfatória da evolução dos atendimen-
tos. Iniciámos com 112 casos. Neste momento, já ultrapassa-
mos mais de mil consultas através de telemedicina. Uma média 
anual de mais de 600 consultas nos últimos 6 anos. No ano 
2021, apesar da pandemia, tivemos um aumento substancial. 
Isto também ocorreu devido a medidas estruturais que o hospi-
tal (HCDAN) teve que implementar, como forma de garantir 
os cuidados de saúde às pessoas que estão mais dispersas… 
A otorrinolaringologia é uma das especialidades que mais se 
beneficiou da telemedicina… (permitindo) acesso equitativo 
a cuidados especializados nesta área (AC1).
A seguir, três palestrantes fizeram exposições, com du-
ração de 20 minutos cada.
Inicialmente, foi apresentado o potencial da Saúde Di-
gital para uma interação mais estreita entre os países 
membros da CPLP: …aproveitar as parcerias estratégi-
cas… um potencial enorme com quase 300 milhões de pes-
soas… pode ser intermutável. Adicionalmente, os benefí-
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cios foram apontados: …mitigar a falta de recursos huma-
nos, (promover a) educação à distância, (ajudar a gestão 
das) evacuações, (melhorar) a ligação entre investigação e 
hospitais… (AC2). A necessidade da abordagem multi-
disciplinar também foi mencionada: …um trabalho com-
binado... (incluindo também) técnico de saúde, informáti-
cos, gestores, decisores políticos… (AC2).
A seguir, a palestrante seguinte confirmou a importân-
cia da adoção e uso da telemedicina em Cabo Verde, 
principalmente a nível das teleconsultas e evacuações, 
mitigando os constrangimentos geográficos e a escas-
sez de recursos humanos deste país, principalmente 
com a pandemia por SARS_CoV-2: …com a pandemia, 
não temos muitos voos (de avião) … a telemedicina tem 
sido uma mais valia para a nossa especialidade (Otorri-
nolaringologia) (AC3). A telemedicina também tem 
promovido uma mais estreita articulação entre os cui-
dados de saúde primários e os hospitalares: (Como 
houve) doentes crónicos sem atendimento, a fila de espera 
aumentou para pedido de consulta. (Desta forma) houve 
mais teleconsultas, mais orientação aos clínicos gerais, mais 
exames realizados (fora do hospital) e os doentes vinham 
(ao HCDAN) só para a cirurgia (já com exames pré-
-operatórios realizados) (AC3).
Finalmente, a última apresentação focou-se no envelhe-
cimento e na oportunidade do uso do serviço digital 
“EQUILÍBRIO” no contexto cabo-verdiano: ...a ideia é 
ter um envelhecimento ativo… saudável (AC4). Nesta in-
tervenção, a abordagem DSRM utilizada para sua elabo-
ração e o desenvolvimento deste serviço digital foram 
apresentados. Foram mencionadas as funcionalidades 
disponíveis do serviço “EQUILÍBRIO”, assim como os 
seus pontos relevantes: “… a monitorização remota com-
plementar, deteção precoce da deterioração do equilíbrio ou 
quedas, ajuste do tratamento e interação médico-doente mais 
próxima” (AC4). Os resultados da demonstração do ser-
viço, realizada no contexto português, foram apresen-
tados. A seguir, foram divulgadas as avaliações realiza-
das pelos utilizadores (idosos e cuidadores) do serviço 
digital e por médicos portugueses com experiência em 
coordenação de unidades de saúde: …tivemos mesmo um 
resultado muito positivo (com a utilização do serviço digi-
tal “EQUILÍBRIO”) … permitindo uma interação mais pró-
xima entre o médico e o doente…a disponibilidade dos vídeos 
tutoriais…a possibilidade de menos recursos presenciais… 
(AC4). 
Após a intervenção dos palestrantes, iniciou-se a discus-
são entre os participantes do Workshop, permitindo en-
tender e explorar o potencial do serviço digital “EQUI-
LIBRIO” para a prestação complementar de cuidados 

de saúde a idosos com risco de queda por alterações do 
equilíbrio no contexto cabo-verdiano, podendo confi-
gurar: uma oportunidade de cooperação (entre Portugal e 
Cabo Verde) (AC2).  
Questionada a aplicabilidade clínica concreta do 
“EQUILÍBRIO” no HCDAN, um dos médicos destacou, 
como constrangimento à sua breve utilização, alguma 
dificuldade no recrutamento de idosos com perturba-
ções do equilíbrio, uma vez que o atual foco de cuida-
dos ao idoso tem sido a abordagem da perda auditiva. 
Outro obstáculo destacado foi a deficiência de recursos 
humanos na área da saúde cabo-verdiana, restringindo 
a alocação de profissionais de saúde especificamente 
para a monitorização digital de idosos no contexto das 
alterações do equilíbrio. No entanto, os médicos cabo-
-verdianos e o Conselho de Administração do HCDAN 
reconheceram o potencial do serviço digital “EQUILI-
BRIO” e manifestaram interesse em utilizá-lo, solicitan-
do algum tempo para o recrutamento de idosos e para 
organização de trabalho: É possível implementar. Tem que 
inventariar e identificar os doentes… e organizar o serviço 
(AC5). Adicionalmente, o Conselho de Administração 
e os médicos do HCDAN revelaram também interesse 
na inclusão de doentes mais jovens para a utilização do 
serviço digital “EQUILÍBRIO”. 

Discussão

Para compreender e explorar o potencial de utilização 
do serviço de saúde digital “EQUILÍBRIO”, no âmbito 
da prestação complementar de cuidados a idosos com 
alterações do equilíbrio e risco de queda em Cabo Ver-
de, foi realizado um Workshop incluindo profissionais 
de saúde e o Conselho de Administração do HCDAN. 
Verificou-se um interesse no desenvolvimento de me-
didas que levem à sua aplicabilidade clínica, constituin-
do uma oportunidade de implementação no contexto 
cabo-verdiano. 
A análise do conteúdo da informação proveniente do 
Workshop inicialmente permitiu perceber a importân-
cia da saúde digital em Cabo Verde, país com restrição 
de recursos humanos na área da saúde, mas com uma 
telemedicina integrada e progressivamente amadureci-
da. De facto, dos países africanos, Cabo Verde tem se 
destacado com resultados positivos na gestão da presta-
ção de cuidados e das evacuações, educação à distância 
e cooperação entre as unidades de saúde, com menos 
custos [9,10,18,22-24]. Contudo, ao alargar o foco da 
saúde digital a outros países de língua portuguesa, po-
de-se pensar no seu significativo potencial de coope-
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ração envolvendo milhões de pessoas em processo de 
envelhecimento. Estas soluções podem mitigar a pres-
são da senilidade nos sistemas de saúde, permitindo que 
poucos profissionais de saúde interajam remotamente 
com muitos doentes ou outros profissionais de saúde 
[30]. Entretanto, deve-se considerar a sua função com-
plementar, e não substitutiva, na prestação de cuidados 
de saúde [26,31].
Com o foco na divulgação e alargamento da utilização 
do serviço digital “EQUILÍBRIO”, a outros países de 
língua portuguesa em envelhecimento, também foram 
explorados o interesse, potencial de utilização e aplica-
bilidade clínica no contexto de Cabo Verde. 
Foi possível confirmar o interesse dos médicos partici-
pantes e da Administração do HCDAN para acrescentar 
ao seu portfólio de serviços a utilização de um serviço 
digital no contexto das alterações do equilíbrio, corro-
borando a relevância atribuída à saúde digital em Cabo 
Verde. Adicionalmente, como já ressaltado na literatu-
ra [32], foi referida uma maior necessidade do uso da 
telemedicina em Cabo Verde durante a pandemia por 
SARS-CoV-2, tendo sido considerada como …uma mais 
valia… (AC3) na Otorrinolaringologia, por exemplo. 
Contudo, não há disponibilidade de dados discriminan-
do esta maior demanda da prestação de cuidados de 
saúde consoante o contexto, como por exemplo, idosos 
com alterações do equilíbrio.
Verificou-se também o potencial da utilização do serviço 
digital “EQUILÍBRIO” no contexto clínico cabo-verdia-
no, tendo sido sugerida a participação de doentes mais 
jovens com alterações do equilíbrio e risco de queda. 
Contudo, para a aplicabilidade clínica deste serviço di-
gital, foi solicitado tempo, permitindo a reestruturação 
do trabalho e envolvimento dos profissionais de saúde 
e dos doentes nesta prestação digital de cuidados de 
saúde. Tais condições já têm sido apontadas na literatu-
ra como cruciais para o uso pleno das soluções digitais 
[26,27].
A implementação do serviço digital “EQUILÍBRIO” em 
Cabo Verde, para a prestação complementar de cuida-
dos de saúde a idosos com alterações do equilíbrio e 
risco de queda, é uma oportunidade de investigação. 
Poderá configurar uma promissora cooperação de cui-
dados de saúde entre Portugal e Cabo Verde no con-
texto do envelhecimento. Adicionalmente, poderá re-
presentar mais uma contribuição para a consolidação de 
uma Saúde Digital entre os Estados-membros da CPLP, 

uma interação digital previamente discutida e aspirada 
para um universo de cerca de 300 milhões de pessoas 
[19-21].

Limitações

Devido à pandemia por SARS-CoV-2, o presente estu-
do foi desenvolvido à distância.
A divulgação do Workshop foi realizada, via email, pelo 
Conselho de Administração do Hospital Central Dou-
tor Agostinho Neto (HCDAN), não incluindo as outras 
Unidades de Saúde de Cabo Verde. 
Nesta fase inicial, a participação médica foi priorizada. 
Contudo, futuramente, o envolvimento dos outros pro-
fissionais de saúde deverá ser considerado. A inclusão 
de outros hospitais em Cabo Verde também deverá ser 
ponderada. 

Conclusões

No contexto da prestação de cuidados de saúde a idosos 
com alterações de equilíbrio e risco de queda, realizou-
-se um Workshop para compreender e explorar o po-
tencial de utilização do serviço digital “EQUILÍBRIO”, 
tendo como exemplo Cabo Verde. Verificaram-se inte-
resse, potencial de utilização do serviço “EQUILÍBRIO” 
e necessidade de reestruturação do trabalho e alocação 
de recursos humanos para a sua aplicabilidade clínica. 
A implementação deste serviço digital em Cabo Verde 
é uma oportunidade de investigação no âmbito do en-
velhecimento e da saúde global, podendo permitir uma 
mais próxima interação entre as unidades de saúde de 
Cabo Verde e Portugal. Poderá estreitar a cooperação 
de cuidados de saúde entre os Estados-membros da Co-
munidade dos Países de Língua Portuguesa.
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3. DISCUSSION AND CONCLUSIONS 

3.1. DISCUSSION  

The burden of global aging with clinical conditions as balance disorders and risk of falling 

has motivated research into how digital health can contribute for an adjusted provision of 

health care. However, the use in the clinical context has not yet been explored. In this 

context, the DSRM was used to conceive, design, develop, implement, demonstrate and 

evaluate the digital service “BALANCE”. This implementation was done, considering 

the Portuguese clinical context, and focussed on the remote management of elderly people 

with balance disorders and risk of falling. The evaluation revealed positive outcomes for 

clinical applicability, motivating research in a global perspective. The exploration of the 

interest and potential use of the digital service “BALANCE” in the clinical context of 

Cape Verde also revealed positive results and an opportunity for future study, enabling 

innovation in current healthcare provision. 

 

3.1.1. Summing up the results and discussion 

PAPER I 

Population aging and its vulnerability to chronic diseases and balance disorders with falls 

has challenged the sustainability of the current health care model. In fact, balance disorder 

has become a public health concern. Several studies have pointed to the progressive 

global increase in the provision of health care, leading to the use of multiple and 

inadequate resources (Heinrich et al., 2010; Kerber, 2009; Kerber et al., 2017; Kovacs et 

al., 2019; Maciel, 2010; Tehrani et al., 2013).  

To mitigate this specific burden of disease with expenses related to care, the health 

policies have recommended the implementation and use of the digital health, providing 

new opportunities to improve the quality of services and the rational use of resources 

(Amalberti et al., 2019; Kim et al., 2017; Lapão, 2010; Mucchi et al., 2021). However, 

the clinical use of digital devices and services are still in its earlier developments and 

under investigation.  

To evaluate and guide the clinical applicability of eHealth devices in the screening, 

assessment, and treatment of elderly people with balance disorders and without 
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neurological disease, a systematic review was performed. As described in literature (Bet 

et al., 2019; Choi et al., 2017; Leirós-Rodríguez et al., 2019; Montesinos et al., 2018; 

Nguyen et al., 2018; Rucco et al., 2018; Skjæret et al., 2016; Sun and Sosnoff, 2018), the 

heterogeneity of the sample sizes, clinical conditions of the elderly under study, 

methodologies, and follow-up times of the included studies restricted the scope of a 

guideline for clinical settings. In fact, most of the included studies neither described the 

clinical conditions of the participants nor the instrumental tests of the inner ear, which 

could interfere with the results. Additionally, as most of the included studies are from 

high-income countries, it is not possible to evaluate the use of eHealth devices for elderly 

people with balance disorders in low-income or middle-income countries. 

In conclusion, the systematic review (Paper I) both shown the need for digital services 

development and supported the challenged for a broader exploration of the clinical 

applicability of digital solutions in this context, as verified in previous literature. 

 

PAPER II 

Using DSRM (Hevner et al., 2004; Peffers et al., 2007), a scientifically-based approach 

for the development, demonstration and evaluation of a digital service, the thesis was 

developed over the years, step by step, including various activities. The research involved 

several professionals: experts in digital platforms and specialist physicians who provide 

healthcare in Portugal for the elderly with balance disorders and risk of falling, including 

family physicians, internal medicine physicians, physical medicine and rehabilitation 

physicians, neurologists, otolaryngologists and physicians with competence in Geriatrics, 

with differentiated training in technology and information technology. 

Initially, the phase quantitative of the mixed methods study (Creswell & Creswell, 2018) 

(Activity 1) was performed. As observed in other studies (Aitken et al., 2008; Lapão et 

al., 2017), a low response number was verified. However, the responses allowed 

identifying medical dissatisfaction with the information systems in general, including 

time spent in digital use and comprehensive data. Additionally, future eHealth services 

were considered highly relevant for complementary healthcare for elderly people with 

balance disorders and the risk of falling, encouraging the development of a digital solution 

to adjust and rationalize the use of resources with lower costs, as described in Paper II. 
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With the qualitative phase of the mixed methods study (Creswell & Creswell, 2018) 

(Activity 2), the quantitative results were discussed in depth, including the participation 

of coordinating physicians of health units (one Neurologist, two Family Physicians, two 

Internal Medicine Physicians, and three Otolaryngologists). As mentioned in other studies 

(Heinrich et al., 2010; Kerber, 2009; Nolte et al., 2020; Tehrani et al., 2013), poor access 

to data on previous care provision and the lack of integration of clinical data between the 

health units were highlighted, partially justifying the recurrent and multiple use of 

resources. Strategies for an efficient digital solution were also explored, such as the 

inclusion of interactive data and audio-visual technology, time allocation of digital work, 

investment in suitable technology and system interoperability, patient motivation and 

training, caregiver involvement, and health professional training. In fact, positive 

outcomes of digital health also depend on qualification and collaboration of health 

professionals (Goldsack & Zanetti, 2020; Lapão, 2010). The relevance of the physician 

as the main manager of eHealth service was also discussed, as described in Paper II. 

The recommendations (Activity 2) allowed to guide the elaboration of the digital solution 

requirements for complementary health care for elderly with balance disorders and 

consequent risk of falling (Activity 3). 

 

PAPER III 

Previous medical suggestions, explored in the qualitative phase of the mixed methods 

study (Activity 2), contributed to the design and elaboration of the digital service 

“BALANCE” (Activity 3), as described in Paper III. The options of this service were 

developed according to the clinical approach of patients with balance disorders (Brandt 

et al, 2014): clinical information, clinical and instrumental assessment data, pre and post 

rehabilitation DHI (Dizziness Handicap Inventory) questionnaire (Jacobson & Newman, 

1990) and treatment. This digital service was integrated into the METHIS digital 

platform, already used for the remote monitoring of patients with chronic pathologies 

(Lapão et al, 2021). Eight tutorial videos with rehabilitation exercises were recorded and 

up-loaded to the digital service. The medical and patient profiles are presented in 

Appendix 4.9.  
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“BALANCE” service became clinically available after months of interaction between the 

main researcher (Otolaryngologist), two experts in digital platforms, and one professor of 

health information systems. As verified in literature (Goldsack & Zanetti, 2020; 

Karpathakis et al., 2021), the involvement of eHealth system managers and programmers 

was also pointed out as crucial during the qualitative study of the mixed methods study. 

Using the proof-of-concept study (Blokdyk, 2021) to initially test the digital service, five 

elderly women, with balance disorders and indication to maintain vestibular rehabilitation 

at home, used "BALANCE" digital service for three months (Activity 4). They and their 

caregivers could interact with the main researcher (their physician), allowing remote 

monitoring, early detection of clinical deterioration, timely adjustment of treatment, 

greater physician-patient interaction, and active patient and caregiver participation. 

To evaluate the satisfaction level of the service digital, two focus groups (Creswell & 

Creswell, 2018) were conducted, involving the participants engaged with the proof-of-

concept study, and invited physicians with experience in coordinating public health units 

(two Family Physicians, two Internal Medicine Physicians, and four Otolaryngologists) 

(Activity 5). These explorations allowed to evaluate and address how to adjust, improve 

the functioning of “BALANCE” service in the clinical context, with greater engagement 

from patients, caregivers and healthcare professionals. In fact, the concept of health care 

quality is subjective and can be interpreted in different ways, encompassing effective, 

safe, culture of excellence, and desired outcomes (Allen-Duck et al., 2017). One of the 

methods to determine the perceptions of quality is to make the user as a participatory 

element in the health services, and not just an observer. 

The patient and caregiver perspectives allowed to explore the satisfaction level, 

understanding the benefits (patient comfort, closer physician-patient interaction, 

availability of tutorial videos with balance exercises), constraints (elderly profile as a 

digital user, presentation screen on the mobile phone, lack of time to record the exercises 

performed), suggestions for improvement (adjustment to the “BALANCE” interface, 

record of videos with more identifiable exercises, adjustment of interactive data relatively 

to performed balance exercise) and interest in maintaining the use of “BALANCE” 

service. Additionally, medical perspectives were also explored, such as benefits (patient 

comfort, closer physician-patient interaction, lower consumption of face-to-face 
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resources, patient motivation and adhesion), constraints (patient profile, resistance of 

healthcare professionals, lack of working time for digital use), strategies for clinical 

applicability (working reorganization with dedicated time to interact digitally with 

patients, involvement of other health professionals, interoperability, funding and 

continuity of the use of digital solution, recognition of the hierarchy), and interest in using 

“BALANCE” service. Only one physician pointed-out some dissatisfaction with this 

digital service, suggesting the inclusion of automatic tools to support the collection of 

data of performed balance exercises. In fact, knowledge about the difficulties can help to 

improve awareness and invest in technological training in health. 

As discussed in the two focus groups, the use of technology in health care can still be 

considered a barrier, especially for those who do not master the technology. The profile 

of elderly is a challenge to be overcome (Scott Kruse et al., 2018). However, more and 

more, elderly people are experienced and motivated to use technology and, as possible, 

the digital inclusion of the elderly should be encouraged. Moreover, caregiver 

involvement could contribute to their training, promoting active ageing and proactively 

using a digital solution, as observed in this study. 

Additionally, digital services and devices should be user-friendly and suitable for both 

the health professional and for the patient (Raja et al., 2021; Ricciardi et al., 2019). The 

suggestions to adjust “BALANCE”, as such exercise registration frequency, will be 

considered. 

In conclusion, the evaluations revealed positive outcomes for clinical applicability, 

motivating its dissemination and exploration to other Portuguese-speaking countries as 

for example Cape Verde. 

 

PAPER IV 

Cape Verde, a country with both progressive aging population (WHO, 2019) and matured 

digital culture with sustained positive results, including remote management of care and 

evacuations, distance education and digital cooperation between health units (Azevedo et 

al., 2021; Beja et al., 2019; Lapão & Correia, 2015; Maia et al., 2019), was chosen to 

align with the use of “BALANCE” service. In fact, IHMT/UNL is an institution that 

promotes research in global health, especially in the CPLP context (Carvalho et al., 2018). 
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A PDW was performed to understand and explore the potential use of the digital health 

service "BALANCE" in Cape Verde, including health professionals and the Board of 

Directors of HCDAN, a hospital with specialized health care in the nation's capital. This 

PDW embraced the Fair Research Partnerships principles, ensuring that IHMT/UNL-

HCDAN partnership on health research was carried out in a symmetrical way, and 

addressing HCDAN precise needs and sustainability (Carvalho et al., 2018).  

It was possible to confirm the interest and the potential of using the digital service 

“BALANCE” in the Cape Verdean context. Additionally, the inclusion of younger 

patients with balance disorders and risk of falling was discussed. However, for the clinical 

applicability of this digital service, proper time was requested, allowing the restructuring 

of the work and involvement of health professionals and patients in this digital provision 

of health care. Such conditions have already been pointed out in the literature as crucial 

for the full use of digital solutions (Catan et al., 2015; Goldsack & Zanetti, 2020; Orton 

et al., 2018; Radhakrishnan et al., 2016; Scott Kruse et al., 2018; Tossaint-Schoenmakers 

et al., 2021; Trenerry et al., 2021; Wynn et al., 2020).  

From the author's knowledge, this PDW was the first intervention for remote health care 

focusing on the elderly with balance disorders and risk of falling in Cape Verde.  

In conclusion, according with the PDW participants, the implementation of the digital 

service “BALANCE” for complementary health care for elderly people with balance 

disorders and risk of falling in Cape Verde is a research possibility. The use of this digital 

service could contribute to approach the health care between Portugal and Cape Verde in 

the context of population aging. In the global perspective, it could be an opportunity to 

strength the cooperation between the State members of CPLP, a universe of about 300 

million people (CPLP, 2017; Lapão et al., 2016;). 

 

3.1.2. Implications for practice and policy 

The positive Portuguese outcomes sustained a significant potential for clinical 

applicability of “BALANCE” service, allowing to reach patients with more difficult face-

to-face access, especially elderly people who depend on caregivers for their displacement 

to a health unit. In fact, a digital service can leverage health care, as Viierre et al. (1996) 

had already mentioned: “remote medical diagnosis and treatment facilities could make 
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the few vestibular disorder specialists much more available to patients”. This should be 

considered by health policy decision makers, including countries facing recent 

demographic and epidemiological transition.  

In line with this multiplication concept, the potential of using the “BALANCE” service 

in Cape Verde were also explored during a PDW, trying to overcome the shortage of 

health professionals and geographic constraints (Delgado et al., 2017). The Cape Verdean 

stakeholders, including the Direction of HCDAN, confirmed the interest in using this 

digital service, requiring time for work organization. As Nabyonga-Orem et al. (2016) 

highlighted, the results of the PD process can allow the development and implementation 

of health policies and plans. Additionally, “BALANCE” service could strength the health 

care cooperation between Portugal and Cape Verde in the context of aging.  

Naturally, face-to-face physician–patient interaction will always be important. The use of 

“BALANCE” service for the complementary provision of care for elderly population with 

balance disorder and risk of falling can play a strategic role, improving access, 

empowering patients and caregivers, maintaining elderly people with functional ability 

within their communities, and promoting improvement in the quality of health and well-

being. Nevertheless, the needed financial investment, collaboration of health 

professionals, allocation in work methodology and interoperability should be considered. 

For efficiency and low costs reasons, this project scientifically described and explored 

the use of a digital solution, raising awareness among health professionals. It allowed 

clarifying the opinions of participants, exploring the complexity of related factors. It also 

allowed to respond to the need for a quick decision, such as policy planning actions to 

promote and enhance digital knowledge and training, including a global perspective.  

In the context of International Health, this thesis identified the need to adjust health care 

for the elderly population with balance disorders and risk of falling, highlighting the 

relevance of implementing digital health as a strategy to respond to the challenge of aging. 

Additionally, the exploration of the interest and potential of use of the digital service 

“BALANCE” in Cape Verde allowed a closer international cooperation between 

researchers, research institutions and health units. This project represents an opportunity 

of mutual provision of health care for elderly population, contributing for the 

consolidation of a digital health between the Portuguese-speaking countries and 
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overcoming geographical distances. The dissemination of the results can contribute to the 

formulation of health policies and the organization of responses with the mobilization of 

the necessary and adequate resources. 

 

3.2. LIMITATIONS 

The limitations of this thesis were already discussed in the papers presented in “Results” 

section. 

Relatively to the Portuguese activities, some limitations were verified. Of the health 

professionals who provide care to elderly people with balance disorders and risk of 

falling, only physicians participated in this project. Regarding the respondents of the 

online questionnaire, it is important to consider the possibility of selection biases 

(Eysenbach & Wyatt, 2002): small participant size and more participation of younger 

physicians. The multiple-choice questions of the questionnaire did not allow the inclusion 

of opinions of the respondents. The demonstration of the digital service was restricted to 

one physician (the researcher) and five elderly people, without diagnosed neurological 

disease, and previously followed at only one Hospital Unit in Lisbon. The follow-up time 

was only three months. Relatively to the qualitative researches, the sampling was 

intentional (Creswell & Creswell, 2018). The last individual interview and the focus 

groups were conducted remotely due to SARS-CoV-2 pandemic limitations. Only the 

participants of the proof-of-concept study and the invited physicians evaluated the 

“BALANCE” service. However, managers and digital developers should also be 

considered in the evaluation of digital solutions (Goldsack & Zanetti, 2020; Karpathakis 

et al., 2021). 

Regarding the Cape Verdean context, the PDW was conducted remotely due to the SARS-

CoV-2 pandemic. This was promoted and sent, via email, by the Board of Directors of 

HCDAN. It did not include the other Health Units of Cape Verde. The participation of 

physicians related with the case in study was prioritized.  

 

3.3. FUTURE RESEARCH EXPECTATIONS 

The use of “BALANCE” service for the complementary provision of care for elderly with 

balance disorder and risk of falling can be further explored in a Portuguese multicentre 
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context with a longer follow-up, providing more information on usability, acceptability, 

adherence and impact of this digital service. Eventually, a clinical trial could be designed 

and implemented. 

The involvement of more patients, including neurologic patients, could be considered. 

Future researchers could evaluate whether constraints with the use of this digital solution 

by neurological patients would be greater. Being more ambitious, a clinical trial could 

also be planned using the digital platform. 

Once the “BALANCE” digital service had been successfully applied to the challenging 

profile of the elderly, younger age patients can also enjoy it more easily. 

Other health professionals who provide care to elderly people with balance disorders and 

risk of falling could be included, promoting integrated health care. In addition, a closer 

interaction between primary and hospital care could be achieved. 

This digital service could be aligned with the provision of health care in other Portuguese-

speaking countries, for example, integrating the services provided by Centro Nacional de 

Telemedicina in Cape Verde. 
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3.5. CONCLUSIONS 

Using a scientific approach, the “BALANCE” service was designed, tested and evaluated 

in a Portuguese clinical context, revealing relevant potential to complement the provision 

of health care to the elderly with balance disorders and risk of falling. The results shown 

that this digital service can allow early detection of deterioration of clinical condition, 

timely adjustment of the treatment, closer physician-patient interaction and active 

participation of patients and caregivers. For broader clinical applicability, it is relevant to 

ensure the involvement of patients, caregivers and health professionals, investment in 

interoperability, and allocation of working hours to the digital provision of health care. 

The implementation of this digital service in Cape Verde is both a clinical and a research 

opportunity, approaching the health care between Portugal and Cape Verde in the context 

of population aging. The engagement of other health professionals and the alignment with 

other Portuguese-speaking countries should be considered. 
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