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A B S T R A C T   

This study primarily aimed to explore the capabilities of digitalisation in the healthcare context, 
focusing on a specific disease. In this case, the study examined the potential of remote monitoring 
of gait to address the sensitivity of multiple sclerosis progression to gait characteristics by 
adopting a non-invasive approach to remotely quantify gait disturbances in a patient’s daily life. 
To better understand the managerial aspects associated with this approach, the researchers 
conducted a literature review along with a set of semi-structured interviews. The target popu-
lation included MS patients as well as the key agents involved in their care: patients’ family 
members, neurologists, MS nurses, physiotherapists, medical directors, and pharmacist. The study 
identifies the perceived barriers and drivers that could contribute to the successful deployment of 
PSS remote gait monitoring as a healthcare service: i) At mega-level governance. Implications on 
privacy and security data are notable barriers missing on the speech. ii) At macro level, funding is 
highlighted as main barrier. The cost and lack of health system subsidies may render initiatives 
unsustainable, as emphasised by the interviewees. iii) At meso level, useable data is recognised as 
a driver. The data collection process can align with diverse interests to create value and business 
opportunities for the ecosystem actors, enhance care, attract stakeholders, such as insurers and 
pharma, and form partnerships. iv) At micro-level processes, we find two potential barriers: 
wearable device and app usability (comfort, navigation, efficiency) and organisational/behav-
ioural aspects (training, digital affinity, skills), which are crucial for value creation in innovation 
ecosystems among patients and healthcare professionals. Finally, we find an interesting gap in the 
literature and interviews. Stakeholders’ limited awareness of technological demands, especially 
from information technologies, for a successful long-term service, can be consider two key bar-
riers for PSS.   
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1. Introduction 

One of the main areas of focus in digital transformation is health system theory and practice [1–3]. For example, the European 
Union (EU) is committed to enhancing citizens’ well-being [4]. Achieving these goals requires member states’ collaborative actions 
driven by EU directives, research and development (R&D) investments, and electronic health (eHealth) technology adoption [5]. 

EHealth holds promise in healthcare, but it faces challenges in integrating research into clinical practice [6]. Diaz-Skeete et al. [7] 
proposed a holistic implementation approach that considers technology, infrastructure, management, economics, societal impacts, 
usability, evaluation and evidence, legislation, governance, policies, and procedures. 

Wearable technologies offer solutions. Piwek et al. [8] discussed the growing adoption of wearables, driven by the overall digi-
tization trend. Patients and physicians already employ digital tools (e.g. thermometers and glucose monitors) to identify and discuss 
symptoms [9] However, challenges arise when the interpretation of longitudinal data is necessary. 

Aditionally, wearables can provide patients with personal analytic tools, enhancing health and preventive care for ongoing con-
ditions. Physicians can monitor patients’ well-being using wearables to guide treatment [10]. This transition to data-driven healthcare 
can empower patients and support informed medical decisions. 

Today, the core function of healthcare systems is to provide cost-effective services that are efficient and serve the needs and 
preferences of society as a whole [11] from different observation levels (micro, meso, macro, and mega) [5,12]. 

Kraus et al. [3] highlighted ongoing research on digital healthcare transformation, primarily addressing initial aspects (micro level) 
rather than strategic or structural viewpoints. Hines et al. [13] explores health professionals’ experiences of, and attitudes towards 
eHealth technologies to support interdisciplinary practice and point out there has been minimal attention in the literature to 
organisational, policy, and clinical leadership factors that facilitate the implementation of eHealth across various organizations and 
throughout the continuum of care. Tran et al. [14] reported a substantial gap in existing literature regarding the barriers and enablers 
which characterize a successful interdisciplinary eHealth model for people with traumatic brain injury. 

On the one hand, despite of the growing evidence of the positive effects of eHealth interventions, Varsi et al. review [15] points to 
the lack of eHealth studies that report implementation strategies in a comprehensive way and highlights the need to design robust 
studies focusing on implementation strategies. Numerous pilot projects have emerged, often concluding without continuity owing to 
cost, efficiency, technology support, gaps, or security [16]). But while technical aspects receive considerable focus [17], managing the 
transformation is crucial. Shahabad and Al-Hussein [18]) highlight for efficient utilisation of IoT technologies in any field like 
healthcare, it is important to address the functional requirements just as important as the non-functional one, in order to gain personal 
and social profits. Wentink et al. [19] was the first study that prioritized different requirements for e-rehabilitation amongst multiple 
subgroups (patients, informal caregivers, and health professionals) and in which informal caregivers were treated as a separate group 
of end users, noting that the literature had not previously identified such variations in the importance of requirements for compre-
hensive e-health interventions. 

Owing to diverse agent levels and conceptual complexities, we adopted a case study focused on acting on a common degenerative 
neurological disease affecting a relatively young population to explore the significance of digital transformation. The interest lies in 
understanding gait disorders in patients with multiple sclerosis (MS), aiding analysis and conceptualisation across different aspects of 
digitalisation. 

Multiple sclerosis is a chronic inflammatory and degenerative central nervous system disorder that mainly affects a relatively young 
population, with a higher prevalence in women (>60 %). It can be highly incapacitating, greatly impacting the patient’s quality of life 
[20]. Fig. 1 shows the disease stages. 

Fig. 1. General picture of MS progression (Courtesy of Karolinska Institute). In the preclinical phase disease activity is detected by MRI. CIS 
(clinically isolated syndrome) is the first symptom, RRMS (relapsing-remitting MS) is characterized by relapses with or without complete recovery. 
SPMS (secondary-progressive MS) is defined by continuous progression of disability. 
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Recent evidence suggests that disability progression in MS occurs from the onset of the disease [21], with gait disturbances being 
the main cause of MS progression. To date, reliable clinical measures and definitive biomarkers to detect and monitor progression are 
lacking [22]. Given the increasing number of therapeutic options, monitoring progression with reliable and sensitive tools is of 
paramount importance. 

The study of gait with wearable sensors in MS is currently the subject of research, with a specific focus on a technological approach, 
generally studies in the clinical setting to compare sensor metrics with clinical scales [23–27]. After a careful analysis of the published 
reviews and the existing literature [10,13–15,28,29] we were unable to identify significant research on barriers and facilitators from 
the different perspectives and agents involved to implement these wearable devices in the MS clinical routine. Therefore, we believed it 
made sense to explore the perspective of different agents and dimensions in close relationship with the specific pieces of knowledge 
found, and to propose recommendations for improving deployments. 

The remainder of this paper is organised as follows. Section 2 reviews the relevant information from the current literature. Section 3 
describes the adopted methodology and justification for its adoption. Section 4 presents the main findings after the application of the 
methodology, and Section 5 elaborates on the interpretation of the findings and the reasons for the lack of contribution in some of the 
dimensions. Finally, Section 6 summarises the relevant aspects, justifies the highlights, and provides additional perspectives on 
managerial and scientific dimensions, limitations, and potential research areas. 

2. Literature review 

There has been a long debate in public administration theory and practice on how to improve public services, particularly health, 
through active citizen participation [30,31] The profound impact of digitalisation on healthcare is acknowledged and anticipated to 
grow further. Through this, patients gain empowerment, access to records, symptom tracking, and engagement with healthcare 
providers, enhancing adherence, self-efficacy, and health outcomes [32]. It also aids disease management by offering understanding, 
progress tracking, informed lifestyle choices, and community support [33]. 

Healthcare digitalisation encompasses diverse dimensions, such as telemedicine, which enables virtual consultations for timely 
medical guidance and treatment adjustments [34]. This aids clinical trials by improving patient recruitment and data collection, 
hastening research and providing innovative interventions [35]). Wearable technology is another dimension that enables the obser-
vation in a natural environment [36], which is a crucial part of mobile health (mHealth) and technology-enabled care (TEC) [37,38]. 

Although digitalisation technologies contribute to equitable patient support for those affected by MS and simplified access to 
services, regardless of socioeconomic factors, ensuring equitable care for effective MS management [39], the ecosystem is complex. 
The change of paradigm embraces fairness and inclusivity, assuring that all individuals have equal opportunities for support and care, 
fostering better health management. However, it also demands specific relationships between different agents in the solution 
ecosystem, from the different types of solution providers to the final users and relatives. 

Therefore, privacy and data security require careful attention. Decision-makers must prioritise patient privacy, confidentiality, and 
data protection. Assessing risks and making ethical judgments safeguard patient information [40], along with data protection regu-
lations, such as the General Data Protection Regulation (GDPR) in Europe [41–43] This entails the availability of wearable sensors, an 
IT platform for relevant stakeholders, and GDPR compliance [44]. The envisioned operation requires a more intricate system than the 
current healthcare approach, which requires other agents, such as patient associations and pharmaceutical companies, to increase 
system resilience. Additionally, the original equipment manufacturer (OEM) and value-added resellers (VAR) are required to help with 
the daily development of the solution, providing guidance, sensor maintenance, platform updates, and algorithm improvements [45, 
46]. 

Gait impairment is the main cause of disability progression in more than 90 % of people with MS [20], in the absence of validated 
biomarkers of progression, this is difficult to identify and monitor, leading to a delay in diagnosis of 2 or more years [47]. In MS 
patients, digitization adds value to the analysis of gait disturbances and disease progression. Quantitative monitoring using wearable 
sensors provides more objective and ecological measurements obtained in a clinical [25,26,48] and in a real-life setting, as well as early 

Fig. 2. Example from the sensorised socks in use for the selected use case, where sampling frequency is higher than 50Hz. (Courtesy of 
Sensoria Inc.). 
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detection of qualitative changes in gait, that are not visible with current tools. Features that would allow earlier diagnosis, better 
symptom management and treatment optimization. 

Gait speed is typically measured by timing people as they walk a known distance, such as a hallway [49]. This enables frequent 
assessment and remote monitoring of gait speed over time, offering a cost-effective alternative to lab-based motion capture systems. 
Raw data allow semantic step extraction from both legs, offering insights into step execution. High-frequency data enable detailed step 
analysis, leading to higher-level key performance indicators (KPIs). Longitudinal KPI analysis and cross-comparisons provide updated 
information to physicians in clinical practice, helping characterize the progression process. However, most previous studies have 
validated gait speed estimation algorithms in clinical settings, which can differ from home assessments in which patients demonstrate 
their actual performance [50]. 

Wearable inertial sensors (e.g. accelerometers and gyroscopes) integrated into devices, such as smartwatches or specialised sys-
tems, facilitate gait analysis (Fig. 2), capture body segment movements during walking or running, and enable continuous monitoring 
to analyse gait patterns in MS patients. These systems minimise intrusion and provide valuable insights into patients’ gait patterns and 
speed [36,48]. The major challenge is obtaining and securely uploading high-frequency data (>50 Hz) to a remote database with 
sufficient granularity to support frequentist gait analysis. 

To increase the probability of success of any digitalisation initiative in the healthcare context, the management dimension is 
extremely important because such a digitalisation effort and personalised healthcare approach will dramatically disrupt the current 
healthcare system in most developed countries [51]. Healthcare providers are undergoing a substantial shift from competency and 
resource holders to skills, resources, and technology integrators for intricate value-creation processes [52,53]. This transformation, 
called servitisation, marks a departure from traditional product-based business models towards customer-centric strategies that 
emphasize performance-based sales. Product-Service Systems (PSS) offer a potential avenue for this shift, comprising products, ser-
vices, player networks, and infrastructures that prioritise competitiveness, customer satisfaction, and environmental responsibility 
[54–56]. 

Owing to advancements within and beyond the healthcare sector, trade-offs between (possibly competing) goals, such as price and 
quality, are often found where moral judgments are required [57] (White, 2015), which must balance various ethical considerations, 
such as affordability and accessibility, to ensure that PSS solutions are reasonably priced and available to those who need them [58] 
Other judgments must ensure that the chosen PSS contributes to positive health outcomes, improves the quality of care provided [59] 
promotes patient autonomy, and empowers individuals to make decisions that align with their values and preferences [60] 
Furthermore, the value proposal for the PSS must be described for the entire ecosystem and, in this case, it is connected with a 
quantitative monitoring of the gait disturbance to help in the diagnosis of the progress of the disease, making it possible to apply 
convenient treatment. Its inherent value lies in remote monitoring, which enables healthcare providers to track symptoms, disease 
progression, and treatment using wearables and applications [23]. Additionally, it offers a longitudinal view of patients’ lives, thereby 
enhancing comprehensive patient understanding. Integrating advanced analytics and artificial intelligence techniques can provide 
insights from diverse datasets and facilitate personalised treatment strategies [61]. Furthermore, predictive models for disease pro-
gression can be derived from an integrated perspective of different patients over time. 

Existing literature underscores the significance of emerging technology success, involving both the development and substitution of 
established practices [62,63]. However, limited attention has been paid to how entrenched practices and their rules influence novelty 
creation [64]. Moreover, studies investigating PSS in the healthcare industry are limited [12,65,66]. The Technological Innovation 
System (TIS) approach posits that innovations exist within socio-technical systems (STS) and are enabled by policies and legitimacy 
[62,67]. Diverse actors contribute to innovation, with each playing a unique role. For example.  

− Physicians and technicians work together for knowledge development.  
− Healthcare equipment providers develop either technological or service capabilities to offer the PSS solution.  
− General and medical directors integrate PSS into clinical workflows and additional value-added services, such as consulting, 

training, and education.  
− Policy makers as financial providers redesign the supply chain for a whole PSS package.  
− Pharmaceutical industry.  
− Solution providers and integrators. 

However, these actors are constrained and empowered in their actions by the structure of the healthcare ecosystem, and because it 
is highly regulated to ensure patient and staff safety, all technical, social, and organisational approaches are necessary [68] These 
categorical approaches reveal diverse barriers, facilitators, and risks, as reported in the literature. Javaid et al. [10] highlight that 
real-time health monitoring and reliable data collection are technical facilitators. Internet-of-Things (IoT) devices enable healthcare 
operations and yield crucial insights for swifter decisions. This study recognises a barrier: healthcare service providers must meet new 
demands to successfully provide outstanding medical and health programs. 

Complex technical systems can be analysed using STS. The socio-technical perspective seeks to understand how human social 
dynamics influence the functioning of technical systems. The analysis of STS offers a robust framework for examining the underlying 
factors responsible for the limited acceptance, adoption, and effectiveness of various information and communication technology 
interventions. Owing to their heavy reliance on intricate human organisational frameworks, healthcare systems are exceptionally well 
suited to STS [69]. Technical systems have social consequences, and social systems have technical consequences [13]. Therefore, the 
analysis of systems from different agents, represented by layers, can provide a useful technique for barrier identification [10]. From an 
organisational perspective, the PSS element presents further advantages, particularly concerning IoT integration in healthcare. This 
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integration enhances user-experience consistency and reduces the time burden on clinics, physicians, and healthcare providers. Patient 
charting, which is a time-intensive task, benefits from IoT-enabled high-frequency sensors that transmit vital health data in real time. 
This enables prompt disease detection and intervention. 

The proliferation of consumer-oriented health technologies for managing chronic diseases is on the rise [15]; however, the majority 
face the challenge of low adoption rates or adherence [33,70]. From the analysis of the literature, there is a limited exploration of 
potential barriers in disease-specific digitalisation deployment within healthcare. The present article addresses this gap by examining 
the situation from the selected use case of gait disorders in patients with MS, where the specific dimension provides a context for 
limitations. 

3. Methodology 

3.1. Research design 

As highlighted in the Introduction and revised in the Literature Review, current research on healthcare’s digital transformation 
lacks a comprehensive consideration of patient support for enhancing traditional processes alongside new value creation. Additionally, 
it does not thoroughly investigate the structural changes within healthcare organizations resulting from technologically driven ad-
vancements [71]. 

Given that the success of complex interventions is significantly influenced by the perspectives of various stakeholders, and that 
these perspectives are closely tied to the healthcare system’s environment, our team opted for an interview-based inductive qualitative 
study involving participants from different stakeholder groups. Interviews are widely employed in qualitative research because they 
provide a platform for individuals to articulate their experiences and insights into the phenomena being investigated [72–74]. 

Semi-structured interviews prove suitable when: (a) there is insufficient knowledge about the topic, making it difficult to develop 
comprehensive survey questions; (b) there is a need to comprehend interviewee perspectives; (c) there is an opportunity to engage with 
experts, such as key informants [75]. 

Reliability and validity are often intertwined; however, semi-structured interviews enhance validity by capturing rich insights from 
a limited number of knowledgeable participants [75]. This approach ensures familiarity with the perspectives of health services and 
organisational environments, and it maintains a comparative view across stakeholder groups. 

The interview results were harmonised with the findings of the literature review, incorporating diverse perspectives (technical, 
social, and organisational), to identify barriers and opportunities. This methodological strategy fortified robustness and broad 
analytical generalisation through theoretical elaboration, while allowing us to investigate complicated contextual quirks associated 
with various stakeholders, facilitating the exploration of intricate contextual intricacies within stakeholder dynamics [76]. 

Furthermore, the analysis and discussion delve into the transformations and strategies pertinent to the healthcare ecosystem when 
confronted with the integration of digital information. 

3.2. Participant recruitment 

Ethical approval was obtained from the university’s ethics committee (project number: DYCDVEESSE-MG-DATOS-20230301). 
Consent forms were collected and signed by the participants. The selection criteria included essential actors in the ecosystem, such 
as hospital managers, doctors, nurses, patients, pharmaceutical professionals, and patients’ relatives. 

Two critical considerations guided the profile selection. First, the insights gained from classifying the agents at the ecosystem level 
enabled the identification of those with the greatest relevance or influence on the disease, whether at the diagnostic or economic level. 
Second, input from an expert neurologist in MS played a crucial role in seeking a diverse range of interviewees. This approach aimed to 
mitigate potential biases in the results by incorporating the perspectives of various stakeholders. 

A total of 25 interviews were conducted involving various stakeholders: patients with MS, patients’ family members, neurologists 
(specialists and general practitioners), MS nurses, physiotherapists, medical directors, and pharmacists (see Table 1). To streamline the 
focus, a specific type of physical therapist was selected based on the high demand for rehabilitation therapy [77]. The inclusion of 
family members recognised their influential role and dependency as the patients’ conditions progressed. 

Neurologist selection aimed for diversity by including physicians from various hospitals, reflecting Spain’s varied MS approach due 
to categorisation. Eight top-tier hospitals were chosen, mostly in Madrid: (i) three high-tech third-level hospitals and specialised in-
stitutes; (ii) 4 second-level reference hospitals of intermediate complexity; (iii) one first-level hospital. One neurologist practised across 

Table 1 
Summary of the people interviewed.  

Role Men Women 

Physician 1 6 
Physiotherapist 0 2 
Patients 2 7 
Nurse 0 2 
Relatives 0 2 
Pharmacists 1 0 
Hospital Managers 1 1  
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two hospitals (third and second levels). Neurologists played a vital role in patient selection, considering the clinical evaluation, age, 
and sex ratio (three times more common in women). They also facilitated connections with professionals, such as pharmacists and 
healthcare staff. 

3.3. Data collection 

The interviews, conducted in 2023, were facilitated through online platforms. The participants were invited to the sessions 
scheduled for their convenience. Each interview lasted approximately 50 min on average for a total of 21 h and 30 min. These in-
terviews were exploratory and semi-structured, incorporating aim-oriented questions, with room for exploration and unexpected 
insights. 

Open-ended lead questions tailored slightly for each target group provided a framework for the interviews, allowing participants to 
share their expertise on the topic and context of the PSS project. Participants’ roles as experts eliminated the need for complicated 
sampling techniques in study participation [75]. 

The sessions were led by researchers who received support from a neurologist, with expertise in MS, covering aspects ranging from 
the disease process and diagnostic tests to the clinical procedures and various agents involved. This collaboration ensured that re-
searchers had sufficient background information on MS to assess the impact of PSS and develop a semi-structured interview schedule 
for data collection and discussion initiation [75]. Additionally, a pilot test of the interview model was conducted to ensure accurate 
formulation of the interviews. 

The interview process commenced with an introduction to the PSS configuration and outlined the technology to be used and its 
associated objectives. Subsequently, the researcher posed a series of questions categorised into two key blocks of interest. The first 
block pertained to enquiries about the interview participants, including roles, responsibilities, and experiences with MS, among other 
relevant aspects. The second block focused on questions related to the PSS implementation process, specifically addressing barriers and 
facilitators to the deployment of digitalisation. 

The interviews and their recordings were conducted using Microsoft Teams [78] and occasionally using Google Meet. However, 
because of the limitations of the basic package of the latter, which does not offer voice and image recording, OBS Studio [79] was 
utilised. 

3.4. Data coding 

Interviews were transcribed using Sonix software to prepare the corpus. Data categorisation employed two multivariate techniques: 
descending hierarchical classification (DHC), which confirmed thematic categories, and a dendrogram displaying stable word classes 
with similar vocabulary. 

The variables considered were.  

• Scope and role: Health (hospital manager, doctor, nurse, physiotherapist, or pharmacist) or No Health (patient or relative).  
• Gender.  
• Comments on aspects related to the PSS implementation. 

3.5. Data analysis 

The analysis software supports quantitative analysis, enabling the identification of agents, delving into their understanding, 
examining the relationships among them, and analysing the perceived barriers and facilitators. The software IRAMUTEQ version 0.7 
alpha 2 http://www.iramuteq.org/was used to analyse the interviews, as suggested by other authors [80–84]. 

IRaMuTeQ, an R interface for multidimensional analysis of texts and questionnaires, is freely accessible software based on the R and 
Python languages. Python, from the perspective of lexical analysis, handles text processing and the generation of cloned tables, while R 
is the source of all statistical analyses and the production of the graphics provided by the interface. 

This software is highly useful, particularly for analysing extensive sets of texts. In cases where the volume of information is sub-
stantial and challenging to cover manually, IRaMuTeQ is a valuable tool [82]. Notably, this tool provides a dual analysis. On the one 
hand, it performs quantitative analysis by conducting statistical analyses, comparative calculations, and, in some analyses, by 
considering the absence or presence of chart results. On the other hand, it offers a qualitative approach, as the user is responsible for 
interpreting and contextualising the data to provide meaning to the obtained results. 

Before analysing the texts, it is essential to prepare them.  

− Documents must be in plain text format (.txt), which is preferably saved in UTF-8.  
− Each analysis should consolidate all the texts into a single text file, working with as many files as the analyses.  
− The start of each text in the corpus should be marked with four asterisks (****) followed by variables, each preceded by an asterisk 

(*), an underscore, and its modality.  
− The grammar restrictions include not using certain special characters, indentations, margins, tabulations, or text justifications. 
− For terms written separately but used together (e.g. eHealth 4.0), an underscore should be used to ensure that the software in-

terprets it as a single word (eHealth_40). 
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The analytical approach parallels some studies [83,84], meeting the recommended 20 to 30 text minimum [85]. 
Among the analyses provided by IRaMuTeQ, the following were utilised for the current project.  

⁃ Word Cloud: This initial analysis organises active forms of words into a cloud based on their frequency in the input texts. In this 
configuration, the tool limited the number of words to 100 for a clear and representative graphic. Some word groups, such as verbs 
and their complementary forms, or adjectives like ‘good’, ‘both’, or ‘much’, were excluded from the analysis as they did not 
contribute significantly to the meaningful content. This analysis served as the starting point for a more in-depth examination.  

⁃ The Descending Hierarchical Classification (DHC) is a dendrogram illustrating classes of words with a similar vocabulary, enabling 
the observation of similarities within these classes and their distinctions from others. It provides insights into the associations or 
disparities between texts and words, aiding in the identification of explanatory factors for the groups or variables utilised. This 
analysis also offers profiles that provide a detailed view of the lexicon within each class, including information, such as position, 
grammatical category, and form itself. For effective classification, text fragments must retain over 75 % [85]; our study exceeded 
80 %.  

⁃ The Correspondence Factor Analysis (CFA), represented in a Cartesian plane, should be interpreted together with DHC. This 
demonstrates the association and opposition between words and texts. The two factors on the x and y axes show the percentages 
that explain the differences between classes, words, and variables. Additionally, it enabled the identification of the association 
between the classes obtained in the DHC and the variables defined in the analysis. Factors are latent dimensions (constructs) that 
summarise or explain a set of observed variables [86]. 

Finally, a complementary option to all the analyses provided by IRaMuTeQ is that, for each form, two visualisations are available: 
concordance and associated forms. The associated forms display, for that word, forms that have been lemmatised (e.g. doctor and 
doctors). This concordance allows us to see the text segments of the class in which the chosen form appears in our corpus. This was 
useful for complementing and guiding the analyses described previously. 

4. Results. Enablers and barriers analysis 

The analysed corpus only included the answers to the following questions for the interviewee.  

• Do you think the implementation of PSS is viable?  
• What barriers or facilitators do you identify in its implementation?  
• What strategies do you think could help with its implementation? 

This study aimed to capture actors’ perceptions of barriers and enablers. All ecosystem participants expressed a person-centred care 
approach (see Fig. 3) using words such as ‘sock’, ‘the PSS’, and ‘euro, cost, money’, identifying the key barrier as PSS funding. Given 
escalating healthcare costs, some authors deem the current care paradigm unsustainable [87,88] The potential of digitalisation to 
delay disease progression and ease the societal economic burden has been acknowledged [42]. However, this hinges on disruptive 
technological changes in healthcare, organisational structures, and information systems [89]. 

The DHC (see Fig. 4) generated four classes, representing 28.1 %, 24.9 %, 30.7 %, and 16.3 % of the analysed content, respectively. 
An analysis of 81.67 % of the global text was achieved. Class 3 (blue) represented the approaches of patients, nurses, and relatives. We 
named this the ‘impact on the person’s life’ (see Table 2). Some words in this class were ‘barriers’, ‘phone’, ‘old’, and ‘age’, which were 

Fig. 3. Word cloud of enablers and barriers analysis.  
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the main barriers identified by all actors, that is, limited financial resources and technical gadget problems. However, patients’ attitude 
regarding smartphone use was positive. 

These findings align with those of Griffin and Kehoe [90], highlighting the strong digital affinity and competence of younger 
patients with MS, boding well for PSS success. However, disease progression and MS-related impairments (visual, concentration, and 
motor skills) may impede their use. Voigt et al. [42] suggested alternative functionalities, such as print, voice control, and scalable 
interfaces to enhance adherence and promote patient empowerment and co-creation [91]. Minimal concerns emerged in all the cases. 
Given the vast volume of data that may complicate care decisions, the focal point was data privacy and security [10]. 

In the next analysis, the CFA graph describes a factorial plan (see Fig. 5), where Factor 1 (x-axis) explains 38 % of the difference 
between variables and Factor 2 (y-axis) explains 33.43 % and shows the proximity of Class 1 (red) and Class 3 (blue), with both 
connected to Class 4 and disease-related terms. Class 1 represents the approaches of physicians and pharmaceutical companies. We 
named this the ‘impact on diagnosis’ (Table 3). Some words in these classes are ‘project’, ‘short’, and ‘step’, linked to the financing and 
cost trade-offs, and ‘information’ and ‘time’, linked to the PSS information generated; both refer to PSS implementation barriers [92]. 
Other words are ‘interest’ and ‘participate’, which refer to the facilitators identified. The PSS technology is not something they consider 
complicated to implement a priori [93]. 

These findings are consistent with those of the literature review. The PSS integration depends on technological and organisational 
factors. It necessitates seamless integration with medical documentation and resources for healthcare professionals, and it addresses 
shifted skills due to new technology. The skills and knowledge requirements are altered, and systematic monitoring in clinical practice 
is often incompatible with the limited time available for consultation [32,42]. 

The PSS incurs substantial costs, but long-term savings can offset these costs, reducing the economic impact of MS [94,95]. Security 
and privacy data issues were overlooked, requiring the rethinking of established processes, behaviours, and cultures. Institutional and 
competitive elements influence technology adoption decisions across micro, meso, and macro levels. Standardisation and regulation 
are necessary to foster ecosystem collaboration [10,13]. 

Fig. 5 representing the CFA graph additionally shows Class 2 (green). It represents hospital managers and physiotherapists’ 
approach. We call it Governance’ (see Table 4). Some words in this class are ‘euros’, ‘money’, ‘cost’, ‘return’, and ‘wash’, linked to the 
delivery of cost-effective healthcare. This class unveils distinct perspectives: the physiotherapist embodies professional logic, while 
hospital managers adhere to managerial logic [96]. 

In this study, individual actors co-opted strategic elements from opposing institutional logics attuned to both resource allocation 
and costs. The imperative for PSS in MS healthcare aligns with the demand for enhanced collaborative information and performance 
management, crucial for curative, preventive, rehabilitative, and palliative care [87,93]. Improved patient outcomes yield increased 
social and economic values across the healthcare continuum. The PSS, which focuses on the early diagnosis of chronic and costly MS 
conditions, can potentially mitigate disease progression to severe disabilities. It has a direct positive impact on ecosystem actors: (i) 
streamlined health system operations; (ii) improved treatment planning by clinicians; (iii) most significantly, early diagnosis and 
healthier lives for patients. 

However, the introduction of this novel technology faces three pivotal barriers: proving its effectiveness, safety, and quality. 
Moreover, regulatory bodies and public entities increasingly consider cost-effectiveness to be a fourth barrier [97]. Hospital managers 
note that evaluations of healthcare digitalisation, although limited, often indicate feasibility and user acceptability. Although evidence 
of its impact on health outcomes is scant, most studies have found it to be cost-effective [98]. 

Fig. 4. Descending Hierarchical Classification (DHC) of the enablers and barriers answers.  
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In the PSS context, relevance surpasses costs and demands a comprehensive assessment of both expenses and effects. A cost-utility 
analysis assessing the value proposition [99] becomes vital. In light of this, MS introduces complications and life changes that affect 
independence, potentially leading to physical, psychological, social, or economic issues that must be addressed. 

Finally, the analysis highlights the pivotal managerial role of eHealth service requirements. The implementation of PSS necessitates 
[101]: (i) IoT-based solutions, new IT roles, and data management; (ii) empowering all involved in value co-creation; (iii) data-sharing 

Table 2 
Class 3 (blue) Patients’, relatives’, and nurses’ approaches.   

Words Interviews Issue Attribute References 

Impact on 
person’s 
life 

barrier, phone, old, 
age 

Relative 2: ‘How are you going to be connected to the 
phone, if you have any problems walking?’ 

Barriers Limited financial resources 
and troubles with technical 
gadgets 

[10,42] 

Patient 3: ‘People closest to the progressive forms are 
older. … Handling of a smartphone is more complicated 
for them.’ 
Nurse 2: ‘Patients may not like it so much, not by age. 
Some older patients handle their smartphones 
phenomenally.’ 

application, 
medication, 
diagnosis 

Patient 7: ‘The application, having to connect it to the 
socks and so on, wouldn’t affect me either.’ 

Drivers Proactive attitude [90] 

Nurse 1: ‘All of this will help us to know how patients are 
really doing and, based on that, we can give them a 
medication.’  

Fig. 5. Correspondence Factor Analysis (CFA) of the enablers and barriers answers.  
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policies to legitimise value creation among ecosystem actors. 

5. Discussion 

As mentioned in the introduction section, the core function of healthcare systems is to provide cost-effective services that are 
efficient and serve the needs and preferences of society from micro, meso, macro, and mega observation levels, and PSS can play a 
significant role in the tracking and management of MS. However, PSS applications may vary in their specific features and capabilities 
depending on the specific value proposal. At the micro level, individual health-service interactions occur among nurses, doctors, and 
patients. The meso-level encompasses the activities of interest groups, such as patient associations or medical services within or across 
hospitals. The macro-level pertains to regional and national healthcare systems. Finally, the mega level represents the EU dimension, 
requiring the interoperability of national systems to ensure seamless citizen mobility and business relationships while assessing the 

Table 3 
Class 1 (red) doctors and pharmaceuticals’ approach.   

Words Interviews Issue Attribute References 

Impact on MS 
diagnosis 

project, short, 
step 

Doctor 1: ‘The main barrier of the project is economical.’ Barriers Financing and cost trade- 
offs 

[94,95] 
Doctor 2: ‘More than giving more life expectancy is trying to 
shorten the progression of disability as much as possible.’ 

information, 
time 

Doctor 1: ‘That it does not make me waste time in the 
consultation and that it does not mess us up.’ 

Challenges about skills for 
digitalisation 

[32,42] 

Doctor 6: ‘We also need information useful and understandable 
by the neurologist.’ 

interest, 
participate 

Doctor 3: ‘It will give them information on how their disease is 
controlled. They will want to participate.’ 

Drivers Adherence of MS patients 
to PSS 

[42,91]  

Table 4 
Class 2 (green) hospital managers and physiotherapists’ approach.   

Words Interviews Issue Attribute References 

Governance euros, money, cost, 
return, wash 

Director_1: ‘If I am going to spend two more euros on MS, it has to 
be because it will produce a return.’ 

Barriers Efficacy, safety, 
quality, cost-effective. 

[97,98, 
100] 

Physio 1: ‘Also the cost, because they need many treatments. 
Although they have many aids, they are also very expensive.’ 
Director_2: ‘Because of course, I understand that those socks have to 
be washed and the sensor deteriorates.’ 
Director 1: ‘It seems to me it is a facilitating element. But be careful, 
we return to the same thing, cost efficiency.’ 

Drivers  

Fig. 6. Explanation of the PSS business model for the OEM.  
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adopted principles. 
The potential impact of integrating remote patient-monitoring PSS for patients with MS is presented in Fig. 6 to identify the barriers 

(red), facilitators (green), and risks (orange). Focusing on one or more levels, interests can be seen as business interactions within a 
participant–population business ecosystem [102]. 

Therefore, these relationships should be analysed at different levels of the ecosystem (vertical axis) and at different stages of in-
formation management (horizontal axis).  

• On the one hand, a PSS operates at the micro level (green) to aid neurologists in disease monitoring, achieving early detection that 
impacts care quality, resources, and costs at the macro level (green). At the micro level, the process begins with wearable devices 
(smart bracelets, accelerometers, insoles/socks) for assessing gait disturbances. A digital platform involving mobile applications 
gathers data from wearables to analyse and identify key performance indicators (KPIs) for effective gait disturbance detection and 
monitoring. 
Barriers, particularly funding, condition PSS as highlighted by all interviewees. Macro-level initiation involves Health System 
approval and financing (red), followed by hospital financing (red). The cost and lack of health system subsidies [88] may render 
initiatives unsustainable, as emphasised by the interviewees. Healthcare systems worldwide grapple with escalating costs and a 
worsening imbalance, which is particularly evident in countries, such as Spain, where healthcare relies on universal coverage and 
funding via general taxation. In this context, hospital administrators emphasize several points concerning payer approval and 
reimbursement for PSS healthcare providers to facilitate their adoption. 
It is important to bear in mind that the cost of MS depends on the degree of disability, that MS affects people between the ages of 20 
and 40, that it is a disabling disease and that its treatment is costly. In Europe, the cost of MS has recently been estimated, taking 
into account only the pharmacological and other costs, but excluding those derived from loss of productivity. In Spain, the annual 
cost of a MS patient with mild disability was estimated in €20,600, rising to €48,500 and €68,700 for moderate and severe 
disability, respectively. In addition, more than half are unemployed and work productivity is affected in 72 % of people with MS 
[103]. 
Furthermore, governments and healthcare entities urging the substantiation of eHealth investments through rigorous, relevant, and 
pragmatic means and adopting a multistakeholder perspective [99] can enhance this process. Factors related to person-centred care 
could also be factors in evaluating the PSS and its potential expansion to other patient groups, such as post-recovery stroke patients 
and individuals with Parkinson’s disease, as highlighted in interviews with neurologists. 
Micro-level processes are influenced (orange) by wearable device and app usability (comfort, navigation, efficiency) and organ-
isational/behavioural aspects (training, digital affinity, skills). Both impact and actor engagement, are crucial for value creation in 
innovation ecosystems [51] among patients and healthcare professionals. 
Attaining this level of engagement requires careful consideration. While the study highlights the shared adoption of a Person- 
Centred Care approach among all interviewed ecosystem stakeholders, it remains crucial to comprehend the broader social 
context and navigate conflicting interests. Different actor groups may have different motivations and expectations [104,105] 
Integrating PSS into healthcare has several implications. This necessitates an overhaul of diagnostic processes, training of 
healthcare professionals in its application, and logistical adjustments for its dissemination, among other facets. In general, as digital 
health resources become more widespread, it is essential to assess individuals’ ability to interact with these materials or tech-
nologies, their digital health literacy, or electronic health (eHealth) literacy [106], to ensure that they are appropriate for the target 
audiences [107]. 
Establishing a stable network of actors and sustaining collaboration entails addressing cultural, value-based, and belief-driven 
aspects. This helps to forestall individualistic or opportunistic actions and potential friction among stakeholders [108]. In this 
context, the concern arises that the implementation of a PSS might result in a reduction in consultation time for physicians, a 
concern shared by both physicians and patients, given the already tight schedules [109]. 
Second, the lack of end-user engagement may be linked to technical components encompassing patient-related artefacts, such as 
socks and phone interfaces. The importance of comfort and user-friendliness is consistently underscored by all stakeholders, 
especially when considering the challenges faced by some patients with MS in advanced disease stages, as a high percentage of 
them have cognitive impairment. Additionally, healthcare professionals expressed reservations about cloud software, encom-
passing interface usability, customisation, implementation, and integration. Several studies have shown that many eHealth 
technologies fail to take up because health professionals are not interested in change and want to maintain the status quo [110]. 
However, the availability of the technical infrastructure in the facility can influence the poor perception that health professionals 
might have, building their confidence that when they transition to eHealth, it will be successful [111]. Schmidt et al. [56] suggest 
that enhancing customer acceptance of PSS aligns with a pull strategy that identifies barriers to patient or healthcare professional 
acceptance, and they examine how PSS can influence these factors. Shifting from a product-centric to a user-centric approach 
necessitates the development of customised apps or platforms for stakeholders [33], further away from those devoted to patient 
data collection. However, this transition also brings forth new challenges for the PSS socio-technical ecosystem [93] These chal-
lenges extend beyond technological considerations, involving the comprehensive integration of IoT architecture, and encompass 
human factors, including the delicate balance between adaptability and resistance to change. Additionally, there is a need to 
address shifts in processes, moving from a reactive to a more proactive and predictive approach [44].  

• By contrast, PSS enables the sharing of structured information via a meso-level (green) platform. This information is used to create 
value and business opportunities for the ecosystem actors (green), enhance care, attract stakeholders, such as insurers and pharma, 
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and form partnerships. We recognise useable data as a valuable asset [112], and the data collection process can align with diverse 
interests. In the context of health data within the MS PSS ecosystem, stakeholders pursue two primary intentions, leading to distinct 
approaches to data utilisation: (i) commercial use, inherently seeking economic advantages and adhering to economic principles; 
(ii) a non-profit commitment, aligning with broader societal goals. For instance, pharmacists and health insurance companies may 
identify cost reduction in R&D and medical services, respectively, as a key driver, reflecting economic principles in their com-
mercial utilisation of data. The Public Health System may recognise the value of data as an opportunity to invest in its utilisation to 
prioritise the well-being of patients with MS [113,114]. 
The PSS in healthcare initially hinges on data security and privacy, which are key barriers missing in speech. Data-sharing policies 
to promote and legitimise (red) this value co-creation process within the ecosystem actors are needed. To achieve an effective legal 
framework, each country requires the adaptation of PSS to its national legislation and with consideration of the country’s legal 
framework [115]. The GDPR (EU 2016/679) states that the responsibility for any data collected lies with the institution that 
collects and processes them. The ramifications of this legislation are far-reaching as it places the institution responsible for 
gathering and managing all data via remote monitoring in a position of accountability. Therefore, stakeholders involved in PSS 
should establish protective measures to guarantee the security and confidentiality of personal medical information. Furthermore, 
when it is advantageous to generalise access to such data, appropriate access protocols should be ensured. 

In addition, an interesting gap in the literature and interviews is stakeholders’ limited awareness of technological demands, 
especially from information technologies, for a successful long-term service. Health-related data have significant potential, but face 
challenges in their effective use. Despite these challenges, these PSS data in MS will provide research knowledge on the behaviour of 
progression and, importantly, contribute to the development of treatments aimed at controlling progression by improving the outcome 
measures in clinical trials, especially in progressive phenotypes of MS where more therapies are needed [116]. Currently, outcome 
measures to assess progression are based on less sensitive and reliable measures such as the ordinal scales Expanded Disability Status 
Scale [117]. In clinical practice, it will allow the impact of gait impairment to be assessed in a more realistic context, its early detection 
and monitoring, and thus to optimize and personalize therapeutic decisions. Additionally, it can reduce healthcare spending by tapping 
into the underutilised potential of data. Voigt et al. [118] discussed the use of digital twins for MS as a revolutionary tool to improve 
diagnosis, monitoring, and therapy to improve patient well-being, reducing economic costs and preventing disease progression. 
However, owing to the intricate and prolonged nature of MS, a notably extensive and multidimensional dataset must be gathered and 
structured for development. Ensuring high-quality data is crucial; they should be collected accurately to appropriately represent the 
patient [119]. However, each stakeholder develops a perspective based on their own short-term expectations, making it difficult to 
obtain a long-term overview. The collected data are typically stored across diverse repositories in various formats owned by different 
data providers. Four key challenges impede consistent and seamless data evaluation [120]: i) data heterogeneity: additional processing 
steps are necessary before conducting a comparative analysis; ii) distributed storage: data are dispersed across different repositories, 
including cloud storage, servers, and private storage locations for patients or healthcare professionals; iii) the need for collaborative 
communication: open and cooperative communication among ecosystem stakeholders is essential; iv) data quality and interopera-
bility: ensuring high-quality data and compatibility across different systems is crucial. Therefore, a recommendation for future 
interview planning processes is to include potential technological stakeholders who can provide a longitudinal overview of potential 
constraints. 

6. Conclusions 

Globally, healthcare is facing growing demand for personalised care within budget constraints. The PSS applications hold immense 
potential to enable innovative technologies and practices across providers, professionals, and patients in a coordinated healthcare 
ecosystem. The need for a PSS in healthcare has been shown to be key to supporting the requirements for better and more collaborative 
information and performance management, which are critical for treating patients with MS with preventive and palliative care. 
Wearable sensors integrate technology with advanced disease monitoring, assessment of gait disorder progression, and individual 
patient performance tracking. Combining services, products, and technologies suits healthcare needs, enhances system efficiency, 
optimises MS treatment strategies, and facilitates early diagnosis of progression in MS for healthier lives. 

The PSS introduces opportunities and challenges across social, institutional, and organisational domains. Therefore, focusing on the 
combined effects of PSS on practices, structures, and values, an in-depth interview study was conducted with essential ecosystem 
actors–hospital managers, doctors, nurses, patients, pharmaceuticals, and patient relatives–in the paradigm centres on data. As pre-
sented in the discussion, data empowers value co-creation, yet also poses a key barrier. 

This study’s exploration of healthcare as a complex socio-technical system offers actionable insights for healthcare providers. This 
aids in identifying areas of focus and challenges related to barriers, drivers, and risks. Adapting PSS for patients with MS involves 
shifting to a user-centric, service-dominant approach, addressing.  

⋅ Micro-level needs regarding technical gadgets applications involving patients and healthcare professionals. So, two potential 
barriers are identified: usability issues with wearable devices and apps (related to comfort, navigation, and efficiency), and 
organizational/behavioral factors (including training, digital literacy, and skills).  

⋅ Meso-level alliances within healthcare ecosystems. The availability of useable data is recognised as a driver, suggesting that 
aligning the data collection process with diverse interests could generate value and business opportunities. 
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⋅ Macro-level funding impact. All interviewees emphasize the main obstacle being the cost and lack of subsidies within the health 
system, potentially leading to unsustainable initiatives.  

⋅ Mega-level governance implications on privacy and security data. Two notable barriers missing on the speech. 

7. Managerial implications and future research 

Contributions from this research stream are primarily directed at suggesting proper or more sustainable strategies within the 
healthcare ecosystem, including the ecosystem building process itself. The case study provided throughout this paper should offer 
some guidance on the main drivers and barriers for PSS development and implementation in the healthcare context, resulting in 
several key issues to consider for different actors to reap tangible benefits over time. In this sense, a strong recommendation is to 
explore the potential impact of integrating a remote patient monitoring PSS for patients with MS, not only at the ecosystem level, but 
also at the ecosystem stakeholder level, because it brings an extended understanding of facilitators and limitations at different ag-
gregation levels, which can significantly increase the effectiveness of the PSS analysed in the STS. 

The current research highlights different aspects, which require further research. It seems that different stakeholders have different 
and polysemic definitions for concepts, such as ‘perceived quality of service’ in healthcare. Another relevant topic requiring further 
explanation is ‘value creation’ and its relationship with other factors, such as ecosystems and digital innovation. In addition, there is a 
need to explore ways to enhance patient engagement and user experience in digital PSS solutions by considering factors, such as 
usability, accessibility, and patient preferences. From a technical point of view, an indirect value of the PSS is its capability to develop 
predictive models using data from digital PSS systems to forecast disease progression in patients with MS, helping healthcare providers 
make informed decisions. 

Another relevant aspect to be considered in the PSS is seamless integration with electronic health records to provide a compre-
hensive view of the patient’s health. Finally, there is an important need to investigate how digital PSS can address health disparities in 
MS care, ensuring equitable access to resources and support for all patients, regardless of their location or socioeconomic status, at the 
macro and mega levels of analysis, thereby enhancing the sustainable progress of the ecosystem and service levels. Therefore, there are 
significant aspects to be investigated and clarified to build an integrated management view that efficiently serves the needs and 
preferences of society as a whole. 

8. Limitations and suggestions 

The specific dimension of the research provides a context for limitations. Besides, a deeper study is necessary to confirm the 
different research findings on interviews and include the opinion of the second level of agents (operators such as IT, maintenance, sock 
sterilization, etc.). Besides, another limitation is the difficulty in estimating a quantitative metric for the contribution of value to the 
Health system. 

Moreover, this integrated framework can guide ecosystem creation and benefit cases, such as post-stroke rehabilitation and Par-
kinson’s disease monitoring. Suggestions for improving the set of stakeholders have been provided because of the long-term limitations 
arising from the complexities of the PSS itself. 
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