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Abstract

The rapid digital transformation of healthcare systems has created new opportunities for
improving rehabilitation services through smart service design and technology integration.
However, many rehabilitation systems remain fragmented, leading to limited service
efficiency, inconsistent patient experiences, and insufficient long-term engagement. This study
proposes a smart service design framework for sports rehabilitation using the Customer
Journey Map (CJM) as a core analytical tool. Focusing on Hungary's emerging digital
healthcare ecosystem, the research examines how rehabilitation services can be redesigned to
enhance user experience, service continuity, and technological integration. The study
employs a mixed research approach that combines literature review, service design analysis,
and comparative case insights from international rehabilitation practices. Based on this
analysis, the rehabilitation service journey is structured into five key stages: initial
consultation, health assessment and goal setting, personalized rehabilitation intervention,
progress monitoring and feedback, and long-term health management. Each stage is
examined in terms of user needs, service touchpoints, stakeholder interactions, and emotional
experience throughout the rehabilitation process. The findings highlight the importance of
integrating tele-rehabilitation platforms, wearable monitoring devices, digital health records,
and multidisciplinary collaboration in creating a smart rehabilitation service ecosystem.
Such integration improves patient participation, enables data-driven treatment adjustments,
and supports continuous care beyond clinical settings. The proposed framework contributes
to the development of user-centered smart healthcare services. It offers practical implications
for healthcare institutions, technology developers, and policymakers seeking to modernize
rehabilitation systems within digitally enabled health environments.

Keywords: Smart healthcare, Sports rehabilitation, Service design, Customer journey map,
Digital health ecosystem, Hungary

1. Introduction

Rehabilitation has become a strategic priority in contemporary health systems because
disability, chronic disease, injury, and population ageing are increasing the demand for long-
term functional care. A global analysis based on the Global Burden of Disease 2019 estimated
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that 2.41 billion people had health conditions that could benefit from rehabilitation, with
musculoskeletal disorders accounting for the largest share of this need, affecting about 1.71
billion people worldwide [1]. Related burden analyses have also shown that musculoskeletal
disorders remain among the leading contributors to disability-adjusted life years globally,
with especially strong effects on mobility, work participation, and quality of life [2]. These
trends make rehabilitation not only a clinical concern but also a service-system challenge that
requires more accessible, coordinated, and scalable models of care [1][2].

Within this broader context, sports and musculoskeletal rehabilitation are under growing
pressure to deliver continuous, personalized, and outcome-oriented services. Conventional
rehabilitation models still depend heavily on face-to-face supervision, repeated facility visits,
and therapist-centered workflows, which can create barriers related to travel, cost, scheduling,
and service continuity. Early clinical evidence indicates that telerehabilitation can be
implemented without compromising clinical quality in orthopedic recovery while maintaining
high patient satisfaction [3]. Subsequent reviews have reinforced this direction, indicating that
telerehabilitation can produce outcomes comparable to conventional rehabilitation for several
physical therapy contexts, while also reducing disruption to daily life [4]. These findings
suggest that rehabilitation is increasingly moving toward hybrid and digitally enabled
delivery models rather than remaining exclusively clinic-based [3][4].

At the same time, digital transformation in rehabilitation is being accelerated by wearable
sensing, remote monitoring, and artificial intelligence. Reviews of smart rehabilitation
technologies have shown that wearable devices can capture movement, range of motion,
physiological signals, and performance indicators, supporting home-based monitoring and
more objective progress assessment [6]. Systematic evidence on Al-supported physical
rehabilitation further indicates that digital tools are expanding across app-based systems,
gaming environments, robotics, and wearables. However, implementation quality and real-
world evaluation still vary considerably [7]. More recent evidence has strengthened the case
for digital rehabilitation, showing that telerehabilitation for musculoskeletal disorders can be
effective and cost-effective, particularly when face-to-face care is limited or continuity across
settings is important [8]. Umbrella-level evidence also suggests that telemedicine can provide
accessible care with noninferior outcomes for multiple musculoskeletal conditions, although
objective outcome measurement and integration into routine workflows remain incomplete
[9].

Despite these advantages, digital rehabilitation cannot be treated as a purely technical
upgrade. Adoption barriers remain substantial and include staff readiness, resistance to
change, reimbursement constraints, infrastructure limitations, and uneven digital literacy
among users and providers [5]. In practice, this means that successful smart rehabilitation
depends not only on devices and software but also on the design of the overall service
journey: how patients enter the system, how assessments are coordinated, how feedback is
delivered, and how long-term follow-up is sustained. This service design perspective is
particularly important in rehabilitation because recovery unfolds across multiple stages,
actors, and settings rather than through a single isolated clinical encounter [5][7][9].

For this reason, patient- and customer-journey approaches are becoming increasingly
relevant in digital health research. Patient journey mapping has been described as an
emerging method for understanding how people move through health systems, identifying
touchpoints, transitions, and pain points that shape actual care experiences [10]. Recent work
on digitally enabled health innovations has further shown that journey mapping and service
blueprinting are valuable for designing interventions that align technology with user behavior,
system processes, and real-world adoption conditions [10]. In rehabilitation, where emotional
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fluctuations, adherence challenges, and multidisciplinary coordination are central to
outcomes, a journey-based framework provides a robust analytical basis for service redesign.

This perspective is especially relevant for Hungary, where digital health development is
advancing but remains uneven across settings. A 2024 study of Hungarian primary care
physicians found that doctors were generally more open to digital tools that facilitate patient
communication and collaboration than to technologies directly supporting clinical work, and
the study emphasized the importance of knowledge, training, and experience in shaping
adoption [11]. At the same time, recent Hungarian evidence from a public insurance-based
telemedicine program demonstrated that digitally supported mobile healthcare services could
expand access, identify previously undetected chronic conditions, reduce referral pressure,
and receive very positive user feedback in underserved rural districts [12]. Taken together,
these findings indicate that Hungary has both the need and the emerging institutional basis for
more integrated smart rehabilitation services, but that technological adoption must be linked
to practical service design and user experience considerations [11][12].

Against this background, the present study positions sports rehabilitation not merely as a
therapeutic activity but as a smart service system that combines clinical expertise, digital
infrastructure, and user-centered pathway design. The paper argues that the Customer Journey
Map (CIM) provides an appropriate framework for redesigning rehabilitation around five
connected stages: initial contact, assessment and goal setting, personalized intervention,
progress monitoring, and long-term health management. By reframing rehabilitation through
a smart business and service design lens, this study aims to contribute a Hungary-oriented
model for digitally enabled sports rehabilitation that is clinically meaningful, operationally
coherent, and suitable for discussion within the scope of the International Journal of Smart
Business and Technology [8][10][11][12].

2. Literature review/theoretical background

2.1. Digital transformation in rehabilitation services

The digital transformation of healthcare has reshaped how medical services are delivered,
monitored, and evaluated. In rehabilitation medicine, the integration of digital technologies,
including telemedicine platforms, wearable monitoring devices, artificial intelligence, and
mobile health applications, has significantly expanded the capabilities of conventional
therapeutic models. These technologies support continuous monitoring of patient progress
and facilitate remote therapeutic interventions, enabling rehabilitation services to move
beyond the limitations of physical clinical environments [13].

One of the most important technological developments in modern rehabilitation systems is
the application of wearable sensing technologies. Wearable devices can capture physiological
and biomechanical signals, including body movement, joint angles, muscle activity, and
cardiovascular indicators. These devices allow clinicians to assess patient progress during
rehabilitation exercises objectively and provide real-time feedback to improve exercise
performance and adherence [14]. Compared with traditional observational assessment
methods, wearable systems offer a more precise and data-driven approach to rehabilitation
monitoring.

In addition to wearable monitoring, tele-rehabilitation has emerged as a major innovation
in healthcare service delivery. Tele-rehabilitation enables patients to perform rehabilitation
exercises at home while receiving remote supervision and guidance from healthcare
professionals via digital communication technologies [15]. This model has become
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particularly important for patients who face geographical barriers or mobility limitations that
prevent them from regularly attending clinical sessions. Research has shown that tele-
rehabilitation can achieve therapeutic outcomes comparable to those of traditional face-to-
face rehabilitation while reducing travel time and improving patient convenience [16].

Acrtificial intelligence (Al) technologies further enhance digital rehabilitation systems by
enabling predictive analytics and automated clinical decision support. Machine learning
algorithms can analyze large volumes of patient data obtained from wearable devices and
electronic health records to identify patterns associated with recovery progress and
rehabilitation effectiveness. These insights enable clinicians to personalize treatment
strategies and adjust therapy programs based on individual patient needs [17]. As a result, Al-
driven rehabilitation systems contribute to precision rehabilitation, in which therapeutic
interventions are tailored to specific patient characteristics and recovery trajectories.

Despite these technological advances, several studies emphasize that the effectiveness of
digital rehabilitation systems depends not only on technological capabilities but also on how
these technologies are integrated into healthcare service processes. Barriers such as a lack of
digital literacy among healthcare providers, limited technical infrastructure, and resistance to
organizational change can hinder the successful implementation of digital health innovations
[18]. Consequently, digital rehabilitation must be supported by service design approaches that
consider patient behavior, healthcare workflows, and institutional coordination.

2.2. Service design in healthcare systems

High levels of complexity characterize healthcare systems due to the involvement of
multiple stakeholders, diverse service interactions, and long-term patient engagement. These
characteristics make healthcare services particularly well-suited to service design
methodologies, which analyze and optimize service systems by focusing on user experiences
and service interactions. Service design integrates insights from design thinking, management
science, and user experience research to improve the efficiency and effectiveness of service
delivery [19].

One of the central principles of service design is human-centered design, which
emphasizes understanding user needs, motivations, and behaviors when designing service
systems. In healthcare settings, this approach involves analyzing how patients interact with
healthcare providers, facilities, and technologies throughout the care process. By examining
these interactions, service designers can identify inefficiencies, communication barriers, and
service gaps that negatively affect patient experiences [20].

Another important concept in service design is co-creation, which involves active
collaboration between service providers and service users during the design process. In
healthcare systems, co-creation enables patients, healthcare professionals, and caregivers to
contribute their perspectives to the development of new service models. Participatory design
practices can improve service quality by ensuring that healthcare innovations align with real-
world needs and expectations [21].

In rehabilitation contexts, service design is particularly important because rehabilitation
processes often extend over long periods and involve multiple stages of care. Patients
typically interact with different healthcare professionals, including physicians, physical
therapists, rehabilitation specialists, and support staff, throughout the recovery process.
Without effective service coordination, these interactions may become fragmented, resulting
in inconsistent treatment experiences and reduced rehabilitation effectiveness [22].
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Service design methodologies provide tools for mapping these interactions and designing
integrated service pathways that ensure continuity of care. For example, service blueprinting
techniques allow researchers and practitioners to visualize frontstage and backstage service
activities, highlighting how clinical processes, administrative procedures, and technological
systems interact within the healthcare ecosystem [23]. By identifying inefficiencies within
these processes, healthcare organizations can redesign service workflows to improve patient
outcomes and operational efficiency.

Furthermore, the integration of digital technologies into healthcare services has increased
the importance of service design in modern healthcare systems. Digital health innovations
often introduce new interaction channels between patients and healthcare providers, including
mobile applications, online consultation platforms, and remote monitoring systems. Service
design frameworks help organizations coordinate these digital and physical touchpoints,
ensuring that technological innovations enhance rather than complicate the patient experience
[23].

2.3. Customer journey mapping in healthcare services

Customer Journey Mapping (CJM) is widely recognized as a valuable tool for analyzing
and improving complex service systems. Originally developed in marketing and service
management, CJM visualizes the sequence of interactions customers experience when
engaging with a service. These interactions include physical touchpoints, digital channels, and
emotional responses that occur throughout the service process [24].

In recent years, CIJM has been increasingly applied to healthcare services under the concept
of patient journey mapping. Patient journey mapping focuses on understanding the entire
healthcare experience from the patient’s perspective, including the stages of diagnosis,
treatment, recovery, and follow-up care. By mapping these experiences, researchers can
identify critical moments where service improvements can significantly enhance patient
satisfaction and healthcare outcomes [25].

One of the key strengths of journey mapping is its ability to capture both functional and
emotional aspects of service experiences. Healthcare services often involve emotional
challenges such as anxiety, uncertainty, and frustration, particularly in long-term treatment
processes like rehabilitation. Journey mapping enables researchers to visualize emotional
fluctuations across different stages of the service process and to identify opportunities to
provide psychological support and to develop patient engagement strategies [26].

Another important advantage of journey mapping is its ability to facilitate interdisciplinary
collaboration. Healthcare services involve interactions among multiple stakeholders,
including clinicians, therapists, administrators, and technology providers. By providing a
shared visualization of service processes, journey maps help stakeholders develop a common
understanding of service challenges and coordinate improvement efforts more effectively
[27].

The relevance of journey mapping becomes even greater in digitally enabled healthcare
environments. Modern healthcare systems increasingly rely on digital platforms that integrate
telemedicine services, mobile health applications, wearable monitoring technologies, and
electronic health records. These technologies create multiple interaction channels between
patients and healthcare providers. CJM helps organizations identify how these channels
interact and how to optimize them to deliver seamless healthcare experiences [28].

In the context of sports rehabilitation, journey mapping provides a structured framework
for analyzing patient interactions with rehabilitation services across different stages of
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recovery. By examining the rehabilitation journey—from initial consultation and diagnosis to
long-term health management—researchers can identify service gaps and design integrated
rehabilitation systems that improve treatment outcomes and patient engagement.

3. Research methodology

This study adopts a mixed-method research design that integrates literature analysis,
service design methodology, and conceptual modeling to investigate the development of a
smart rehabilitation service system. Mixed-method approaches are widely used in healthcare
service research because they enable scholars to combine qualitative insights related to patient
experience with structured analytical frameworks for system design and evaluation. In
complex healthcare environments, such as rehabilitation services, both technological
performance and user interaction must be examined simultaneously to develop effective
service innovations [19]. Consequently, this study's research design focuses not only on
technological capabilities but also on the organizational and experiential dimensions of
rehabilitation services.

The study's methodological framework comprises three major stages: literature analysis,
service system analysis using customer journey mapping, and conceptual framework
development. The first stage involves a systematic review of relevant academic literature to
identify the theoretical foundations and research gaps in digital rehabilitation technologies,
healthcare service design, and digital health ecosystems. A literature review is considered a
fundamental research methodology in interdisciplinary studies because it allows researchers
to synthesize existing knowledge and develop new conceptual perspectives based on prior
research findings [20].

During the literature search process, keywords such as “sports rehabilitation,” “digital
rehabilitation,” “tele-rehabilitation,” "service design in healthcare,” "patient journey
mapping,” and "digital health ecosystems" were used. The initial search yielded more than
100 potential articles on rehabilitation service design and digital health technologies. After
applying screening criteria based on relevance, publication quality, and methodological rigor,
approximately forty-five peer-reviewed studies were selected for detailed examination. These
studies provided insights into technological innovations in rehabilitation systems, service
design approaches for healthcare delivery, and digital health integration models. Previous
research has shown that combining digital technologies with service design frameworks can
significantly enhance healthcare accessibility, service efficiency, and patient satisfaction,
thereby supporting the development of more responsive healthcare systems [21].

Following the literature analysis, the study applies Customer Journey Mapping (CJM) as
the primary analytical framework for examining rehabilitation service processes. CIM is a
widely recognized service design tool that visualizes the sequence of interactions between
service users and service providers throughout the service lifecycle. By identifying service
touchpoints, user behaviors, and emotional responses across different stages of service
delivery, journey mapping helps researchers identify service inefficiencies and opportunities
for innovation [22]. In healthcare systems, patient journey mapping has become an
increasingly important tool for analyzing patient experiences across complex processes
involving multiple providers, treatment stages, and institutional interactions.

Rehabilitation services offer a particularly suitable context for applying journey mapping
techniques, as rehabilitation processes often span long periods and require repeated
interactions between patients and healthcare professionals. Patients undergoing rehabilitation
typically interact with physicians, physical therapists, rehabilitation specialists, and support
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personnel at various stages of recovery. These interactions form a service journey that
includes diagnostic evaluation, treatment planning, exercise therapy, monitoring, and follow-
up care. Mapping this journey enables researchers to identify potential service gaps,
communication challenges, and inefficiencies that may negatively affect treatment outcomes
[23]. Moreover, previous studies indicate that communication failures and unclear treatment
guidance during rehabilitation processes can significantly reduce patient adherence and
recovery effectiveness [24].

Based on insights derived from the literature review, this study conceptualizes
rehabilitation services as a five-stage service journey. The first stage involves the initial
contact and consultation phase, during which patients obtain information about rehabilitation
services and communicate with healthcare providers to determine the suitability of treatment.
The second stage consists of health assessment and goal setting, during which medical
professionals conduct clinical evaluations and develop individualized rehabilitation plans
tailored to each patient's needs. The third stage focuses on personalized rehabilitation
intervention, during which patients participate in therapeutic exercises, physical therapy
programs, and digitally supported rehabilitation activities. The fourth stage involves progress
monitoring and feedback, during which clinicians evaluate treatment outcomes using clinical
observations and digital monitoring technologies. The final stage encompasses long-term
health management, which includes follow-up care, preventive health strategies, and lifestyle
adjustments that support sustained recovery and reduce the risk of reinjury.

To systematically analyze these stages, the study employs a multidimensional analytical
framework derived from service design research. This framework examines rehabilitation
services from several complementary perspectives, including user needs, user behavior,
organizational actions, stakeholder participation, service touchpoints, service outputs, and
emotional experience. Analyzing healthcare services from these dimensions allows
researchers to capture both operational processes and experiential factors that influence
service effectiveness. In healthcare contexts, patient engagement and emotional well-being
are closely linked to treatment adherence and recovery success, underscoring the need to
examine both the functional and psychological aspects of rehabilitation services [25].

Furthermore, the analytical framework enables the identification of opportunities for
integrating digital technologies into rehabilitation services. Modern rehabilitation systems
increasingly rely on telemedicine platforms, wearable monitoring devices, electronic health
records, and mobile health applications to support remote patient monitoring and data-driven
clinical decision making. These digital technologies serve as critical service touchpoints,
facilitating communication between patients and healthcare providers while improving
treatment continuity and accessibility. Studies on digital health ecosystems highlight that the
successful integration of such technologies requires coordination among healthcare providers,
technology developers, and healthcare organizations within a broader service ecosystem [26].

Based on the insights obtained from the literature review and journey mapping analysis,
the final stage of the research involves developing a conceptual framework for smart sports
rehabilitation services. Conceptual modeling is frequently used in healthcare research to
represent complex service systems and illustrate relationships among service components and
stakeholders. Through conceptual modeling, researchers can propose structured frameworks
that guide the design and implementation of innovative healthcare service systems [27]. In
this study, the conceptual model integrates three major components: digital health
infrastructure, service interaction systems, and healthcare ecosystem collaboration.

The digital health infrastructure includes tele-rehabilitation platforms, wearable monitoring
devices, and electronic health information systems that enable data-driven rehabilitation
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management. The service interaction system encompasses the communication and
coordination processes among patients, therapists, and healthcare institutions during
rehabilitation. Finally, the healthcare ecosystem component emphasizes collaboration among
hospitals, rehabilitation centers, community healthcare providers, and technology
organizations. Together, these components form a smart rehabilitation service ecosystem that
enables continuous, personalized, and technology-supported rehabilitation services. Similar
digital healthcare ecosystem frameworks have been proposed in recent studies examining
how digital transformation reshapes healthcare service delivery and patient engagement [28].

4. Smart rehabilitation service model and case analysis

4.1. Conceptual structure of smart rehabilitation services

Based on the methodological framework described in Section 3, this study proposes a
smart rehabilitation service model that integrates digital health technologies, service design
principles, and patient-centered care pathways. Traditional rehabilitation services are often
fragmented across multiple healthcare institutions and lack continuous monitoring
mechanisms. Patients frequently experience disjointed service interactions when transitioning
between diagnosis, therapy, and follow-up stages. The proposed model addresses these
challenges by integrating clinical treatment, digital monitoring technologies, and coordinated
service pathways into a unified rehabilitation ecosystem.

The conceptual model of the smart rehabilitation service system consists of three
interrelated components: digital health infrastructure, service interaction mechanisms, and
ecosystem-level collaboration. Digital health infrastructure includes tele-rehabilitation
platforms, wearable monitoring devices, mobile health applications, and electronic health
record systems that enable real-time data collection and communication between patients and
healthcare providers. Service interaction mechanisms refer to the structured communication
processes between patients, therapists, and healthcare institutions during rehabilitation
treatment. Ecosystem-level collaboration involves coordination among hospitals,
rehabilitation centers, technology providers, and community healthcare organizations to
ensure continuity of care across the rehabilitation process.

The integration of these components forms a smart rehabilitation ecosystem that supports
continuous patient monitoring, personalized therapy adjustments, and improved service
coordination.

28 Andras Simon and Zsigmond Gyombolai



International Journal of Smart Business and Technology
Vol. 14, No. 1 (2026), pp. 21-38

B QO Oz

Tele-Rehabilitation ~ Wearable Sensors ~ Mobile Health Apps Electronic Health
Platform Records

Digital Health Infrastructure

teraction System

Q A L & ‘ ‘
Therapists & Doctors i g v Real-Time
| Monitoring &

Patients & Athletes Feedik

Data Exchange & Communication

Healthcare Ecosystem Integration

/

-ﬁﬁ T s

Hospitals & Clinics Rehabilitation Centers Community Health Services Technology Providers

Figure 1. Smart rehabilitation service ecosystem architecture

Figure 1 shows the conceptual architecture of the smart rehabilitation ecosystem
integrating digital infrastructure, healthcare providers, and patient-centered service
interactions.

4.2. Digital infrastructure supporting rehabilitation services

Digital technologies play a central role in enabling the proposed smart rehabilitation
service model. The integration of tele-rehabilitation platforms, wearable monitoring devices,
and mobile health applications allows patients to perform rehabilitation exercises in remote
environments while still receiving professional supervision from therapists. These
technologies provide continuous data streams that support the monitoring of patient progress
and enable therapists to make data-driven treatment decisions.

Wearable monitoring devices are particularly important in sports rehabilitation because
they can measure physiological and biomechanical indicators such as joint motion, muscle
activation, body posture, and movement performance during therapeutic exercises. These data
allow healthcare providers to evaluate rehabilitation progress objectively rather than relying
solely on patient self-reporting or periodic clinical assessments.

Tele-rehabilitation platforms further enhance service accessibility by enabling remote
consultations, virtual therapy sessions, and digital communication between patients and
healthcare professionals. Patients can access rehabilitation guidance through video
consultations or digital exercise programs, while therapists can monitor performance through
integrated monitoring systems. This hybrid model of rehabilitation services combines
physical clinical treatment with digital healthcare support.

Electronic health record systems also play a critical role in the digital infrastructure of
rehabilitation services. These systems enable the secure storage and exchange of patient
health data across healthcare institutions, supporting coordinated treatment planning and
interdisciplinary collaboration among healthcare providers.
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4.3. Patient journey in smart rehabilitation services

To better understand how patients interact with rehabilitation services, this study applies
the Customer Journey Map framework to analyze the patient rehabilitation experience. The
rehabilitation service journey can be conceptualized as a sequence of five stages: initial
contact and consultation, health assessment and goal setting, personalized rehabilitation
intervention, progress monitoring and feedback, and long-term health management.

During the initial contact stage, patients seek information about rehabilitation services
through healthcare websites, digital platforms, physician referrals, or community healthcare
organizations. At this stage, patients often feel uncertain about treatment options and recovery
expectations. Providing clear service information and accessible consultation channels is
therefore essential for improving patient engagement.

In the health assessment stage, healthcare professionals conduct clinical evaluations to
determine the patient's physical condition and rehabilitation needs. These assessments may
include physical examinations, diagnostic imaging, and digital monitoring data obtained from
wearable devices. Based on these evaluations, therapists develop personalized rehabilitation
plans tailored to individual recovery goals.

The personalized rehabilitation stage involves implementing therapeutic interventions to
restore physical function and mobility. These interventions may include physical therapy
exercises, strength training programs, mobility training, and digitally supported rehabilitation
activities. Tele-rehabilitation technologies enable patients to perform rehabilitation exercises
remotely while maintaining communication with therapists.

The progress monitoring stage focuses on evaluating rehabilitation outcomes and adjusting
treatment plans accordingly. Digital monitoring technologies allow therapists to track patient
performance and recovery progress in real time. This data-driven feedback helps ensure that
rehabilitation programs remain effective and responsive to patient needs.

Finally, the long-term health management stage emphasizes maintaining rehabilitation
outcomes through continuous health monitoring and preventive care. Patients are encouraged
to adopt healthy lifestyle habits, participate in follow-up assessments, and continue using
digital health tools that support long-term physical well-being.
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Figure 2. Customer journey map of smart rehabilitation services

Figure 2 shows the five-stage customer journey map illustrating patient interactions and
service touchpoints throughout the rehabilitation process.

4.4. Case context: Smart rehabilitation services in Hungary

The Hungarian healthcare system provides a relevant context for examining the
development of smart rehabilitation services. Hungary operates a publicly funded healthcare
system supported by the National Health Insurance Fund Administration, which provides
coverage for rehabilitation treatments through hospitals, specialized rehabilitation centers,
and outpatient clinics. In recent years, Hungary has begun expanding its digital healthcare
infrastructure to improve service accessibility and healthcare coordination.

Several initiatives have focused on introducing telemedicine services and mobile
healthcare programs designed to reach patients in rural areas where healthcare resources are
limited. Mobile healthcare units and teleconsultation platforms allow healthcare professionals
to provide diagnostic services, health monitoring, and rehabilitation consultations remotely.
These initiatives demonstrate the potential of digital health technologies to reduce healthcare
disparities and expand access to rehabilitation services.

However, despite these technological developments, rehabilitation services in Hungary still
face several challenges. These include fragmented service coordination across healthcare
institutions, limited integration of digital monitoring technologies into rehabilitation
programs, and insufficient continuity between clinical treatment and long-term health
management. Addressing these challenges requires the development of integrated service
models that combine digital technologies with coordinated healthcare service pathways.

4.5. Integrated smart rehabilitation service framework

Building upon the conceptual architecture and patient journey analysis presented in this
study, an integrated smart rehabilitation service framework is proposed. The framework
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emphasizes integrating digital technologies, multidisciplinary healthcare teams, and
coordinated service pathways to support patient-centered rehabilitation.

The framework highlights three key principles for improving rehabilitation service
delivery. First, digital technologies should be used to enhance continuous monitoring and
communication between patients and healthcare providers. Second, rehabilitation services
should be designed as coordinated service pathways that guide patients through different
stages of recovery. Third, collaboration among healthcare institutions, technology providers,
and community healthcare organizations should be strengthened to ensure continuity of care.

Implementing this framework can improve rehabilitation outcomes by enabling
personalized treatment plans, enhancing patient engagement, and supporting long-term health
management. Furthermore, integrating digital health technologies into rehabilitation services
can help healthcare systems address the increasing demand for these services while
maintaining service quality and efficiency.
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Figure 3. Integrated smart rehabilitation service framework

Figure 3 shows an integrated framework combining digital infrastructure, service design
processes, and healthcare ecosystem collaboration.

5. Discussion

The results of this study demonstrate that integrating digital technologies with service
design methodologies can significantly improve the structure and delivery of sports
rehabilitation services. The proposed smart rehabilitation model emphasizes the importance
of coordinated service pathways, digital health infrastructure, and ecosystem-level
collaboration in developing patient-centered rehabilitation systems. By analyzing
rehabilitation services through the Customer Journey Mapping framework, this research
highlights how service interactions, technological tools, and organizational coordination
collectively shape patient experiences and treatment outcomes.
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One of the major insights from this research is that rehabilitation services should not be
viewed solely as clinical treatment processes but rather as complex service ecosystems that
involve multiple stakeholders and interaction channels. Traditional rehabilitation models
typically rely on in-person therapy sessions delivered within hospital settings. While such
approaches remain important, they often fail to provide continuous support throughout the
rehabilitation journey. Patients frequently encounter gaps between treatment stages,
particularly when transitioning from clinical therapy to home-based recovery. The smart
rehabilitation model proposed in this study addresses these limitations by integrating digital
technologies that enable remote monitoring, continuous communication, and personalized
treatment adjustments.

Another important finding is the critical role of digital health technologies in improving the
efficiency and accessibility of rehabilitation services. Tele-rehabilitation platforms, wearable
monitoring devices, and electronic health record systems enable healthcare providers to
monitor patient progress in real time and adjust rehabilitation programs accordingly. These
technologies also allow patients to participate more actively in their recovery process by
providing feedback, tracking performance metrics, and receiving guidance outside clinical
environments. As a result, digital health technologies enhance patient engagement and
improve rehabilitation outcomes.

However, technological innovation alone cannot guarantee improvements in healthcare
service delivery. Successful implementation of smart rehabilitation systems requires effective
service design that aligns technological capabilities with patient needs and healthcare
workflows. Without proper coordination, digital technologies may create additional
complexity rather than improving service efficiency. Therefore, integrating service design
principles, such as customer journey mapping and patient-centered care frameworks, is
essential to ensuring that digital health innovations enhance the overall rehabilitation
experience.

Furthermore, the findings indicate that rehabilitation services must be supported by
collaborative healthcare ecosystems involving hospitals, rehabilitation centers, community
health services, and technology providers. Healthcare institutions alone often lack the
resources and technological expertise required to implement advanced digital health systems.
Collaboration with technology companies and digital health developers is therefore necessary
to develop scalable and sustainable rehabilitation service models.

To better understand the impact of smart rehabilitation systems, the key improvements
offered by the proposed framework are summarized in Table 1.

Table 1. Comparison between traditional and smart rehabilitation service models

Traditional Rehabilitation

Model Smart Rehabilitation Model

Dimension

Hybrid model combining physical and digital

Service Delivery Primarily clinic-based therapy services

Monitoring

Methods Periodic clinical assessments Continuous monitoring using wearable devices

Active patient involvement supported by digital

Patient Engagement Passive patient participation t00ls

Limited interaction between

Communication Continuous communication via telehealth platforms

Visits
Data Utilization Minimal data collection Data-driven treatment_adjystment using digital
monitoring
Service Continuity Fragmented treatment stages Integrated rehabllltr{a]t(;gintéﬁl:]r;ey with long-term
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The comparison in Table 1 shows that smart rehabilitation services offer significant
advantages over traditional rehabilitation systems. Digital monitoring technologies allow
healthcare professionals to collect and analyze real-time patient data, enabling personalized
treatment adjustments and early detection of potential complications. Additionally, tele-
rehabilitation platforms expand access to rehabilitation services by allowing patients to
receive professional guidance regardless of geographical constraints.

Another important aspect of the smart rehabilitation model is the role of service design in
improving patient experience. Rehabilitation is not only a physical recovery process but also
an emotional journey that involves uncertainty, motivation challenges, and psychological
adaptation. By mapping the patient journey across different stages of rehabilitation,
healthcare providers can better understand patient needs and develop services that address
both functional and emotional aspects of recovery.

Table 2 summarizes the key service design elements identified in this study and their
contributions to improving rehabilitation services.

Table 2. Key service design components in smart rehabilitation systems

Service Design

Description Impact on Rehabilitation Services
Component
Customer Journey Visualization of patient interactions across Identifies service gaps and
Mapping service stages improves care coordination

Digital Health Platforms

Telemedicine systems and mobile health
applications

Enables remote therapy and patient
monitoring

Wearable Monitoring

Sensors tracking movement and

Provides real-time data for

Devices physiological indicators treatment evaluation
Personalized Treatment - . R Improves treatment effectiveness
. Individualized rehabilitation programs - - .
Planning and patient satisfaction

Multidisciplinary
Collaboration

Coordination among therapists,
physicians, and technology providers

Enhances treatment quality and
service integration

Long-Term Health
Management

Continuous monitoring and follow-up care

Prevents reinjury and supports
sustained recovery

The analysis presented in Table 2 demonstrates that smart rehabilitation services rely on
the integration of multiple service design components. Each component contributes to
improving rehabilitation outcomes by enhancing communication, monitoring patient progress,
and ensuring continuity of care throughout the recovery process.

In healthcare systems such as Hungary's, implementing smart rehabilitation models could
help address several systemic challenges. For example, digital rehabilitation services could
expand access to care in rural regions where specialized rehabilitation facilities are limited.
Tele-rehabilitation programs could also reduce the burden on healthcare institutions by
allowing certain rehabilitation services to be delivered remotely.

Despite these advantages, several challenges remain in implementing smart rehabilitation
systems. These challenges include technological infrastructure limitations, healthcare
professional training requirements, patient digital literacy barriers, and regulatory
considerations related to digital health services. Addressing these challenges will require
coordinated efforts from healthcare institutions, technology providers, and government
policymakers.

Overall, this study's findings highlight the importance of combining digital health
technologies with service design principles to create integrated rehabilitation service systems.
By viewing rehabilitation services as smart healthcare ecosystems rather than isolated clinical
treatments, healthcare providers can develop more efficient, accessible, and patient-centered
rehabilitation models.
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6. Conclusion

This study examined the development of smart rehabilitation service systems by
integrating digital healthcare technologies with service design methodologies. As demand for
rehabilitation services worldwide continues to grow, healthcare systems face increasing
pressure to deliver more accessible, efficient, and patient-centered programs. Traditional
rehabilitation models, which primarily rely on clinic-based therapy and periodic patient
monitoring, often lack continuity and fail to support long-term patient engagement fully. In
response to these challenges, this research proposed a smart rehabilitation service framework
that combines digital health technologies, customer journey mapping, and coordinated
healthcare ecosystems to improve the delivery of rehabilitation services.

The findings of this study demonstrate that digital technologies play a crucial role in
enabling continuous and personalized rehabilitation services. Tele-rehabilitation platforms
allow patients to participate in rehabilitation programs remotely, while wearable monitoring
devices provide real-time data on patient performance and recovery progress. These
technologies enhance communication between patients and healthcare providers and support
data-driven treatment decisions. By integrating these technologies within a structured service
design framework, healthcare providers can create more responsive and adaptive
rehabilitation systems that address both clinical and experiential aspects of patient care.

Another important contribution of this study is the application of the Customer Journey
Mapping approach to analyze rehabilitation services from a patient-centered perspective.
Rehabilitation processes involve multiple stages of interaction between patients and
healthcare providers, and understanding these interactions is essential for identifying service
gaps and improving patient experiences. The journey mapping analysis conducted in this
research revealed that effective rehabilitation services require coordinated service pathways
that guide patients through the stages of consultation, diagnosis, therapy, monitoring, and
long-term health management.

The study also highlights the importance of collaboration within the healthcare ecosystem
for the development of smart rehabilitation systems. Hospitals, rehabilitation centers,
community healthcare providers, and technology companies must work together to implement
digital health solutions and ensure service continuity across care stages. Such collaboration is
particularly relevant for healthcare systems such as Hungary, where digital health
infrastructure is expanding, but service integration remains an ongoing challenge.

From a theoretical perspective, this research contributes to the growing literature on digital
healthcare innovation and service design by proposing a conceptual framework for smart
rehabilitation services. The study demonstrates how digital health technologies and service
design principles can be integrated to support patient-centered healthcare systems. The
proposed framework provides a foundation for future research on digital health ecosystems
and smart healthcare service models.

From a practical standpoint, the findings of this research offer valuable insights for
healthcare administrators, rehabilitation professionals, and technology developers seeking to
modernize rehabilitation services. Implementing smart rehabilitation systems can improve
healthcare accessibility, increase patient engagement, and enhance treatment outcomes while
reducing the burden on healthcare institutions. Policymakers may also benefit from these
insights when developing strategies to support digital health transformation and healthcare
innovation.

Despite its contributions, this study has several limitations. The research is primarily
conceptual and focuses on service design analysis rather than empirical evaluation of
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rehabilitation programs. Future research could extend this work by conducting empirical case
studies, piloting smart rehabilitation systems, or conducting quantitative evaluations of digital
rehabilitation outcomes. Additionally, further research could explore how artificial
intelligence and advanced analytics can support predictive rehabilitation models and
personalized therapy planning.

In conclusion, integrating digital technologies and service design approaches offers
significant potential to transform rehabilitation services into smart, patient-centered
healthcare systems. By adopting digital health innovations and coordinated service
frameworks, healthcare providers can create more efficient and accessible rehabilitation
services that support long-term recovery and improve patients' quality of life. The smart
rehabilitation service model proposed in this study provides a conceptual foundation for the
future development of digitally enabled rehabilitation systems within modern healthcare
ecosystems.
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