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Abstract: The incorporation of digital technologies into healthcare rehabilitation is fundamentally
changing patient care. This narrative study is aimed to explore the changing landscape of digital
transformation in healthcare rehabilitation, concentrating on the skills and training needed for healthcare
professionals, as well as their impact on patient outcomes. The narrative review progresses by delving
into the history of healthcare rehabilitation, the growing role of digital technology, and their impact on
rehabilitation methods. It defines the important areas of effect, goes into the applications of digital
technology, and dissects the abilities required of healthcare professionals, classifying them as technical,
soft, and cognitive. The review emphasizes the importance of interprofessional collaboration and skill
exchange among healthcare professionals and technology. Furthermore, empirical evidence is used to
examine the direct relationship between the adoption of digital technologies and patient outcomes. Ethical
concerns, regulatory barriers, and efforts to bridge the digital gap and improve accessibility are explored.
The narrative continues by highlighting the impact of these findings on healthcare professionals,
institutions, and policymakers, and highlighting the importance of this research in the ongoing era of
digital transformation.
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1. Introduction

It marks a profound transformation in how healthcare providers and institutions deliver
rehabilitation services by embracing advanced digital technologies, insights driven by data, and
enhanced communication for better patient outcomes (Socha-Dietrich, 2021). This paradigm
shift affects various aspects of healthcare, encompassing patient diagnosis, treatment planning,
therapeutic interventions, remote monitoring, data management, interdisciplinary
collaboration, and patient engagement (Bhavnani et al., 2017). It goes beyond the physical
boundaries of healthcare facilities, offering patients the convenience of accessing rehabilitation
treatments from remote locations. Simultaneously, it empowers healthcare professionals with
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the knowledge and tools necessary to deliver more personalized, efficient, and effective care
(Bhaskar et al., 2020). In essence, the digital transformation in healthcare rehabilitation
represents a pivotal shift that redefines healthcare delivery and the patient experience,
ultimately leading to enhanced patient outcomes and a more patient-centered approach to
rehabilitation (Patricio et al., 2020).

2. Evolution of Digital Technologies in Healthcare

The history of digital technology (Rakovic et al., 2022) in healthcare is one of key milestones
and developments that have drastically transformed the landscape. It has progressed through
numerous significant stages, beginning with electronic health records (EHRs) in the mid-20th
century, which provided the framework for the digitalization of healthcare data (Johnson et al.,
2021).Telemedicine emerged in the late twentieth century, allowing for remote consultations
and procedures through digital methods, thus improving healthcare access. The sharing of
medical information, telehealth services, and mobile health applications flourished when the
internet expanded and connection improved (Bashshur & Shannon, 2009). A contemporary,
easily accessible healthcare system must incorporate digital innovation and connection. The
term "digital health" refers to a broad category of technologies, such as wearable technology,
robotics, artificial intelligence (AI), electronic medical records (eMRs), mobile health and
applications, telehealth, and telemedicine (Zwack, et al., 2023).

Wearable health devices with real-time monitoring capabilities, data analytics and big data
applications, and the incorporation of virtual reality and augmented reality technology into
healthcare, particularly rehabilitation, marked the twenty-first century (Shaikh et al., 2022).
Through smartphone apps, the mobile health (mHealth) revolution enables individuals to take
control of their health, while artificial intelligence (Al) found increasing utilization in medical
diagnostics and patient care.(Khan and Alotaibi, 2020) These landmarks represent the dynamic
evolution of digital technology in healthcare, which promises additional disruptive advances in
the future, eventually leading to a more integrated, data-driven, and patient-centric approach to
healthcare delivery (Bhavnani et al., 2017).

In recent years, advances in telemedicine, wearable devices and sensors, virtual reality (VR)
and augmented reality (AR), and the adoption of electronic health records (EHRs) have
transformed into digital technologies integral to healthcare, bringing in a new era in patient
care, including rehabilitation.(Le et al., 2018) Telemedicine serves as remote healthcare services
such as video consultations and remote monitoring, while wearable devices with sensors track
patient data, VR and AR technologies create immersive therapy experiences, and EHRs
streamline patient information management, improving coordination among healthcare
providers and improving patient care (Haleem et al., 2022).

2.1. The Use of Digital Technologies in Rehabilitation: Transforming Patient Care
and Outcomes

The impact of digital transformation (Vukovic et al., 2023; Vasic, 2020) on numerous aspects
of rehabilitation has been incredible, with far-reaching changes seen in critical domains
(Vucenovi¢, 2018). Remote rehabilitation services have emerged as an essential development,
enabling patients to access medical care conveniently from their residences, thus transcending
geographical constraints (Ahmad et al., 2022). The integration of digital aids, like wearable
devices and data driven by artificial intelligence (Al), has revolutionized the customization of
treatment plans, leading to the creation of more effective and individualized rehabilitation
programs (Chu et al., 2022). The practice of making decisions based on real-time data derived
from wearable devices and sensors has supplied healthcare providers with valuable insights,
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enabling them to carry out interventions founded on evidence and make timely adjustments
(Azodo et al., 2020; Domazet et al., 2018).

Rehabilitation exercises have undergone transformation due to the influence of virtual
reality (VR) and augmented reality (AR) applications, rendering them not only more engaging
and motivational but also placing the patient at the center of the experience (Pereira et al., 2020).
Additionally, the scope of interdisciplinary collaboration has expanded to encompass a broader
spectrum of healthcare professionals, technicians, data scientists, and digital health experts.
This fosters an environment of holistic patient care and encourages innovative digital
methodologies (Bossen & Bertelsen, 2023). Furthermore, digital technology has broadened the
horizons of healthcare delivery, allowing patients to play a more active role in their treatment
while advancing a holistic approach to healthcare services (Mitchell and Kan, 2019). These
changes offer numerous advantages, including improved patient outcomes, increased
accessibility to care, enhanced patient engagement, and a data-informed, customized approach
to therapy, all of which contribute to a more patient-centered and effective delivery of
rehabilitation services (Mani et al., 2021).

Within rehabilitation settings, digital technologies have unveiled pragmatic applications
that contribute innovative methods for enhancing patient care and, consequently, achieving
improved outcomes (Tiitola et al., 2023).

2.2. Telemedicine in Rehabilitation

There is a common usage of the terms "telemedicine," "telehealth," and "eHealth"
interchangeably (Sun et al., 2023). Telemedicine stands as a testament to the integration of
digital communication technology into healthcare, enabling the provision of medical services
from a distance. In the realm of rehabilitation, telemedicine plays a pivotal role in extending
patient care well beyond the confines of conventional in-person visits (Haleem et al., 2021). Its
applications in rehabilitation encompass a spectrum of transformative services, including real-
time video consultations, remote patient monitoring, and leveraging diverse digital platforms to
facilitate seamless communication between healthcare professionals and their patients (Bokolo,
2021). The very essence of telemedicine within rehabilitation is to empower patients to receive
invaluable rehabilitative care and guidance within the comforting familiarity of their homes,
thus reducing the necessity for frequent clinic visits (Sun et al., 2021). In terms of its merits, the
advantages of telemedicine in rehabilitation are indeed manifold. It vastly enhances patient
access to care, particularly benefiting those who are geographically distanced from healthcare
facilities. Furthermore, it enables the continuous monitoring of patients' progress, facilitating
timely adjustments to their rehabilitation regimens for optimized results. Furthermore, because
patients have more influence over their rehabilitation regimens, it may improve patient
involvement (Achenbach, 2020). While telemedicine in rehabilitation offers many advantages, it
also has some drawbacks. The security and privacy of patient data are critical. Furthermore,
healthcare practitioners must adapt to new ways of providing care via digital channels, which
may include additional training and skill development. Telemedicine is projected to evolve and
prosper in the field of rehabilitation. This includes the use of wearable technology and sensors
for remotely tracking patients, the use of virtual reality for immersive rehabilitation exercises,
and the development of tele rehabilitation programs to meet a variety of healthcare demands
(Hwei & Octavius, 2021). Telemedicine integration has the potential to considerably enhance
rehabilitation methods by making them more accessible, data-driven, and patient-focused. It
not only helps patients to obtain care more conveniently, but it also gives crucial data to
healthcare experts for individualized therapy. For example, a stroke survivor may participate in
telerehabilitation sessions with a physical therapist via video conversations. The therapist
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assists the patient in doing exercises, evaluates progress, and provides real-time feedback
(Odetunde et al., 2020).

2.3. Telemedicine in Rehabilitation: An Innovation Management Perspective

The transmission of rehabilitation services by information and communication technology is
known as telerehabilitation (Kilova et al., 2021). Telemedicine in Rehabilitation" has the
potential to be a valuable contributor to the discipline of healthcare innovation management. By
seamlessly integrating digital technology with traditional rehabilitation procedures, this
innovation represents an innovative approach to service delivery.(Galea, 2019) Understanding
how telemedicine is accepted and used in rehabilitation can provide insights into innovative
service delivery methods in the healthcare sector, as well as highlight how innovation can be
managed to enhance patient care. Additionally, the interdisciplinary collaboration inherent in
telemedicine, which involves healthcare professionals, technology specialists, and
administrators, is an important part of innovation management (Amjad et al., 2023) .

Managing these interdisciplinary alliances effectively is critical for successful telemedicine
implementation and can provide useful insights for innovation management strategies.
Furthermore, telemedicine creates massive volumes of patient data, requiring creative
management strategies for data-driven rehabilitation. The capacity to use this data to plan
individualized treatments is a big advancement in healthcare (Zahid et al., 2021). Insights from
data-driven rehabilitation management can help influence discussions regarding data-centric
innovation management in the healthcare profession. Furthermore, telemedicine allows patients
to take an active role in their rehabilitation, indicating a change toward patient-centric care, a
critical and turning point in healthcare (Kaur, 2021) .

Effective innovation management involves creating and executing patient-centric strategies,
and telemedicine lessons can influence the development and management of such initiatives
(Palozzi & Ranalli, 2023). Finally, the incorporation of telemedicine into rehabilitation involves
the acquisition of new skills and the adaptation to digital practices by healthcare practitioners.
Managing skill development is an important component of innovation management, as it
ensures that the workforce is appropriately prepared for technological adoption. This aspect's
insights can improve the broader healthcare innovation landscape by contributing to innovative
human resource management in the digital healthcare era (Jarva et al., 2022).

In essence, "Telemedicine in Rehabilitation" is a miniature version of larger healthcare
innovations, exemplifying innovation in service delivery, interdisciplinary collaboration, data-
driven and patient-centric care, and skill development management, making it a relevant and
valuable addition to the healthcare innovation management discourse (Calvo-Paniagua et al.,
2022).

2.4. Wearable Devices in Rehabilitation

Wearable devices are portable, technologically based products that people can wear on their
bodies. In the context of rehabilitation, these technologies are intended to monitor, track, and
support patients' restoration and progress (Lu et al., 2020). Fitness trackers, smartwatches, and
specialized devices built for specific healthcare objectives are examples of wearable technology
in rehabilitation. They are used to follow patients' movements, monitor vital signs, and collect
real-time data regarding their physical activity and health indicators (Vijayan et al., 2021). These
tools provide useful information that can be used to assess and organize rehabilitation
programs. They provide continuous patient monitoring outside of the clinical setting, allowing
healthcare professionals to adapt treatment programs based on real-world data. Wearable
devices additionally motivate patients to participate actively in their rehabilitation by providing
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insights and feedback on their recovery (Babaei et al., 2022). When using wearable technologies
in rehabilitation, data privacy and security are major concerns. Protecting patient information
and maintaining secure data transmission are major priorities. Furthermore, healthcare workers
must be properly trained to evaluate and apply data in the rehabilitation process (Kerr et al.,
2019). Wearable technology in rehabilitation is rapidly advancing. More specialized
technologies tailored to the distinct demands of rehabilitation patients may be on the horizon in
the coming years. To deliver more precise and real-time feedback, these gadgets may combine
advanced sensors, artificial intelligence, and machine learning algorithms. Wearable technology
emerges as a potential catalyst for a paradigm shift in rehabilitation approaches, ushering in a
new era characterized by data-driven and patient-centered methods. These ingenious devices
harbor the potential to individualize treatment approaches, thereby fostering the attainment of
superior patient outcomes (Mukhopadhyay et al., 2021). What's more, wearable technology
equips healthcare practitioners with the capability to remotely monitor their patients,
promoting a proactive and engaged approach to rehabilitation. These wearables stand as
indispensable components of the ongoing digital transformation within healthcare
rehabilitation, extending the boundaries of treatment delivery well beyond the conventional
clinical setting (Zaree et al., 2023). To illustrate, envision a scenario where a patient is
recuperating from knee surgery while donning a motion-sensing wearable device. This cutting-
edge device continuously tracks the patient's range of motion and gait, amassing valuable data
that is made available to the rehabilitation team. If, at any point, deviations from the predefined
recovery plan are detected, the team can swiftly intervene, thus ensuring the patient's
rehabilitation journey remains on course (Lang et al., 2020).

2.5. The Digital Revolution of wearable devices in Rehabilitation

The integration of "Wearable Devices in Rehabilitation" stands as a substantial opportunity
for making a meaningful contribution to the realm of healthcare innovation management.
Delving into the factors influencing the acceptance and repercussions of these devices on
patient recovery can yield invaluable insights concerning the management of innovation in the
development and deployment of assistive technology (Azodo et al., 2020). These wearable
devices represent a pioneering category of assistive technology within the rehabilitation sector,
and comprehending their adoption and the impact they wield on patient recovery can supply
pertinent insights for the effective management of innovation in the development and
implementation of assistive technology (Holloway & Barbareschi, 2022). The data derived from
such investigations is instrumental in crafting innovation management strategies, with a
particular focus on enhancing the seamless integration of assistive technologies into the
healthcare landscape (Choukou et al., 2021).

Moreover, wearable devices have the capability to produce real-time data concerning
patient movements and various health parameters, effectively infusing data-driven principles
into rehabilitation. The proficient utilization of this data for the crafting of personalized
treatment plans represents an innovative approach within the rehabilitation sphere (Wu & Luo,
2019). The valuable insights gleaned from the management of this data-intensive rehabilitation
approach can significantly enrich ongoing discussions centered on the prominence of data-
centric innovation in healthcare management (Bhatt & Bhatt, 2017). In addition to their data-
related benefits, wearable devices serve as integral components in the context of enhancing
patient engagement by making rehabilitation exercises inherently more captivating and
motivationally charged. This focus on managing and enhancing patient engagement stands as a
pivotal and innovative facet of healthcare, and the experiential knowledge garnered from the
use of wearable devices can offer pivotal guidance in the development and astute management
of patient engagement strategies (Rubin et al., 2021).
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Furthermore, interdisciplinary collaboration is essential for the effective implementation of
wearable devices in rehabilitation, requiring coordination between healthcare professionals,
technology experts, and administrators. This collaborative dimension is a vital aspect of
innovation management, and successful interdisciplinary collaboration lessons can inform
strategies for managing such partnerships in the creation and deployment of innovative
healthcare solutions (Luis-Martinez et al., 2020). Lastly, the introduction of wearable technology
in rehabilitation necessitates healthcare professionals to acquire new skills and adapt to digital
practices. Managing this skill development is integral to innovation management, ensuring that
the workforce is proficient in utilizing wearable devices effectively. Insights from this aspect can
contribute to innovative human resource management in the digital healthcare era (Azodo et
al., 2020). In essence, "Wearable Devices in Rehabilitation" serves as a microcosm of broader
healthcare innovations, showcasing innovation in assistive technology, data-driven decision
making, patient engagement, interdisciplinary collaboration, and skill development
management, making it a pertinent and valuable addition to the innovation management
discourse in healthcare (Van Berkel et al., 2023).

2.5.1. Virtual Reality (VR) in Rehabilitation

Virtual reality (VR) constitutes a computer-generated environment where users can interact
with and manipulate objects or engage in activities. In the sphere of rehabilitation, VR serves as
a potent therapeutic tool that substantially bolsters the recovery process. Expanding on
rehabilitation, the applications of VR come to the forefront. In this context, VR is ingeniously
harnessed through the deployment of headsets and various gadgets, seamlessly transporting
patients to meticulously crafted virtual realms designed explicitly for therapeutic purposes.
These virtual settings adeptly replicate real-world scenarios and activities, thereby lending
themselves to an extensive spectrum of applications in rehabilitation. VR's applications span a
wide spectrum, including exercises, balance training, cognitive treatment, and even the nuances
of pain management. Significantly, the profound benefits of virtual reality (VR) in the
rehabilitation sphere manifest in the form of a genuinely compelling and engaging approach for
patients to actively partake in their rehabilitation journey. It excels in enhancing adherence to
prescribed treatment plans by making exercises intrinsically enjoyable and inherently
motivating. Moreover, VR effectively establishes a secure environment where patients can
execute a myriad of tasks and surmount diverse challenges, all while being vigilantly observed
by healthcare specialists. In the realm of challenges, the cost considerations associated with
equipment and software, ensuring universal accessibility to all patients, and tailoring VR
settings to align with the unique requirements of individual patients emerge as pertinent issues
in the realm of VR adoption in rehabilitation. Furthermore, healthcare professionals must
undertake the task of acquiring proficiency in the efficient use of VR for rehabilitation purposes.
As we venture into the future, there emerge captivating prospects concerning the trajectory of
VR within rehabilitation. Forecasts indicate that VR settings are poised to evolve, becoming
more personalized and flexible. Moreover, the integration of tactile stimulation and biometric
monitoring is slated to enhance the overall therapeutic experience. Speaking of impact, VR
yields a considerable influence on rehabilitation practices by elevating therapy to new heights
of engagement, interactivity, and, most significantly, effectiveness. It empowers patients to
execute a spectrum of motions and exercises in an environment characterized by control and
immersion, ultimately culminating in the augmentation of motor skills and cognitive functions.
In essence, VR constitutes an indispensable component within the broader digital
transformation of healthcare rehabilitation, introducing innovative and enjoyable avenues to
rehabilitation and therapy. Virtual reality (VR) holds enormous promise for the healthcare
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industry because it provides patients an immersive, typically enjoyable way to achieve
enhanced performance (Rose et al., 2018).

Example: In a real-world scenario, a child diagnosed with cerebral palsy actively engages in
a cutting-edge VR-facilitated rehabilitation program. This VR environment seamlessly
immerses the child in a spectrum of enjoyable and interactive activities meticulously designed
to foster both physical and cognitive development. The evidence substantiates that this
innovative approach not only expedites progress but also serves as a potent motivational tool,
encouraging the child's active participation in the rehabilitation process.

2.5.2. Virtual Reality (VR) in Rehabilitation: Innovations and Innovation Management in
Healthcare

The integration of "Virtual Reality (VR) in Rehabilitation" signifies a remarkable avenue for
making a substantial contribution to the domain of healthcare innovation management. VR
technology embodies an innovative approach to rehabilitation, enabling the construction of
immersive environments conducive to therapy and exercise (Pillai & Mathew, 2019).
Scrutinizing the adoption and implications of virtual reality (VR) in-patient rehabilitation offers
indispensable insights into the management of innovation within rehabilitation methods, a
pivotal element in the broader innovation management strategies aimed at optimizing VR's
integration into healthcare (Liu et al., 2022).

Moreover, virtual reality technology substantially enhances patient engagement, rendering
rehabilitation sessions highly engaging and motivational. Proficiently managing patient
engagement within VR aligns seamlessly with the core tenets of healthcare innovation
management (da Cruz et al, 2021). VR produces data regarding patient interactions and
progress within these immersive virtual environments, epitomizing a data-driven approach to
rehabilitation. Effectively governing this data and transforming it into efficacious treatment
strategies stands as an essential facet of innovation management, further enriching the dialogue
surrounding data-centric innovation in healthcare management (Santosh & Gaur, 2022).

Furthermore, the interdisciplinary collaboration required for the optimal use of VR in
rehabilitation, which includes healthcare professionals, technological specialists, and
administrators, is a vital component of managing innovation. Successful interdisciplinary
collaboration in the setting of virtual reality might provide useful insights for managing such
collaborations in the establishment and deployment of intriguing healthcare solutions. Finally,
the use of VR technology in rehabilitation requires healthcare personnel to learn new skills and
adapt to digital practices, making skill development management an essential component of
innovation management (Opele, 2017).

Insights from this area can help with innovative human resource management in the digital
healthcare sector. Virtual Reality (VR) in Rehabilitation" serves as a small-scale illustration of
broader healthcare innovations, showcasing innovation in rehabilitation approaches, patient
engagement, data-driven rehabilitation, interdisciplinary collaboration, and skill development
management, making it a vital and appropriate addition to the healthcare innovation
management discourse (Small, 2019).

2.5.3. Wearable Fitness Trackers for Cardiac Rehabilitation

The use of Wearable Fitness Trackers in Cardiac Rehabilitation adds a new dimension to the
management and recovery of heart-related diseases. These wearable devices, frequently taking
the form of wristbands or smartwatches, incorporate sensors designed for ongoing monitoring
of critical health metrics (Xie et al.,, 2021). The integration of these devices yields a plethora of
advantages within the realm of cardiac rehabilitation. These gadgets capture essential
parameters in real-time, including heart rate, blood pressure, and levels of physical activity.
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This continuous stream of data empowers healthcare professionals to craft informed and data-
driven treatment decisions for their patients (Baldassarre et al., 2020).

Moreover, it motivates patients to take an active role in their recuperation, granting them
access to their health data. This foster heightened engagement, a pivotal element in achieving
superior outcomes. Furthermore, leveraging individual health metrics, the data collected by
these devices can be assessed to tailor personalized rehabilitation programs and enhance
exercise routines, as well as lifestyle adjustments (Hughes et al., 2023). Wearable fitness trackers
also offer remote monitoring, making it easier to monitor patients' progress, which is especially
useful for people who are unable to attend healthcare institutions on a regular basis. Moreover,
many of these devices' feedback and motivation processes act as extra incentive systems for
patients during their cardiac rehabilitation journey (Liao et al., 2019).

Finally, these gadgets extend their impact into preventative care by continually monitoring
heart health, which may assist in the early detection of abnormalities and the prevention of
cardiac crises.

2.5.4. Innovation Management in Cardiac Rehabilitation: The Role of Wearable Fitness
Trackers

In the domain of healthcare innovation management, the incorporation of wearable fitness
trackers in cardiac rehabilitation reflects the use of cutting-edge technology to improve patient
care. This requires healthcare professionals and organizations to change in order to embrace
new digital tools, manage patient data efficiently, and apply data-driven techniques.
Furthermore, it exemplifies the partnership of healthcare providers and technology experts in
the design and management of innovative solutions for cardiac patients (Lv & Singh, 2023).

This technology-driven approach to cardiac rehabilitation represents a fundamental
paradigm shift in cardiac care delivery and management, coordinating with the principles of
healthcare innovation management. Wearable fitness trackers for cardiac rehabilitation have the
potential to improve patient outcomes, increase patient involvement, and drive innovation in
the broader domain of cardiovascular health care (Huhn et al., 2022). Individuals participating
in cardiac rehabilitation wear fitness trackers with heart rate monitoring capabilities. The data
collected helps healthcare providers track patients' exercise tolerance, adherence to
rehabilitation plans, and overall cardiovascular health (Hannan et al., 2019).

2.5.5. Skills Required by Healthcare Professionals in Digital Rehabilitation: A Holistic
Approach

In the realm of digital rehabilitation, healthcare professionals are entrusted with a
multifaceted skill set encompassing technical prowess, soft skills, and cognitive acumen to
provide top-tier patient care.(Murad, 2019) The technical domain mandates competencies like
digital fluency, adept management of wearable devices, mastery of virtual and augmented
reality tools, familiarity with electronic health records, and proficiency in data analysis.(Karimi,
2020) Soft skills are equally indispensable, featuring effective communication, empathy,
adaptability, an unwavering dedication to patient-centric care, and the ability to seamlessly
collaborate across disciplines for holistic patient wellbeing (Wisk, 2022).

Cognitive capabilities include problem-solving and critical thinking, which allow healthcare
practitioners to identify patient requirements, make data-informed decisions, and develop
tailored rehabilitation strategies (Mishra & Kumar, 2023). Furthermore, a commitment to
ongoing learning and ethical decision-making is required, particularly when it comes to patient
data privacy and permission while employing digital technology. These capabilities enable
healthcare providers to navigate the constantly changing landscape of digital rehabilitation,
providing individualized care, and increasing patient outcomes (Kaplan, 2020).
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2.5.6. The Transformation of Healthcare Rehabilitation through Digital Technologies:
Improving Patient Outcomes, Ethical Considerations, and Regulatory Challenges

A growing amount of research shows that using digital technology improves patient
outcomes. Compared to traditional treatments, studies demonstrate that patients who get
digital rehabilitation interventions recover faster, have greater functional progress, and have a
higher quality of life. The link between digital technology use and improved patient outcomes
is consistently supported by empirical research (Correia et al., 2019).

The application of digital technology in healthcare rehabilitation requires careful
consideration of ethical issues, patient data privacy, and regulatory compliance. Informed
consent from patients, data ownership, and security are critical ethical factors (Kaplan, 2020).
Clear communication regarding data use and ownership, strong data security measures, and
compliance with legislation such as HIPAA are all required. Furthermore, maintaining
compatibility and compliance with local regulations is a constant challenge (Grande et al., 2020).

Addressing the technological gap and improving accessibility are both important
requirements. Appropriate access to digital rehabilitation is ensured through bridging the
technological gap through infrastructural investments, user training, inclusive technology
design, and community participation. Maintaining ethical values while overcoming regulatory
and accessibility issues is critical to realizing the full potential of digital technology in
healthcare rehabilitation (Balikuddembe & Reinhardt, 2020).

2.5.6.1. Unlocking the Potential of Digital Transformation in Healthcare Rehabilitation:
Benefits for Patients and Professionals

Understanding the digital transformation in healthcare rehabilitation is critical in today's
rapidly changing healthcare sector. First, it sets down the foundation for fully utilizing the
potential of digital technologies to improve patient care and outcomes. Patients can benefit from
more accessible, customized, and engaging rehabilitation experiences as digital advances
continue to transform rehabilitation procedures (Chu et al., 2022). Tele-rehabilitation, wearable
technologies, and virtual reality not only improve patient participation but also provide the
convenience of remote access to care, which is especially important in situations such as
pandemics or for those with limited mobility (Matamala-Gomez et al., 2021) .

Comprehending the intricacies of this shift in approach holds equal importance for
healthcare professionals. To effectively incorporate these digital tools into their practice, they
must acquire and adapt to new skills and training methods. Moreover, the adoption of digital
technologies fosters interdisciplinary cooperation, enabling experts from various fields to work
together and provide comprehensive, patient-centered care. In essence, understanding the
digital transformation in healthcare rehabilitation opens doors to enhanced patient care, more
efficient healthcare delivery, and the cultivation of a contemporary skill set that is indispensable
in modern healthcare.

The main aims of this narrative review is to thoroughly assess the influence of digital
technology on the procedures of healthcare rehabilitation and to offer valuable perspectives on
the skills and training essential for healthcare professionals within this evolving landscape.

2.5.6.2. Key Findings and Insights

As we delve into the core findings and insights derived from this study, we unveil a series
of remarkable developments that underscore the transformative potential of digital evolution in
healthcare rehabilitation. Through this narrative review, we've discerned an ongoing shift in the
landscape of rehabilitative methods, instigated by the proliferation of digital technology and
groundbreaking innovations.
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Furthermore, our research underscores the pivotal roles played by telemedicine, wearable
technology, and virtual reality in reshaping the dynamics of patient-provider interaction within
the realm of rehabilitation. These findings illuminate the multifaceted influence of digital
transformation on healthcare rehabilitation, and its implications ripple far beyond the
immediate sphere, permeating innovation management and the ethos of patient-centric care
paradigms.
2.5.6.3. Implications for Healthcare Professionals, Institutions, and Policymakers — Practical
Implications of the Study

Impact on Healthcare Professionals: The comprehensive analysis of our research underlines
the profound impact on healthcare professionals. As the digital landscape continues to expand
and innovate, healthcare practitioners are presented with an evolving set of skill requirements.
The ability to harness digital tools, facilitate interdisciplinary collaboration, and prioritize data-
driven decision-making has become a defining aspect of successful rehabilitation practice. The
role of healthcare professionals is evolving from traditional clinical care to technologically
informed, patient-centric healthcare.

Benefits for Healthcare Institutions: Our findings illuminate the transformative potential for
healthcare institutions. Institutions that embrace these digital shifts are positioned to deliver
more efficient, data-driven, and personalized rehabilitation care. This shift towards a more
technology-empowered rehabilitation landscape can foster better patient outcomes, reducing
operational costs, and increasing the overall effectiveness of healthcare institutions.

Policymaking Considerations: The implications of our research also extend to policymakers.
As digital technologies continue to infiltrate healthcare rehabilitation, policymakers must adapt
regulations to ensure patient data privacy, ethical practice, and accessibility. The harmonization
of regulatory frameworks with technological advancements is critical to fostering a healthcare
environment that is both innovative and secure.

3. Conclusion

a. Contributions to the Innovation Management Field: The innovations and transformations
observed in our study represent an intersection between digital technologies and healthcare.
This intersection is a microcosm of the broader innovation management discourse, illustrating
innovation in service delivery, interdisciplinary collaboration, data-driven rehabilitation,
patient engagement, and workforce skill development. These valuable insights contribute
significantly to the growing literature on innovation management within the healthcare sector,
shedding light on how technological innovations can be effectively managed to enhance patient
care.

b. Relevance to Healthcare Research: Our research brings into focus the evolving landscape
of healthcare rehabilitation and the integration of digital technologies. It underscores the
relevance of this study to broader healthcare research by emphasizing the need for continued
exploration of innovative strategies that improve patient outcomes and the quality of care
delivered.

c. Alignment with Innovation Management Discourse: Our findings align with the broader
discourse on innovation management. The adoption of digital technologies in healthcare
rehabilitation showcases innovative service delivery, interdisciplinary collaboration, data-
driven approaches, and transformative skill development management, positioning this
research as an essential and pertinent addition to the innovation management discussion.
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3.1. The Significance of the Study within the Context of Innovation Management

Within the larger context of innovation management, our study takes on heightened
significance. The digital transformation in healthcare rehabilitation is emblematic of broader
innovations that are permeating the healthcare sector, revolutionizing patient care and
redefining the competencies required for healthcare professionals. This study's insights shed
light on the transformative impact of digital technologies and the need for robust innovation
management strategies. This underscores the broader relevance of our findings to innovation
management in healthcare, providing a compass for navigating the evolving healthcare
landscape and maximizing the potential for improving patient outcomes.

Acknowledgments

We would like to express our sincere gratitude to all the healthcare professionals,
researchers, and experts who have contributed to the field of digital rehabilitation. we
acknowledge the pivotal role of the healthcare innovation community and the constant quest
for better patient care. Your collaborative efforts are driving innovation and enhancing
healthcare for all.

References

Achenbach, S. J. (2020). Telemedicine: benefits, challenges, and its great potential. Health L. &
Pol'y Brief, 14, 1.

Ahmad, 1., Asghar, Z., Kumar, T, Li, G., Manzoor, A., Mikhaylov, K., Shah, S. A., Hoyhtyd, M.,
Reponen, J., & Huusko, J. (2022). Emerging technologies for next generation remote
health care and assisted living. Ieee Access, 10, 56094-56132.

Amjad, A., Kordel, P, & Fernandes, G. (2023). A Review on Innovation in Healthcare Sector
(Telehealth) through Artificial Intelligence. Sustainability, 15, 6655.

Azodo, I, Williams, R., Sheikh, A. & Cresswell, K. (2020). Opportunities and challenges
surrounding the use of data from wearable sensor devices in health care: qualitative
interview study. Journal of Medical Internet Research, 22, e19542.

Babaei, N., Hannani, N., Dabanloo, N. J., & Bahadori, S. (2022). A systematic review of the use of
commercial wearable activity trackers for monitoring recovery in individuals
undergoing total hip replacement surgery. Cyborg and Bionic Systems.

Baldassarre, A., Mucci, N., Padovan, M., Pellitteri, A., Viscera, S., Lecca, L. 1., Galea, R. P, &
Arcangeli, G. (2020). The role of electrocardiography in occupational medicine, from
Einthoven’s invention to the digital era of wearable devices. International Journal of
Environmental Research and Public Health, 17, 4975.

Balikuddembe, J. K., & Reinhardt, J. D. (2020). Can digitization of health care help low-
resourced countries provide better community-based rehabilitation services? Physical
therapy, 100, 217-224.

Bashshur, R. L., & Shannon, G. W. (2009). History of telemedicine: evolution, context, and
transformation, Mary Ann Liebert, Inc., Publishers.

Bhaskar, S., Bradley, S., Chattu, V. K., Adisesh, A., Nurtazina, A., Kyrykbayeva, S., Sakhamuri,
S., Moguilner, S., Pandya, S., & Schroeder, S. (2020). Telemedicine as the new outpatient
clinic gone digital: position paper from the pandemic health system REsilience
PROGRAM (REPROGRAM) international consortium (Part 2). Frontiers in public
health, 8, 410.

Bhatt, Y., & Bhatt, C. (2017). Internet of things in healthcare. Internet of things and big data
technologies for next generation HealthCare, 13-33.

26



Digital Transformation in Healthcare Rehabilitation: A Narrative Review

Bhavnani, S. P, Parakh, K., Atreja, A., Druz, R., Graham, G. N., Hayek, S. S., Krumholz, H. M.,
Maddox, T. M., Majmudar, M. D., & Rumsfeld, J. S. (2017). 2017 Roadmap for
innovation—ACC health policy statement on healthcare transformation in the era of
digital health, big data, and precision health: a report of the American College of
Cardiology Task Force on Health Policy Statements and Systems of Care. Journal of the
American College of Cardiology, 70, 2696-2718.

Bokolo, A. J. (2021). Application of telemedicine and eHealth technology for clinical services in
response to COVID-19 pandemic. Health and technology, 11, 359-366.

Bossen, C., & Bertelsen, P. S. (2023). Digital health care and data work: Who are the data
professionals? Health Information Management Journal, 18333583231183083.

Calvo-Paniagua, J., Diaz-Arribas, M. J., Valera-Calero, J. A., Gallardo-Vidal, M. 1., Fernandez-De-
Las-Pefias, C., Lopez-De-Uralde-Villanueva, 1., Del Corral, T., & Plaza-Manzano, G.
(2022). A tele-health primary care rehabilitation program improves self-perceived
exertion in COVID-19 survivors experiencing Post-COVID fatigue and dyspnea: A
quasi-experimental study. PloS one, 17, 0271802.

Choukou, M.-A,, Shortly, T., Leclerc, N., Freier, D., Lessard, G., Demers, L., & Auger, C. (2021).
Evaluating the acceptance of ambient assisted living technology (AALT) in
rehabilitation: A scoping review. International journal of medical informatics, 150,
104461.

Chu, E. C.-P, Yun, S. M. H,, Hau, K. H. Y., & Piong, S. Z. (2022). Smart rehabilitation clinic.
Journal of Contemporary Chiropractic, 5, 7-12.

Correia, F. D., Nogueira, A., Magalhaes, 1., Guimaraes, J., Moreira, M., Barradas, 1., Molinos, M.,
Teixeira, L., Pires, ]., & Seabra, R. (2019). Digital versus conventional rehabilitation after
total hip arthroplasty: a single-center, parallel-group pilot study. JMIR rehabilitation
and assistive technologies, 6, e14523.

Da Cruz, M. M. A,, Ricci-Vitor, A. L., Borges, G. L. B,, Da Silva, P. F.,, Turri-Silva, N., Takahashi,
C., Grace, S. L., & Vanderlei, L. C. M. (2021). A randomized, controlled, crossover trial of
virtual reality in maintenance cardiovascular rehabilitation in a low-resource setting:
impact on adherence, motivation, and engagement. Physical therapy, 101, pzab071.

Domazet, 1., Zubovi¢, J., & Lazi¢, M. (2018). Driving factors of Serbian competitiveness: Digital
economy and ICT. Strategic management, 23(1), 20-28.

Galea, M. D. (2019). Telemedicine in rehabilitation. Physical Medicine and Rehabilitation
Clinics, 30, 473-483.

Grande, D., Marti, X. L., Feuerstein-Simon, R., Merchant, R. M., Asch, D. A., Lewson, A., &
Cannuscio, C. C. (2020). Health policy and privacy challenges associated with digital
technology. JAMA network open, 3, e208285-e208285.

Haleem, A., Javaid, M., Singh, R. P, & Suman, R. (2021). Telemedicine for healthcare:
Capabilities, features, barriers, and applications. Sensors international, 2, 100117.
Haleem, A., Javaid, M., Singh, R. P,, & Suman, R. (2022). Medical 4.0 technologies for healthcare:
Features, capabilities, and applications. Internet of Things and Cyber-Physical Systems,

2, 12-30.

Hannan, A. L., Harders, M. P, Hing, W., Climstein, M., Coombes, J. S., & Furness, J. (2019).
Impact of wearable physical activity monitoring devices with exercise prescription or
advice in the maintenance phase of cardiac rehabilitation: systematic review and meta-
analysis. BMC Sports Science, Medicine and Rehabilitation, 11, 1-21.

Holloway, C. & Barbareschi, G. (2022). Disability interactions: creating inclusive innovations,
Springer Nature.

Hughes, A., Shandhi, M. M. H., Master, H., Dunn, J., & Brittain, E. (2023). Wearable devices in
cardiovascular medicine. Circulation Research, 132, 652-670.

27



Afridi & Nawaz Khan

Huhn, S., Axt, M., Gunga, H.-C., Maggioni, M. A., Munga, S., Obor, D., Sié, A., Boudo, V.,
Bunker, A., & Sauerborn, R. (2022). The impact of wearable technologies in health
research: scoping review. JMIR mHealth and uHealth, 10, e34384.

Hwei, L. R. Y., & Octavius, G. S. (2021). Potential advantages and disadvantages of telemedicine:
A literature review from the perspectives of patients, medical personnel, and hospitals.
Journal of Community Empowerment for Health, 4, 228.

Jarva, E., Oikarinen, A., Andersson, J., Tuomikoski, A. M., Kdaridinen, M., Merildinen, M., &
Mikkonen, K. (2022). Healthcare professionals’ perceptions of digital health
competence: A qualitative descriptive study. Nursing Open, 9, 1379-1393.

Johnson, K. B., Neuss, M. J., & Detmer, D. E. (2021). Electronic health records and clinician
burnout: a story of three eras. Journal of the American Medical Informatics Association,
28, 967-973.

Kaplan, B. (2020). Revisiting health information technology ethical, legal, and social issues and
evaluation: telehealth/telemedicine and COVID-19. International journal of medical
informatics, 143, 104239.

Karimi, H. (2020). Exploring the Soft Skills Gap of Undergraduate STEM Students Entering the
Healthcare Industry: Employer Perspectives and Strategies for Improvement. Sullivan
University.

Kaur, H. (2021). Digitally Enabled, Wearable Remote Patient Monitoring of Clinical Trials to
Assess Patient Reported Outcomes-A Systematic Review: Shifting Paradigm from Site-
Centric to Patient Centric Health Care.

Kerr, D., Butler-Henderson, K., & Sahama, T. (2019). Security, privacy, and ownership issues
with the use of wearable health technologies. Cyber Law, Privacy, and Security:
Concepts, Methodologies, Tools, and Applications. IGI Global.

Khan, Z. F. & Alotaibi, S. R. (2020). Applications of artificial intelligence and big data analytics
in m-health: a healthcare system perspective. Journal of healthcare engineering, 2020, 1-
15.

Lang, C. E., Barth, J., Holleran, C. L., Konrad, ]J. D., & Bland, M. D. (2020). Implementation of
wearable sensing technology for movement: pushing forward into the routine physical
rehabilitation care field. Sensors, 20, 5744.

Le, D.-N,, Van Le, C., Tromp, J. G., & Nguyen, G. N. (2018). Emerging technologies for health
and medicine: virtual reality, augmented reality, artificial intelligence, internet of things,
robotics, industry 4.0.

Liao, Y., Thompson, C., Peterson, S., Mandrola, J., & Beg, M. S. (2019). The future of wearable
technologies and remote monitoring in health care. American Society of Clinical
Oncology Educational Book, 39, 115-121.

Liu, Z., Ren, L., Xiao, C., Zhang, K., & Demian, P. (2022). Virtual reality aided therapy towards
health 4.0: A two-decade bibliometric analysis. International journal of environmental
research and public health, 19, 1525.

Lu, L., Zhang, J., Xie, Y., Gao, F, Xu, S, Wu, X,, & Ye, Z. (2020). Wearable health devices in
health care: narrative systematic review. JMIR mHealth and uHealth, 8, e18907.

Luis-Martinez, R., Monje, M. H., Antonini, A., Sanchez-Ferro, A., & Mestre, T. A. (2020).
Technology-enabled care: integrating multidisciplinary care in Parkinson's disease
through digital technology. Frontiers in Neurology, 11, 575975.

Lv, Z, & Singh, A. K. (2023). Edge-Cloud-Based Wearable Computing for Automation
Empowered Virtual Rehabilitation. IEEE Transactions on Automation Science and
Engineering.

Mani, U. A., Kumar, M., Abbas, H., & Gupta, P. (2021). Stroke Rehabilitation and the Role of Al
Tools in Physical Recovery. Hypertension Journal, 7, 153-157.

28



Digital Transformation in Healthcare Rehabilitation: A Narrative Review

Matamala-Gomez, M., Bottiroli, S., Realdon, O., Riva, G., Galvagni, L., Platz, T., Sandrini, G., De
Icco, R., & Tassorelli, C. (2021). Telemedicine and virtual reality at time of COVID-19
pandemic: an overview for future perspectives in neurorehabilitation. Frontiers in
Neurology, 12, 646902.

Mishra, R. K. K. P. K, & Kumar, C. S. S. (2023). Artificial Intelligence IoT and Blockchain for
Rehabilitation Sciences, Blue Rose Publishers.

Mitchell, M., & Kan, L. (2019). Digital technology and the future of health systems. Health
Systems & Reform, 5, 113-120.

Mukhopadhyay, S. C., Tyagi, S. K. S., Suryadevara, N. K., Piuri, V., Scotti, F., & Zeadally, S.
(2021). Artificial intelligence-based sensors for next generation IoT applications: A
review. IEEE Sensors Journal, 21, 24920-24932.

Murad, A. U. (2019). Critical success factors of technology transfer: an investigation into the
health sector of Bangladesh.

Odetunde, M. O,, Binuyo, O. T., Maruf, F. A., Ayenowowon, S. O., Okonji, A. M., Odetunde, N.
A., & Mbada, C. E. (2020). Development and feasibility testing of video home based
telerehabilitation for stroke survivors in resource limited settings. International journal
of telerehabilitation, 12, 125.

Opele, J. K. (2017). Knowledge management practices, interprofessional collaboration,
information technology application and quality health service delivery in Federal
Tertiary Hospitals in Nigerian. Doctoral Thesis Submitted to the Department of
Information Resources ....

Palozzi, G., & Ranalli, F. (2023). Telemedicine Implementation Between Innovation and
Sustainability: An Operating Model for Designing Patient-Centered Healthcare.
Human-Centered Service Design for Healthcare Transformation: Development,
Innovation, Change. Springer.

Patricio, L., Sangiorgi, D., Mahr, D., Caié, M., Kalantari, S., & Sundar, S. (2020). Leveraging
service design for healthcare transformation: Toward people-centered, integrated, and
technology-enabled healthcare systems. Journal of Service Management, 31, 889-909.

Pereira, M. F.,, Prahm, C., Kolbenschlag, J., Oliveira, E., & Rodrigues, N. F. (2020). Application of
AR and VR in hand rehabilitation: A systematic review. Journal of Biomedical
Informatics, 111, 103584.

Pillai, A. S., & Mathew, P. S. (2019). Impact Of Virtual Reality In Healthcare: A Review. Virtual
And Augmented Reality In Mental Health Treatment, 17-31.

Rose, T., Nam, C. S., & Chen, K. B. (2018). Immersion of virtual reality for rehabilitation -
Review. Applied Ergonomics, 153-161.

Rubin, D. S., Severin, R., Arena, R., & Bond, S. (2021). Leveraging technology to move more and
sit less. Progress in Cardiovascular Diseases, 64, 55-63.

Santosh, K. & Gaur, L. (2022). Artificial intelligence and machine learning in public healthcare:
Opportunities and societal impact. Springer Nature.

Shaikh, T. A, Dar, T. R, & Sofi, S. (2022). A data-centric artificial intelligent and extended reality
technology in smart healthcare systems. Social Network Analysis and Mining, 12, 122.

Small, C. L. (2019). Restorative virtual environments for rehabilitation: interactive technologies
for enhanced recovery following critical illness and injury. University of Birmingham.

Socha-Dietrich, K. (2021). Empowering the health workforce to make the most of the digital
revolution.

Sun, C., Chrysikou, E., Savvopoulou, E., Garcia, E. H., & Schieck , A. F. (2023). Healthcare Built
Environment and Telemedicine Practice for Social and Environmental Sustainability.
Sustainbility, 1-15.

29



Afridi & Nawaz Khan

Sun, R., Blayney, D. W., & Hernandez-Boussard, T. (2021). Health management via telemedicine:
Learning from the COVID-19 experience. Journal of the American Medical Informatics
Association, 28, 2536-2540.

Tiitola, V., Marek, M., Korhonen, T., & Laine, T. (2023). Enabling value-in-use with digital
healthcare technologies: combining service logic and pragmatic constructivism. Journal
of Management and Governance, 27, 841-871.

Van Berkel, N., Bellio, M., Skov, M. B., & Blandford, A. (2023). Measurements, algorithms, and
presentations of reality: Framing interactions with Al-enabled decision support. ACM
Transactions on Computer-Human Interaction, 30, 1-33.

Vasic, M. (2020). Challenges of teleworking during the COVID-19 pandemic. Anali Ekonomskog
fakulteta u Subotici, 56(44), 63-79.

Vijayan, V., Connolly, J. P,, Condell, ]J., Mckelvey, N., & Gardiner, P. (2021). Review of wearable
devices and data collection considerations for connected health. Sensors, 21, 5589.

Vucenovi¢, S. (2018). Internet of Things as innovative technology in retailing. Anali
Ekonomskog fakulteta u Subotici, (39), 249-256.he evolution of digital health
technologies in cardiovascular. Digital Medicine.

Vukovi¢, B, Tica, T., & Jaksi¢, D. (2023). Challenges of using digital technologies in audit. Anali
Ekonomskog fakulteta u Subotici.

Wisk, D. F. (2022). Digital Tools as Optimising Enablers of Quantitative Medicine and Value-
Based Healthcare in a SARS-CoV-2/COVID-19 Pandemic World. Digital Disruption in
Healthcare. Springer.

Wu, M., & Luo, J. (2019). Wearable technology applications in healthcare: a literature review.
Online J. Nurs. Inform, 23.

Xie, Y., Lu, L., Gao, F, He, S.-]., Zhao, H.-],, Fang, Y., Yang, ].-M., An, Y., Ye, Z.-W., & Dong, Z.
(2021). Integration of artificial intelligence, blockchain, and wearable technology for
chronic disease management: a new paradigm in smart healthcare. Current Medical
Science, 41, 1123-1133.

Zahid, A., Poulsen, ]J. K., Sharma, R., & Wingreen, S. C. (2021). A systematic review of emerging
information technologies for sustainable data-centric health-care. International Journal
of Medical Informatics, 149, 104420.

Zaree, A., Dev, S., Khan, L. Y., Arain, M., Rasool, S., Rana, M. A. K., Kanwal, K., Bhagat, R,
Prachi, F, & Puri, P. (2023). Cardiac rehabilitation in the modern era: optimizing
recovery and reducing recurrence. Cureus, 15.

Zwack, C. C,, Haghan, M., Hollings, M., Zhang, L., Gauci, S., Gallagher, R., & Redfern, J. (2023).
T Rakovic, L., Sakal, M., & Matkovic, P. (2022). Digital workplace-advantages and
challenges. Anali Ekonomskog fakulteta u Subotici, 58(47), 65-78.

© 2024 by the authors. Submitted for possible open access publication under the terms and
conditions of the Creative Commons Attribution (CC BY) license
BY (http://creativecommons.org/licenses/bv/4.0/).

30


http://creativecommons.org/licenses/by/4.0/

